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PexOMEHIOBAHDbI K H3JAHHMI0 PELICHHEM CEKIMU KOHCTpYKIIHH
Yuenoro cosera HUMKba.

PexoMenpauuuno yuery NOJ3yuyeCTH M ycauku OeToHa mp# pac-
yere OeTOHHBIX M Xene3oberoHHbx KoHcTpykumid /HUWKDB Toccr-

post CCCP. — M. Crpoimuspgar, 1988. — 120 c.

Conepkar MeTOMMKY pacyera Xene3oO0eTOHHBIX KOHCTPYKUMHM C yueTom
ITOJNI3Yy4YeCTH U yCagKH DeToHa, YCIIOBHH H3TOTOBJIEHHA, 4 TAKXKE CPOKOB Harpy-
XEHMA KOHCTPYKIMH,

M3110)KeHbl OCHOBHLIE MOJIONKEHUA pacyeTa, NMpUBeAEeH bl 3HaueHUA aedop-
MalHMA TONI3YYECTH U YCANIKH THAXENbIX OeTOHOB M [IpYyrde  XapaKTepHCTHKH,
HeoOxogumsble s pacyera. JlaHsl MeTOMMKH ONpenencHus MOTeps IIpelBapH-
Te/TBHOI'0 HaPAXKEHUsI OT yCaAKHU U NoN3yyeCTH OeToHa, XKECTKOCTeH H nepemMe-
IEHUN H3rudaeMbIX M CHATHLIX 3MIEMEHTOB, BEJIMUMH KPHTHYECKHX CHN OJIA
CXKATHIX CTEpPXKHEH, a TakxXe METOOUKA pacyera CTATUCTHUECKH HeoIlTpeleru-
MBIX CHCTEM.

JInst MHKeH epHO-TEXHHUECKHX pabOTHUKOB MPOEKTHIX H IIPOH3BOACTBEH-
HpIX OpraHu3auui, HayuHplX pabOTHUKOB, 4 TAKIKE CTYIEHTOB CTPOUTEIBHLIX

BY30B.
Tabn. 33, wi. 9.

-2
p 2.2_9_%999900 67 HHCTpYyKT.-HOpMaT., 1 BbiL. — §9—87

047(01) - 88

© Crpoiinspar, 1988



NPEAUCITOBUE

Hacrosume PexoMeHOauuH CoOepXaT MONOXKEHHA MO YUYETY NOM3YUECTH H
ycagku OeToHa INpU MPOEKTUPOBaHMM OeTOHHbLIX M XKene300eTOHHBLIX CTepXHe-
BbIX 37IeMEHTOB U COCTABJIEHHBIX ¥3 HHUX CHCTeM, U3IOTOBJICHHLIX H3 TAXEJO-
o OeToHa ¥ NpPpUMcHAEMBIX B IIPOMBIIUJIGHHOM, I'paXIaHCKOM, T'HIPOTEX-
HUYECKOM, TPAHCHOPTHOM H APYI'MX 00J1aCTAX CTPOHTENLCTBA.

Henpro PexomeHOauu annsdercs BHepeHHe B IPAKTUKY MPOCKTHPOBaHHA
METOMOB pacyera, HO3BONAOUMX 00ree TOYHO YYMTHIBATHL BIHSHHE AehopMalui
nom3yvyecTd M yCaaKu OeToHa Ha HalpsKeHHo-HedhopmMUpoBaHHOE COCTOAHHC
OeTOHHBIX M Xene3oberoHHBIX KOHCTpYKUMH. HUcnoms3oBanue B pacyeTHOM all-
napare CTaTHCTHYECKH 000CHOBAHHBIX XapaKTepUCTHK OeToHa, NPUHUMAEMLIX B
3aBHCHUMOCTH OT cocTasa OeToHa, er'o BO3pacTa B MOMEHT Harpy>XeHHUH, JJIUTENIb-
HOCTH OCHCTBUS HArpy3KH, YCNOBHUH OKPYXAIOIIEH Cpedbl B CTaJIMM IKCNJIyaTalluy
KOHCTPpYKIMHM ¥ ApyruX ¢akTopoB, no3Bojuier Oosee NPaBpHIIBHO IIPOEKTHUPO-
BaTth OeTOoHHBIC H )Kene300eTOHHLIE KOHCTPY KUHH.

PeKOMeHIaMK TPeXyCMAaTpHUBAIOT BO3MOXHOCTL IIPUMEHEHHA pacyeTHOro
arnapara Tak>Xe ¥ MpH OTCYICTBUU B IOMTHOM oO0neMe HCXOMHBIX HaHHLIX O COCTa-
Be OETOHA M HEKOTOPBIX APYI¥X (paKTopax.

OCHOBHBIMH XapakTepUCTHKaMu OeTOHa, YYMThbiBacMbIMM B pacuerax, sgB-
TAITCA MPOYHOCT H MOOYAL VHPYIOCTH O0€TOHA B MOMEHT NMPHITOXKEHUA CHAOBO-
IO UM TEMIIEPATYPHO-BIIAXHOCTHOIO BO3AECHCTBUA, Mepa NOJ3yuYecTH (XapakxrTe-
pucTHKa ron3yyecTH) OeToHa, nedopmanusa ycan kv OeToHa v [p.

PexkoMeHOaIMH COCTOAT M3 12-TM pasfenioR: B pasgenax 1 — 3 usnarawotcd
OCHOBHBIE NONOXKEHHSA U GPeRIOCHIIKM METOOMK pAacyeTa, a TakXe MpUBOOSITCA
3HaYEeHUsT NPOYHOCTHBIX H HeOopMALMOHHBIX XapakTepHCTUK OeToHa, B pas-
nenax 4 — 9 comepXUTCA U3JNOKEHUE MEeTOAOB pacueTa GeTOHHBIX U Xefe300eToH-
HBIX KOHCTPYKUMHM C YUETOM HOJI3YUYECTH ¥ YCAA KU B NPEANOIIOXKEHUNR JTHHEMHOR
3aBMCHMOCTH  MEXKIOY  HanpsibKeHMsMH #H Oedopmauusimi; B palle-
nax 10 — 12 npuseleHBI METOOMKH pacueTa C y4eToM HemdHelHoro nedopmu-
pOBaHUA OeTOHA MPH KPATKOBPEeMEHHOM H ATUTETbHOM I etlCTBHH Harpys Ku.

PexkoMeHJalMH COCTaBfIeHbl H2 OCHOBE pPe3yJILTATOBR HMCCHEOoBaHHl, Ipo-
BeleHHBIX B CCCP u 33 pyGexom.

Pexomenpaimu paspabotanbl HUUXKDB Toccrpos CCCP ( I-p TexH, Hayk
P.J1. Cepbix, kauf. Texu. Hayk[A.B. Sdumn) , ITHHUC Munrpancerpos (KaHOumaTh
rexH. HayK E.H. llep6akos, H.I'. Xy6osa), B3UCH Muusy3a PCOCP (a-p TexH.
Havyk B.M. Bounmapenko, kaHmunatel TeXH. Hayk B.I'. Hazapenxo, U.M. Crepan-
ckutt) , OMCU Munny3a Y CCP (n-p texn. Hayk W.E. [lpoxkonoBud, KaHIMOaTh TEXH.
Hayk M.B. lltemubepr, A.H. Opnos), JIIIN umenn M. Kasmmuna Mmisy3a
PCOCP (m-p texd, mwayk IL.W. BacumeeB) ; HUMCK Tocctpos CCCP (p-p TexH.
Hayk A.b. I'onkluies, KaHEUAATHI TEXH. HAY K !?% anm{cmg,B.A. Kpuros).

B pa3paboTke OTHEIBHLIX IMONOXeHH! e KOMEH a1l NPUHAIN TakKXe
yuactue HCMuC AH I'CCP (1-pa TexH. Hayk 3.H. IIunocanm, I'.B. Kusu-
pus) ; B3IIU Mmsy3a CCCP (u-p Texn. BHayk 10.B. 3atines), IHHUUC Mun-
TpaHccTpost (uHk. B.JI. Xacun) ; JMCHU Munmsyza YCCP (kaHO. TexH. Hayk
B.A. TlaxomoB), KAIIM MunBysa YCCP (u-p TexH. HayK @M,OHCH
Muusy3sa YCCP (xanmupatsi TexH. Hayk B U. bapanosckuii, M.M. 3acrasa, Hux.
M.M. bakuposa), KIIH Muunsyza MCCP (a-p texH. Hayxk E.H. JIzBoBCKull, HHX.
O©.IT Crpby), BAUCHU Munnysa PCOCP (xaumupars! TexH. vayk B.B. Kocrio-
koB, A.H. Kyp6GayoB, E.Il. Muxnun); Jlennurpagckuit KICU Musnsyza PCOCP
(xaHg TexH. Hayk AWM ®ununmor); I[IHHHUnpoext Toccrpos CCCP (kaug.
TexH. HayK C.B. boHpapeHko).

Bce 3ameuaHMss M OPEIJIOKEHHA MO COACPKaHMIO HacTosumx PexomeH[a-

uuit mpocsba HanpaBmath B HUMXD no agpecy: 109389, Mockpa, 2-1 HHCTH-
TYTCKad yi., O. 6.




1. OCHOBHBIE PACYETHBIE NOJTOXEHHUA

1.1. Hacroaume PexomeHnmaiyu cofepXatT yKa3aHHA IO yueTy
BIMAHHNA JedOopMaliMi ION3yYecTH M ycaiKH IIpH pacuere DETOHHbIX
H Xene300EeTOHHBIX KOHCTPYKLMH U3 TsaXeyoro 6€ToHa Ha HEMEHTHOM
BAXKYLIEM, BbBIIONMHAEMBIX KaK 0€3 NpeaBapHUTENbHOrO HAaTAXKCH U
apMaTypbl, TaK ¥ C IpEIBapHTEIIBHBIM HATAXKEHUEM, H IPEIHA3HAYEH:
HbIX [JIA IKCIUIyaTallMd B YCIIOBUAX BO3NEHCTBUA TEMIIEPATYP HE BbI-
me roroc S0°C ¥ He Hwke MuHyc 40°C M OTHOCHUTENIBHOH BIIaXXKHOCTH
Bo3nyxa B npegenax or 30 no 100 %.

1.2. Marepuarninl PeKOMEHOaUMN OCHOBaHbI Ha OOILMPHBIX Pe3yJIbIa-
TaX CTaTHCTUYECKOMN 00pabOTKH OMBITHRIX [IAHHBIX O KPaTKOBPEMEHHOM
M JIMTEIIBHOM Je(POpMHPOBAHUH OeTOHA, a TaKXXe IKCIEPHUMEHTAIbHO
IPOBEPEHHBIX TEOPETUUECKUX DELUICHHUAX 3aiad TEOPHH IION3yuyecTH. Pe-
KOMEHJAUMKY TI03BOAAKT O0Jiee TOYHO OLICHHUBATh BIIMSHHE NON3YYECTH
N ycagkd OeToHaZ Ha HECYHIYIO0 CIOCOOHOCTh U NMEpPEeMELCHUs, CO3HAI0T
BO3MOXXHOCTH IS IPOCKTHPOBAHUs 00J1ee pAMOHAIBHBIX H IKOHOMHUY-
HbIX BETOHHBIX H XKEI1€300€TOHHBIX KOHCTPYKIIHH.

s yOpolugHHa pacderoB MOMeHIeHbI Ta0Hlpl, B KOTOPBIX NpO-
MEXYTOUYHBIE 3HAaYEHHUA ONPEHEIIAIOT MO JIMHEUHON MHTEPITOJIALINMN.

1.3. Pexomenmammu paclpOCTpaHSIOTCA HA PAacueT CTEpKHEBBIX
JIEMEHTOB OCTOHHBIX M XKeJNe300€TOHHBIX KOHCTPpYKLMHM, a TakXke
KOHCTPYKLHH, PpacCUMTbIBAEMBIX dHATTOrMUHBIMH CIIOCODaMH, IIpH
JeUCTBUM Harpy30oK ¥ (WIH) BhIHYXIEHHbIX nedopmanui (Temiie-
paTYpHbI€ H BJIaXXHOCTHBIE BO3IEHCTBUA, CMEILIEH S OIIOp M T.1.).

PexomeHnauuu He pacHpOCTpaHAIOTCA Ha pacyeT MAacCHBHBIX
KOHCTPYKIMI T'WIPOTEXHHYECKMX M Opyrux coopyxeHuH. llpu Ha-
NWYUHM OAHHBIX O BENTHYMHAX JedOopMalMy MOJI3yyeCTH H yCaJKU peKo-
MEHOAUMA MOTYT IIPUMEHATHCA U [OJI pacyera KOHCTPYKLMH U3 Jpy-
rMX BHIOB OeTOHa (HA MOOPUCTBIX 3ANONHMTENAX, HAa CHEIUATIBHBIX
BAXKYIUMX H T.IL.).

1.4. Ilpu ompenernenuy BHYTPEHHUX YCWIMM M IIepeMEIEHUH pac-
YEeTHbIC TEMIIepaTypa H BJIAXHOCTb Cpedbl YCTAaHABIIMBAIOTCA 3aaHHEM
Ha npoektupoBaHue, Ilpu OTCYyTCTBHHY B 3aiaHUM HEOBXOMUMBIX yKa3a-
HHUH TeMIiepaTypa ¥ BIIAXXHOCTb CPEdbl ONPEHEIAKTCA IO OTPaCiI€BbIM
TEXHMIECKHM YCIJIOBUSAM.

1.5. B pacuerax ¢ yuerom NOJI3yuecTHU BO3pacT 0€TOHa B MOMEHT
3arPY>KEHUA €ro MITUTENBHON HATrpy3KOH HA paHHUX CTaguAX TBephe-
Hud (mpu t, < 28 CyT) B €CTECTBEHHBIX YCIIOBHAX WIM NOCTIE TEILIO-
BIaXXHOCTHOH O0OpabOTKH IPHUHMMAKT KaK IPHUBENCHHYI0 XapakTe-
PHCTHKY 1, 338BHCALI0 OT KyDMKOBOH IPOYHOCTH O€TOHa B MOMEHT
sarpy>xesun Ry (t,) nonpenensgemyio cornacHo I 2.5,

1.6. UncpenHble 3HaYEHMA XapaKTEepUCTHK OETOHA, NPHBEAEHHBIC
B HacTogauMx PexoMeHpauusax, npenHa3HayeHbl TONBKO JIA IIPOEKTH-
pOBaHHsA. XapaKTEepHCTUKH apMaTyphl, a TAKXE APYyIrUe JaHHbIe, HE Ha-
IeImMe OTpaXXeHUss B PekomeHmauunax, ciemyer NpUHUMATh IO COOT-
BETCTBYIOUMM HOPpMATUBHBIM JOKYMEHTAM.
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1.7. Ycuwnus B CTaTHNECKH HeOnmpeHelIMMBIX K e1€300eTOHHbIX KOH-
CIPYKIMAX OT HArpy30K M BBIHY)XHIEHHBIX nedOopMaLMH JIpH pacyere
M0 npeIeNbHbIM COCTOSAHUAM [EpPBOM U BTOPOH rpyIMl Cliedyer, Kak
NpaBWIO, ONpENenATh ¢ Y4eroM Heylpyrux nedpopmMalMi OETOHa H
apMaTypbl, ¢ YUETOM B HEOOXOIMMBIX CIIyYadgXx HEITHHEHHOCTH J.edop-
MaLMi IpH KparKOBPEMEHHOM HArpy>x€HHH H JedopMallii MON3yvec-
TH, HATMMA TPeUMH, a TaKXke NePOpMHMPOBAHHOTO COCTOAHMA KaK
OTACIBHBIX 3MIEMEHTOB, TAK ¥ KOHCTPYK UMM B 11ENOM,

1.8. Ycunus, BOBHPH<aIOH_[He IIpM JIKKOOM H3MEHEHHH TeMIIEPATYphl,
OTIPEAECTIAIT B NpPEINOJIOKEHHH OJHOKDPATHOIO ¥ CTALHOHApHOIO BO
BpEMEHH XapaKTepa 3THX TeMIIEpaTyPHBIX BO3ICHCT BUH. !

1.9. BemyxneHHble nedopmManyM, CBsA3aHHbIe C HEPaBHOMCPHOM
OCafilKOM ONOp B CTATWMECKHM HEONpPEeNeNMMbIX CHUCTEMaX, CYMTATICH
MIHOBEHHO 3a(PHKCUPOBAHHBIMH WM MOHOTOHHO HM3MEHAIOIIMMHCA
10 33aKOHaM, pernaMeHTHPOBAHHBIM COOTBETCTBYIOLLIMYU JIOKYMEH-
TaMH WIH IOJIy4eHHBIM M0 pe3yNbTraram 3KCIePpHMEHTAJIBHBIX WIH Ha-
TYPHBIX HAOMIOEHHUH.

1.10. Ilpu pacuere KOHCTPYKUMH, BO3BOIHMBIX METOIOM MOCIC-
NOBATETFHOrO HAJIOKEHHWA CBA3€H IIOCTI€ YacTWYHOro MIH IONHOrO

3arpy>KEHHA, MEPEMEILCHUA B HaNpaBICHHH I3THX cBA3eH, CHOpMHUPO-
BaBlUMECH NpH paboTe MO pa3spe3HOH CXeMe, pacCMaTpHBaiT KAaK Bbl-
HYXICHHbIC TIEpEMEIeHNA B HEpaspe3sHOM CHCTeME, COXPAHAIOLIHE-
Csl TIOCJIe 3aMBIK aH sl CBA3EH.

1.11. Ecnu cratHueckd HeONpemenumasd CHUCTEMa COCTOUT U3
KOHCTPYKTHBHBIX 3JIEMEHTOB, OETOH KOTOPBHIX CYLIECTBEHHO pa3JiH-
yaercd IO BO3pacTy, COCTaBy WIM [IPYI'MM [OKa3aTeNlsAM, TO B pacyer
CUCTeMBI CJIeyeT BBOOMTH IIEMEHTHI ¢ COOTBECTCTBYIOIMMMU KeCTKOC-
TAMM, @ TAKXKE IIApaMeTpaMU NON3YYeCTH U yCanKH.

2. IPOYHOCTHBIE U AEOOPMAIIHOHHLIE

XAPAKTEPUCTHKH BETOHA
2.1. Bomympie B pacuyer knacc GeroHa mo npquocm Ha C)KaTHe
B ¥ HOpMarHBHOE 3HAYeHHUE MIPH3IMEHHOH NPOYHOCTH R MEH)T obec-
neyeHHOoCTh, paBHyio 0,95, u npuHuMaloTcs cornacuo C 2 03.01-84

[U1st BO3pacra 6eToHa t = 28 CyT. JHAUCHUA MOJLy I YIIpYT OCTH Ey (1),
MpENIENIbHbIE SHAYCHHUA MEphI NON3YveCTH CN (o, 28) u neQ)OpmauHH
ycanku €8 (°°, 7), onpenensemMpre o (bopMynaM (1), 3) u (4) mwnu
no 1abna, 2 ¥ 4, IpHHUMAKTCA CPETHECTATUCTHMECKHUMHU ¢ ObecTeyeH-
HOocThio (0,5 H COOTBETCTBYWT 0a30BbIM YCIOBHAM, NpHHATBHIM II0
TOCT 24452 — 80 1 TOCT 24544 — 81 ¢ uam.

2.2. lna yyera B pacuerax B/IMAHUA OTKJIOHEHHH (PaKTHYECKHX
YCIIOBHMM M3IOTOBIICHUA 3arpy>keHHMsi H JIKCIUIyaTauMH xeJ1e300eTOH-
HbIX 3IEMEHTOB OT Oa30BRIX YCIOBHM (Bo3pacTa OeroHa B MOMEHT
3arpy’KeHHst WIH XK€ Hauana €ro BBICBIXaHUs, Pa3MEPOB NONEPEYHOro
CE4CHHs 3/1EMEHTA, TEMNEPATYPHO-BIDKHOCTHOTO PEeXHMAa OKpYXAIo-
IEH Cpeapl, TEIUIORIAKHOCTHON O0OOpabOTKH) YHCIIOBBIE 3Ha4YeHUA
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neopManMoOHHbIX XapakTepucTHk Ey (t), CM (oo, 28), el(e0,7), no-
JIydyeHHbIC  corjlacHO 1. 2,1, ymMHOXalT Ha KO3 PUUHEHTHI, TpHBeE-
JIeHHbIE B TAOM. 5 — 7 U B IpUMEYAHHAX K T1abn. 2 u 4.

2.3. 3HaueHHe HAYyaJIbLHOrO MOAYJA ynpyroctd OeroHa Ey (t)

IIPU U3BECTHBIX XapaKTEPUCTHKAX COCTaBa OETOHHOU CMECH MU €€ COC-
CTABJIAILMX ONPENENAIoT N0 HOpMYIIe

G
400 s R
R T HC) N 0

[sp,+ R, (D]

G
roe Ry, (1) — rapanTHpoBanHOe 3HaueHMe KyGMKOBON NPOYHOCTH GeroHa Mpu

cxarun ¢ obecneyeHHocThio 0,95 (cornmacho CT C32B 1406 — 78) B Bo3pacre
t, Ma; P, — ynmensHoe Mo Macce COepxkaHUe LECMEHTHOrO TeCTa B GETOHHOM

CMeCH, S — IMapaMeTp, XapakTepH3ywoumil BrUAHHUE YHpYTHX CBOHCTB 3aNoll-
HUTEeNA B ODeToHEe U NMpuHUMaeMbIi 1o Tabn. 1.

Taonuupa 1

—— i e N e r = -EEgE— —

BEeToH ¢ 3aIIOTHUTEIIEM 3HaueHHusd
————— : . . ——— —_ S, MIla
KPYIHBIM I MEJIK UM
'paHuTH Bl HIEOEHE, peuHol KBapueBbi# mecok 135
rpaBUMA
bazansTOBLII HIEOESHD To xe 165
- ” 155

2.4. Ecnu HeoOGxonumbie aHHbie Oy pacyera o dopmyne (1)

OTCY TCTBYIOT, 3HAU€HUA HAUYAJIBHOr0 MOAYJNA ynpyroctu Ep (1) npuHY-
MAIOT IO Tadn. 2.

Tabnuua 2
Bun Eb (1) - 10‘3, MIla, npu BHaqu;s-l_x—ﬁbG(;C) , MlIla
beToHa —_ —————— e, e —. | |
| s ]'10 |_15 [ 20 30|40 ]50 } 60

Taxe- 13,0 18,0 23,0 27.0 32.5 36,0 39,0 40,0
IeIY Oe-

TOH

Menko- — 15,5 19.5 22,0 26,0 28,5 — -
3epHUC-

TLiH Oe-

TOH

Ha KBap-

I2BOM

l1ecKe

(IpumMeuasn L I JIna GeToHoB, NMOOBEPTHY TLIX TEIUIOBJANHOCTHON
oﬁpaﬁgme, 3HaueHHus Ly (1), BeryHCIeHHbIe O dopmyie (1) unu NIPUHSITHIE 1O
IaHH O Taﬁnnue,ccnenye'r YMHOXUTb Ha K03 duuuenTt, pasusiii 0,9, 2. Ilpu £ =28

CYT quenne Ry (1) npencraensier co6oit kmacc GeToHa 10 MPOYHOCTH Ha Cia-
THe
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o v ni
2.5. Ina ycraHOBIeHHMA 3HaueHUM xy6ukoBo#W Ry (t) Wiy npus-
MeHHOH Ry, (¥ ) mpounocreit 6eTOHa B 060M BO3pacTe t IpH HOP-
MaJIbHBIX YCJIOBHAX TBEPHEHHS PEKOMEHIYETCA NMONB30BaThCs POpMY-
NaMH:

(0 = {1 [ || €228 g, (22)
(55+ B)] L(t +11)
23 || (t-28

Rpn (V) = 1+ |————— (=2 Rpn (26)
(55+B) JL (t+11)

HopmaruBHOe 3HayeHHMe NPU3MEHHOH NPOYHOCTH GeToHa Ry, BbI-
YUCHAT NO popmyIie

Ry, = [0,77 — 0,001B] B,

e B — Kiracc 6eToHa o NpovYHOCTH Ha CXKaTtue, MI1a.

l'apantupoBanHHbie ¢ obecrieueHHOCThI0 (0,95 3HaueHMA KyOHMKOBOM
npoyHOCTH Rfy (t) ¥ HOpMATHBHBIC 3HAUEHUA NPHU3MEHHOH IIPOYHOCTM
beroHa Ry, (1) B 3aBHCHMMOCTM OT KJlacCa M €ro BO3pacra, BbIYMCIIEH-
HbIE B COOTBETCTBHUU ¢ popmyriamu (2a) u (26), npuBeneHs! B Tabn, 3.

2.6. IlpenenbHoe 3HayeHUEe MeEphI IMONBY4YECTU OETOHA, 3arpy’keH-
HOrO B BO3pacTe t, < 28 CYT MOCJI€ TBEpHAEHUA B ECTECTBEHHBIX YCIIO-
BUAX (IpH M3BECTHBIX XapaKTEPUCTHKAX COCTaBa GETOHHOW CMeCH),
BBIUMCIIAKOT N0 QOpMyIie

N W +
C (oo, 28) =kcl-( V) —— 1 (3)
L (B +4,0)
me W U V — ynensHoe (1o 0O0BeMY) KOJIMYECTBO BOMBI 3aTBOPEHHSA U

cofep)Xague BOBJICUCHHOI'O BO30YXa B  VIDIOTHCHHOH OETOHHOH cme
cu, n/M°; B — wxmacc GeroHa mo mpoyHocTH Ha cxkarue, MIla; k. — Ges-
pa3zMepHeIf  ko2dPULIHEHT, NPHHHMAaCMEIH pPaBHBIM 15,5 -107% mnm 6e
TOHOB Ha KpYNHOM 3anolIHHTENEe # [O1A MEIKO3CpHUCTEIX OGETOHOB Ha
KBapllEBOM NECKeE.

2.7. TpemensHoe 3HAYEHUE OTHOCHMTEIBHBIX OEPOPMAULUM YCAIKH
6eToHa (IIpM M3BECTHBIX XaPAKTEPUCTHKAX COCTaBa GETOHHOH CMECH),
BBICHIXAIOLIETO IOC/Ie TBEPOEHUS BO BIIAXKHBIX YCIOBUAX B TEYEHHE

tw <7 CyT, BBIVHCIIAIOT O (popmyie

el (w,7) = kg(W+v) /2, 4)



Tadonuua 3

Bo3pacr 3Haqel;m Rg (1) u P';—b%(t), MIla, B 33BHCI;MOCTH OT

63’1'01‘[3, BinﬂCTaH Knacca ETOHaEO_l;I-??iI-HOCTH Ha CTHTHE _
CyT Bl2,5ﬂ‘l B15 ! B20 Lg‘io“] B40 _l B50 | B60
1 3.7 4,8 75 136 208 28,5 36,5
2,7 3,7 56 100 150 205 261
* 3 53 67 98 166 243 324 408
3,9 5,1 73 122 17,6 23,3 29,2
B 76 94 130 209 293 38,0 47,0
5.7 71 9,7 153 212 273 337
28 125 150 200 30,0 40,0 50,0 60,0
9,5 1.0 150 220 29,0 36,0 43,0
40 136 162 21,5 320 42,4 526 629
10,3 124 161 23,5 307 379 45,1
60 146 17,4 23,0 33,9 44,6 551 677
1,1 134 172 249 32,3 39,6 47,0
90 154 184 251 354 464 571 677
11,7 141 181 259 33,6 41,1 486
180 163 194 254 371 483 59,3 1702
12.4 14,9 19,0 272 350 42,7 50,3
360 168 200 262 381 495 60,6 71,5
12,8 153 19,7 27,9 358 436 512
720 17,1 203 265 386 50,1 61,3 72,3
13,0 156 199 283 362 44,0 518
o 17,4 206 269 391 50,7 619 73,0
132 156 20,1 286 367 445 523

MMlpumMevuanus: 1. Han yepToit — 3HaueHMs Rg(t), nod geprolt —

Ry, (t). 2. IIna GeToHOB, M3roTOBJIEHHBIX Ha OLICTpOTBEpACIONLIEM LIEMEHTE,

G
3HaueHHs Ry (t) u Ky, (t) B Bo3pacte t > 90 cyr npummMalor no dopmynam

(22) 1 (26) unu no mauHON Tabmuue, xak ans Gerolor 1 Bo3pacte t = 90 cyT.
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roe K¢ — Ge3pasMepHbIil koadduuueHT, npuHuMaemsiit paBHbiM 0,14 - 100 gna
mmanmx 10,16°10--6 gns METKO3EPHHCTHIX OeTOHOB.

HpumedaHu e KonmuuecTBo BOBIEUeHHOTO BO3AyXa B OETOHHON’ cMecH
(V) B dopmynax (3) u (4) mpuHEMAOT: 19 GETOHOB ¢ BO3MYXOBOBJIEKAIO MU
Ro0aBKaMH —_ MO (PaKTHYECKHM HaHMBIM, & IIpH OTCYTCTBUH TAKHX HAHHBIX pas-
Heim 30 n/m3; g OeToHOB C IDIACTHOMUMPYQUMMH [oOaBKaMH, BKIIIOYaAd
no6aBxH cynepmiacTHGHKATOpoB, paBHbIM 10 /M7,

N
(

2.8. IlpenensHple 3HayeHHA cN (=, 28) u &g (°°, 7) nyiss OeTOHOB
Ha KPYTIHOM 3aITOJIHHTENE ITPH OTCYTCTBUH JIAHHBIX O XapaK TEPHCTHKAX
COCTaBa DETOHHOM CMECH MPHHUMAIOT IO TabI. 4.

Tabnumna 4
- ——— e
[MoaBHXXHOCTE BHaquHe CN(W 28) + 106 MIIA "‘1 3Haueme
OeTOMHOH cMme- | i 6€TOHOB KiTacca eg (2, 7)- 10 6
CH 14 0eTOH& K1acca

.- — _ ———e
ocax- [XKecr- (B12,5 [ B15 {B20 { B3Gi{B40 { B50|B60 BS-—BZO B25-B60

Ka KO- | KOCTh,

Hyca, |C
CM I
- 80-60 -~ -~ — - 48 40 38 - 270
- 35-30 - ~ - 64 51 43 39 230 300
1-2 15-10 149 1286 102 74 59 S5O0 - 290 330
5-6 — 163 143 115 84 67 - ~ 350 400
9-10 — 184 154 122 89 71 — — 380 430

Mpumeuan H st: 1. g Ge'ronon, NMOABEPTHYTHIX TEIUIOBIIAKHOCTHOMN
o6paboTke, 3Hadenus CN(*°, 28) u G (2, 7), BRIUMCIICHHEIE 10 opmyinam (3) H
4) HJ‘IHO NpUHATBHIE [0 IaHHOH Taﬁnnue cnenye'r YMHOXHTb Ha KO DUIIHEHT,
paBHBI# (,9.

2. 3Haqemm CN (o0, 28), HalieHHElE 1O dopmyne (3) unm paHHOH Tabnu-
e, CNEAYeT KpoMe TOTO YMHOXHTE Ha KO3DEPUIMEHT, NpUHUMAaeMbI paBHEBIM!
11 GeTOHOB, M3TOTOBJICHHBIX HAa NYUNOJAaHOBOM MNOpTiaaHauemeHre, — 1,35;
Vi1 OETOHOB, M3TOTOBJIEHHBLIX Ha UDIAKONOpTIHaHOUeMeHTe, — 1,15 npu sarpy-
KEHHH MX B yCNOBHAX aTMoCepHOi BnaxHocTH M 0,85 — mpu 3arpyXesuu Bo
BJIANOHACBLINIEHHON cpene; A O€TOHOB, H3rOTOBJIEHHBIX HAa KPYIHOM 3anon-
HUTeJIE U3 U3BeCTHAKS, — 0,85,

2.9. IlpenenvHbie 3HaueHHs mepbi Nom3yuectd C (oo, 28) u orHO-
CHTENIbHBIX OePOpMalMH YycaKM €g(%°, ty,), HCNONB3yEeMBIE B pac-
yerax, BRIYMCIAKT N0 GOpMYyIiaM:

C (,28) = CN(,28) &, &5 ; (52)

s (=, ty) = EI: (=, 7) &5 &5 83 (56)

e & u & — K03 HUMEHTHI, NPHHEMAaeMBIe 10 Tabm. 5, 6 1 7.,



ladanwnwupa 5

Bospact GeToHa tW’ Tn | 28 60 90 180 | 360w
CYyT, B MOMEHT MeHee | Bonee
OKOHUYAHH A BITdX- i
HOTO XpaHeHHUA i | |
£ 1s 1 095 093 092 091 09
Tadbnuua 6
S | A - S ———
Monynbs OTKpHITOI 0 T S 10 20 40 60 | 80wu
MOBEPXHOCTH IJ1e- t  Do-
MeHTa _MD M ! I ] J?ie
£5c 0,51 065 076 093 L11 123 1,30
€25 022 054 066 092 1,10 1,18 1,22
Tadbnuua7
OTHOCUTECIBHAR - | 40u T 50 60 [ 70 | 8‘0 1 90 H_I_O“E)
BIIAXKHOCTE Cpebl MeHee
W, % |
e o I A I I SEN I
1 1,27 1,13 1,00 0,87 0,73 0,60 047
£ 1,14 1,08 1,00 0,91 0,79 0,63 0
3s

II1pumeuaHdus 1. Mooynb OTKPBITON NMOBEPXHOCTH 3neMeHTa M, =
=F [/ V (F — nnouwaak moBepXgoCTH 3/ieMeHTa, OTKPLITOH 1A HCIapeHUA BIa-
', Mz; V — 06neM aneMeHTa, M) . JI7IsT CTepXKHEBBIX 3JIEMEHTOB MOIYJIb OTKPbI-
TOH MoBEPXHOCTH M, Iomyckaercst BBIYHCIATH Mo ¢opmyne M, = P/A (P — me-
pPUMETp TOIIepPEYHOI'0 CeUeHUA, COOTBETCTB YIOLUHMH yxaaaHHSﬁ OTKPBITOH NOBEPX-

).

HOCTH, M, A — INOINALL NONEPCUHOTO CeUCHUA IJIeMeHTa, M

2. OTHOCHTENBHYIO BJIAXHOCTE Cpelb! W NIPHHUMAIOT C YYETOM yKa3aHHil
n. 1.4, A KOHCTpYKUH, SKCIUIYaTUDYeMBIX Ha OTKPBITOM BO3AYXe, €€ YCTa-
HAaBITHBAIOT B 3aBHCHMOCTH OT KJIMMAaTHYECKOI'0 pailoHa pacIoJIOXKEHHA COoopy-
KeHus, cornacHo CHull 2.01.01 — 82 kak CpefHIo OTHOCHTENBHYIO BJIAXHOCTh
BO3AYyXa Haubosiee XKApKOro Mecsua.

3. Onsa TY knuMaTuueCKoTQ paiioHa, cornacHo CHuII 2.01.01 — 82, oTHocu-
TEJIBHYI0 BJIZXXHOCTE BO3[YyXa PEKOMEHAYeTCA YCTAHABNUBATE KAK CpeJHeMe-
CAMWHYK BHaXHOCTb, COOTBETCTBYIOUIYIO BPeMEHH 3arpyXcHUA (Havasia BBICKIXA-
HUA) 3JIeMEHTOB KOHCTPYKIMH.

4. InA 371€MEHTOB THUNIOBLIX KOHCTPY KM, KITHMaTHUYECKUI pallOH 3KCIUTya-
TAUHMH 1A KOTOPBIX He H3BECTEeH, MONYyCKaeTCSd MPHHUMATL KOIPDUUHEHTDHI

&30 ¥ 3¢ paBHBIMY 1.
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2.10. Ecnu BO3eHCTBUE [UTHTENBHOR HATPY3KH HA 3JIEMEHTHI KOH-
CTPYKUMHA HOCUT MHOTOKPATHO NOBTOpHBIH (BHOpPALMOHHBIN) Xapak-
TP, TO NpeeNibHOe 3HaYeHHE MepPhI TMOJI3YYeCTH, BBIYUCIIEHHOE 110 ¢ op-
Myne (5a), HOMKHO OBbITH NOMONHUTENBHO YMHOXEHO Ha KO3(pPpHu-
HEHT £, , OTIPEMIETIAEMBIH O GOpMYyIIe

0
Sp = ot (1-p) &), (6)
Omin
rme Pp= " Omax — KO3 PUUIHUECHT aCHMMETPHH IIMKIIa BUOpallMORHOT'O BO3-
dX
OERCTBUA MHOTOKPITHO MOBTOPHOM HAI'PY3KH;

103
68’6 10 — KO3(QQUUMCHT, YUYUTHIBAIOLLIUN

0_ (y ¢ Omax
E P ( R ' )
g bn
BIIUSTHME YACTOTbI IIOBTOPEHHUHM HArpy3Ku w, ['t, ¥ OTHOCHUTEIBHOrO
MAaKCHMAJIBHOTO YPOBHA HArPYKEHHUSA O.pyax/ Ry NIpH o = 0.

2.11. Kos¢dduuueHT TemMneparypHOi IHHEHHOH nedopMalli 6eTo-
Ha TIpH M3MEHEHUH TEMIIEpATyphl OT MUHYC 40 po mmoc 50°C mpuuwu-
mMawT paBHbIM 1 -1077 rpag —*.

2.12. Koaddpunvent Ilyaccona pns GeroHa npMHUMAIOT B CpeaHeM
paBHbIM 0,2.

3. KCXOAHLIE NMPENNTOCHUIKH PACUETA

3.1. Mertonuka pacyera GETOHHRIX U XKENE30GE€TOHHBIX KOHCTPYK-
HAH C Y4eTOM BIUSAHMSA NMON3YUECTH M YCAIKHU GETOHA OCHOBBIBAETCH Ha
(PeHOMEHOTOTHYECKUX 3ABUCHMOCTAX MEXOY HanpsXKeHUAMH U nedop-
MalUAMH.

[lonmnyro pedopmaumio npuHUMaleT paBHOK cymme nedopmaluu
yCaJKH, MFHOBEHHOH nedopmMauMu U medbopMaldi MOJI3YYECTH, KOTO-
pbI€ CUMTAKTCH B3aMMOHE3aBUCHMbIMK. MIHOBEHHbIE NePOpPMALINU CBA-
3aHbI C HAIIPAXKEHUAMM, JEHCTBYIOIHMHU B MOMEHT TIPHI0OXKEHHUSA HArpy3-
k4. g neopmauvi MON3YyUeCTH AONMYCKAETCH NMPUMEHEHUE IPHHIM-
Ma HaJIOXKCHHUA BO3ICHCTBHUI.

3.2. B pacueTax OGETOHHBIX M JKEE300ETOHHBIX KOHCTPYKI{Wi 33BH-
CUMOCTh MEXOY HaNpsOKEHHAMH M JedOopMalMAMU MOXET NPUHUMATh-
CA JIMHEUHOH IIpU CIIEOYIOLUUX YCIIOBHAX

MPH KParkOBPeMEHHOM HArpy>XCHHM — HE3aBMCUMO OT Kjlacca
OCTOHA MO IMPOYHOCTH HA CXKATHE TIPM HANPSIXKEHUAX, HE TIPEBbILIAIOLINX
0,80 pacyeTHOro 3HauYeHHst MPHU3MEHHOH ITPOYHOCTH Ry;

[pH JIUTEIbHOM HAarpy>eHUHM — eClTH HAIPAXEHUs B I0TIAX OT Ry
He IIPEBBILIAIOT 3HAYCHHH, TPUBEAEHHBIX B Tab. 8.

3.3. B ciyyasix, He OTBEUAKOLIMX YCIOBHAM 1. 3.2, CNIEAYET YUUTBI-
BaTh HEJIMHEHHYI0 3aBUCHMOCTh MEX/Ty HAIPS>KEHUAMH U 1ed0opmMaiua-
MH OETOHA IIPH KPaTKOBPEMEHHOM H [UTMTEIIBHOM HATPY>KEHHM.

i1



Ta6nuuma 8

— T a—— ———

Knacc 31aH4#t ¥ Coo- Kitacc 6eroHa 1Mo npoOYHOCTH Ha CXKaTHe
PY>KeHHHA 110 CTerne-

HY OTBETCTBCHHOCTH |————— 7 —— e e e e i e e e e e

B12.5 r Blg—[ B20 I B30 I B40] B50 [BGO
I 0,55 0,55 055 065 075 075 0.85
1w I 0.75 0,75 0,75 085 085 090 100

[Ipu omnpeneneHUH IepeMeLleHMH U HaNpsOkeHWH B )KejIe300eTOoH-
HbIX 3MIEMEHTAX yuyeT BJIMAHHA HEJIUHEHHBIX COCTABJIAIOLMX Hedopma-
i GeToHa OCYIUECTBNAKT MyTeMm AeneHus Ep (t) Ha BenuyuHy

[T+v, 7 (to) ™K ) npu xpaTKoBpEMEHHOM HarpyXeHHH H YMHOXe-
HUA C( o, to) Ha BemMumHy [1 + v 7 (to) mc] — IIpH IJIUTEIIBHOM
HarpyXeHHH.

3nece n (ty) = 0,780b(t0)/l?b (tn)— OTHOCHUTEJIBHBIKM YPOBEHD HAlIpsiie-
v n

HMH; (7)
Vi, My, Ve, M, — TapaMeTpsi HEIIMHEHMHOCTH, ONpEaensaeMpie II0
Ta0I. 9.

Taonuuma 9

"y el — iy, "aayeys S egye—

Hapa;eTpm 3HayeHUST NapaMETPOB HelTHHERHOCTH AN
HEJTHHERHOCTH KiraccoB GeToHa
o | B12s I“ BLS | B20 | B30 | B40—[ BSO]_BEO
Vi 31 26 20 13 1,0 08 07
my 5,0 5,0 4,7 4,3 3,8 34 3,0
Ve 3,72 3,11 2,35 1,60 1,22 1,22 1,22
m. 4,00

3.4. lepopmaiii 6€TOHA, BO3ZHHUKAIOLME IIPH KAKIOM H3MEHEHHH
TEMIIEPATYPbl B MOMEHT BPEMEHH {, BHIYHCIIAIOT IO POpMYyJIe

er (1) = ap; - AT (1), (8)

roe (g, — KoabduuneHT IIHHE:HHCiﬁ TeMneparypHo#t nedpopmauum HeroHa, mpuHH-

MaeMbilt cornacHo.i.2.11, rpag ~Y; AT (t) — npupawmenne remneparypst GerToHa
B MOMEHT BpemeHH t, rpan.

3.5. Jledopmauyu ycagku 6€T0OHa B MOMEHT BpeMeEHH { BBIYMCIIAIOT
o gopmyiie
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—ag (t—ty) | (9)

e (t,ty ) = €g (2, ty) [ 1—¢

roe €g (2, tw) — mpedensHoe 3HaueHHE OTHOCHTENBHON NedopMallMil yCanKH C
MOMEHTAa Hayaya BBICBIXaHHWA OETOHHOIO 3JTIEMEHTa, onpefegeMoe COITIaCHO
ykasaHHaM 1. 2.9; ol — MapaMeTp, XapaKTePH3IYIUMA CKOPOCTh HapacTaHUA
a¢ b rpMmanuit ycaaky BO BPEMEHH M ITPHHUMAEMBI# B 3aBMCHMMOCTH OT MORYIA
O1KyBbITOH MOBepXHOCTH IneMeHTa 1o tabn. 10.

Ta6nuna 10
e e e ——— ; - — —
Monyns OTKpRITOH 10 u meHee 20 t 40 60 |80 v Gonee
[OBEPXHOCTH
M, M~ | | J
3Havenuy napavieTpa 0,004 0,008 0,016 0,025 0,033
Qg CYT

[l pumMeuuaH e it KOHCTPYKUUNA, IKCIUIYATUPYEMBIX HA OTKPHITOM
BO3[IyXe B paitoHax, oTHocAMXcA K IY knumaruyeckoit 30He, yKa3aHHbIE B J1aH-

Holt Tabnuue 3HaueHUA Mapamerpa 0 OTHOCAT K Havdany ycaiK# B OCEHHMH 1 BeceH-

HU# nepol roga (okTAGph, anpendb); 3HAYCHUSA NapaMeTpa Og YBEIHUMBAIOT Ha
30%, ecnu ycajika, HauMHaeTCd B JieTHee BpeMsA rofa (Mofib) M yMeHbILAOT Ha
50 % npw Havane ycCagKd B 3UMHEe BpeMs rofa (AHBaps) ; B NPOMEXYTOUYHBIX
CliyvasX MpUMEHAI0T NUHEHHYIO HHTEPIOALMIO

3.6. Mepy nos3yuecT¥ 6€TOHA K MOMEHTY BpeMeEHH t IIpH Harpyxe-
HHH ero B BO3pacTe 1, NpHHUMAKT B BUJIE:

C* (t,ty) = [1/Ey (to)]-[1/ By ()] +C (=, 28) Q (to)x

(10)
f (t—ty),

rae C (°°, 28) — npenenbHoe 3HaueHde MEphI MOJI3YYECTH, MIPpHHHEMacMOe COTNacHo
m 2.9.; Q (t) — GOYHKIHS, yUMThIBAKOIAsA BIUAHUE CTapeHUs DeToHa Ha Mepy
nonsydectd; 1 (1 — 15 — dyuxiwd, yuMTHIBAOMAS HAPAaCTaHUE BO BPEMEHH Me-
pbI NON3YYECTH.

3.7. Ina dyuxman 2 (ty) uf (t — t,) NPUHUMAIOT BHIPAKEHHA:

Q (tg) = c+ de” Mo, (11)

f(t—ty)=1—ke " (t— %) (12)

rue ¢ =0,5; K =0,8. 3navenns Y u Y, npusumMaior no 1a6m. 11, a 3xavenus d -
o tabn. 12.

13



Tatnanuua 11

el e e el Sk e il [ ST T

b kg ol Aomal P —

|

' - _id_-'_-_—---.ﬁl-_._.__u_.--‘_-—.

[TapameTphl 3HaueHUS apaMeTpoB 7V, Y1 'py Moy e
OTKPBITOR MOBEPXHOCTH M, M™

e —Eiy sl S NS dpmmles Wopa el g

Y, CYT 0,008 0,012 0,016 0,020
vy, eyr ! 0,004 0,006 0,008 0,010
TaGnuua 12
[Tapamerpsl to CYT 3HaueHus nmapamerpa d npu Moayne oTKPbITOM
noBepxHoCTH M, m
e T
__________________ wnce | 20 ] 40 | 60w conee
q 7T 1 MeHee 0,752 0,842 0,942 1,052
28 u Gornee 0,625 0,700 0,785 0,875

3.8. Npusenenunt Bospact ., npyu s3arpyxxeHuH 6eTOHa B BO3pacTe
to, < 28 cyT (B TOM uMCre MoCie TeIoBOH 06paboTKH) ONpenentor

1o popmyJie

t,= (17 [d &, - 0S5, (13)

rae £1o = 2 - [Rg' (ty) /B1.

3HaueHHn HapameTpoB Y M d npuHEMaloT no Tabn. 1l u 12 coort-
BETCTBEHHO, IIPHYEM NIpH Olpenenedud d NONb3ywTCca NaHHBIMH, IIOMe-
[IEHHBIMH B NEpROM cTpoKe Tadn. 12, _

[Monyuennsie no ¢opmyne (13) 3HaveHusa t, OKPYrifAwT Oo le-
npix. Eciiu nomyuaerca t, < 7 cyT, TO IPHHUMAIOT T 5 = 7 CYT.

IIpu 3arpyxenunn Gerona B Bospacre t , > 28 cyr popmyroit (13) He
MOJIB3YIOTCA, @ YYUTHIBAOT PaK THUECKUHN Bo3pact t, OeTOHa B MOMEHT
IIPHIOKEHNA HAT PY3KH.

3.9. XapakTepUCTHKOM Ion3ydyectd OeroHa ¢ (t, t,) HA3bIBACTCA
BEJTHUHMHA

o (1) = By (to) CF (1, to). (14)

[IpH BBLIYMCIIEHHHM NOTEPb NMPEIBAPHTENIBHOTO HAMPAXKEHUA, OITpe-
NeNeHHH KPHBH3HBI H IpPYTHX pacyerax XapaKTEepHCTHKY NOJI3Y4YecTH
JIONYCKAETCH HAXOAUTh 110 popmyne

14



¢ (t,ty) =Ep C (t,1,), (15)

rae C (t,1,) Bermcnsior no dopmyne (10), monaras
[VEy (to) —1/Ep(t) ] =0,1e. C (1, ty) =C (=, 28) Q (t) f (t — t);

Eyp, — momyns ynpyroct GeroHa B Bo3pacte 28 cyT.

IIpenenbHble 3HAYEHHMS XapaKTEPHCTHKH NON3YYECTH BHIVACISAIOT MO
dopmyiam:

' (to) :Eb C (oo, t@) = ( tO): (16)

Wi~

¢= By, C (=, 28). (17)

4. ONTPEINEJIEHME YCUJIMA B BETOHHBIX U XEJIE3OBETOHHbIX
KOHCTPYKUMAX KAK B CUCTEMAX, COCTABJIEHHbIX

N3 OHOPOIIHBIX 3JIEMEHTOB

4.1. Ycwiua B CHCTEM2X, COCTABIEHHBIX M3 OJHOPOIHBIX JJICMEH-
TOB, MOTYT OIIPEHENIATHCA H2 OCHOBAHHUH CIIEAYIOLIMX TTOJI0XKEHHH:

a) YCHIMA B IUIOCKOM crepxHeBoy cucreme M*(1), Q*(t) u N¥*«
«(t), BbI3BaHHbBIE UIHTENBHO JIEHCTBYIOLMMH HarpysKaMH, NPWIOXEH-
HBIMH IIOCJI€ IIOCTAHOBKM BCEX CBA3EH, TOXHECTBEHHO PaBHbl yCHINSAM
M(t), Q (t) u N(t), BbiuMCIIEHHBIM IIyTEM pEILUCHHA YNPYTOH 33/134H,

6) yCWIHA, BBI3BaHHBIE [JIUTEIIPHBIMH BBIHYXIEHHBIMH J1edOopma-
UHMAMH (H3MEHEHHE TeMIIEpaTyphl HIIH BIaXXHOCTH OE€TOHA, HepaBHOMED-
Hag OCalka ONOp B CTATHYECKH HEONpeNeTHMBIX CHCTEMaX H T.[.)
M*(t), Q%(t) u N*(1) cBaA3aHbl C YCWIHAMH yNpyrod 3amavu M(t),
Q(t) u N(t) nocpencTrBOM HHTEIrpalIbHL(X YPABHEHHH

M*(t) = B (t) By, (t) f M* (t) [0 C* (t 7)fdr]dr=7 (t) M(1);
Q* (1) =7 (1) By (1) [Q* (1) [BC" (1, 7) /] dr=5(t) Q(v); (18)

N*(t) =7 (1) E, (1 IN* ™) [dC* (t,7) /d7]) dr =5 (t) N(¢).

B ypaBuennax (18) npuHATO

v (1) =1/ [1+02¢ (1) ]; (19)
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NpefieNibHYI0 XapaK TEPUCTHKY MON3YyYecTH ¢ (t) MPUHUMAIOT COTJIACHO

m. 3.9.

MpumeuaHH e 3aecs u ganee ycunus ynpyro#t 3agaun M (1), Q (1) u
N (t) BBIMMCIAIOT OIS MOMEHTA Hauana ONeCTBUS HArpy3KH MM BBIHYXOEHHbIX
nedopMallMii B MpeRNONOXEHHH, YTO ITOT MOMEHT COBMAJACT ¢ pacCMaTpHBac-

MBIM MOMEHTOM BpeMerH t; ycwmus M¥(t), Q*(t) u N¥(t) BeruMcnsior ¢ yuerom
gedopManuit MoN3y4YeCTH 33 MPOMEXYTOK BPEMEHH T — tg.

4.2. TlpH [UIKTEIIBHBIX CTAIMOHAPHBIX BBIHYAIEHHbIX €O pMaLUAX
YCWINA B CHCTEME, COCTABIIEHHOH H3 OOHOPOJHBIX 3JIEMEHTOB, MOXHO

ONpenensaTs 10 GopMyTam.

M* (1) = M (to) H* (t, t5)5 Q* (1) =Q () B* (1. 10)5  (20)
N* (t) = N (t5) H* (1, t5).

B dopmynax (20) M(t,), Q(ty) ¥ N(ty) — YCHIHA ynpyrou
3a/1auM, BBIUMCIIEHHpIC NJI1 MOMEHTA Hauana [CHCTBUA BhIHYXICHHBIX
nepopmaumit t; H (t,t,) — xo3pdHUMEHT 3aTYyXaHUsA, yUHTHIBAIOILIMH
U3MEHEHHE YCWINH BCJIEICTBHE NOJI3yyecTH OeToHa (I1. 4.4), HAUUHAA C
MOMEHTA BPEMEHH 1.

JyIMTeNnbHbIe HECTALIMOHAPHBIE BBIHYXKOEHHBIE HehopMalMU MOXHO
IPEMICTABHTh B BHAE CYMM CTaHHOHAPHBIX HePOpMaiii, TIeMCTBYIOHNX,
HayHHasA C MOMEHTOB BpeMeHH tg, ty, ..., t5 <t.

YCWIMA OT KaXO0W M3 3TUX CTAHHOHAPHBIX BBIHYXIEHHBIX medop-
MalUMH oIipefenAoTcs o gopmynam (20), a 3aTeM CYMMHPVIOTCH.

4.3. Yewma AM* (1), A Q*(t) u AN*(t), Bo3HuKaomHe B CHC-
TeME IIpH NMOCTAHOBKE OMOJIHUTEJIBHBIX CBA3CH B MOMEHT BpeMeEHE t1
IIOCIe TOro, KaKk B MOMEHT BpeMeHH t, < tq ObuIa rpwioXeHa Ioc-

TOAHHAsA BO BpEMEHHU Harpy3Ka, MOXKHO BBIUMCIIHTD 1O GOpPMYJIaM:
AM* (1) =M (1) B [1—H* (t,t)]; AQ* (1) = Q (t}) Bx
[1 —H* (t,t1)];

AN T () =N(t]) B[1—H*(t,t])]; B=[9 (to) /2 (ty) I
e =71 (t1—to) (21)

roe ko3PdUuHeHT 3 YUMTBIBAeT IepeMEIleHHs 3TeMEHTOB, MPOHUCXOOAIIME 3a

NMPOMEXYTOK BPEMECHH t1 ~ to; M(tl), Q(‘i:l) H N(tl) — YCHJIMA VIIpYIOH 3a-
nauy, HafffieHHbie B MPEONONOKEeHHH, YTO CBS3H MOCTaBJIEHBI O MPHIIOXEHUS
Harpy3kd; H*(1, t1) — Ko>hOMUMEHT 3aTyXaHWsd, YUNTHIBAOLDAH W3MeEHEeHHe
YCUTHU BCIIEICTBHE NION3YYeCTH, HAUMHAA ¢ MOMEHTa BpeMeHH 11 (cM. 1. 4.4).

Ycunus, BbI3BaHHbIE NpPEeBAPHTENBHBIM OOGXATHEM, IIPH pacuere
CHCTEM PacCMAaTPHBAIOT KAK yCWIMA OT BHEIIHHX, MIOCTOAHHBIX BO Bpe-
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MEHH CWI. J1a onpeneneHusa 3TUX CWI HYXKHO U3 HauaJIbHOTO YCHIIMSA
peBAPUTENBHOrO 00Xatusa By, Boiyects BenmuuuHy 0,5 GjAg, rae oy —

MOTEpH HNPEOBAPHUTEIBHOTO HANPSOKEHUA, OINPEHETIAEMbIE COITACHO
YKa3aHHAM pa3l. S HacToauwmx PexomeHganuit.

4.4. Kosbpuumentsr 3atyxaHus H*(t,t,), yuMThiBaomme H3me-
HEHUE YCWIMH BCHENCTBHE NON3yuecTH OeToHa, npH t, = 28 cyT, BHI-
YUCNIAT N0 ¢opmyiiaM, NpuseneHHbsiM B 1abi. 13, Ilo atum ke ¢op-
MYJaM C NpeBapUTEILHOH 3aMEHOH t, Ha t; BRIYMCIAIT ¥ KO3 U-
umeHTer H* (%, ty). Bxogsuwie B ykazaHHbie GOpPMYITbI 3HAYEHHUS @ U
x,fl(tci‘)z ONpeNieNIAIT COrMIaCHO yKasaHwaM II. 3.9, a d, v, y1 — U3 126,

u12.

Taonuuma 13

ottty | t“*:;— ) 1 __- t>t,
I 2 3
H* (t,tg) =7 (tg)  H*(%, t,) = 7 (t) H*(,t,) = H*x
7ty =1/ [1+ A —/080(1)P(te)s  x(e=, 10) + [F(tg)-
+0,2¢ (to) ] “F(to) /[(1+0,5¢)~ —H* (>, t5)] x
W(DG)]} x e " T(t—15)
() =1/ (1+0,1¢); r=7, [1+0,5 7~

F(ty) =1 'I'Llf(to) + x( to) |
+ L Ly [f(to)]z‘*'“'
L;= [04i—0,85()]/

[11+21+0,4¢97D()];

1i=1,2,3, ...
¢ (tg) = 7 (tg) d e (to)

B 1abn. 14 npupeneHsl YUCIIEHHbIE 3HAUCHUS KOIDPHULUUEHTOB 3a-
tyxanusa H* (t,t,).

[Ipumep. Onpenenexnnie U3rubawMX MOMEHTOB B OETOHHOM CTEHE,
HarpeToH ¢ OJIHOH CTOPOHBI IIpH HAJIUYKH CTAITMOHAPHOIO TEIUIOBOTO HO-
TOKa.

/lano: GeroHHas CT€HA BBICOTOM 4 M U TONMMHOK 2y = 0,6 M; 1o
HIDKHEMY Kpaw CT€Ha >KECTKO 3afieliaHa, M0 BEPXHEMY — IIAPHHPHO
onepra. beTtoH TsxenpM, Kiacca B20, U3roToBleH ¢ NpPUMEHECHUEM
MOPTIIAHALEMEHTA ¥ T'PAaHUTHOTO 1IeOHs , 0caaKa KOHyca 5—6 ¢M. OTHO-
CUTEJIBHAA BJIAXKHOCTh OKPYXAKWILUEH CPEeabpl B IIPOLECCe IKCIUTYaTaluu
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. kS ke, 2k e, —— b ——— —— gl B bkl S S

0,50 0,636 0,639 0,644 0,653 0,663

0,75 0,524 0,527 0,534 (0,545 0,556 0,571
1,00 0,439 0,443 0,450 0,461 0,474 0,490
1,25 0,374 0,378 0,385 0,396 0,410 0,426
1,50 0,322 0,326 0,333 0,344 0,358 0,375
1,75 0,281 0,285 0,292 0,302 0,316 0,333
2,00 (0,247 0,251 0,258 (0,268 0,282 0,298
2,25 0,219 0,223 0,230 0,240 0,253 0,269
2,50 0,196 0,200 0,206 0,217 0,229 0,244
2,75 0,177 0,180 0,186 0,196 0,208 0,223
3,00 0,161 0,163 0,170 0,179 0,190 0,205
3,25 0,146 0,149 0,185 0,164 0,175 0,189
3,50 0,134 0,137 0,142 0,151 0,162 0,175
3,75 0,124 0,126 0,131 0,140 0,151 0,163
4,00 0,114 0,117 0,122 0,130 0,140 0,153
4,25 0,106 0,109 0,133 0,121 0,131 0,143

s, pwier ey =ERLE S e wsissr Spss Sy SE—

Taonuna 14

i, G S ybeleSE Se s mbing S By

‘mamms mbrey Sy PSgy gl ey el ol S,




W = 70%. Hauanpuas Temmeparypa cpedbi u crennl 149°C. B mMomeHT
BpeMeHH t, = 28 cyT TemliepaTypa BO3[yXa ¢ OIHOH CTOPOHDI CTEHBI
mossmmercs 1o 28° C u B mansHeleM ocTaeTcsa NOCTOAHHOM.

Tpebyercs OTpeNeNUTh TEMIIEPATypHbIC YCHIHA B CT€HE, HE0DXO-
JMMBbIE IS pacyeTa ee 1o oOpa30BaHHI0 TPEUIHH.

Pacyer. Cornacro m. 2.11 u 2.12, HavanpHp¥ KO3PPHUHEHT TOITE-
peuHoH nedopmaumu v = 0,2 Koacp(p}llmem THHEHHOTO TeMIepaTypHO-
ro PaclMpeHUA dpy = 1+10—> rpag— . HavyanpHBIH ngo,uyns YIIPYTroCTH
GeroHa, B COOTBEICTBUH ¢ Tabn. 2, E, (28) = 27-10° MHa. Ha ocHoBa-
HUH HCXOIOHBIX HaHHBIX JI0 Fadn. 4,6 M 7 NoCnenoBaTeNbHO HAXOMAT
CN (e, 28) = 11510~ MIla— 1, £4,.= 0,60, £3,= 0,87 My = 2,0/
06=33m" 1),

ITo bopmyne (5a) BBUMCIAIOT

C (e, 28) = 115 - 10~ ©-0,60-0,87 = 60,08+10-6 MITa — 1.

[IpepenbHyio XapaKTEpHCTHKY IIOJI3YYECTH ¢ NOACYHUTBIBAIT MO
dopmyne (17)

o= 27-103-60,08-10— 8= 1,62.

IIockonbKY K MOMEHTY HOABJIEHHA TPELUMHH, CKHMAIOUIHE HAIps-
KeHHA B ODeTOHe, KaK NpaBWIO, MEHbIIIE YKa3aHHbIX B II. 3.2, pacyer Bbl-
NOJHAETCA Oe3 yuera HEIIMHEHWHOM COCTaBiAlolie nedbopMalrMi Non3y-
YESCTH,

~3apiaua peIlaeTcs B NPEANOJIOKEHMH, YTO HMEET MECTO CTalHOHap-
HbIH TEIUIOBOM NMOTOK W M3MEHEHHE TeMIIepaTypbl IO TOJIIIMHE CTCHBI
JIMHEHAHO W He BBHI3bIBACT TpPelMHOOOpa30BaHUA. B 3THX YCIOBHMAX MpH
HATUYHH ONOp CHU3Y M CBEPXY CTE€HAa MCILITHIBAET HITHHIPHYECKHH U3-
ru6, a MaKCHManbHbIH H3rHOAOLHH MOMEHT BO3HHKAET B CEUeHHH, pac-
IIOJIOKEHHOM Y MECTa 3alesIKH. 3HaueHHA 3T1oro momenra M*(t) npu
to =28 cyrut= 28,65,120,360cyT,a TaKkxenpu t —oo, HaXOOAT HO
dopmyne  (20). Warubaronmit moment M (t,) nomcumrhiBaior mo
bopmye !

M(t) = 3/4y D (tg) apt AT, D(t)) = Ep (to) (2 ¥)°/

/112 (1-v3) ],

rme A T — pa3HOCTh MexXJly TeMIIepaTypaMH BHYTpeHHel H HapyXHOH NOBepX-
HOCTSMH CTEHBI,

B naHHOM ClTyyae npH t, = 28 CyT

1

1076 Napxos A.B.u ap, CrpourenbHas mexaHwka. — M.: BoIciiag urkona,
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D(28) = 27-103-0,63 / 12 (1 — 0,22) = 5,06-102 MH m;
M(28) = 3/40,3-5,06 * 1021 107 (28 — 14) = 0,177 MH-M/m;

Kosppuumpentsr H* (1,t,) mpu t; <t < o BpiyHQIAIOT IO HOPMY-
naMm, NpuBeneHHsIM B Tabn. 13. IlpensapurensHo 110 1a6m. 11, 12 npu
My < 10 M~ 1 naxopst v = 0,004 cyr;%;y =0,008cyT — 1, d = 0,625;
a o dopmyne, npuBenenHor B tabn. 13 (1-a rpada), BHIUMCIAIOT
H* (28,28) =v (28) =1/ (1 + 0,2+ 1,62) = 0,755 1 o 1a6n. 14 my-
TeM HHTepnonauuu Haxoaar H*(°,28) = 0,302.

llastee no popmyne ta6n. 13 (3-1 rpada) BHIUMCIAIOT

r=0.004 ( 1+0,5-0,755 -1,62) = 0,0064 cyr 1.
K
- §3gmm, 13,35 rpaga) H. (1, 28) = 0,302 + (0,755 ~ 0,302)

Benmmumnbi koapdumrenro H* (t, 28) u uarubarmoumx MOMEHTOB
M* (1) npuseneHs! B TabnuIIe

t, cyT L 28 T 65 l 120 ‘l 360 t>oa
H* (1, 28) 0,755 0,659 0,553 0,356 0,302
M* (1), MH: M 0,134 0,117 0,098 0,063 0,053

Hpumeuvanne [put= Ep=28 CYT YMeHbLIeHHe H3TH0a01LIer0o MOMEH-

Ta or M (28) =0,177 MH-Mm no M™ (28) = 0,134 MH - ™ npoUCXOOUT BCICOCTBHE
OBICTpOHAaTEKalOlIeH Non3yuecTH beToHa.

poBepka o obpazoBanuio TpelmH cornacHo CHull 2.03.01 — 84

MMOKAa3bIBAET, YTO TPEILMHBI B OETOHE HE TOABIIAIOTCA.

5. OIIPEAEJIEHUE ITOTEPL NPEABAPUTEJIBHOT'O
HAIPAXEHHUA OT NOJIBYYECTHU U YCAIAKH BETOHA

5.1. Ilpu ompenenenun noTeph NPENBAPHUTEIIBHOrC HANPAXKEHHA OT
MON3YyYeCcTH OETOHA OTHOCHUTENIBHBIM YPOBEHb HaNpsXXEHHH B OeTOHE
YCTaHABAMBAIOT 110 OTHOIUCHHUIO K 3HAYECHMI0 NPUIMEHHOU IIPOYHOCTH
cornacHo dopmyne (7).

5.2. HampsixeHusa oy M Ofy, BO3HHKAIME B OETOHE HA ypOBHE
LEHTPOB TFXKECTH apMATypel S M S’ B NPAMOMHHEHHBIX CTEPKHEBBIX
INEMEHTAX, BBIYUCITAIOT 10 CleayonmMM GOpMyIIaMm:

npU OEUCTRUU YCUAUU NPEeOBAPUTEABHO20 OONATUNA

op = [(PotPo) JAreq ]+ (YSp/ Jred (PoYsp — Py yép) , (22)

op = [(Po+Pg) [Ared] + (Y;p Hred) (Po Ysp — Py Y;;p);
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Npu OeluCT8UU BHEWH EU HAPY3KU

Op = (N/ Ared) — M Ysp /J red); Ul; = (N/ Ared) + (M ygpf J red)*
(23)

B dopmyne (22) ycunus peABapUTEILHOIO 06KaTUA:

Py = Op
NpUYeM 0, U Oy, — NpEeIBapUTEIbHbIE HANPIXKEHUss B apMaType COOT-
BETCTBEHHO O np S’ o ofxatus GetoHa (IIpH HATSEHUH apMATyphbl Ha
YyIOppi) ITHO0 B MOMEHT CHIDKEHHMA BETHYMHBI HpeHBapHTENbHOTO
HaIpsXXeHUsA [0 HYNsg BO3ACHCTBUEM BHEUIHUX CWI (MIpU HATSXXKEHUH
Ha OeToH), BBHIYMCIEHHbIE C YYeTOM IIepBhIX TOTEPH COIJIACHO
CHull 2.03.01-84; B dopmymax (23) N u M npoponsHOE ycwiue U
U3rubaoImyu MOMEHT.

JJ1g 371eMEHTOB IPOM3BOJIBHOH. (POPMBI C OJJUHOYHBIM aPMHPOBA-
HUeM (B TOM YHCJI€ YKa3aHHBIX B HI. 4 ¥ S5 Tabn. 15) HanpsaxeHue
Oy KaK OT yCWIHs NpeIBapHUTEIbHOrO O0XaThA, TaK U OT BHELIHEH
Harpy3KH BEIYUCIIAIOT 110 POpMYIIe

Ag; Py = U{) Ag (24)

op=0p/ (1+p 010, (25)

rae O ~ HanpsbkeHue B GeTOHe Ha ypOBHE UEHTpa TSXKECTH apMaTyphl, BBHI3-
BaHHOC COOTBETCTBYIOILMM BO3QEHCTBHEM M NOACYMTAHHOE KAK 1A OeTOHHO-
ro sneMeHTa 6¢3 apMarypbi; up ¥ f, Haxondar no QopMynaM, NpHBEIEHHBIM
B Tabn. 15.

5.3. s 3neMeHTOB ¢ OOMHOYHOH M C IBOHHOH CHMMETPHYHOM ap-

marypoit (1abm. 15, mo3. 1 — 5) npenensryr (IIpy t =-°°) BeIHYUHY
OTephb IIPENBAPHTEIIBHOrO HAMNPSXKEHUA OT IOJI3YuecTH OCTOHa Of.

ONpenensiorT 1Mo gopmye
o = (0p [ ppp) L, (26)

rae obt { Pq HaXOOAT COTTIACHO yKa3aHWAM M. 5.2 # Tabum. 15, a ko3 Pu-
[IHEHT “Iﬂaenenmm o cneayoumm dopmynam:

NpU HATANEHUU APMATYPbL HA YNODbL

*
L=1-Hyp (=,t,), (27)

NpU HATANCEHUU apMaTYpPbl HA OETOH

L=1-H§ (=, t5) [1+0,29 ()], (28)
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\ :[ CxeMbl CTepXHEBRIX I"'eomeTpHYeCKHE

1.1, INCMEHTOB

et e g

I X3PAKTEPHCTHKH

Tadbauua 15

HononHuTenbubie
NaHHbBIC

i — / .
w g B s AN

AS — TolIaab
CCYEHUS apMaTyphl

Ha eAUHUNY IJTHHBL
Tpy OBl

Llp= As/Aki

py =1/ [rm(lfrk+

+ 040/ 1,307 Ay ¥
xsing VR

Ay — wromans

NONEPEYHOI'O Ceve-

HHS ONIOPHOTO
KONbIa

up=AS/A'
U= Ag A;

Mft)
6 <] Y ‘01 =1 +Ahi./J;

H(t)

Nit) .Wt)

n =1 +Ah§/J;

Pu—l—Ahth/

22 /J

_""—lh-.“

CrepxeHs € 1ore-
PEYHLIM CEUEHUEM,

UMEIOILMM [IBE OCH
CHMMETPUH

CtepXxeHs ¢ none-
PEYHBIM CEeYECHHEM,

HMEOLIEM OTHY
OCh CHMMETDHH

Tpy0a c xonsle-
BOM apMmarypoit

Chepmueckutl ky-
I0JI CO CKOJIL3SIILIMM
OMOPHBEIM KONBLOM,
apMHPOBAHHBIM MO
HapyXHOMY Kpalo

CTepXeHs ¢ ABOM-
HOHA apMarypoR u
[TONEPEYHLIM Ceye-
HHEM, HMSIO UMM
OJHY OCh CMMMeT-
PHH



rae H ;(W, to) BBIUMCHIAIOT C oMolkbio popmyn tabn.13 (2-s rpaga), c 3ameHoi

@ 1 ¢ (1) coorBeTcTBeHHO Ha Yg U Yy (T5) nmubo mpuHuMaloT mo Tabn. 16; Oy n
Y (1) BBHIMMCIIAIOT MpY NOMOILM BhIPAKEHHH:

Og = A @} os (to) = N¢ (tg),

(29)

Ollpeesisas 3HaUCHHUE A 1o popmye
AN=uppral (1+u,p1a). (30)
Tabnuuma 16

Pq H{) (m:to) [}fb;(m:to)] Pq Hg (m:to) [Irg;(m:to)]

(s ) [to=TcyT|28 cyr | 90 cyT (¢s)| to=TcyT | 28 cyr | 90 cyr

" Oojstee u bonee

- -1
Ma <15 m
0,00 1,0000 1,0000 11,0000 0,18 0,8110 0,8414 0,8704
0,01 0,9880 0,990 09920 0,21 0,7944  0.8186 0,8514
0,02 09762 09803 09841 0,24 0,7590  0,7967 0,8331
0,03 09646 09707 09763 0,27 0,7347  0,7757 0,8154
0,04 0,9531 09612 0,9686 0.30 0,7115  0,7555 0,7983
0,05 09420 09518 0,9610 0,33 0,6892  0,7360 0,7818
0,06 0,9303 09426 09535 0,36 0,6680 00,7173 0,7658
0,07 09199 09335 0,9461 0,39 0,6476  0,6993 0,7503
0,08 0,9092 09245 0,9388 0,42 0,6281  0,6819 0,7354
0,09 0,8987 09157 09316 045 0,6094  0,6652 0,7209
0,10 0,8983 0,9069 0,9245 048 0,5915  0,6491 0,7069
0,11 0,8781 0,8983 09174 0,51 0,5842  0,6336 0,6933
0,12 0,8681 0,8899 0,104 0,54 0,5577 0,618 0,6801
0,15 0,8389 0,8651 0,8901
15m-! < M, < 30 vl

0,00 1,0000 1,0000 1,0000 0,18 0,8021 0,8413 0,8805
0,01 09874 0,990 09927 0,21 0,7744  0,8185 10,8629
0,02 09750 0,9830 0,9854 0,24 0,7480  0,7966 0,8458
0,03 00,9627 0,9706 0,9783 0,27 0,7228  0,7755 0,8293
0,04 09507 0,9611 09712 0,30 0,6988  0,7553 10,8134
0,05 09389 09518 09642 0,33 0,6758  0,7359 0,7980
0,06 09273 0,9425 0,9573 0.36 0,6539  0,7171 0,7830
0,07 09159 0,9334 09505 0,39 0,6329  0,6991 0,7685
0,08 0,9047 09245 0,9437 042 0,6128  0,6818 0,7544
0,09 0,8937 0,9156 10,9371 0,45 0,5936  0,6650 0,7408
0,10 0,8828 0,9069 0,9305 048 0,5752  0,6489 0,7276
0,11 0,8721 0,8983 0,9240 0,51 0,5575  0,6340 0,7148
0,12 0,8616 0,8898 10,9176 0,54 0,5406 06184 0,7023
0,15 0,8311 0,8650 0,8987
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IIpodoaxcenue tabn, 16

os | Hb(m to) [Hp' (m tO) s | Hp (0, 1) [Hp*(>,t,)]

Nl =7 l__ lﬁ_()—cyr
(W) [t,=7 cyT| 28 cyT T Bonee

M, ~ 30 m

0,00 11,0000 1,0000 1,0000 0,18 0,7926 0,8411 0,8884
0,01 0,9867 0,9901 0,9932 0,21 0,7638 0,8183 0,8719
0,02 00,9736 0,9803 0,9864 0,24 00,7364 0,7963 0,8559
0,03 0,9608 0,9706 00,9798 0,27 00,7103 0,7753 0,8404
0,04  0,9482 0,9611 0,9732 0,30 0,6854 0,7550 0,8253
0,05 0,9358 0,9517 0,9667 0,33 0,6616 0,7356 00,8107
0,06 0,9236 0,9425 0,9602 0,36 (,6389 0,7168 00,7966
0,07 0,9116 0,9333 0,9539 0,39 10,6173 0,6988 (,7829
0,08 0,8999 0,9244 0,9476 0,42 0,5967 0,6814 00,7696
0,09  0,8883 0,9155 0,9414 045 0,5769 0,6647 00,7567
0,10 0,8769 0,9068 0,9352 0,48 0,5580 0,6486 0,7441
0,11 0,8658 0,8981 0,9291 0,51 0,5400 0,6330 0,7319
0,12  0,8548 0,8896 0,9231 0,54 0,5227 0,6180 0,7201
0,15 00,8229 0,8649 0,9055

TIpH ONpedeNieHNH MOTeph TpEeOBapHIEIIBHOIO HANPSKCHUA 32 KO-
HEYHBIH NpPOMEXYTOK BpeMeHM t — 1, 3HAUEHHs xo3dduinmenTa L
OTIpENENIAIOT U3 CIIeAYIOIIMX BbIPa)KEHNH .

NpU HATAXEHUU APMATYPbl HAd YNODbI

ok
L=1*—Hb (t’t())’ (31)
NpU HATAXEHUU apMaTypul Ha OeToH
*
L=1- Hb (t} t()) [l T 032 ‘ps (t{)) ]J' (32)

e H1 (t,1p) BouECnsAKLT ¢ nomoumo dopmyn Tabn. 13 (3-8 KOMOHKA)3aMe-
HSS (pn ¢ (Ty) Hawgm @g (15). Mpu t =228 cyr 3Havenus L — mosxHO Takxe
onpenensats no Ttatn. 16. ,H,J'IH 3TOTO IIpeABAPUTENIBHO HEeOOXOMUMO BBLIYMCIUTE

yCIoBHOe 3HaueHHe Yg (1, 28) no dopmyne

g (1,28) = AE, () C* (t, 28), (33)

me C* (t, 28) onpemenswor no ¢opmyne (10), nonaras Ep (1) = Ep (t)) =
b (28). 3arem mo Taﬁn 16, mpunumas ¢g (t, 28) BMecTo g, onpenemno*r

yCIIOBHOE 3HaueHHe Hb (°°, t5) u BeIMCcHsIOT Lo dopmynam:
NPU HATANEHUU APMATYPbL HA YNODbI
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L=[1-02¢ (t,28) ] [1-H (= ty)], (34)

Npu HATANEHUU GPMATYPblL HA DETOH

L=1— {1~ [1-02p(t,28)] [1—Hy (=t )]}[1+0,20g(to)].
(35)

B 1abn. 13 u 16 B Kavecrse t, MpuxMMaeTcs NpHUBEIEHHbIM BO3-
pacr, onpenenﬂeMbm COIJIaCHO II. 3 8, ecnd (PaKTUYECKHUH BO3PACT
menee 28 cyT, B HPOTHBHOM CJIyyae B KauecTBe t, TNpMHMMACTCA
daKkTHUeCKHi BO3pacT.

5.4. lInsa yuera HEIMHENHOH COCTaBIAWIIECH naedopMaLMy Io-

3YYeCTH BENWUMHY ¢, BBNNHCIsAeMyio no dopmyne (17), yMHOXAIOT
Ha KO3 PUIUEHT

fe'—' 1+ ve k (to) ]mc, (36)

rjae

N (to) = 0,78 0y, / Rpp (to); (37)

a 3HAYEHHA V, U M, IPHHUMAIOT 11O TabII. 9.

Hpu onpeneneHuy NOTeps ¢ yYETOM HEJIMHEHHON COCTABIIAIONICH fIe-
(popMalMH IMOA3YHECTU ClIeyeT NIPUHUMATh B pacyeT BIIMSTHUE yMEHb-
[ICHUA HANpsOKEHUW B OeToHe HAa pedopmanmuu ero nonsyuectu. s
TOIO BENIMYMHY ¢ IONOJIHHTENBHO YMHOXaioT Ha KO3(UUHEHT kg,
BBIUMCIIAEMBIY 110 hopMyIie:

kg =fL6—1 (1)1 + [04k —n (1) ] g (38)

M IpHHKMMaeMbli He Dornee 1.

3mecy k¢ = 1,5 mpu to < 7cyt, k¢ = 1,0 npu ty 2 28 cyT; IpH Npo-
MEXYTOUHBIX 3HayeHMAX o BENUUMHY K¢ ONpemeNndAT IO JIHHENHON
MHTEpTOTAIMH. B qmpmne (38) BeJmthy Yq MpHMHUMAKT 06€3 yueTa

HEJTMHEHHOM COCTAaBIANICH AeHOpMALIMH ITOJI3YUYECTH OeTOHA He
6onee 0.0.

[lpu onpenerieHUU NOTEPh NMPEIBAPUTEIIBHOTO HANPSXKEHUA 32 KO-
HEeYHbIH TIPOMEXYTOK BpEMEHH t — t, 3HaueHHe ¢y B Gopmyne (38)
ClIefyeT 3aMEHHTb Ha BEIHUHHY ¢ Ft 28), Bbruucisemyw 110 ¢op-
myiie (33).

5.5. Ilpu HaIMYMK B CEYEHHMH HEHAIIpATaeMOHN apMartyphl €€ BJIMA-
HHUe Ha BEJIMYUHY HOTEph NMPeIBapUTENBHOIO HANPSAIKEHUS JOMYCKACTCH
YYHUTBIBATh NMYTEM HCMOJIB30BAHUA BMECTO ¢ NMpHBENEHHOW XapakKTe-

PHUCTHKH NOI3YUECTH Yhe BBIMUCIIAEMOH IO POpMyIE:

¢hs = L/ (upra), (39)
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rae BenuuuHel U SAg [A; o= Eg [ By, L Beiumcnsor, kak mns sneMenTa, HMeto-
IETO TOJILKQ HEHANpATraeMylo apMatypy; 0, ONpeAensior ¢ NoMOIbIo Tabm. 15
(103 6) .

5.6. Jlns aneMeHTOB C [BOMHOH HECHMMETPUUHOH HaNpAraemoii
apmaTypoH (tabn. 15, mos. 6) upenensHyw (NMpH t+o°) BeTMUYHHY I1o-
T€Pb NPEIBAPDUTEJILHOTO HATIPSKEHUST OT IONI3YUECTH BETOHA 01 H 010 B
apMaType S ¥ O BBIYKCIIAIT N0 GOpMYIaM;

= v[[crb (L-—-—I:) TPl W (Ub—-ﬁrﬂé)( __LI _ )],

92 51
(40)
O£C=V aé(L—ﬂ)erl (J{;—ﬁab)(—-_]‘ }),
L pl |
rae

-—-_————-____-1

51,7 050, [(1+w) 2V (1-w)?+ 4wpp],
vE Uy Gr=po)]s w = og iyl oy B=p12 /o154

;_
p= ) / P9 .

Benumuune! L u I, Bxopaume B dopmynsr (40), ONPEJIENAIOT COTJIACHO
yKa3aHUAM M. 5.3, Tpuuem s HaxoxnaeHus L B dopmynax (27),
(28) (31), (32), (34), (35) Heoﬁxonnmo 3aMEHHTD A, g, Pg (to)

HY, (2, to) COOTBETCTBEHHO Ha A, 0gs Vs (o), Hb (=2, tp). !
3HayeHus A M 7\ HeoOxonumMsle mns onpenenenus L u L, Bprumc-
AT 0 GOopMyJIaMm:

L

X=uphal (1+u,pya), X=p ppal (1+u fy0).  (42)

B cryvae, ecnu BhinonHstercst yenosre |pyol < 0,25 (rabum. 15, m03. 6)

BEJIHYHHDBI O], H O], HOIyCKAeTCH OUPEHENATh 6ea y4eTa B3aHMHOTO
BIIMAHMA YyCHIIMHM B apMaType S uS. 3HaueHue 0], BHIMCIAIOT IO HOP-
Myrie (26), a Ulc — 110 TOH »e popmynie, C 3aMEHOH Oy, Hps P1 L 1na

Oy Ky P2, L
IECJIH [0 YCIIOBHAM 3KCIUTyaTaUMKM KOHCTPYKUMH He Tpebyercs
OIIpB,U,eHHTh IOTEPU B apmarype S, TO B cityyae, koraa |p1ol < 0,5 u

< 0,3, notepu 0} B apMatype S MOTYT BRMMCIATHCH KaK A
31? Ta ¢ OJfMHOYHOHU apMaTypoil.
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5.7. Ina 3nemMeHTOBR ¢ JABOMHOM HAIpAraemoil apmMaTtypoH BIIUA-
HHEe HEJIMHEHHOM COCTABIAMINEH HedopMalluyd TMON3YUEeCTH CIICHYeT
YUMTBIBATh B COOTBETCTBHH C W. 5.4, BBIYHCIASA OTHAEITHHO KO3(PPHU-

HHeHTB N (t5), fo, kg H M(ty), fg, kg oA GeroHa, PaCIONIOXEHHOTO
Ha YpOBHE HEHTPOB TAXKECTH apMAaTyphl COOTBETCTBEHHO S U S,

BrIUsiHUE HEHANpAraéMOH apMarypbl Ha BeEJIMYMHY MOTEPL TIpea-
BAPUTEJIBHOIO HANPAXKEHHA YUHTHIBAETCA TAKXX€ pPA3MENIpHO, COIJIaC-
HO II. 3.5, s 4ero HeoOBXOOMMO XKpOME Yhe BBIYMCIHTH aHAJIOTHY-

HbIM 06pa3om vy
/

[lotepu TpenBapUTEIIBHOrO HANPAXKEHUA Ol y Olc, [POUCXONA-
HIUC 33 KOHEYHBIM MPOMEXKYTOK BpeMEHH 1 — 1,, ONpEAENAIOT o
dopmynam (40) ¢ yuetom ykazanuil 1. 5.3. Ilpu 3tom, xpome Hpx

§ %
x(%2, t,) Heob6xomumo omnpenenuts Takxke Hy (22, ty).

5.8. B Tex ciiyvasx. xorza oGikarue HANpAraeMoH apmMatypoH H
iepenaya 4acTv IOCTOAHHOM HAarpy3kKd Ha KOHCTPYKIMIO NPOHCXOIUT
B BO3pacrte OGeroHa t,, a OCTalpHas 4YacTh W [IJIUTCNIbHAA HArpy3Ka
MpUKITabiBAIOTCA B BO3pacte t| > t,, norepu 0); (i), o) (ty) H
olc (t1), olc (ty) HONCYUMTBIBAIOT OTAENIBHO, 4 3aTEM CyMMMPYIOT

anre6panuecky. [lpu BeluMcieHnn 01.(t]) # 07.(t]) HenuHekias
COCTaRBJIAWNIAA AePOPMalUU NIOJI3YUECTH HE YUUTHIBACTCH.

5.9. llpenernbHbie (IipH t — °°) 3HAYEHUs NOTEPH IpeaBaAPUTED-
HOTO HampsDKeHHs B apMartype S ¥ S! Bhi3BaHHbIE ycanxoit GeToHa,
BBIYUCIISIOT 10 POpMYyJIaMm:

olc = [AEp €5 (=, ty) /upp1] Lg; ofg= [N Ep € (>, twipp,] L.

(43)

Be.rmqm;ly €s (2, ty,) ompenensior cornacHo m. 2.10, Xm0 dopmyne
(30), X — o 1O XXe hopMyTe ¢ 3aMeHOi Up M p] HA uf) H py. Koag-
uuuent L Bruncnsior no popmyire

L= [208+3,7 (14,3 — 0,1 ty,) °] /{1000 + o [623 +
+4,5(9-0,1t5)%1}, (44)

roe Qg NpUHHMaeTcs 6e3 yueTa ykasaHui m. 5.4. IInsa onpeneneHus ['S B (44)
ClIeflyeT NOACTaBUTL ¢ B dopmynax (43) u (44) pomyckaercs IpuHMMATh
tw = tA
W 0

S.lq. [Ipu ompeneneHud NMOTEph MPENBapPHUTEILHOTO HAIPSAXKEHHS
Olg U O]g 32 KOHEUHbIM NPOMEXYTOK BpEeMEHH t — t, Heo6XOOMMO

YMHOXUTb K03uiments Ly u L Ha Benmuuny
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Gg = ] — e*aS (t o tO), (45)
rae Qg HaXOAUTCA Mo tabn. 10.

[Ipumep 1. Onpepenenue NoTeps NpEeOBapUTENIBHOTO HANIPAXKEHHA B
KEI1€300ETOHHOM 3NIEMEHTE ¢ CUMMETPHUHBIM apMHPOBaHHEM.

Hano: 3nemeHT HIDKHETO MOACA XENE300¢TOHHOH (EepMBI; CEYEHHE
npsamoyroisHoe, h = 0,28 M, b = 0,25 m. beron Tskensii, knacca B40,
ocajgka koxyca 1 — 2 cMm; HampAraemas apmMaTtypa M3 KaHaTOB KJacca
K-7, E¢ = 1,8-10° MIla, A;=17,7-10"* M*; HeHanpsragmas apMaTypa —
xnacca A-Il, E¢ = 2,0 -105 Mila, Ag = 8,04 - 104 m2. Bes apmatypa
pPacHoOJIOXKEHAa CUMMETPUUHO OTHOCHUTEIIBHO TIJIaBHBIX LIEHTPAIbHBIX
ocei ceueHus. HarsokeHwe NpOM3BONMTCA Ha YIOphbl, OETOH IOOBED-
raercsa nponap4vsanuio. [lepematounas mpourocts GeroHa Ry, (to) =
= 30 Mlla. Hanpsxenns B apmarype K MOMCHTY OKOH‘IEIHBH 0Gxa-
TUA Op = 938 MIIa. PacyernHas BnaxuocTs Bo3snyxa 70%. Ha 90-i
IeHp IIOC/ie OTIIyCKa HATAXHBIX NPUCNOCOONIEHMI K ¢epme MpHKIIa-
ObIBAETCA JKCIUTYAaTal{fHOHHAs Harpys3ka, KOTOpas BBI3bIBACT pacTs-
rHBampuiee ycuwine B HixHeM nosice N = 1,200 MH.

Tpebyerca onpepeiuth MNOTEPH TUPEOBAPUTETIBHOTO HANPSAKEHUSA
BCIIEACTBUE NOJI3yUecTH M ycaaxku: 1) yepe3 HeOrpaHHueHHO OOIIb-
IIO¥ MepHo BpeMeHH; 2) Ha 90-i jeHb MOCie OTIYyCKa HATAMXHBIX
IIPUCTIOCOOIIEHUMN.

Pacuyer. XapaxTtepuctuxu OeroHHOro ceveHus: A = (0,0700 M2;

nepumeTp — 1,060 M. Mogyns orkpertoii nosepxuocty M, = 1,060/

0,0700 = 15,1m~*, puy = 17,7107* /0,0700 = 0,0252; u=8 04x
x 10—%/0,0700 = 0,0114. Cornacno 126, 2, ¢ Y4E€TOM TEPMOOOPabOoT-
ku Ep, = Ey, (28) =36,010°:0,9 = 32.4-10° MIla.

st Hanpsiraemoy apmaryper @ = 1,8 - 10° / (32,4 - 103} = 5,56;
IJIsL HeHanparaemoit — a = 2,0 » 10° / (32,4 - 109) = 6,17. Tak kak
My + @ > 0,03, nmpuBeIeHHYIO IUIOINAND CCYCHMIR BBIYHCITSAEM, YMEHB-

af IUTOIAb CEYCHUs: DETOHA 3a CYUET CeuyeHUS apMaTyphl:

Ared =0.0700+17,7-107% (5,56 — 1) + 8,04 - 10~% (6,17 — 1) =
= 0,0822 m?2.

) Ycuwnue NpenBapUTENIbHOTO OGXATHA M HAuaIbHBIE HaIIPSIKEHUS B
eTOHE:

P, =938-17,7-107% = 1, 6603 MH; 0}, = 1,6603/0,0822 = 20.31 MIla.

Jns HaxoXeHus IHpPUBEICHHOTO BO3DPACTa, COITIACHO n. 3,11, BpIyMC-
NseM

Elc= 2—-30/40: 1,25,
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3aTeM 10 dopmyne (13)

to, =(1/0,00)1n [0,797/ (1,25 — 0,5)] = 6,08 cyr. Tpunumaem t, =
= 7 CyT.

Hna sroro Bo3pacTa npu kiacce beroHa B40 nmo T1aba. 3 ompere-
nsaeMm Ry, = 21,2 MIla, otkyna, B COOTBETCTBHH C II. 3.3, Rpp = 21,2/
] 0,7786 = 27,2 MIla.

I1o Tabin. 4, ¢ yyeToM TepMOOOPaBOTKH, HAXOUM

CN(eo, 28) =59-1076.0,9=53,1-1070 M2~ . € (o0, 7) = 330 - 107

x0,9= 297-10 6.

Cornacho 13671, 5 — 7, pyia nonsyvecty §5. = 0,845; ESQ = 0,87; onsa

ycanku £1¢ = 1; &9 = 0,793; &3, = 0,91. Orcroma monmyvyaem no ¢op-
MyJiaM (52) ¥ (56 ) pacueTHbIe NIpeHesIbHbIE 3HAYEHUS MEpPhI HON3Y-
YECTH U OTHOCHUTEJIBHOH dedhOpMallH YCATIKHU:

C (o0, 28) = 53,1- 0,845 .0,870 = 39,0 -10 ~ @ Mi1a — 15
eg (=, ty) = 297-10-6.1.0,890-0,870 =214 109,
[TpenenpHble XapaKTePUCTHKH TONI3yyecTH (17)

0= 32,4-103-39,0 -10~ 6=1,264.

Cornacho mo3s. 1. ra6n. 15, P = 1 Ho ¢popmynam (30) u (29) BhIUHC-
JIAeM

A =0,0252-1-5,56/ (1+00252-1-5,56) =0,1229;
vg = 0,1229 - 1,264 = 0,155,

B cooTBeTcTBMH C M. 5.4, yuTeM BJIMAHHE HENMHHEHHOHN COCTABIIANOILECH
nedopmanyu nonsyvectd. Ilo tabn. 9 Haxomum v = 1,22; m, = 4,00;
no dopmynam (37), (36) u (38)

n(t,) = 0,78 -20,31/21,2=0,747; f,= 1+ 1,22 +0,747% = 1,380;
k¢ = 1,5; k, = 1,6 — 0,747 + (0,4~1,5 — 0,747) 0,155 = 0,830.

Teneps ¢ = 1,264 1 380° 0,830 = 1,443.

CornmacHo 1. 5.5, yUMTBIBAaeTCA CHIDKEHUE XapAKTEPHCTHKH IION3Y-
YeCTH BBHIY HaTWYMA HEHANPATAEMOM apMarypsl. g 310M apmatypsl
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upsa = 0,0114-1-6,17 = 0,0703; X = 0,0703/ (1+0,0703) = 0,0657;
o = 1,448 -0,0657=0,095. Tlo Tabn. 16 ona 15 <M, < 30, g = 0,095;
t, = 28 ompepensem Hy* (oo, 28) = 09112, otxypma,  COrJIacHo
bopmyne (27),L=1-0,9112=0,0888,

[To dopmyne (39) BrIUMCIIAEM NPHBENEHHYI0 NPEAETbHYI0 XaPAK-
[EpUCTHKY MOJI3y4YecTH  Kene3o6eToHa ¢y = 0,0888/0,0703 = 1,262
(orcropa BMOHO, uTO Gnarogapss  HEHanpsraeMoH apMaType XapakKre-
PHCTHKA ION3yUeCTH CHU3WIACh HA 13%). [lo 3TOH BenHuMHE Olpene-
WM corlacHo ¢opmyiie (29) CKOpPpeKTHPOBaHHOE  3HAUEHHE Pg =
= 0,1229-1,262 = 0,155. 3arem mo 1adn. 16 Haitmem  Hf (o0, 7) =
=0,8263, amo (27) L=1-08263 =0,1737 u BHMUCIUM C NIO-
MOLUBI0 (26) moTepH NpEeHBAPHUICIBHOrO  HANpPAXEHHS BCIIEHCTBHE
MOJNI3yYeCTH TpH [EHCTBMM YCWIHS  iIpEIBapUTEIIbHOTO OOXKaTHA:
010 = 120,31/(0,0252-1) ] 0,1737 = 140,0 MIa.

[Torepn npemBapUTENBHOIO HAINpsKEHMs BCIIEACTBHE YCAOKH Ha-
XOJIUM COTTIacHO 1. 5.9:

= 2
L= [208+3,7 (143~7)°1/ {100+0,155 [623+4,5 (9 — 0,17)’]}-_-
= 0,779;

os = (0,1229 +32,4 -10° - 214 - 10 ~ 6/ 0,0252 -1) 0,779 = 26,3 MITa.

Hns BBIMHCIIEHHA NOTEPb MpeaBapUTENBHOTO HANPSIXKEHUA OT IKCII-
NIyaTallMOHHOM HArpy3KH OIpEAesifieM BBI3BAHHOE €10 HayaJIbHOE Hall-
pAXEeHUe B GETOHE

oy, =1,2 / 0,0822 = — 14,60 MITa.

CymMmapHOe HavanpHOE HampsikeHHe (11.5.8): oy (ty) + op(ty) =
= 20,31 — 14,60 = 5,71 MIla.

HIna ©Oerona xmacca B40 Ry= 21,5 MIla (ra6n. 13 CHull
2.03.01 — 84); otHowenue 5,71/21,5 = 0,266, uTo MEHBIIE 3HAUCHMIA,
npuBeaeHHbIX B T1abn. 8. [loatoMy HenMHeHHYH COCTaBNAKIIYIO [Ie-
dopMalMi NOJI3Y4YeCTH IpPH BBIVMCIIEHMM NOTEepbh OT 3KCIUIyaTalMOH-
HOM Harpy3KH MO>HO He yuMrsiBats. A ¢ = 1,264, ¢¢=0,155; t,=
= 97 cyT Haxomum o 12611, 16 xoaddumment 3atyxanus HE (so 97) =

=0,8957. Tlo dopmyne (27) L =1 — Q,8957 = 0,1043, oTkyha, cOr-
nacuo (26), o = [- 14,60 /(0,0252 - 1)] 0,1043 = — 60,4 MIla. Ta-
KuM o0pasom, Ipu t - o cymmapHas BeJTHUKHHA [TOTeph IpEOBapUTEITh-
HOrO HaMpsHKEHUA

o= 140,0 + 26,3 — 60,4 = 105,9 M.

OnpenenuMm mOTEpH, IPOUCXOOSAILME 33 IPOMEXYTOK BPEMEHH

90 cyr. Ilo 1abn. 11 naxogum vy = 0,005 1l/cyr; Ha ocHoBanuu (10)
C* (97; 28) =39,0-10-6 [1 — 0,8 e— o,oog {97_28) % = 16,9-10—6-
0

mo (33) monyuaerca g (90; 28) = 0,1229- 32,4 -103 - 16,9-10—6 =
30



= (0,067. AHaIOrHMYHO HpedpiAyieMy, Bpruuciasem Ky, = 1,6 — 0,747 +
+ (04 °1,5 - 0,747) - 0,067 = 0,843. Benuuuna f, ocraerca paBHOH
1,380. Xapamegncrma MOJI3YYECTH C YYeTOM HETHHEeMHOCTH ¢ (97;
28) =324 -105-16,9 - 107 - 1,380 - 0,343 = 0,638. [1lns HeHallpA-
raemMoi apmatypbel A = 0,0657, ¢g (97;28) = 0,638 -0,0627 = 0,042.
I[To tabn. 16 mia ¢g = 0,042; t, = 28 cyT onpefensem Hy (oo, 28)=
= 0,9592, orkyna mo ¢opmyne (34) L = (1 — 0,2 - 0,042) (1 —
~ 0,9592) =0,0405; no (39) (97;28) =0,0405/ 0,0703 =0,575.
CooTBeTICTBYIOLIEE 3HAUEHME t,o:?&; 28) = 0,1229 * 0,575 =0,071. Ilo
1abn. 16 mia ¢g = 0,071; t, = 7 nomyvaem Hy, (°°, 7) = 0,9148. Ilo
dopmyne (34) [i =(1-0,2-0,071) (1- 0,9128) = (0,0840.

Cornacio ¢dopmyne (26) Haiimem o, = [20,31 [(0,0252 - 1)}
x),0840 = 67,7 MIla. YUtoOb! ompemenuTy NOTEPH BCNEOCTBHE YCaOKH
OeToHa 3a TO Xe BpeMH, Hafglem o 1abmn. 10 a= 0,006, a 3aTem 1o Qop-
myne (45) qq=1— e — 0,006°90=0417. Panee 66110 HaiigenO npe-
NIeNbHOE 3HaueHue 0] s= 26,3 MIla. 3a 90 cyr, cornmacHo 1. 5.9, 0jg =
= 26,3 - 0,417 = 11 MIla. Cymmapusbie notepu 3a Bpema t — t, =90 cyr
o, = 67,7+ 11,0 = 78,7 MlIla. 914 e morepHu, BHIYUCIEHHBIE, COTTIACHO
CHull 2.03. 01 — 84, cocraBnsawor 150,8 MIla.

[Mpumep 2. Onpenenenue NOTeps MpeABapUTETIBHOTO HAIIPSIKEHUA
apMaTyphI XKeJIe300eTOHHOH DIKH ¢ OMHOYHBIM apMHUPOBAHHUEM,

Jlano: OGallka aBTOOOPOXKHOIO MOCTa, LIApDHUPHO OIepras, OBYy-
raBpoBoro cevenms; h = 2,100 m, hy = 0,320 m, hy = 0,150 M,
b = 0,180 m, bf = 0,600 m, be = 1,800 m; a= 0,25 m; pacueTHsbI# npo-
ner 41,2 m. beron xnacca B30, ectecTBeHHOro TBepieHUA; OCaIKa KO-
Hyca 5 — 6 CcM; Hanpsaraemas apmarypa Knacca Bp-ll, Eg = 2-10° Mlla,
A = 0,0066 MZ. HarsaxeHnue nmponU3BOOUTCA HA YIIOPBI. Y CHIIHE IIpen-
BApUTENIBHOTO OOXKATUA TIPUKIIAZIBIBACTCA B BO3pacTe GETOHa 28 CyT.
[Tepenatounasa npoyHocts 6eToHa Ry, (t,) = 22,5 Mila. Hanpsxenue B
apMaType K MOMEHTY OKOHUYaHUSA ofgkamﬁ 0, = 902,9 MIla. Harpyska
Ha Oanky: coocTBeHHsbli Bec g = 0,02 MH/M; focTosHHAs ¥ IiTUTENbHAS
IKCIUIyaTal[MOHHAsA HAarpy3Ka, IpUKIagbIBaéMas B BO3pacTe OGETOHA
90 cyr, = 0,00969 MH/m; xpaTKOBpeMeHHaA HArpyska p =
0,01131 MH/M. PacuetHas Bna>kuocth Bo3ayxa 75 %.

ITpeGyerca olpene/uTh NOTEPH BCIEACTBHE MON3YYECTH M YCAIKH
OetoHa: 1 — yepes HeOrpaHUUYEeHHO OONBLIOH MEPUO]] BPEMEHH; 2 — K
MOMEHTY MPWIOXKEHNA IKCIUTYATAUMOHHOU HArpy3KH.

Pacver. XapakTepucTUKM OGeroHHOro ceyenusa: A = 0,7554 Mz,
Jy = 0,45976 M4; hq = 0,955 wm; nepnfwe'rp P = 8,64 Mm; MOMysb OTK-
pIToft moBepxwocTH Mg = 11,43 M5 py = 66+ 10—4 / 0,7554 =
0,00874. CornacHo mo03. 3 1abn. 15,

py= 1+ (0,7554 /0,45976) 0,9552= 2,498 .

B cootBetcTBHM ¢ Tabn. 2 Ey =325 103 MIla; a =2 -105/(32,5-103) =
= 6,15. XapakTepHUCTUKH NPHUBEOECHHOTO CEYECHHA MOHO BBIUMCIIHTD MO
dopmMyiam:
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Areg=A (1t upa);  ygp= hy/(1+uya);

Jred = I (1+upp1 a) / ( 1+;.Lpa).

B peaynbrate Apeq = 0,796 M; ygp, = 0,906 M; Jred = 0,49492 mé,

Ycunue npensapurensgoro obxarus Py = 902,9-66 107%=5 959 MH.

ITo nepsoit u3 popmyn (22) nomyuaem o, = 17,37 MIla. Usrubaro-
UIMH MOMEHT B CepeaMHe IIpoJieTa OT CcOBOCTBEHHOro Beéca M =
0,02000 - 41,22 /8=4,240 MHM, ¢ nomousio popmynei (23) Haxomum
oy, = —7,76 MIla. CymmapHbie HalpsDKeHUsA B GETOHE B MOMEHT 14~
=28 ¢cyT1; 0y, =17,37—- 7,76 =9,61 Mlla.

ITo TaGn. 4 — 7 n bopmynam (5a) u (56) momyuaercs:

6

C* (2, 28) =84 +10™ ©.0,784-0,800 = 52,710~ Mrta ™,

€5 (%, 28) =400-107°-0,950 - 0,697-0,850 = 225 - 10 6,

JIna xnacca 6eroHa B30 mo ta6n. 13 CHull 2.03.01 — 84 onpenensaem
Ry, = 17,00 MIla.

Ypogens HanpskeHui B 6eTone 9,61/ 17,00=0,57 <0,65.

CornacHO ykKasaHusaM I. 3.2, B 3TOM CIIyyaeé MOKHO HE YUMTHIBATh
HENTUHECHHYI0 COCTaBIIAOMY 0 AechOopMAIHH TONI3VYESCTH.

[lpepenpiana XapakTepUCTHKA MON3YUECTH ¢ = 52,7 ° 1076 -32,5~
103 =1,712.

B coorBetcTBHH ¢ hopmyiiamu (29) u (28):

A= 1/ {1+ 1/ (0,00874 -2,498- 6,15)] = 0,1185;
¢ = 1,896 -0,1185 =0,203.

Honp3yscey T1adnm. 16, maM, = 11,43 M"'l M t, = 28 CyT HaumeM
H; (o0, 28) =0,8239; no popmyne (27) L = 03761. C nomotsio
bopmynel (26) BbUCTIAeM NOTEPH: MPH NEHCTBUM yCHIIHHA MpenBapH-
TEJIBHOTO 06xkaTua o), = (17,37 /0,00874 + 2,498) 0,1761 = 140,1 MIla;
IPH JEHCTBYM COOCTBEHHOTO Beca 0l = — 62,6 Mlla,

N3rubaoumi MOMEHT OT Harpy3KH, NMpHKJIAIbIBAEMOH B BO3PACTE
t1 = 90 cyt, cocraBnser 0,01131 - 41,2,2/ 8=2400MH -Mm. C nowiombm
¢bopmyns (23) Haxomum oy, = — 3,76 MIla. [lna My=1143m"4,t, =
= 90 cyt, ¢ = 0,203 no tabn. 16 momyuaem H{j (=2, 90)= 0,8558, u mno
dbopmyiie (2§7) L = 0,1442, CoorBeTCcTBYIOIIME TTOTEPH, COrNacHO dop-
myne (26), pasusl 0l = (—3,76/0,00874 -2,498) 0,1442=—-24,8 MI1a.
[lotepu, oOyciTOBiIeHHBIE YCAOKOM, HAXOOHM B COOTBETCTBHH C II. 5.9.
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ITpu t,= 28, pg = 0,203 o popmyne (44) nonyuaercs Ly = 0,600, a no

dopmyne (43) — o = [0,1185 * 32,5 - 103 - 225 - 10—5/ (0 00874~
2,498)] 0,600 = 23.8 MIIa.

CymMaphbie otepu o} = 140,1 — 62,6 — 24,8 + 23,8 =76,5 Mlla,
Ina onpeneneHyus NOTeph, IPOUCXOOALMX 38 MPOMEXYTOK BPEMEHM OT

te = 28 cyT mo t = 90 cyT, BhluMcnsem no Tabn. 11 gis My = 11,43 M~
71 = 0,0043 1/cyt.3arem cornacao popmynam (10) u (lq , TpHHUMAST
Ey, &)t(} = E&.(t%}, Haxogum C*(90;28) = 52,7+ 107° |1 -0,8 =
«—0,0043 (90—28) 1=20,4-10~6 uno (33) — ¢ (90-28) =0,1185 x
x 32,5 103 20,4-10—6 = 0,079. Ilo tabmn. 16 mnsa t, = 28 cyT nonyvaem
Hp (,28) =0,9254,anm0 dopmyne (34) L = (1-0,2-0,079) (1 —
—0,9254)= 0,0734. C nomoyto GopMynbl (26) HanmeM: NIpH NEHCTBUH
yCMITHIl TNipemBapuTenbHOro ooxarua o1, = 58,7 Mlla, mpr peucTBuy

cobcTBeHHOro Beca 01, = —26,1 Mlla. L1 HaxoxpeHusa mOTEpb OT
ycaaku omnpenensem no ratn. 10 «g = 0,0046, 3atem Ha OCHOBAHHH

popmymet (45) o1 =238 (1 — e~ 004662y _ 5 gy,
CymMapHble ToTepH, Mpoucxonsmue 38 90 — 28 = 62 cyr, o =
=587 — 26,1 + 5,9 =38,5 Mlla
Te xe motepy, sbruucnedHble o CHull 2.63.01 — 84, cocrapnaror
89,1 Mlla

[Ipumep 3. OmnpeneneHue NOTEPH IIPEABAPHTENPHOIO HANPAXKCHUA
B apMaType XKeIe300e TOHHOM DATKH ¢ IBOHHBIM apMHPOBAHHEM ,

Jano: MmapHUpPHO omepras OalKa ABYTAaBpPOBOTO CEUECHMSA: h =
= 1,500 ™, hg = 0,250 m, hy = 0,240 M, b = 0,080 m, bg = 0,280 m,
be = 0,360 m; a= 0,135 m, a'= 0,050 m; pacuerHsiit nponer 1=
= 17,500 m. beron Knacca B30, ocanka KOHycqj 2 cM, HalpsAraemas
apmatypa M3 kaHatoB Knacca K-7, Eg = 1,8 - 10° MJTa, Ag =184 x

x 10—4 Mz, A’S = 2,83--10‘4 M2. Hatsoxenmne IIPOU3BOJUTCA Ha YIIODHI,
O6eTOH oaBepraerca Nponapusanuio. [lepeparoynaa npoyHOCTh GETOHA
Ryp (to) = 22,5 MIla. Hanpaxenns B apMaType K MOMEHTY OKOH-
Y OOXaTHA: Oy = 985 Mlla oi, = 1005 MIla, Harpyska Ha Ganky.
COOCTBEHHBI BeC g = 0,006ﬁ2 MH/M, BOCTOsHHAas H [UIMTEIbHAA
IKCIUTYyaTallMOHHasA Harpyska, HpukiansiBaemaa Ha 100-H pgeHp mocne
OTHYCKa HaTMXHBIX Npucnocobnenud ¢ = 0,02116 MH/mM, kpatkoBpe-

MeHHasn Harpyska p = 0,01045 MH/m; pacueTHass BIaKHOCTb BO3MY-
xa W=70%.

Tpebyercsa ONpEneNnUTb MNOTEPH NPEOBAPUTEIIBHOTO HANPAXKEHUA
BCJIEACTBHE NMOJ3YUeCTH M yCaakKu | — depels HeOrpaHUUEHHO OOJIBILIOH
nepuon BpemeHH; 2 — "Ha 100-H meHs nocne OTIYCKA HATAXHBIX ITpH-
cnocoBIeHun

Pacuer XapaKTepUCTMKH GeTOHHoro cewenus A = 0,2372 m<,
J = 0,06877 m™; hy = 0,662 M, hy = 0,653 m; mepumerp 4,12 ™.
Mopnyns OTKpbITOH NOBEpXHOCTH My = 4.12/0,2372 = 17 4 M_l; My =
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18,4 - 104 /0,2372 =0,00776; wj, = 2,83 -10—4 /0,2372 = 0,00119.
CornacHo mno3s. 6 taémn. 15:

p1 = 1+0,2372/0,06877) 0,662° = 2,512;

py= 1+ (0,2372/0,06877) 0,6532 = 2,471,

py,= 1-(0,2372/0,06877) 0,662:0,653 = — 0,491.

Cornacko ta6mn. 2, By, = 32,5.10%0,9529,25:10° MITa; o = 1,810/
/(29,25+103) = 6,15.

I'eomeTpHueckHe XapaKTEPHCTHKH IIPUBEOEHHOIO CEUEHHA: Arod =
= 0,2503 M2} ygp = 0,636 M; Y&y = 0,679 m; J peq = 0,07509 w4, Toc-

KOJbKY | p19| > 0,25, Boiumcnsiem  corfiacHo dopmyrne (41)

w=12,471-0,00119/ (2,512-0,00776) = 0,151;
8= —0,491/2512=—-0,195;
B'=—0,491/2,471= — 0,199,

oTKyna pj =2,530; 5, =0,362; v =1/[0,00776 (2,530 —0,362)] =
= 59.44.

[Io dopmynam (42) Haxoaum

g

A= 0,00776:2,530-6,15 ] (1 +0,00776 -2,530+6,15) = 0, 1077;

X = 0,00776-0,362 - 6,15/ (1 +0,00776 - 0,362-6,15) = 0,0170.

Ycunus npeapapurensHoro oGxarus Py = 985-18 4-10—* =1,8124 MH;
P, = 1005+2,83 - 10—4 = 0,2844 MH. Usrubaonme MOMEHTEI B CEpeliu-
HE mpornera: oT coGerBerHoro Beca M, = 0,00622-175%/8 = 0,2381
MH-m; OT 3KCIUTyaraifHOHHOMH Harpyséﬂ Mq = 0,02116-17,52,/8 =
=0,8100 MH-m. Ilo popmynam(22) u (23) BpiuMCIMM HAYATHHBIE HAII-
PDKCHHA B O€TOHE: OT YCWIHA NPEXBAPUTENIBHOrO OOXKATHA o =

16,50MIla, oy, = —0,30 MIla; or coBcTBEHHOro Beca O =
—2,02 MIla; of = 2,15 MIla; OT 3KCIUTYaTauHOHHOH Harpys3KH
0}, =—6,87 MIla; o3, = 7,32 MIla.
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CyMmapHble HayallbHble HAIDSDKEHHA B MOMEHT BpeMeHH ij:
Ub (to) = 16,50 — 2,02 == 14,48 MHa; gé (to) = _..(),30 + 2,15 —
= 1,85 Mlla.

CornacHo ykasamuam 1. 3.8, onpenensem IIpUBEOCHHBIM BO3PacCT:
to = 7,95 cyr. llpmnumaem t, = 8 cyT.
M3 1abn. 4 — 7 u popmyn (5a) u (56) cienyer:

CNo,28) = 74-10-6-0,9 = 66,6:10~6 MI1a—1; €(e0,7)= 330 -10—5x
«0,9 = 297-10~6; C(=,28) = 66,6:10~6:0,886-0,87 = 51,3+
x10~6 MIa —1; € (o, ty,) =297-10~5-0,998-0,852.0,91 = 230>
x10—6. IlpemeinbHas XapakTepHCTHKa Nonsyuectd mo dopmyne (17)
@ = 2925 - 103 +51,3 110—6 = 1,501 u, cornacHo dopmyine (29) Pg =
= 1,501+ 0,1077 = 0,162,
[To Ta6n. 3 mns xmacca B30 u t, = 8 cyr maxomum Ry, (t5) =
= 15,62 MIla. ITo dopmyne (37) n (ty) = 14,48-0,78/15,62 = 0,724.
[lo taGn. 9 onpegensiem v, = 1,60; m, =400, n no dopmyne (36)
spruncngem f, = 1,434, Cornacuo (38) mna t, = 8 cyr k¢ = 1,48,;
ko =0857.

B pesynsrare, ¢ yyeTOM HEIHHEHHOCTH AePopMallMid MOI3Y4YECTH

OeTOoHa Ha ypOBHE UEHTpa TAXECTA apMaTypsl S, B COOTBEICTBHMHM C
n.54

¢ =1,501-1,434-0,857 = 1,845; g =0,1077 - 1,845 =0,199.

Bugy Manoctd BenuwuHbl 8}, (1) NMOMPaBKY Ha HEMMHEHHOCTD A
6e605{; y HEHTpa TAXECTH apMaTyphsS He BBOAMM, U ¢g = 0,0170°1,501 =
= (0,026.

Mo 1a6m. 16 gna 15 m~1 < Mg <30m™ I maxomum Hf (°,8) =
= (),7886; Hy («0,8) = 0,9679. Orcrona, cornacuo (27), L = 0,2134:
I = 0,0321. [lo dopmynam (40) BbrumCIseM MOTEPH NPEBAPHTETHHO-
ro HaNpsXKEHUA IIPU ASUCTBUH YCHIIMK IIpENBapHTEILHOTIO O0XKATHA

dic = 59,44 [16,50 (0,2134 — 0,0321) + 2,512 « 0,151 (16,50 -

— 0,199 - 0,30) - (0,0321 /0,362 — 0,2134/2,530)}= 178,5 MIla;

0y, = 59,44[-0,30(0,2134--0,0321)+ 2,512(~0,30 + 0,195-16,50) x
x (0,0321/0,362 — 0,2134/2,530)] = — 1,34 MIla -

[lotepu npu meHCcTBUU COGCTBEHHOrO Beca HaMIeM, MOACTABINAS B dhop-
Mynsl (40), cooTBeTcTBYIOLME Hanpsokeus ( Oy =—2,02 MIla; oy, =

= 2,15 MIla) ; nonyvaercs o) = 218 MIla; oy, =233 MIla.

Ins onpedesnieHHs NOTEPhL NPEABAPHUTEIBHOIO HANDSKECHUS MNPH
[IEHCTBUHM 3K CIUTYaTAUMOHHOM Harpy3KH BbIMHCHAEM 0y (t,) + 0 (1)
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= 14,48 — 6,87 = 7,61 MIa; 6} (ty) + o6f (ty) = 1,85 + 7,32 =
= 9,17 MIla. Cornacuo 1a6n. 13 CHull 2.03.01 — 84, Ry, = 17,0 MIIa;

otHoueHua 7,61/17,0 = 0,448 u 9,17/17,0 = 0,539 He npeBsilitaer
BEITAYMH, YKa3aHHBIX B Tabn. 8, mo3toMy, B COOTBETCTBHU C I. 3.2,

HEITHHENHOCTh HOedhOpMalMH IIONI3YUEeCTH B JTOM Clyuae MOXHO He
yuuTeBarte. [To tabn. 16 gna ¢g = 0,162, Qg = 0026 to =8+ 100 =

= 108 cyrHaxomnm HE (m 108) = 0,8896; Hb (<o, 108) = 0,9811 u
mo (27) L = 0,1104; L—-O0189,0TKynaBcooTBerchmlccb()pmynaml

(40) 6 | = — 38,4 MIla, 6} = 47,5 MITa.

Haiinem notepy NpeABapUTETIbBHOTO HaNpsXEHHs BCIEICTBUH YCajl-
ku. Berumcnsiem o (30):

A =0,00776-2,512 - 6,15/ (1 +0.00776 -2,512 -6,15) =0,1071; |

-

N'=0,00119 - 2471 -6,15/ (1+0,00776+2,512-6,15) =0,0178;

mo (29): ¢q = 0,1071 * 1,501 = 0,162; ¢g = 00178 + 1,501 = 0,027,

OoTKyfa mo (44): npu ty, =8 cyr Lg = 0,768; = (0,861, u no
dopmynam (43) nonyqaeM 615 25,3 MIIa, 6],5 35 1 Ml'la

Onpenenaem norepy, npoucxoasume 3a 100 cyr, Hng atoro mno
rabn. 11 Hanipem 71 = 0,0055 1/cyr, mo (12) f (108 — 28) =1 — 0,8~

e — 00055 (108 — 28) - 0,485; mo dopmye (10) C YYETOM 3aMe-
YAHUH I 6 3.9 Jonmyuaem C* (108 28) = 51,3 -10 7Y - 0,485 = 24,9~
x10 — © MITa% 1o (33): s (108;28) =0,1077 -29,25 -103 - 24,9~

10-6 = 0,078; ¢ (108;28) = 0,017 -29,25 -103 - 24,9 - 10~6 =

= 0,012, Ilo popmyne (38) monyuaem kg = 0,868; paHee GbUIO HaH-
pedo f. = 1,434.C yveroM nomnpaBKyu Ha HeJIMHEHHOCTh o (108, 28) =

= (0,078 1,434 - 0,868 = 0,098, wis ga* (108, 28), xak u pauee, 31O
nolpaBku He Tpebyerca. [lo Ttabn. 16: H’g (oo, 8) =(,8854; H'*(m 8)=
= 0,9846. Ilo dopmyne (34): L = (1 — 0,2 * 0,098) (1 — 0 ,3854) =
=0,1124; L= (1 — 0,2 - 0,0124) (1 — 0,9846) = 0,0154. [ToxcTas-

NAA 3TH 3HaueHMA B ¢opmyinsl (40) (Bce ocTanbHbIe BETHUMHBI B
3THX HOPMYsIaX OCTATCA TEMH K€, YTO M Ipu t ~~ °°), HAXOMHUM: JipH

NEeUCTBMM YCWIMH IIpefiBapHTenibHoro obxarus ), = 94,4 Mlla; olc =
=-0,7 MIla; npu peficreuu cobcrBeHHoro Beca 6. = — 11,5 Mlla,

61, = 11,7 MIIa. TTotepu ot ycamxu 3a 100 cyT BmtmanM Ham:m BHA-
:{a%e 1o Saﬁn 10 a; = 0,007; no popmyne (4 ) — 0,007~
108 —8) = 0,503, nno (43) 6| = 12,7 MIla; o[ = 77MIIa

Pe3ynbrarsl pacuera moka3saHsl B TaGn. 17, TaM e rpuBeneHbl 3Ha-
YCHH A BeITMUMHBI HaweHHble 1o CHuII 2.03.01 — 84.
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Taonuna 17

- b

— T I

Bosne#cTBHE | Anates t = ta+100 no CHull
Ha KOHCTPYKIUHIO | 0 ¢YT  12.03.01-84

B ) _f-“___-'- ! r P

a | d |a | o |oa | a

MpempaputensHoe  178,5 —1,34 944  — 0,7
obxaTue 111,2 142
CoGcTBeHHBIN BeC — 21,8 23,3 -11,5 11,7
JKCIyaTalHoHHaA —38,4 47,5 -~ - - —
H 3Ka
Ygag)l{ca 25,3 35,1 12,7 17,7 35 35
CyMMa [oTeph OT 1436 1046 95,6 27,7 1462 492

NoN3yyeCTH U YCAAKH

6. ONPENEJIEHUE NEPEMEHNMEHHWUHU BHEIEHTPEHHO CKATBIX
U U3TUBAEMBIX XEJIE3OBETOHHBIX 9JIEMEHTOB

C HANPATAEMOHW APMATYPOW, PABOTAIONUX BE3 TPENWUH,

B IPEOIIOJIOXEHHH JI WHEHHOTO A EOOPMHUPOBAHHWUA BETOHA

6.1. Pacuer xee306eTOHHBIX 3JIEMEHTOB 10 00Pa30BaHUID TPELNH
npousBogurca cormacHo CHull 2.03.01 — 84; HeoGxomuMblie ONA ITOTO
MOTEPH OT IOJI3YUECTH U yCaAKH DeTOHA OIPeIeNAIOTCA B COOTBETCTBUM
YKa3aHuAMHA pa3l. S HacToAnmx PekoMeHaanuil.

6.2. KpuBH3Ha BHELIEHTPEHHO CXXATOI'O WIM M3rHBaeMOro 3MeMeHTa

C HalpAraeMoM apMaTypoH, He UMEKIIETO TPEIUHH B PACTAHYTOU 30HE,
ONIpEneNsieTCA BbIpa)KeHUEM

/r=Q/c) +{O/cf; +U/9, (46)
310€Ch
4
(1/1% = Mg/ (0,85 Epy Jyreq) — (47)
KPMBH3HA OT [ECHCTBUA KPATKOBPEMEHHBIX HAarpy3o0K; roe Mg — cym-
MapHbIY U3rHOaoNIMiA MOMEHT OT 3THX Harpy30K;
= - ’ 48
(A/n= (M) o Ysp *Po Ysp) / Ebp Jred ™ %)

KPUBH3HA OT KParKOBPEMEHHOTO AEHUCTBUSA MOCTOAHHBIX ¥ MIIHTEIbHBIX
Harpy30K ¥ OT YCHJIMH IpeiiBapuTenbHoro obixkarus; rue My — cymmap-

HbIH H3rubaIMi MOMEHT OT YIIOMAHYTHIX BO3JEHCTBUH; YCHIIHA

37



pe/iBapuIEbHOrO 06XaTUs Py U P, onpenensorca ¢ yueToM NepBbhIX
110TEPh;

(1/r)= (op — dp) KEsy) — (49)

KpHUBH3HA, 0DYC/IOBJIEHHAA NOJ3YYECTbI0 BETOHA NPH IUTENBPHOM OEH-
CTBHHM NOCTOAHHBIX H [UIMTENIBHBIX HArpy3oK H YCUNHIT NpelBapUTEsb-
HOro 06KaTHA, a TAK)Xe YCAaIKOH, rie 0] 4 0] — CyMMapHbIe IIOTEPH
peBapUTETIBHOIO HAMpPSKEHUA 3a CUET NON3YYeCTH (IpH NEPEeudCeH-
Hblxhabllng BO3[EHCTBHAX) U ycanku. [Tpn Hanuwiu JBOWHON apMary pbl
Y =g — Q.

Ecnu xpuBu3Ha (1/r)j onpenensdeIca OT KaXIOro U3 BO3IEHCT-

BHH B OTIENBHOCTH, TO B (49) NMOACTaB/AITCA HOTEPH, COOTBETCTBYIO-
[IHE TAHHOMY BO3HEHCTBHUIO.

[Ipn 0TCYTCTBMH apMaTyphbl 9B (49) ipuHUMaeTCH

y=h1 p]/(pl““l)a (50)

) » .
d YCJIIOBHO€ 3HaueHHEC d , COOTBCICTIBYIOUICE BEUCTBUSNHM yCWIVYM TIpETI-

L .
BApUTENIBHOTO OOXaTHsA, YCAlKU, BHELHE! Harpy3kKH, PaBHO COOTBET-
CTBEHHO!

0=0; 6, = E e (oo, ty) ; 01= asadg, (51)

rac

h =(NL / Fred)+':(ML/ Yred >]( y — Ysp) ; (52)

Ni 1 My — ycunmMsa OT MOCTOAHHBIX U JUIMTENbHBIX BHEIIHHUX HATpy30K.

BriustHue HETMHEHHOH COCTaBNAIOUIEH AedOopMaluy [ON3YYECTH Ha
BeJTMUMHY ¢ YUMTEIBACTCA B ITOM CIIydae COIJIACHO YKA3aHHAM II. 5.4,
rae HyHO npuHuMars 7 (t4) =0,78 6y, / R{;n (t5)-

6.3. [Ipu onpenernneiMd KPUBHU3HBI YUYACTKOB INIEMEHTOB C HAYalib-
HBIMU TpeIMHAMM 3HAYCHUsi, HAWJICHHBIE COTTIACHO II. 6,2, ClIeNyeT yBe-
MUUMBATh B COOTBETICTBUM € yKa3zaHuAMH mu. 425 u 4.26 CHull
2.03.01 — &4,

6.4. Ilpu onpedencHuu KpUBU3HLL 110 popmyne (49) u (51) rMec-
T0 ¢ noacrasnserca: 1) ¢ (tg) — ecnm ty # 28 cyr, at —ty—> oo;

2) ¢ (t,ty) — ecinM NPOMeEXyTOK t — t, OrpaHMYeH.

3Havenusi @, ¢ (tg) n ¢ (i, ty) ONpenensAwTCA COINACHO yKa33-
HUAM 11. 3.9.
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6.5. [lepeMenieHus Xee300eTOHHBIX 37IEMEHTOB, O0OYCIOBIICHHBIC
U3rHBOM, BEIYUCIAIOTCA 10 GOpMYyTIe

f= [ M)/ ) dx (53)
D

e M(x) - usrnbatoumit MOMEHT OT OEHCTBUS €OWHWYHON CHUIIBI, MPHUITOXKEH-
HON B MecTe ¥ B HaNpaBlleHHW HCKOMOTO mnepemMemieEMs; 1/r (X) —~ KpHBU3-
Ha, olpelensAeMas COTTIaCHO YKa3aHMsAM NI 6.2-6.4, Brolukcnenvie MHTErpaja
(53) BBHUIONHAETCA COITIACHO TIpPaBUNaM CTPOHUTENBHOH MEXaHUKHA OTOAENBHO
IIA YYaCTKOB C TpelmHaMy U 6e3 HUX,

Ecnu nonepeunoe ceyeHUE CTEPXKHA NMOCTOAHHO M0 JIMHE, TO Ha
KaXIOM YUacTKe, B IIpelenax KOTOpOro HU3ruOamumu MOMEHT HE
MEHsSeT 3HaKa, [OOMYyCKaeICA BBIUKCIATE KPUBHM3HY [OnA Haubolee
HANIPAXKEHHOI'O CCYCHMA, MPUHKMasg KPUBHU3HY [N OCTAJIbHBIX CEUCHUH
NPONOPIMOHATILHON 3HAYEHUAM U3rUBAI01LLIMX MOMEHTOB,

6.6. Jlna nsrubawmmx nemenros Jh < 10 pnusinue gedopmanyin
COBUTa Ha Nporub yYUTHIBACTCA NyTeM HODABIEHUA K 3HAYCHUIO IIPOTH-
0a ot usruba f.,, HalimernoMy no Qopmyrne (53), 3HaueHUA nporuda
or c¢aBura f.. BemuuuHa *Fq onpenenisaeTcss COrflaCHO PEeKOMEHOALUAM
1. 4.33 CHuﬂ 2.03.01 — &4, 10 x03)PUUHEHT C, YUUTHIBAIOILIUNA BIUSA-
HUE TTON3yuecTH DETOHA, 3aMEHAETCA Ha ¢, @ B CIYYasAX, YKAa3aHHLIX B
m 6.4, —Ha g (1,) uma ¢ (t,t,).

[Ipumep 1. Onpenenenuve nporuda xene300eTOHHON MPEIBAPUTEIIb-
HO HAMpSXEHHOH OajiK{¥ ¢ JIBOUMHBIM APMUPOBAHUEM IPU OTCYTCTBUU
TPELMH.

ano: TpelBapUTEIIBHO HANpsXKEHHasA 0anka [ABYTaBPOBOIrO ceye-
HUA COTNACHO YCNIOBHIO NpuMepa 3 pasi. J.

Ipebyerca onpedenuTs NIpOrud B cepequHe IPOJIETa IO UCTECYCHHH
HEOr paHNUEHHOTO IIepHOIa BPEMEHMU.

Pacyer. B npumepe 3 paspa. 5 6u10 HatijgeHo: Eyy = 29,25 103 MITIa;
Jred = 0,07509 M4y, = 0,636 M; ygp = 0,679 M; Py = 1,8124' MH;
P5 = 0,2843 MH. Marubatonmie MOMEHTBI B cepeMHe NporneTa: Ot cob-
CTBEHHOTrO Béeca Mg = (,2381 MH - M; o1 skcrmyaTauMoHHON HAarpy3KH
M, = 0,8100 MH-m. IToTepu npeiBapyuTeIbHOTO HANIPSKEHUSA HIpUBEJIe-
Hel B Tabn. 17,

OnpenenseM KpUBHU3HBI B CepellMHE MpojieTa OT pa3/IM4YHBIX BO3-
nedcTBuit no popmyne (46).

MoMEHT B cepefiHe MpPOJIeTa OT KPATKOBPEMEHHOM HATpy3KH
Mg = 0,01045 -17,52 [8 = 0,4000 MH - M; COOTBETCTBYIOIIAA KPHBH3-
Ha, cornacxHo (47),

(1/r) , =0,4000/ (0,85-29,25-10% - 0,7509) =2,143-10"% 1/m.

KpHBU3HBI OT KPAaTKOBPEMEHHOr0O NEHCTBMA INOCTOSHHBIX H [JIUTEIb-
HpIX Harpy3ox no (48):
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OT YCUAUU Npeo8apurTeabH0o20 00XaTus

(/r)gp = (— 1,8124- 0,636 + 0,2843+0,679) | (29,25 10° -0,07509)=
=— 4,365-107% 1/m;

OT COOCTBEHHO20 8€Ca U IKCNAYATAYUOHHOU HACDY3IKU

(1/r)g = (0,2381 +0,8100) / (29,25103 - 0,07509)= 4,771-1041/p.

Kpus#3Hsi, 06y IOBIeHHbIe TOJI3YYECTHI0 U YCaaKoH no (49):
Rpu oeucreuu ycuaui npeosapurenbHo20 obxarus (npy y =

= 1,45 - 0,135 = 1,315 m, E¢ = 1,8 *10° Mla)

(1/1),= [(~ 1,3 +35,1) — (178,5 + 25,3)1/(1,8- 10°-1,315) =
* —7,182 <1074 1/ -

npu Odelcreuu coOCTBEHHO20 8ecd U 3KCHAYATAYUOKHOU HASPY3KU

(1/r)1= [(23,3 +47,5) — (- 21,8—-38,4)]/(1,8-10°-1,315) =
=5,534°10"% 1/m

(BeJIMUMHBI IO TEepb IPEABAPUTENI BHOTO HATIPAXKEHHA B3AThI U3 Tabn. 17),

CumuTas, COrjacHo m. 6.6, YTO KpUBHM3HA UIMEHAETCH 10 JJIMHE 0a-
KM MPOIOpHUOHANBHO W3rubamwineMy MOMEHTY, OODO3HAaWMM uepes
(1/r ) 1 cymMMy BCceX KpUBHU3H, NIOCTOSHHBIX I10 JUTHHE (T.e. OT YCaJKH
U YCWIIMH TIpeBapUTeIbHOro 0Gxatus), u vepe3 (1/r)p— cyMmy Bcex
KPUBU3H, U3MEHAIOUMXCA IO 3aKOHY KBaJpaTHOH apabonbl (OT Bep-
TUKAJIbHBIX HATPY30K) .

IIns pganHoro moumepa (1/1)y = (- 4,365 — 7,182) 1074 =

=11,547-107% 1/m; (1/r)= (2143 + 4,771 +5,534) 10~ %=
= 12,448 -10~% /.

IIporu6 B cepeMHe nposieTa BHIYUCIIUM O POPMYTNE

f=171Q1/8) (1/r)1+ (5/48) (1/n)g 1.

B pesynbrate nonyuaerca = — 0,0045 m.

Takum o6pa3oM, ¢ TeueHHeM BPEMEHU B DaJIKE COXPAHACTCH MPEU-

MYILECTBEHHO BBITUD.
[Iporu6, Berunciennsii o CHull 2.03.01--84, coctasnsaer 0,0069m.
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Mpumep 2. Onpenenenue nporuda xese300eTOHHON OATKH ¢ OIHU-
HOYHOU HAIpATraeMOH apMaTypou.

Jlano: 1wapHUpHO onepras 0ajka, pacCMOTpEHHaA B IIpuMepe 2
pasf. 3.

Tpebyerca onpefenuTsh Nporud B cepenuHe nponera: 1 — 10 ucre-
YEHUH HEOTpaHUYEHHOI'0 OOJIBLIOro MPOMEXYTKa BpeMeHH; 2 — K MO-
MEHTY TIPHJIOXKEHHUA IKCIUTYaTallMOHHOM Harpy3kH (t =90 cyT).

Pacyer. Ha OCHOBaHHM DIAaHHBIX NpHMEpa 2 pa3fd, 5 ONpeldenAeM
KPUBM3HBI IIpH t-»oo | JIJIA 3TOro, Ha OCHOBAHMM yKa3aHH# M. 6.2, BbI-
yrcnum 1o popmyne (50) y =0,955-2498 / (2,498 — 1) = 1,593 m.
I[To dopmyne (52) ons cnyvas gercTBUs COGCTBEHHOrO BECa HAXOIUM

8y, = [(4,240/ 0,49492) (1,593 —0,908) = 5,86 MIla.

IIng cnyyas [EACTBUA IKCIUTyaTalMOHHOH HArpy3ku IONy4aem
aHayioruuso 6 = 2,85 Mlla. [lo dopmyne (51) BHUUCIMM YCHOBHBIE

MOTepH, di; JIns chyuas [deicTBHs ycamku Oerona 6 = 257 - 106«
x2 +10° = 51,4 MIla; cobGCcTBeHHOrO Beca — 61 = 6,15 - 1,712 - 5,86 =

= 61,6 MIla. Yro0Op1 onpedenuTh COOTBETCTBYIOLLYID BEJIUUMHY B CIIY-

yae IeHCTBUA 3KCIUTIYaTAllMOHHOW HArpy3KH, HYXXHO IIPEABAPHUTENBHO

HaiT¥ mo 1abm. 11 u 12 yq = Q,0083 1/cyr; d = 0,630, o1xyna c no-

MOIIbI0 POpMYI gl 1% u (16) Beumciserca ¢ (90) = 1,712(0,5 +

+ 0,630 ¢—0,0083 -90) = 1 367, 3arem no dopmyne (51) Haxomum

d1= 6,15 * 1,367 +2,85 = 24,0 MI]a.

C momounwo cbogmynm (47) eermcnum (1/r) ¢ = 2,400 / (0,85
x0,49492 - 32,5+ 103) = 1,755 - 104 1/m; no popmynam (48) u
(49) monyuaeM: OT yCWIMit mpenBapuresibHOoro ooxarusa (1/r)qy =
= — 5,959 - 0,906 / (32,5 +10Q° - 0,49492) = — 3,357 -10~% 1/m;
(/D)1 = (0, — 140,1) / (2-10° - 1,593) =—4,397 *10~% 1/m; ot
cobeTBenHoro Beca — (1/r) ¢y = 4,240 / (32,5 - 103 - 0,49492) =
= 2,636 * 1074 1/m; (1/1r), = I[61,.6 — (=62,6)]/ (2:10° +1,593) =
= 3,898 - 10~%  1/M; OT KCIUIyaTauHOHHOH Harpysku — (1/1) S| =
= 2,056 / (32,5 * 0,49492) = 1,278 -10~4 1/m; (1/r)p = [24 -
_(-24,8) ]/ (27107 - 1,593) =0,760-10—% 1/m.

AnanormyHo npumepy 1 "Haxomum (1/r)y = (-3,357 — 4,397 +
+0,76) 10™% = —6,994-10"% 1/m; (1/1) ;= (1,755+2,636+ 1,278+

+ 3,898 + 1,532) 104 = 11,099 104 1/m. 3aTem onpepeinsem Ipo-
rub B cepenuye npeliera:

f = 41,22 H1/8) 6,994 + (5/48) 11,095 ] 10—% = 0,048 M, uto coc-
raBiser 1/861 nponera.

Ilna momeHTa BpemeHn t = 90 CyTollpenensieM Ha OCHOBaHWH
NAaHHBIX NpUMEpa 2: OT COOCTBEHHOTrO Beca 6] = 5(33 -2831,663’25'76,11 g =
= 23,9 MI]a; YCalIKH, Ha OCHORaHuu (9), €g ; 28) = 107V
1 —e— I&%O‘% @6 — ’25?] = 63,7 -106, oTkyda 61= 12,7MIla. Ila-
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7iee, AHATIOTMUYHO NpeObIAYIEMY, BBIUMCIIAEM KPHBH3HBI: OT yCWIMH
npemBapuTensoro obxatus (1/r)7 =-1,833 - 1004 1/m; ot cober-
BeHHOro Beca (1/r) = 1,569 - 10~4  1/m; o ycanxw (1/r)1 = 0,163~
10~4 1/m; (1/r) = ( — 3,357 — 1,833 +0,163) 10~4 = — 5,034~
<1074 1/m; (1/1)g = (1,755 + 2,636 + 1,569) 10—% = 5,960 - 104
1/m. IIporu6 B cepepune mponera f = - 0,001 M. Takum o6pazom, B
paccMaTpuBaeMbii MOMEHT BpeMeHd t = 90 cyr pedopmaunsa GaNKH
ONpeHenaeTcd B OCHOBHOM BBITMOOM OT YCWIMA IIPEIBApHUTENBHOIO
obxarua. OnHako, eCny BBIVMCAUTL NPOrub misa Toro xe 3HaueHus t,
HO NOCHe IPWIOXKEHUA SKCIUTYaTayHOHHON HarpyskH | s 3Toro K
(1/v) cnenyer nobasuts 1,278-107" - 1/m], 10 nomyuaercs 0,022 m.

7. ONPENEJEHUE XECTKOCTEH, NEPEMENMEHUHA U WHPWHLI
PACKPBITHUA TPENHWH XEJIE3OBETOHHBIX 39JIEMEHTOB
B IIPEANIOJIOKEHHUH TMHEAHOTO TE®OPMHPOBAHUA BETOHA

7.1. Ha yuactkax, rae B pacTAHYTOH 30HE OOpa3yioTcA HOPMaJlkb-
Hbleé K IPOJIONIbBHOH OCH TpEmMHbI, NOJHbIE KPHBH3HbI U3rHOaEMBIX U
BHEIICHTPEHHO CXAThIX 3JIEMEHTIOB IPAMOYTONIBHOTO, TaBPOBOIo M
IBYTaBPOBOTO (KOPOGYATOrO) CeueHUs ¢ OABOMHON apMaTypOH Omperie-
AT 10 popMmyne

lr=(/r)g— (/D) + (1)L, (54)

rie (1/)g (1/1)g[, (1/1)] -~ KpHUBH3HBI COOTBETCTBEHHO OT KDATKOBPEMEH-

HOTO OCHCTBMA BCeH HAarpy3kH, OT KPATKOBPEMEHHOTO NeHCTBMA MOCTOAHHBIX H
JOTUTENBHBIX HATPY30K, OT IJIATENBHOTO OEHCTBUA NOCTOAHHBIX H IJIMTENBHBIX
Harpy3ok. BinusiHWe yCHIHH npeaBapHTeNBHOTO O6XATHA VUYHTHIBAIOT COINIACHO
yKa3zaHusam m. 4.3.

7.2, Ins 3MeMEHTOB ¢ CeYeHHEM HPAMOYTOJIBHBIM JIHO0 TABpOBHIM
(c mMONKo# B CxaTo# 30He) kpuBU3Ha (1/1) ( BRIUMCIIAETCA O HOpMYyIIe

(1/1‘) S = (H\I'b / I 24 Eb Ab) [MtOt + (eCS +u ) NtOt] /
[[x (u+zp)]- (55)
31ech
Miot = Mg+ Mp;  Niop = Ng + N, (56)

roe Mg — MOMEHT OTHOCHTENBHO OCHM, MPOXOALIEH Yepe3 LCHTP TAXECTH apMa-
Typbel S, OT BCeX KpPaTKOBPEMEHHBIX HATPY30K, PACMHONOXEHHBIX MO OOHY CTO-
pPOHY OT paccMaTpUBaeMor0 CEUeHHA (34 UCKIIIOUCHHEM Harpy3oK, Napalienh-
HBIX NMPOAONBHOM OCH 3nmeMeHTa); MY — TO XKe, OT NOCTOAHHBIX ¥ TATEIIBHBIX
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Harpy3ok (c TeM xe MckmioueHueM); Ne — IPOOONBHOE YCHIIHE 0T KpaTKOBpe-
MeHHBIX Harpy3okx: — TO Xe, OT NOCTOAHHEIX M IJIMTENRHBLIX Harpy30K,

BKIIIOUAA YCHIIUA NpenBapUTEIIBHOTO O0XKaTHA, BEIYHCIIEHHBIE C YUETOM MEPBLIX
MOTEPb; €pg — IKCUEHTPUCUTET PABHOMAEHCTBYIOLICH NMPONONBHBIX YCWIMH Nt

OTHOCHTENIBHO LISHTpa TAXKECTH apMaTyphl S; Z, — pacCTosgHue OoT UCHTpa TA-
XECTH apMaTyphl § OO0 TOUKH IPUIIOKCHMS PaBHOMCHCTBYIONICH HAMPSKEHUHA B
CxXKatoit 30He 6eToHa;

pr — KoabdunueHT, YyUUTHIBaOUHE HePaBHOMEPHOCTh pachnpedeiicHusd [e-

dbopmauuit xpafiHero cxaroro BonmoxkHa GerToHa o JWIMHe y4acTKa ¢ TPEIMHAMH U
IIPUHUMAaeMBIit B cooTBeTcTBUH C 11. 4.27 CHull 2.03.01-84;

x = h,§ — (57)

BBICOTA CXKAaTOH 30HBI ODeTOHa, BeltnuuHb 7y, Ay ¥ U BHIUMCIAIOT IO
dopMynam:

2 =hy [ 10,5 (kg £*+K3) | (kyE+Kky)]; (58)
Ap =bh, (kg £+ k9); (59)
u=kyzg [[(hg—X)/ (x—d) -k ], (60)
rae
ki = (¥g/09) (Aq/Ag); ko= {;h (%,71) zizgi?;, (61)
k3 =& ko; kg = { x1b PHES %y, (62)
npu £ > 7€, ;

7 *
X =bg/b; #p =h¢ /[ hy;

‘Ifs — KO3 PuipieHT, yudThIBatopit patoTy pacTaHyTOro GeToHa Ha y4acTKe C
TPeUMHAMH H onpedensieMpit Mo ykaszauudam m. 4.29 CHull 2.03.01-84; Zg —
PaCCTOAHYE MCKIAY BEHTPAMHU TAXKECTH apMaTypPhl SH §7.

[Tpu Bbrumcnenud ky u kg4 HOCTaTOUHO 3amarThes OOBIM U3 YCIIO-
BN (61); ecnu nocne BhIYUCIIEHUS £ OHO OKAXKETCH HEBBLIIOIHEHHBIM,
CIIeayeT NPUHATH APYroe YCIOBHE H ITOBTOPHTD BHIYACTICHHA.

JI1A npsAMOYTONBHEBIX ceueHUi B dopmyriax (61)

& =1, xh=0; ko=k3=0; kq=1. (63)

I-""""'-'-"'—-—'I—I—I——.”--——l---

* PacueTHasm IUMpPHHA TTONKH b" Ha3HayaeTc
CHul1 2.03.01 — 84, f 1 B COOTBCTCTBMM ¢ m. 3.16
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7.3. OTHOCHTENBHYIO BHICOTY CKATO! 30HBI § ONPENENAIOT U3 pellie-
HHA KYOMUECKOIO ypaBHEHUs

d1.§3 + dy 52 + d3& + dg =0, (64)

rae
dp=kghp;  d2=2Kkg (w1 —Ap)s

d3=2ky (w1 — ) +k3 N —ko [(1—-87) kA — (1 +ky) w1);

d4=..._.k5 ((1+ klﬁl)wl-—(l—‘sl) 511(1?\1]; (65)
ks =2ypual®y @y, — 1) + (1+82) 1/ (Ygv); (66)

01 =arthy; O6p=alhy; A= hgNyge !/ Mgt s
(67)

wp=1+ (ecs /ho) 7\1-

B pacuer npurMmanT KopeHbs ypaBHeHUR (64), HAXOOAIMUCH B

gp;snenax oT O go 1. Benuuuny v B dpopmyne (66) npunrMaloT paBHO#

7.4. KpuBuzny (1/r)y, BBIYHCIAIOT COIVIACHO YKA3aHUAM I.7.2 U
7.3, Ho B bopmynnr (55) u (67) Bmecto Myt ¥ Nyt TOncTaBNIAIOT
COOTBETCTBEHHO M1 u Ny, a BMecTo e g NMOACTABIIAIT €] o — IKCLEH-
TRMCUTET yCWIds Ny OTHOCHUTENBHO UEHTPA TAXKECTH apMaTyph! S, Benu-
yiHy V¢ 1A 3TOro ciiyyas omnpepgenswor corjiacHo n, 4.29 CHull
2.03.01--84, ucxons u3 yeunuit My u Ny

1A HaxoxgeHMsa KpuBH3HBI (1/r)y HYHO NOJIB30BAThCA yKa3a-
HUAMHU i1, 7.2 ¥ 7.3 ¢ y4eTOM 3aMEYaHHH, NPUBEAECHHBIX BhIllEe B Hac-

ToAweM nyHKTe. KpoMe toro, 8 Ny BKNIOUAI0T YCHIHA NPENBAPHTEND-

HOTO 00XaTHA C yueTOM MEPBbIX H BTOPBIX NOTephb; no dopmyne (68)
pu t, = 28 CYT ONpeNensior

v¥= 053/ (1,18 + ¢). (68)

3arem C TOMOWBIO 1. 4.29 CHull 2.03.01—84 BriyHCISIOT BEJTUUHHY

WY, COOTBETCTBYIOUIYIO AMUMTENBHOMY AeicTBHI0 yeurmud My u Ny ; 1o
bopmynam  (61), QSS) H (66) ¢ 3ameHQH \Iis, v Ha ¥, v* onpenenaoT
snayens X\, k5, k3, ky, k5, df, d3, d3, dj. anee no dpopmynam
(64), (57), (607) 1 (58) BbIUMCIAIOT 3HaueHHAa £*, x* u¥, u 7} COOT-
BETCTBEHHO, KOTOpHIE MOACTABNAKT B dopMyny (55) Ona HaXOXOACHHA

(1/1)L..
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Ecmu t, # 28 CyT HITH €ClTH KPHBH3HA OIIPeeNIAeTCs IJiA KOHEYHO-
ro IIpOMEXYTKa BpeMeRH t — tg, B (68) Hy>XHO NOACTaBHTb 3HAUEHHE
XapaKTepUCTUKH NON3YUECTH, HAUEHHOE B COOTBETCTBHMH C YKa3aHHA-
MH 1. 6.4,

7.5. XeCTKOCTH 3JIEMEHTOB TABPOBOTO CEUYECHHA C MONKOH B pacTs-
HYTOM 30He ¥ IBYTaBpPOBOro (KOopoOuaTroro) ceueHUs HaXOQAT, KaK VIS
3JIEMEHTOB COOTBEICTBEHHO IPAMOYTOJNIBHOTO U TaBpOBOTO (¢ MOJIKOH
B CXKAaTOH 30HE) CedyeHUs, HO 3HayeHue W1, HEOGXOMUMOE IIA Ompene-
JIEHHA Y H Vg, BBIMUCTAKT C y4eTOM AeHCTBHTENbHOH GOpMBI cele-
HYA.
7.6. Bxonsauryio B ¢popMyny (68) XapakTepHCTUKY TION3YUECTH ¢
OIIPENENAT COTNIACHO yKa3aHWAM II. 6.4, HenmuHedHyo COCTABIIAIOLIYIO
aedopManMy MON3YYECTH YUMTHIBAIOT MYTEM YMHOXEHHUA ¢ Ha K03 Pu-
LTHEHT { ., BHIYHCIIEHHDIH 110 popmyrte (36). HeoO6xomumMoCTh TaKoro
yueTa MpOBEPAETCA Ha OCHOBaHMMU ykasaHud n.3.2. HanpsokeHud B Oe-
TOHE O}y, HyXHbl€ A 3TOH NMPOBEPKH, BHIYHCIATCA COIJIAcHO 1. 7.8.
Yka3aHHyw HIpOBEpKY HOIYCKAaeTCs BbUIONHATE NPHONIMKEHHO, Cpas-
HABAaA  BbIpAKeHHOe  BIIPOLEHTAX OTHOWIEHHEM, , /My ¢ coor-
BETCTBYIOLIMM YMCIIOM, NpHBENEHHbIM B Tabn. 8. 3pech-M,p — Mo-
MEHT OTHCCHTEIBHO OCH, NMPOXOIALICH 4Yepe3 UEHTP THANXKECTH apMa-
Typbl §, OT NOCTOSIHHBIX M [JIUTEJIbHBIX HArpy30K, PacHoOIOXNEHHBIX
IO OAHY CTOPOHY OT PaccMaTpUBaEMOro CEYeHUs, a4 TaKXKe OT YCH-
MMl NpeaBapuTeNbHOro obkarua; M, 4o — TO xe OT NOCTOAHHBIX,
IUTMTENPHBIX M KPAaTKOBPEMEHHBIX HArpy30K, YMHOXEHHBIX Ha COOT-
BeTCTBYIOUME KODPHUIMEHTHI NEpEerpy3KH, a TaKXKe YCWIHH NpernBa-
PHTEIBHOTO O00XaTHA.

7.7. Ecnu B mpenenax M1eMEHTa ¢ HanpAraeMou apMaTypoH UMeEIoT-
CA YYAaCTKM, IIie¢ TPEIIMHBI He BO3HUKAKWT, TO KPUBU3HY ITHX YUACTKOBR
OIlpeneNnsIoT COrNIaCHO YKa3aHWsM pa3d. 6 Hactosinmx Pexomennanui,
Ecnn takHe y4acTKK MMEIOTCA B IipelieflaX 3Je€MEHTa ¢ HeHapAraeMoun
apMAaTypOH, TO MX KPHUBHU3HY HOINYCKAETCA ONpEHOeNATh, KaK B ClIyyae
MONepeYHoro u3ruda, cornacHo ykasanuam 1. 7.12,

7.8. llpn xparkOBpeMEeHHOM OEHCTBUM BCEH Harpy3KH HarmpsxKe-
HUA B OETOHE CXKAaTOM 30HBI ¥ B apMarype $ U 8'  BBIYMCIAIOTCA 1O

dpopmynam:

op = Mot —(6cs + W) Niotl / [A; (zp tW)];

05 = Mot + (ecs — Zb) Niot ] (zs +W/[Agzg(zp+uw)]; (69

0g = [M¢ot + (ecs — Zp) Ntotl u/f [A,s zg (zp tu) .

IHpu xpatKOBpEeMEHHOM [EHCTBHH IMMOCTOAKHBIX U IJIHTENBHBIX HAr-
py3oK B Qopmynbi (69) noxcrasnsmwt e o Mp n N BMmecto e,

Migt ¥ Nigt; BeHuMHY £ Onpenensiior ¢ y4eToM ykasauuii . 7.4.
PH IJIKTENIPHOM [EHUCTBMM NMOCTOSHHBIX 4 JUITMTENbHbIX HArpy3oK
B, (69) noncraBnawT Ny H €], BBIUMCIEHHbIE C YUETOM YKa3aHHM
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n. 7.4, a Takxe My. BMecTo Ay B BhIpaxkeHue i O MOACTaBIIAOT

3HaueHHe At KOTOpOE HAXOJIAT IO dopmyne (59) ¢ 3amMeHOH BeTHUMH
£, k2=k3“1 E4 Ha g kf 5| k , BBIUHCJIEHHBIX C YUeTOM YKAa3aHuH II. 7.4.

7.9. Hnsa Haruﬁaemmx 3JIEMEHTOB ¢ CEYCHHUAMM, YKa3aHHbBIMHM B
m.7.1, ¥ ¢ HeHampsAraeMoOMH apMarypoi KpUBH3HBI YUaCTKOB, rjae obpa-
3YIOTCA TPEILIMHBI, BBIYMCNIAKTICA B COOTBETCTBMM ¢ nm. 7.2 - 7.7, a
HaNpAKEHHUA B OETOHE ¥ apMaType — COrJIacHo Ii. 7 8, Ip¥ Nyt = 0.

Iis yKa3aHHBIX BBIILE 3JIEMEHTOB KPHUBU3HBI, TEPEUMCIIEHHbBIE
B 1. 7.1, peKOMEHIyeTCs HaXOOUTh 110 POpMYIIaM:

(1/r)g = Mg+ Mp)/B; (1/r), =My /Bp; (/1)L =Mp/BL. (70)

3oece B — HM3ruOHasg >KECTKOCTh IJIEMEHTa C YUeTOM TPELLMHO-

00pa30oBaHUA MPH KPaTKOBPEMEHHOM NEHCTBHH BCEH HArpy3kH, By —

TO Xe, IpH II;P&TKOBPBMEHHOM NEUCTBUU NMOCTOAHHBIX U LIHUTENbHBIX
L

Harpys3okx; — YCIOBHAA [JIUTEJIbHAA JXECTKOCTh IPH IEUCTBHHU
[TOCTOAHHBIX Y [JIMTEIILHBIX HATPY30K.

7.10. IInsa u3rubaeMpiX 37IeMEHTOB ¢ OJMHOYHOM HEHAIIPATaeMOH
apMaTypoOd U CeueHHeM MPAMOYTONBHBIM JIMOO TaBpOBBIM (C IOJIKOH
B CKaTO# 30He) NpH & < 16; Xy <0,2; 0,02 <ua<0,22

’KECTKOCTh B BBIYMCNAT N0 pOopMyIre

B=kp E, Ap hy Vg, (71)
rae M= Ag/A;

kp=bj +b38";  &=Mcpe/ (Mg+ My ) ; (72)

3HaueHHA b, H b2 OMpENeNsOT Ho Tabn. 17; M., — MOMEHT TpeuxHOOGpaso-
BaHUs, HalIeHHBIA cornacHo n. 4.5 CHull 2.03.01 —84.

)I(ecmocrb By, BBIMMCIIAKT C MOMOLBI0 GOPMYTT (71) u (72), HO
mpu £ = Mqye /M—L OnutenpHylo *ecTKOCTh By B ciyuae, ecrnu BO3-
pact 3arpy>eHus ty = 28 CyT, a KpMBH3Ha onpefenserca mia t . —t, ~

—>00, HaAXOAT IO ¢0pmyne

3HAYeHHA 3; M 62 onpenensior no rabn, 18,

IIpu ppyrux 3HaueHUAX to H t — t, cneayeT pyKoBOICTBOBATh-
CA YKa3aHHUAMH 11. 6.4.

7.11. ina snemMeHTOB, yKa3aHHBIX B M. 7.10, yueT HeNHHEeHHOM
COCTaBIIAIOIIEH JePOpMalMK TIONI3YyUeCTH, a TaKXKe NMPOBepKy Heobxo-
OJMMOCTH TAaKOT'Q yueTa BBINONHAKT COrjlacHO YKa3aHHaAM II. 7.6, HO
HaNPAXEHUS O}, ONPENIENAIOT B 3TOM CIIYYae ¢ momombio 1. 7.14.
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Taonuma 18

0,02 < na< 0,06

0,06 < pa< 0,22

o | 1< #p,<6 ~6€ XL < 16
_______________________ S —— e
I ox§E<0,6 0,6<EX ‘ 0<EK0,6 06<EX]
Fb 0090+ 1,78ua- 0,114+1,80 pa— 0086+ 1,80ua 0,113+1,75pa
1 —-(2+115ua)36 ——(2+150ua)3£
(35”300ua)x ’ 0,55—~2,50[Jﬂ
61 0,040+ 2,12 u — 0,005 + 2,50 u«
B 0,180+ 1,75 u a 0,220 + 1,50 ucx
______ T B uucnutens popMy- B uncnutens pop- B umcimtens Gop-
nel (73) BmecTto ¢ mynsr (73) Bmec-  mynbl (73) BMecTod
[TOJCTaBJIAETCA TO £ NMMOJCTABJIAET- IIOOCTABJIfIETCA
e §&1=£-0,5 caér=£+0,1 £1=8-0,5
by 0166—-(6+44ua)55 + 041 ux 0,159 + 0,45 u«x
by 0173—~(11-—5 pee )z —060 po 0,151 — 045110:: B
31 0,110+I,15;.m 0100+ £y £y (0,56ua —
—0,030) +0,97 p
o) 0,310—- 0,75 n a 0,320 — #0(0720+009

A% h)
MIpuMeuaHue. 2= 10_'4 (8 — x’b)z'



Ecnn miA M3rubacMbIX 3NEMEHTOB ¢ JOBOWHOH HEHANpPATaeMOH
apMaTypO#, UMEIOMX TpelMHbl, HOpMAIbHbIE K OCH, YROBICTBOPACT-
CA YCIIOBHE

a > 0,075 — 0,015 ¢, 0< ¢<3), (74)

TO PEKOMEHIAYETCS YUMTHIBAaTh BJIMAHHE apMaTyphl S’Ha mnMTENBHBIE
nedopmaiiu OeToHa cxaToit 30HBI. Jlns 3toro B dopmyne (73) ¢ 3a-
MEHAKT XapPaKTEPHCTUKOH MON3YUeCTH Xene300eTOHa ¢, BHIYUCIICH-
HOM cornacHo 1. 5.4, lIpu s10M npuHKMaloT i'= A /Ay; p9 = 1; BbICO-
Ty C>KaTOH 30HbI HAXOIAT cornacHo n., 7.12,

7.12. Ecnu B npemenax 3MeMeEHTa C HEHAUpAraeMoH apMaTypoH
MMEITCA YYaCTKHU, TJ€ TPeUIMHBI He BO3HUKAKT, TO KPHUBHU3HY 3THX
YUaCTKOB BBIUMCIAKIOT COTJIACHO YKAa3aHHMAM I, 7.9; NpHU 3TOM XKecCT-
KOCTH HE 3aBHUCAT OT H3ruOaolMX MOMEHTOB H MOryT ObITh HaWCHBI

o popMynam:
B=0,35 By, Jreqs B = By Jreqds Bi =By Jp [1¥upqa (14
+o) 1 (1+9) [1+pa (1+9)]]. (75)

Ecniu t # 28 cyr, a T — t; — KOHEUHBIH NPOMEXYTOK BPEMEHH, TO
BMECTO ¢ CJie[lyeT IPUHMMATh 3HAYECHUE XAPaKTEPUCTHKH ITON3YYECTH
COTJIACcHO 11, 6.4.

7.13. Ina narubaeMplX 37eMEHTOB ¢ OQMHOYHOW HEHANPATaeMOM
apMaTypOd OTHOCUTEJIBHYIO BBICOTY CXKATOM 30HbBI OUPENENAIT CHEHYI0-
UM 00pa3oM:

npu KPATKOGPEMEKHOM Oe€UCTeUU HA2pY3KU — [Nl TaBpPOBOIO

ceueHMs IpH § >4, o popmMmyiie

£=0,5 WK + 4k -k /K, (76)

UL IPAMOYTOJIBHOTO CE4eHHA U TaBpoBoro npu § <&, no dopmyre
£=0,5 (W 1+4kg—1) [k (77)

npu OAUTEAbHOM O€UCcT8UU HA2pY3KU — COTJIacHO YKa3aHHAM
n. 7.3. Ecnu xe npegBaputensHo Ha ocHOBaHuH 11, 7.10 Ha¥jeHa yciioB-
Hafl [UTHTENbHAA XKeCKOCTh Bf, TO PEKOMEHIIyeTcs [JiA TaBPOBOTO Ce-
"
YeHHA IpH &~ > X onpenenATh £ MyTeM pEILEeHNs Y paRBHEHUA

)33 -2(g-1+kp =2 (3K5 -k =0, (78)

RJIg NpAMOYTOJIBHOTO CeYeHHA H TaBPOBOTO IIpH &* < Ky no ¢op-
MYTIe
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£ =1,5-4025+ 2kg . (79)

BenuunHbl, BXoasume B Beipaxenue (76) — (79), Haxomar cne-

OYyIHM 06pa3om:
npu KparKkOepeMenRHOM OelUCT8UU HA2DY3KU

El =k4k6; E2= 1+ k2k6; k6=v¢s/{ﬂawb [xh (xh“" 1)+
+t1+ 6, ]}} (80)

RPpU ONUTEABHOM OCUCTUU RA2DYIKU

— % = - * 2
k3 =kj k% ky=k3 (1-0,52%p;);kg=B[ ¥/ (BgAshg). (81)

Kosgduuuenrs! ko , k3 1 kg (wm k5, k4) Bermmcasior no Gopmy-

nam (61), a BenWuMHM Vg ¥ Yg — COITACHO YKasaHuaAM I, 4.29
CHull 2.03.01 — 84, Pemenue ypaBHenua (78) MOXHO HaiTH C No-
Moumbic Tabn. 19,

OTHOCHUTENEHYIO BBICOTY CXXATOHM 30HBI IEMEHTOB TABPOBOTO Ce-
YeHUsI C NMIONKOH B PAacTAHYTOH 30HE, a TAKXE JBYTaBpPOBOTO (KOpOb-
4aTOro) ceueHMs HaxopatT no ¢opmynam (76) — (81) ¢ yuetom yka-
3aHuH 11, 7.5.

7.14, Tlpu KpaTKOBPEMEHHOM [€HCTBUM BCEH HArpy3KH Halpsxe-
HHA B CXATOH 30HE U B apmarype H3rubaemMoro 3JI€eME€HTa TaBpOBOIO
CeUeHHA BBIUMCIAKT N0 GopMyTiaMm:

op = (Mg + M) / (z Ay); 0, = (Mg ¥ My / (z Ag), (82)

rge — —
Z= 0:5 ho [E + ( 2 _' xh)kS] / (E t k3 )' (8.3)

Ilpy KpaTKOBpeMEHHOM [EUCTBHHM IMOCTOSHHBIX H IIIUTEIIBHBIX
Harpy3ok B (82) u (83) 3amensor Mg + My Ha ML H IPMHUMAIOT

COOTBEICTBYIOUIES 3HaueHHe &; MpH IATHTEIIBHOM HEHCTBHH TEX IXKe

HAarpy30K BENMUHHBI _Op, O, Z BRIYHCIIAIOT 10 TeM ke GOpMyniaM C

sameHot Mg + My, &, k3, Ay Ha M7, &.k3, A}, TIe A; HaXOHAT IO
dbopmyne (SS9) C 3aMEHOH EBQ, k4 Ha gfk%, kf.

7.15. NepemeieHusa xene300€TOHHBIX IIEMEHTOB WM OTREIbHBIX
Y4aCTKOB ¢ TPELHHAMH B PaCTAHYTON 30HE BHIYUCIIAIOT HA OCHOBAHHH
yKasaHui 1, 6.4. 1 6.5.
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7.16. JIna 571eMeHTOB, K TPEIHMHOCTOMKOCTH KOTOPBIX NpeETbsB-
NAITCA TpeOOBaHMA 2-H KaTeropuu, UHMPHHY KPaTKOBPEMEHHOIO
pacKpHITHA TPEUMH ONpellensAoT Ojid MOMEHTa BpeMeHH t, (Kak
ipaBWIO, 28 CyT):

&crc = ereq (84)

A 3lIeMEeHTOB, K TPEeIHMHOCTOUKOCTH KOTOPBIX IIpeIbABIATCA
Tpeb6OBaHUA 3-H KaTeropuM, LIMPHHY KPAaTKOBpPEMEHHOTO PacKphITHA
TpelMH OIIpefeN AT 1A MOMEHTA BpeMeHH ty — Mo ¢popmyre (84);
A t — <0 1o popmyne

a

Tere = %crey ~“erey ™ “erey - (85)

IInd 3TUX 27eMEHTOB LIMpPHHA [UIMTENBHOrO PACKPBITHA TPEILIMH
paBHa

@eye = @ereye (86)

B dopmynax (84), (85) u (86); Q ycq — UMPVHA PACKPBITHA TPEIHH
OT KPaTKOBPEMEHHOTO JEHCTBHA BCeX HArpy30K, Z.re 5~ TO Xe, OT Kpart-

KOBPEMEHHOTO [EHCTBHA IMOCTOAHHBIX H MUIHTENIbHBIX HAarPY30K,Q ¢y 5
TO 7€,0T JJIMTENBHOTO eHCTBUA MOCTOAHHBIX H JUIMTEIBHBIX HArPY30K.

3HaueHUA 2creq» @ercy, @creg BRMMCIAIT N0 popMyre (144) CHull
2.03.01 — 84, roe Hy>XHO NpHHHUMATH: NTPH HAXOXXICHHH acrcl H @crcz —
HanpsXeHHe B apMaType Og, ¢ = 1; IpH HaXOXIECHUH acrcs- 03, a )

IiA KOHCTPYKIMH M3 TSKENOro O€TOHa eCTECTBCHHOH BIIAXHOCTH
paBHO 1,3, 3HaueHHA Og H Og — COOTBEICTBEHHO OT KPaTKOBpPEMEH-
HOTO OEHCTBHA BCEX HArpy3oK H OT OJIMTENIBHOIO [I€HCTBHUA NOCTOSAH-

HBIX H [JIMTENbHBIX HArpy3oK OIpeAensioT COIJIaCcHO YKa3aHUAM
n. 7.8. umu 7.14.

HarpyskH, yuMThiBaeMbie NpH OfIpefeNIeHHH IMPHUHBI PaCKPHITUA
TpEeLIMH, Ha3HAauaoTCA B cOOTBETCTBMH ¢ 1. 1,16 CHull 2.03.01 — 84.

ITpumep 1. Onpenenenue nporuba xene3o0eTOHHOH OalKH C Ham-

pAraeMoi apMaTypo# NpH HAIUYWM TPELMH B pacTAHYTOH 30HE DeTo-
Ha.

Zlano: xene306eToHHas Oanka ¢ pacueTHbIM MporneToMm L = 5 Mm,
- /-
¢ monepeyHbiM ceueHuem B Buae taBpa (h = 0,35 M, b= 0,095 m, hy =

= 0,05 M, B¢ = 0,475 M); Geron kmacca B25; Ey = 29,75 - 103 MIla;
HanpAraeMas apMmarypa kmnacca A-1Y ¢ mowangplo Ce4eHHsA Ap = 4 Ox
A10—4 M2; uenanpuraemas apMaTypa (pacTAHyTas H CXartas) KJacca
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Al (Eq = 2 -10° MIla) ¢ mwiom@psio CeueHHs: COOTBETCTBEHHO Ag =
= 0,785 - 10~% M2 u A} =0,503-10~% M2, a= 0,05 u a’= 0,025 M
YCHIKE NpPeBapUTEIIbHOTO 00XaTHa ¢ y4eroM Bcex morepp P, = 0,08
MH, ero sxcueHTpucurer e, = 0,005 M; NMOCTOAHHAas M [NIMTEJIbHAA
Harpy3KH paBHOMEpPHO pacnpeneneHbl 10 OJIHHE, UHX CyMMa Q=
= (0,013 MH/M; oTHOCHTenbHast BJIAXKHOCTH cpenbl 70 %; ocagkKa Ko-

Hyca 1 — 2 cMm; Bo3pact GeroHa B MOMEHT 3arpyxXeHus t, = 28 CyT.
[IpemensHo AonycTUMBbIA IMporu6, B COOTBETCTBUH ¢ m. 1.21 CHull

2.03.01 — 84 — 2.5 oM.
Tpebyerca onpenenuth Nporud B cepefuHe nponera.

Pacyer. Uarnbaonmit MOMeHT B cepeauHe nposera M . =My =

2 _ ot
= 0,013-5,0":8=0,0406 MH* M; Ni4¢ = Py = 0,08 MH; h,=0,350 —
— 0,050 = 0,300 m; zg = hy —a' = 0,300 — 0,025 = 0,275 M; A =
= 0,05225 m2; nepuMeTp ceuenusas P = 1,65 Mm; a = 2 -10° : 29,75%
A0 32 6,723; u = (4,91 + 0,785) 10—4 : 0,05225 = 0,0109; no dop-
MyJiam (67) u (62) nonyuaercs

81 =0,025/0,3.=0,083; 6> =0,05/0,3=0,167; &£} =0,475/ 0,095 =
= 5,000,

%, =0,05/0,3=0,167; A1=0,3-0,08/0,0406 =0,591; oy = 1+
+ 0,005 /0,3 -0,591 = 1,010.

CormacHo 1a671. 4, cN (00,28) = 8,8-10—5 MITa~!.
Monynb OTKphiTO# MOBepxHOCTH M = 1,65 : 0,05225 =32 M— L

CornacHo 1abm.6m7, E‘Z c= 1,044, E3 - 0,87,

C (,28) =C" (0,28) £y, Ea, = 8,8 101,044 -0,87 = 7,99 -10—5
MITa — 1:
¢ =E, C(e,28) =2,975-10* -7,99 -10~5 = 2 33.

[To popmyne (68) Haxogum v*= 0,53 : (1,18 + 1-2,38) = 0,149,

Ilna 6erona xiacca B25, mo tabn. 11 CHuII 2.03.01 — 84 Rbt,ser =

= 1,60 MlIla.
Hanee o CHull 2.03.01 — 84 gaxonum: r = 0,047, M, = 0,0406

MH M, My, = 0,017 MH- M (1.4.5), Wp1= 0,0057 M3 (m.4.7), ¥}, =

=0,9 (n.4.27); v,=0,8; ¢, =0,387; Y§ =0,0761 (u. 4.29).
B npenmonoxeHHH, yTO rpaHHIA CKATOM 30HBI PACIIOIOKEHA B CTEH-
Ke Banku (§% > #y,), Boruucnsizor no popmynam (61) u (66) :
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K%} =0,761-0,503 -10~%/ [0,9 (4,91 +0,785) 10 %= 0,0747; k5=
= (0,167 (5 —1) =0,667;

K3 =0,167-0,667=0,112; Kk} = I;

k. =[2-0,9/ (0,761 - 0,149)]0,0109 - 6,4 [0,167 (5,00~ 1) +1 +

+ 0,167} = 2,032
[To dopmynam (65) BrIYUCNAEM d’f = 1-0,591 =0,591; df = 2-1x
(1,010 — 0,591) = 0,838;

d% = 2°0,667(1,010—0,591) +0,112:0,591 — 2,032 [(1 — 0,083) ~
x0,0747-0,591 — (1 +0,0747) 1,010] =2,751;

dj =— 2,144 [(1 +0,0747-0,083) 1,01 — (1-0,083) 0,083-0,0747x
x0,591] = — 2,172

OTHOCHTEIBHYIO BBICOTY CKAaTOH 30HBI BHIUMCIIAEM KaK KOpeHb KYOH-
YyecKoro ypaBHeHust (64)

0,591 £ + 0,838 £** +2,751¢* — 2,172 =0.

£* =0,614. Tak kak £* > ¢, 10 E¥cunraercs HalgeHHBIM OKOHYA-
TENBHO, coriacHo (57) x™= &* R =0,614-0,300 = (0,184 m.
I[To dpopmynam (58), (59), (80) onpenenseM

Zb = 0,300 [1-1/2 (1-0,614%+0,112) [ (1-0,614 +0,667)] =
= 0,243 m;

A} =0,095:0,3 (140,614 +0,667) = 0,0365 m2:
u*=0,0728- 0,275 [(0!300 — 0,184) / (0,184 — 0,025) — 0,0728] =
= 0,0305 m.

KpuBH3HY OT WinTenbHOTO HElCTBHA MOCTOSHHOM 1 IUTHTETILHOM Har-
PY3KH ofipeniensiem mo ¢opmyine (55)

(1/r) 1= 0,970,149 29,75 -10° 10,0406 + (0,005 + 0,0305) 0,08]/
/0,184 +0,0365 (0,0305 + 0,243) =48,02- 104!

llpu oTCyTCTBHM KpaTKOBpeMeHHOM Harpy3ku (I/r)g=(1/r)q w
1/r=(1/r)1, cM. bopmyny (54).

I[Tporu6 f.,,, c6ycroseunbrit nepopmMaumeit uaruba, onpenenserca
0 popMyIie
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£, =5/48- 1/p-12 = (5/48) 48,02 *10~*+5,0002 = 0,0125 m.

BbIuMCIIeHHBIM NMPOTrud He MpeBhILIAET IpeaesibHO AOIyCTUMOTO.

[Tockonbky L/h = 14,3 > 10, To yudTsIBaTH BJIMAHHKE NOIEPEUHBIX
CHJ1 HA ITPOTUD HE HYXKHO.

[Ipumep 2. Onpenecnenue nporuba xene306eTOHHOH OalKH C He-
HanpAraeMou apmMaTypou.,

Lanozxucene3obeToHHaa Ganka MepeKphiTUA TABPOBOTO CEYEHUA; pac-
yeTHbIit fmponer L= 5,7 M; .b = 0,20 »; h = 0,60 Mm; b*"p = 0,40 M: h;=

= 10 M. beToH TaXxemnbIN, Knaccg B25, nogBepruyThif NpONapHBaHHUIO;
apmatypa knacca A-lll, E¢ =2-10° Mlla; A =19,6410™ M2 (4 cTep-
Ht muamMeTpom 25 mMm), a= 0,07 M. Harpyska pasBHOMepHO pacnpeneneH-
Hasi, NOCTOAHHAA U [JIKTENIbHAA Harpy3ku cocrasisiloT B cymme 0,035
MH/mM, kpatkoBpemenHass — 0,012 MH/m. Monyns ynpyroctu 6eroHa u
npenenbHas XapaKTepUCTUKA IOJI3Y4ecTH, HaUIeHHbIE corngcno yKa3a-
HUAM pas3f. 2 HacTosiumX PexomeHpaumii; Ep = 26,78 * 10° Mlla, ¢ =
= 1,533, KoncTpyKius OTHOCHTCA K JIT KaTeropiu TPEIMHOCTOMKOCTH,

Tpebyercsa ONpelenuTs NpOrub B cepeduHe IpoJieTa MO HUCTEUEHUH
HeOrpaHHYCHHO DOJIBIIOTO IIPOMEXYTKA BPEMEHH.

Pacyer. Xapaxrtepuctiku ceuyenus: A = 0,1400 M2 u=19,64 -10———4/
/0,1400 = 0,014; h, = 0,600 — 0,070 = 0,530 m; cormacko (62) Bbmgc-
ngeM &, =0,4/0,2=2; #4,=0,1/0,53=0,189, ua=0,014 - 2-10°/
/(26,78 + 1%3) = 0,105.

Ins HaxoXIXeHHsi MOMEHTa TPEIMHO0Opa3oBaHuA M. . BBIUHCIAEM
cuaana Wy,| cormaceo m. 4.7 CHull 2.03.01 — 84 60 1o popmyrnam™

Wo1= (0,292 + 1,5 pya+ 0,075 v]) bh®; py = Ag/bh; 7] =2( by—b)/

/bh,

oTkyna W, = 0,05160 m3. Cornacro Tabn. 11 CHull 2.03.01—84,
ans knacca 6eroHa B25 Rpy gor = 1,60 MlIla. Mgpe = Wp) Rpg ger =
= (0,0826 MH - m. N3arubaroume MOMEHTBI B CepeuHe ITpoJieTa: OT IOC-
TOAHHOW M UIHTENbHOM Harpy3oxk My = 0,0350-5 2/8 =0,1421 MH- M;
OT KPaTKOBPEMEHHOM Harpy3ku Mg = 0,0170 - §5,74/8 = 0,0690 MH- m.

Hna onpeneneHds KpUBH3HBI B CepellHHE ITpOJIeTa, BHI3BAHHON KpaT-
KOBpPEMEHHbIM HCHCTBHEM BCedl HAarpy3kKu, HaXoauM cornacalo (72) 5=

= 0,0826 /(0,1421 + 0,0690) = 0,391, ITo 1abn. 18 £ = 10~ (8 — 2)
= (,0036;

by =0,166 — (6 + 44 - 0,105) 0,0036 + 0,41 -0,105 = 0,171;
by=0,173 — (11— 5 -0,105) 0,0036 — 0,6- 0,105 = 0,073.

%k
PYKOBOICTBO N0 MPOEKTHPOBAHMID GETOHHBIX M Xerne300eTOHHBIX KOHCT-

PYKUHA H3 TaXenoro 6eToHa (6e3 mpelBapHTENBHOIO HANPSKEHUS) HHHHUnpom-
3naHu, FHHXB. - M.: Crpo#tuanar, 1977, -
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Orciopa no (72) k4, =0,171+ 0,073 - 0,.3912 =(,182. u cornacuo (71)
B =0,182 -26,78- 103 0,1400 -0,5302 /0,105 = 61,91 MH-m?,
ITo nepsoit 3 dopmyn (70) monmyvaeM

(1/1) { = (0,1421 4 0,069) / 61,91 = 3,409+10—3 1/m.

AHQJIOrHYHO BBIYMCNIAEM KPHBH3HY OT KpPaTKOBPEMEHHOTO [EHCTBH
IOCTOAHHOM ¥ JUTHTEIbHOM Harpy30K. B atom ciyuae ¢ =0,0826 /0,142
= 0,581; kp, = 0,171 _+ 0,073 - 0,581* = 0,196; By = 66,67 MH -m
(1/1) g1 = 2,131 1073 1/m.

YTO6H! BHIYMCIMID KPHBH3HY OT [UIMTENIBHOTO [CHCTBHA TeX M
Harpy3ox, Haxomum no 1abm. 18

By =0,110+ 1,15 0,105 = 0,230; 3 = 0,310~ 0,75 - 0,105= 0,232,
3arem no ¢opmyne (73)
Bf = 66,67/ [1+1,533 (0,230 + 0,232 0,5812)] =457 MH-m?;

nanee no (70) (1/r)y =3,139-10~ 3 1/Mm. CymMapHasn KpuBH3Ha B Ce-
penuHe Impornera, cornacHo popmyne (54), pasHa

1/r — (3,409 — 2,131 +3,139)10—3 = 4,417-10— 3 1/m.
B coorBercrBuM ¢ m. 6.11, npuHKMAdA, YTO 1O [jIHHe HATKK KPHBU3-

Ha M3MEHACTCA TaK Xe, KaK M U3rubarlliMi MOMEHT, 110 3aKOHY KBajl-

paTHOH nmopaboJibl, HaXOAMM HpOrub B cepefquHe MpoyieTra OT OEHCTBUSA
M3rubaloMX MOMEHTOB (cM. mpuMep 1 pa3n. 6) .

f = (5/48)5,72-4,417-10— 3 = 0,015 m.

ITockonbsky 1/h < 10, He0OXOIUMO yuecTs BIHAHHKE eOpMAalMH CABH-
ra Ha nporub (n. 6.6). lna sroro, cornacHo nm.4.34 C 2.03.01 — 84,
HAXOmHM J o = 0,0056 M*; G = 0,4 B, = 10,71+ 103 MITa.

B(Yr) =[3+26,78 -103+0,0056 / (0,1421 + 0,0690)] 3,409.10— 3 =

=732 71, (x) = 1,5 Q{x) 7,32/ (10,71-103-0,6:0,2) = 0,00854
Q (%).

Yrobe1 HalTH mporub f, ¢ yueToM mJIMTEIbHOro JeHCTBHA NOCTOSHHOH
H OJIUTEIbHOH Harpya%x, BBIYMCIIHM IPHBEICHHYI0 HUHTEHCHBHOCTH
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HarpyskH: qq + ¢qp = 0,017 + 0,037- 1,533 = 0,0835 MH/m. 3nauenne

f.=1Q (x) 7. (x) dx, HafimeHdHOe IO NPABKIaM CTPOUTEIIBHOH MeXa-
HAKH, paBHO 0,003 M.

[Tonnwri npornd £ = £ + £, =0,015 + 0,003 = 0,018 m.
Pacuet, BBLINOSIHEHHBIH IO CH;E]H 2.03.01 —~ 84, npHBOOHUT K TEM XK€

3HaueHHaM f,, £, A L.
IIpenensHo qzmnycmmmﬁ nporub, cornaceo Ttabn. 4 CHull

2.03.01 — 84, paBen 5,7 : 200 =0,028 m > 0,018 m.

8. YCTOMYMBOCTH XEJIE3OBETOHHDBIX KOJIOEH B
[IPEINOJIOXKEHUH IMHEWHOT O JE®@OPMUPOBAHUSA BETOHA

8.1. Hecymaa crocobHOCTh Xene300€TOHHBIX CTOEK C IMOoIepey-
HbIMH CEUCHUAMH NPAMOYTOIBHOH QOpPMbBI, CHMMETPHYHO apMHPOBaH-
HeIX (Ag = Ag), ¢ rubkoctamu X = & /h = 30 u Gombuie, CKaTHIX KaK
KPaTKOBPEMEHHO, TaK H THTENbHO ACUCTBYIOIMMU CHIAMH, PHNIO-
KEHHBIMH C 3KCUEHTPUCHTETAMH €y, HE IPEBHILAIMMMH BeETHYHHDI
1,/300, enpenensaerca ycnosuamu ycroiumBoctd. Ilepen Hauaiom mo-
TepH YCTOMUMBOCTH TAKMX CTOEK, COKMMAIOIHE HATIpAXEHHA B BETOHE
He npesbpnuawt 0,75 Ry, (cM. 1, 3.8) . UcknroueHHe COCTaBNAIOT CTOH-
KH U3 6eTOHa Kitacca ﬁTO M HIke ¢ A < 30 u s = eyl = 1/400, Hecy-

1af CHOCOOHOCTh KOTOpPhIX OINpedeNAercsa YCIOBHAMM ITPOYHOCTH
(cm. mn. 3,19 — 3.20 CHwuiIT 2.03.01 — 84).

8.2. Kpurnueckue cunbl I XKeIe300eTOHHBIX CTOEK, CXATBHIX
KPaTKOBPEMEHHBEIMM NUOO MIUTENBHBIMH HarpyskamMid H TepSIOLIUX
YCTOMYUBOCTS, ONPEACTIAIOTCA 1O HOpMYyIie

NL - P ¢ ()\! S, -95) NE: (87)

roe NE —~ KPUTHYECKas] CWJIa UIA UCHTPANBHO CXKAaTOM CTOMKH, BBIYMCIICHHAS B
NpennoNOXeHNH Hanuuyus TOALKO Yyipyro#l paGoTel 6eToHa U OTCYTCTBHA Tpe-
ILMH ;

P — Ko3pdHuHeHT, onpenersieMpit o Tabnm, 20 M yIHTHIBAKIUHHA BIIHAHHE
BCTHYHH S, L Py Q (cm, 1. 2 1abn. 15), XxapaKTepHCTHKH HON3y4ecTH OeroHa

@ 1 TpeuaHo06pazoBaHuA OiA croek ¢ rubkocTeio A = 30 u3 Berona xiacca B40;

@ (A, s, 'ﬁ;) ~ K03QPULMENT, YUHTRIBAIOLMHA BITHAHHEe H3MCHCHUA A.

XapaKTepUCTUKY TONI3yuecTH OeTOHa ¢ NMPUHUMAKT PABHOMW: ¢ =
1,25 ¢ npu OEHCTBUH OJIKTENIBHOW HarpyskH; ¢ = 0,25 ¢ — IpH AeHCT-
BHH KPaTKOBPEMEHHOH Harpy3KHu.

Kpuruueckyio cuny Ng U x03bPHUMEHT ¢ (A, S, §) BBIUMCIAKT 11O

dopMyIIaM:
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Taonuua 20

AN N o TS ERANE pgegge B A e il S wl- S B NS e T e—e—

Y e I NS IS VTR e B G Sk, S, S -

Y AN S

S Y, 0,06 LO,IO [ 0,14 L 0,18 T 0,22 l 0,26 i 0,30 l 0,34
| p

0 0463 0465 0467 0469 0,470 0,472 0,474 0.475
1 0.344 0350 0356 0362  0.368 0.373 0.378 0,382
1/300 2 0,283 0293 0301 0309 0316 0.324 0,331 0,338
3 0.245 0257 0267 0277 0286 0.295 0.303 0.311
4 0218 0231 0243 0254  0.265 0,274 0.284 0,292
- 0 0.601 0604 0607 0609 0611 0,614 0.616 0,618
1 0.414 0423 0431 0438 0446 0.453 0.459 0,464
> 0.332 0.343 0354 0364 0374 0,383 0,392 0.400
1/400 3 0.282 0296 0308 0320 0332 0,342 0.352 0,362
4 0248 0263 0217 0290 0303 0.314 0,326 0.336
______________ 0 0,686 0,689 0691 0693 0,696 0,698 0,7 0,702
i 0456 0466 0475 0484 0492 0.500 0,507 0.512
1/500 > 0,361 0374 0386 0397 0408 0.418 0,428 0.437
3 0.305 0220 0333 0347 0359 0.371 0.382 0.392
4 0.266 0,282 0298 0312  0.326 0.340 0.351 0.363
_______ 0 0741 0744 0,747 0749 0751 0,753 0,755 0.757
1 0.484 0494 0505 0514 0522 0.530 0.538 0.545
1/600 ) 0.382 0395 0408 0420 0431 0.442 0.452 0.461
3 0.321 0336 0351 0365 0,378 0.385 0.402 0.413
A 0279 0296 0312 0327  0.342 0.355 0,368 0,380

LS

IipumewaHHu s 1. 3HaueHus p,npuBefcHHBIE B Taluile, COOTBETCTBYIOT Kilaccy 6eroHa B40.
2. Ina 6eroHOB APYTrHX KJIACCOB COOTBETCTBYIOIME 3HAUCHHUA P NMOJNYYAIOT NMyTCM yMEHBILICHUS WIH yBEnH-
yeHus Ha 0,005 npu u3MeHeHUH knacca HeToHa Ha kaxaeie 10 Mlla.



NE=0,8 72 Eb Jb (1 tup, Q) /Lzo; (88)

6 (A,5,3) =1+ (F+Fys) (A\—30) + (F3+F s)

x(\ — 30) %, (89)
e
A=lo/h, s =eq [lo, 4= (Ag+ Ag) [ A, py=h] A/ Jp,
a=Eg /0,8 Ey; (90)
I. — pacueTHas myIMHa BHELEHTPEHHO CXaTOH »eJe300eTOHHOH CTOHKH,

onpeﬁenﬂemaa corimacHo Tabn. 31 CHull 2,03.01-84; e,  — 3apgaHHbii aubo

onpefensaeMnllf B COOTBEICTBMH C yKasaHuamu 1. 1.21. CHull 2.03.01 — 84
IKCUEHTPUCHT €T HarPy3KH OTHOCHTEJIRHO [IeHTPA TAXECTH CeUSHHH.

F pp Fy Eam F, — dyHKumMK XapaKTePUCTUKY NON3YYECTH ¥, IIPHHHMAEMBIE [10
tabn. 21.

8.3.Hasxauenue Pa3sMEPOB NMPAMOYTOJIBHOTO NOMEPEYHOTO CEYeHUS C

cummerpmmoﬁ apMaTypoH Npd 3aZaHHOH NMPOAObHOU cuiie N, pacyer-
HOM [JIMHE CTOMKHM ly, THOKOCTH A, SKCLEHTPHCHTETE € ¥ COOTHOLIEHHM

pPa3’MeEpoB nonepeqnoro CEUCHUSA b/h K npOU3BOOMTCA CIEAYIOIMM
0bpa3om

Boiukcnaor  h=I1, /A, b=kh; (91)

3Ha% Knacc OeToHa, b, h, aTaxxke ycnoBHs IKCIUTyaTauMH, OTpeqe-
NIAIT @,

3Has Knacc OeToHa, A, s n ¢, o 1abn. 20 noaAdHPawT p U U pq a
TaK, YTO0b! YIOBIETBOPUIIOCH YCIIOBHE

(L+up & p = 1,257A2N/ [0,87%bhE, ¢(\s, )5  (92)

BRIVMCIIAIOT IUTIOINAAb NIONEPEYHOTO CEUCHUA apMaTyphl
AS=A;=H91bh/[3,84(l+ppl) ] (93)

[fpumep 1. ﬂauo Kornonna ¢ Pa3Mepavi TONEPEUHOTO CeUeHUS
bxh=0,4%x05 Mm% e=& = 0,05m, h1 =0,2 M; pacueTrHas JJIHHA KO-
JIOHHBI }y = 15,0 M; knace Gerona B4b (Eb 36 103 Mlla); Bospacr
BeToHa B MOMEHT 3arpyxeHus t, = 28 cyT; ocaika KOHyca 1 — 2 cMm;
OTHOCHMTENbHAA BIDKHOCTD cpenm — 70 % ; cHMMETpHYHAA apMaTypa

knacca Al (Ee = 2 -10° MIla) ¢ mwiomansio NONEPEUHOrO CEeueHUst
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PLWWWWWWRWWWRINIRRRNNNO NN = i S - e = —_ O 00000000

Fri® | B | Fpl® | By 10°
4,950 — 8413 —32,683 26,662
4,537 — 8,025 - 30,564 25418
4,159 — 7,649 — 28,515 24,212
3,756 — 1,284 —26,535 23,045
3,389 - 6,929 —~ 24,624 21,916
3,037 — 6,586 - 22,782 20,825
2,701 — 6,255 -21,010 19,772
2,379 — 5,934 — 19,306 18, 738
2,073 — 5,625 -~ 17,672 17,782
1,783 — 5,326 - 16,106 16,844
1,508 — 5,039 — 14,610 15,944
1,248 — 4,764 - 13,183 15,083
1,003 — 4,499 ~11, 825 14, 260
0,774 — 4,245 — 10,536 13,475
0,560 — 4,003 —- 9,316 12, 728
0,361 - 3,772 — 8,165 12,020
0,178 — 3,552 — 7,084 11,350
0,010 — 3,343 -~ 6,071 10,718
—- 0,143 — 3,146 — 5,128 10,124
- 0,280 -~ 2,959 — 4,253 9,569
— (3,402 — 2,784 — 3,448 9,052
— (0,509 — 2,62 - 2,712 8,573
— 0,600 — 2,467 — 2,045 8,133
—~ 0,676 — 2,325 — 1,447 7,731
~ 0,737 ~ 2,195 -~ 0,919 7,367
— 0,782 — 2,075 — 0,459 7,041
— 0,812 — 1,967 — 0,069 6,754
- 0,827 - 1,870 0253 6,504
— 0,826 — 1,784 0,505 6,294
— 0,810 — 1,710 0,688 6,121
- 0,779 — 1,645 0,801 5,986
— 0,732 -~ 1,594 0,847 5,890
— 0,670 — 1,553 0,823 5,832
-~ 0,593 -~ 1,523 0,730 5,813
- 0,501 - 1,504 0,567 5,832
— (3,393 — 1,497 0,336 5,888
~0.270 ~ 1,501 0,035 5.984
- 0,131 - 1,516 — 0,335 6,117
0,023 — 1,542 — 0,774 6,289
0,192 - 1,579 —~ 1,282 6,499
0,377 - 1,627 — 1,859 6,747

Fi = (4,95 - 4,208 9+0,766 ¢*) 10

e R jelep— . e S Yy .

Taonuna 2

-3

3

F, =(-8,413 + 3,933 9 0,559 9%,

Fy= (- 32,683 +21,528 9 - 3,456 ¢%) 105,

F4= (26,662 — 12,631 9p+1,913 ¢ 2) 10 = 2.
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Ag A = 12,32 :10~4 M2: HauaJIbHBIA IKCUEHTPUCUTET IITUTEIIBHOMN
cmnmammen cWibl 3, ® 3,75°1074 M B HanpaBnesuy h.

Tpebyercs ONPEOENUTD JJIMTENIbHYI0 KPUTHYECK Y10 CHy Ny .

Pacver. A=bh —2A =0,4-0,5—24,64-10" %= 1975,36~
x10*4M2,
J=bh3/12= 04 (0,5 3/12=41,667-107% Mm% I = 2n] A
(0,2)% 24,64 .10~ %= 0986-10 "% m* J, =T —J; =41,667
10~ 4 - 0,986-10 % =40, 681 -107% &

u=2Aq[ A=24,64-10"%/ (1975,36-10) = 0, 0125;

Z —
py=hy Ap/Jp= (0,2)% 1975,36-10 =% (40,681 - 107%) =
= 1,942,
a=E./ (0,8 Ep) = 2-10/ (0,8 +36 103) = 6,944.
upypa=0,0125+1,942+ 6,944 = 0,169.

s=ep/ly= 3,75-107%/15= 1/400; N\ =l/h=15,0/0,5 = 30.

Cornacuo T1abmn. 4 cN ( oo, 28) = 59 - 10— MIla “1; MOJ1YIIb
OTKPbITOH NTOBEPXHOCTH

M, =2 (b+h)/ (bh) =2 (04+0,5 /(04-05)=9m L,
Cornacuo 1abn. 6 u 7 E?.c =(,738: 530 = (,87.

c(,28) = ¢ (0,28) £y, £, = 59107 O+ 0.738:0,87 = 37,852~

x10 ~ O MIta — L.
$=1,25E, ¢ [(,28) = 1,25-36 +103-37,852-10 — 6 = 1,705.

[lo 1a6n. 19 (B40, A= 30, s = 1/400, & py>a = 0,169, ¢ = 1,705) Ha-

xonum p = 0,383. Jlns ganHoro ciyuasa ¢ (A, s, ¢) = 1,00.
HHo popmyne (88) onpenensaem

Ng = 0,8 72 Ey Yy (1400, @) /12=0,8 (3,14) 2 36103 40,681 - 10—~
x1,169 / 15 = 6,008 MH.
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KputHueckyio CHly olipefensaeM no popmyne (87)

Ny =pod (A, s, ¢) No=0,383-1,0 - 6,008 = 2,301 MH.

[Ipumep 2. Jlano: XONOHHA ¢ NPAMOYTOJIBHBIM IIONEPEYHBIM Ceye-
HueM b x h (b/h =k =0,75), pacuerHas gnuxa kononusi o= 14 M; ru6-
KOCTh A = 35; Ha KOJIOHHY [OEHCTBYET JIUTCIILHAA ITIDOIOJIbHAS CHITA

N = 0,12 MH, npuioxxeHHasa ¢ IKCUEHTPUCHTETOM €, = 2,,8-10“2 M B Ha-

npaBiieHHH pa3mepa h, kiacc 6erona B40(Ey, = 36-103 MITa); Bo3pact

OeTOHa B MOMEHT 3arpyXeHus t, = 28 CyT; ocagka KOHyca 5 — 6 CM;
OTHOCHIENbHAA BIIAXHOCTh cpednl 80%; apmarypa kiacca A-ll (Eg =
=2 +10° MIla).

Tpebyerca ONpedeNuTs pa3mMepbl NOIEPEYHOro CEeUeHUs1 M TUIOIAIb
CUMMETPUYHOHN apMAaTYPHI.

Pacyer. Pazmepsbl NONEpPEYHOro CeyeHHs OMNpeeNnsaioTca o GopMy-

nam (91):

h=L /A=14/35=0,4m; b=kh=0,75-0,4=0,3 m;
s=ey/ly=28-10"2/14=1/500;  &@=Ey/(0,8 Ep) = 2+10°
/ (0,8-36 -103) = 6,944.

CornacHo Tab6mn. 4 cN (==, 28;) =67- 1076 MITa — 1; MOJIYJIb OTKPbITOM
IIOBEPXHOCTH

M, =2(b+h) / (bh) =2 (0,3 +0,4) /(0,3-0,4) =11,67 m— 1,

Cornacho 1abn. 6 u 7 £ .= 0,788, £&5.=0,73.

c(e,28) = ¢ (0, 28) £y, £y, = 67°107 60,788 -0,73 = 38,541-10—6
MITa—1.

§=1,25Ey, ¢ (,28) =1,25 36 -103 38,541 -10~6 = 1 734.

Ilpu $ =1,734 no 1a6n. 21 onpenensem Fy, Fy, F3, F, F{ =-0,042 ‘10— 3

Fy=-3276,F3=—5,75-10">,F, = 10, 516102

[1pn HanpenHsix 3navenuax Fy, Fy, F3, Fy, s=1 /500, A = 35 1o bopmyie
(89) onpenensierca ¢ (A, s, ¢) = 0,971.

Ilo T1a6n. 20 (s =1/500, ¢ = 1,734 ) noabupaeM 3HAUECHUA D H i pq @ TaK,
YyTOGBI YIOBIETBOPATIOCh paBEHCTBO (92)

(1+up,;@ p= 1,257 \* N/ [0,8 7*E, bho ( A,5,9)] =
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- 1,257-352:0,12/ (0,8-9,8636 *10>-0,3 - 0,4 - 0,971) =0,551.
Takumu Oynyt p = 0,439, upya=0,255.

u py =0,255/6,944=3,672-102

TpebyeMas IUIOLIAb apMaTyphI OMpeaensa evcsA no dopmyne (93)

Ag= Ai=ppybh/[3,84 (1+upy)] = 3,672:1072:03 0,4/

/13,84 (1+3,672:10- % )] =11,07-10"% m2.

9. PACUET XEJIE3OBETOHHbBIX CTEPXKHEBBIX CTATUHYECKH

HEOIMPEINEJIMMbIX CUCTEM C YYETOM
TPEIIHHOOBPA3OBAHHWA U INNOJI3YYECTHU BETOHA
B NPEJINOJOXEHUU ET'0 JIMHEUHOT O IE®OPMUPOBAHUS

9.1, llpu medicTBUM HArpy3KH Ha CUCTEMY, M pa3 CTATUYECKHU HEOIpe-
HeIHMYI0, JIHIIIHHEe HEHU3BECTHbIC, CPOPMUPOBABILIHECH K MOMEHTY BpeMe-

HUA t, MOTYT ObITb HAWEHBI C MOMOMUIBI0 CUCTEMbl pa3pelialOILUX YPaB-
HEHHUH :

m %* * * * :
E—l 6.1 (1) X1 (t) + Aip (t) +A5. () =0; L, k=1-+m; (94)

8ik (1 =8 [M* (5,0),N* (5, 1),t]; AL, (1) = A} [ M* (5, 1),
N* (s, t), P(t), t];
AT (1) = A [M* (s, 1), N* (s, t),€ (1), t]; (95)

M* (Snt )=Mp (S:t) t E Mk (S)Xli(t); N*(s,t) =
k=1

=Np(s,t) + §= | Ny (s) Xi (b). (96)

3nech (94) — KoHOHMYecKHe ypaBHeHMA MeTona cwi; M, (s), Mp (s),
Nk (s), N, (s) — egunHuuHbIe ¥ TPy30BbIe YCHIIHA B OCHOBHOH CHCTEME;
(95) — ngpememennﬂ B HANpaBJICHUU i-d JIMLUIHEU CBA3H K MOMEHTY
BpeMeHH t,BbrI3BaHHBIC IEHCTBHEM COOTBETCTBEHHO CHIIhI Xﬁ (t) =1,
BHELIHEM HArpy3KH H BBIHYXOEHHbIX Aedopmanuu ‘. 3amava, OIMCHI-

118 oTHocuTenbHO KOPOTKHX CTepXHel a9TH

NepeEMEILICHUA 33aBUCHAT
Takxe oT Q*(t) (cm. m. 6.6 HacTOALLMX PexomeHparnit) . pEME 8
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Baemasa BbipaxeHuaMH (94), (95) u (96), ABNACTCA HEIHHEHHOH W
MOeT ObITh pellieHa, B OOLIEM Cllyuae, TOJIbKO ITpHOIIMIKEHHBIMH METO-
MamHu.

Tax Kak B pacCMarpvBaeMol CUCTEME MMEKT MECTO TPEUIMHOODOPa-
30RaHME M TIOJI3YYECTb, TO JKECTKOCTH €€ 3JIEeMEHTOB [a CJIe[IOBATEIbHO,
u mepeMellieHHs (95) | 3aBHCAT OT BeMYMHBI BHYTPEHHHX YCWIMH U
XapaKTepa H3MEHEHHS UX 32 IPOMEXYTOK BpeMEHHU t — 1.

9.2. TIockoONBKY XECTKOCTH OKa3bIBalTCA B ODILEM Cliydae Iepe-
MEHHBIMH IIO [IJIMHE CTEPXHEH, U3 KOTOPBIX COCTOMUT CHUCTEMAE, TO A
BBIYMCIIEHUS TEPEMEILECHHMA CTEepXHHU, KaK IpaBWIO, pa3OMBAKTICA Ha
YYaCcTKH, B Mpeaenax KOTOPbIX MXECTKOCTH MOXHO CUMTaTh IOCTOSAH-
HpiMH. Jedopmauun, 0OyCIIOBIEHHbIE U3rHOOM, ONpPENENnATCS TOTHa

o GpopMyJiaM :
U 1

8';1( (t)y= Z 1/ B; (t) ﬂani (s) M (s) ds;
n =1
. U N L
Nip ()= Z UBy (1) [Mi(s) Mp(s)ds, 97)

rae U — o6uiee uncrio yuactios, 1, — mmuma n -ro yuacrxa,
By (1) =By [M* (s,t), N* (s,1),t | — (98)

YCIIOBHaA JJIHTCIIBHAA )KECTKOCTh B Nnpeaeiiax 7M-ro yyacrka, Koropada
ONpCACIIACTCA C YUYeTOM HU3IMCHAKUIMXCH BO BpPCMCHH BHYTPCHHHX YCH-

nud. Ee npubnmkeHHO MOXHO HaWTH KaK IHONYyCyMMY COOTBETCTBY10-
KX JXECTKOCTEH, BBIYUCIICHHBIX B Ha4ajie U B KOHIE N-rO Y4acTKa.

9.3. IIna pacuera CTaTUYEeCKHU HEONpPEHEIMMBIX CHCTEM C YUETOM H3-
MEHEHUSA XECTKOCTEH M YCHUIIMA BO BPEMEHH MOXET ObITh NpPHMEHEH
LLIArOBBIX METOM, OCHOBAHHBIN HA MOCIIEOOBATEIBHOM OIIpeOelIEHUH JTUILL-
HHUX HEHU3BECCTHBIX B 3aJaHHbI€ MOMEHTHI BPEMCHH 1,4, t1s %o TORPIPUIE & JApO
ty = t. llna mMomeHnTa BpeMeHH t; cucTeMa KaHOHMYECKHX YpPaBHEHMH
3alMCpIBaeTCA cornacHo (94), Ho C 3amenoH t Ha t;. Ilpepnonaraercs,
UTO B NPOMEXYTKE BpeMeHH t — t; BCe XapaKTepUCTHKH /1ePOPMATUB-
HOCTH OCT3ITCA MNOCTOAHHBIMH U pPABHBIMM BBIUMCIIEHHBIM HA TIpEObl-
nyuem 3tane. B nesbix uactax dopmyn (95) u (97) t 3ameHsAercs Ha
tj, a B IpaBbiX — Ha tj_); B dopmynax (96) t 3amensiercs Ha t;. Ha
KJa)mc)M 3TANE¢ BO BPEeMEHH pelIaeTCcs 3aada pacyeTa CHCTEMBI C XKeCT-
KOCTAMH, 3aBUCALWMMHU OT NCUCTBYIWOIMX YCWIHH, I Yero MCIHOJIb-
3YETCA METOM UTEpPaLMH.

9.4. Ilpu pacuere ‘TaTMueCKH HEONpPeNE/IMMBIX CUCTEM Ha CTalMO-
HapHble BO3JCHUCTBUA [OINYCKAETCs MCIOIb30BaTh CNOCOO YCpeOHEHUsA
YCHIIMHA, KOTOPBIH COCTOUT B TOM, UYTO [isi BbruMcieHus B (t) BHyTpen-
HUE YCHUJINA NIPUHHUMAKOTCA CTAUMOHAPHBIMU U PABHBIMHK
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M* (s,t) =0,5 [M (s, ty) + M* (s, 1) ];
N* (s, t) =0,5 [N (s, ts) + N* (s, t)]. (99)

ITH BeJTMYMHBI NMONCTABIAKTCA B IPaBYIO YacTh BhipaxeHus (98).
Ecny miA KaKoro-nubo yyacTka 371EMEHTa, Ha KOTOPOM HMMEKTCHA Tpe
IMHBI, OKAXETCA, YTO

IM* (1) | < [M* (to) | 6o [M, (1) 1 < IM, (tg)) (100)

(cMOTps IO TOMY, ICHCTBYET JIX TaM U3THO WIH BHELEHTPEHHOE CXKaTHE),
TO €ro JUTHTENIbHAA XECTKOCTh BhIUMCIIAeTCs He mo M* (t) u N* (t), a o
M (ty) N (t,).

Ecrnu pacCuMThIBAETCA CTATHUECKK HEOMpenenuMas CUCTEMA, 3JIEMEH-
Thl KOTOPO# paboTaloT Ha u3ru6 (Hanmpumep, OATKa Ha XKECTKHX ONOpax
UMM Ha AehOpMHPYEMOM OCHOBAHHH), TO KECTKOCTU MOXXHO OIpefle-
JIAATH B COOTBETCTBHH ¢ ykazaHuamu n i, 7.10 — 7,12,

9.5. AIropuTM pacuera, ONMCAHHOIO B M, 9.4, COCTOMT M3 ABYX
ocHORHbIX 3TanoB (I u If) (puc. 1). T 3Tan oTHOCUTCA K MCMEHTY Bpe-
MEHH t,, a 1l — k MomeHTy z. Oba 3Tana HMET CXOJHYI0 CTPYKTYpY.
lIpun BeimonHeHuw T 3Taga AoJkHBI OBITh 3amaHbl Heleped HAuabHbIC

XKECTKOCTH |mMaccuB B (0) (t,)]; ¥XMOXHO NpHHATH, HATIpUMED, KaK
JUIs1 CHCTEéMbBI, paboTaloluent 6e3 TpewinH. I1o Hum, ¢ npuMenenuem  (97),

cocraBnserca cucteMma (94), pelieHue KOTOPOH AaeT x'% gto) ; 3aTEM 11O
(96) HaxoOATCs BHYTpPEeHHHEe YCWIMA [ MAacCHBBI MTO (to), N (0)

(to)1. Mocme npoBepkH TPeMHOCTORKOCTH B KH)KHE){V)[ pacyeTHOM Cé-
YeHUH BBIUMCIIAITCS M3THOHbIE )ecTKocTu [Maccus B (to)] 5 mo xo-
TOpbIM CHOBa cocTaBnsAercs cucremMa (94), BBIYUCHAIOICA 3HAYEHUsA
xf() (to) u 1.1, Ha xaxnom iuare HHESS)&IIHOHHOI‘? qﬁlpouecca (npn Q=
2 1) HyXHO nonyueHHbie ycwius M (ty), N () CPaBHUBATH
TeM MIM MHBIM criocofom M (G- (t), N@ - D to) , HaHICHHDI-
MH Ha npelpiayiieM uare. Ecnu nonyueHHas OTHOCHTENIbBHAA ITOTpeLl-
HOCTb HE NPEBbIMIACT 33JdHHOH BEJIMUMHBI W, TO Ha JaHHOM 1lare HTe-
PAUMOHHBIM MPOLECC 3aKAHYMBACTCS, U PE3YIIbTATOM €ro ABJIAKTCA YCH-
ma M (t,), N (t,) mxecrkoctu B (15 ).

Ilpu Boinonmnenun I1 sTama pexoMeHOyeTcst NpenBapUTENBHO npu-
HATb HauasIbHbIE IJTUTENbHbIE >KkecTKOCTH B*(0) (t) B npeanonoxeHuu

CTCyTcTBMA TpewmH. Ha xaxgom g-m 1lare urepallMOHHOTrO Ipouecca
nposepsaioT ycnoBue (100), M ecrd OHO He BBIIONHIETCS, TO BbIVIIC-
JIAX0T YCPeIHEHHbIE YCWIHA

M*(D (1) =0,5 M (tg) + M*( 3= 1) (1)1 §+(@D (1) = 0.5~
[N (to) +N* (@~ 1) (1 (101)
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- =0 12
Haaxayewne B* (0) (1) 3

| JTan

PacueT Ha KPATKOBPEeMEHHOE
NEeHCTBHE Hargvyalcu Onpenenexue

M(tg), N(tg

Cocrannenne u perueHne
CHCTeMbl (94)

BBLIYHCIIEHHE x:(CI) (t)
1l aTan

PacueT Ha AIHTENbHOE IEHCTBHE Bermicnenne M* (@) (1), N*(9) (1) 5

Harpy3kHu OnpeleneHune

M* (1), N* (1)
‘ :
100)
6

Brrustcnenre 7
M* (@ (1), N*(@ (t) no (101)

Puc. 1. OOwas cxema anro-
PUTMA pacyeTa CTaTHUYECKH HEOT-
peaeuMOf CHCTEMBI C YYETOM lposepka TpernocTofkocTH 8
TPellIHHOO6pa30BaHusE U TOJ3Y- W Bbrmcnenne B 197 1) (1)

YCIH IIpA IIOMOUIM YCPCIOHCHHA
Her 0 9
fa

YCHITHH BO BpeMcHHU
BoraHciiewne 10
OTHOCHTEIIBHOH NOrpetiHocTH A
Ha
)
11
H

L
11

€1

M* (1) =M" (@D (1)

Puc. 2. Cxema || 3Tana pacue-
Ta CTaTHYeCKH HeonpeaenuMon
cucTeMsbl 1...14 — BGHOKH CXeMbI

[I1pumeuadue Inaino-
JIYYeHHSI CXeMbI | 3Tana HyKHO
HCKIIOUWHTE OMOK 5, 3aMeHUTH
B Onoke 6 BbIpaxenue (101)
Ha (102), onycTUTh MHOEKCHI *
M 3aMeHHUTh ! Ha [

13
N*(t) = N* (@) (1)

a MO HHUM, C YYETOM MNON3Y4YeCTH, OIpenensitoT MacCHB B* (q+1) (t).B

octanbHOM 1l 3Tanm pacuera He ornuuaerca or I. Cxema Il 3srtana moxa-
3aHa Ha puc. 2.
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JI)is TOBBILUEHUSA ycmﬁtuoc(m ETI AIIHOHHOI O MpOLECCa PEKOMEH
q

x}ﬂ/eTCH BbIUMCIATE Xectkoctu B (tn) He 110 REeIITUUUAHAM M(q.]
O :N(Q) (to) * 3 II0 YCPCIHECHHBIM 3Haqe1m}m

M@(to) =0,5M Dt )+ M@-1D (1)]; ND (1) =
=0,5 [N@ (1) +N @=1) (1)]. (102)

9.6. Ecmv cratuueckd Heonpefenumas CUCTéMa COCTOMUT H3 IipeN
BAPUATENIBHO HANPKCHHBIX 37IEMEHTOB, paloTaruMx OpH 33JaHHOK
Harpyske 6e3 TpeutnH, 10 dopmynsi (97) ynobHee npenacTaBAATh B BHIE

u 1a .
5?1( (1) = 2 g [M; (s) / rg (s, t) 1ds; Ajp (t) =
=]
u 1, ’
= X J [Mi (s) / r} (s,t) ] ds, (103)
n=1 g p

TIe llrléfP (s, ) u 1/r7 (S, 1) — KpHBH3HBL, BLI3BaHHBIE [UTHTENBHLIM HEHCTBUEM
COOTBETCTBEHHO *K =1 u BHeuwHeli Harpy3kKu # OIlpefenseMbie COTTIACHO YKa3a-

HuAM M. 6.2, 6.3, [Ipu ucnone30BaHUM JIMHEHHON TeOpHH IOJI3yUYEeCTH 3TH KPpHUBHU3-

%
HBI, 2 CIeNOBaTeILHO, U Sik (1), Al'f, (1) He 3aBHCAT OT BENWUUMHBI BHYTPEeHHHMX

YCUNIHH; TOTOAA 3aJavya olpeaeNneHHs] JTAMIHUX HEH3BECTHBRIX pellaeTcAd 6e3 nmpume-
HCHUSA METOM2 UTEpAllyi,

9.7. Pacuer xene300€TOHHBIX OaJIOK Ha [ePOpMHPYEMOM OCHOBA-
HUHK BeHETCA NPH CIELYIOUWMX IIPeaIOIOXKEHUAX:

a) Oanka MMeeT NMPAMOYTroNbHOE, TABPOBOE UIIU IBYTaBPOBOE (KO-
pofuaToe) MoNEpeyHOe CeUeHUE; pasMephl ero (Kpome IIMPHUHBI HOZOMUI-
Bbll) MOT'YT H3MEHATHCA IO [IJIHHE 0anKH;

6) apmaTypa HeHalpsAraemasi; IUIOINaLp €€ IONEePEeYHOTO CEUCHHSA
MOXKeET OBbITh NIEPEMEHHOH MO [IJIHHE;

B) pacueTHas MOMEb OCHOBAaHUA MOXeET ObiTh pasnUYHOR (OZHOPO/I-
HOe WIM HEOJHOpPOAHOE OCHOBaHHE, XapaKTepudyeMoe KO3(pdUuIydeHTOM
nocrenu (BUHKIIEPOBCKOE), (omHOponHas nedOpMHUpyEMas MONYIUIOC-
KOCTh WM TOJYNPOCTPAHCTBO U T.H.); AeOpMHpPOBaHHE OCHOBaHUA
OIUCHIBACTCAH NMUHENHOU TEOPHUEHN NMOJI3YUECTH,

r) cBA3HM OanKU C OCHOBZHHEM CYMTAIOTCA MBYCTOPOHHUMH H BOC-
[IPUHUMAIOIIMMU TOJIBKO HOPMAaJIbHbBIE HANPAXKEHUA

1) HATPY3Ka MOXeET ObiTh KaK KPAaTKOBPEMEHHOH, TaK U [IJIUTEIIb-
HO [€UCTBYIOLICH CTAlMOHAPHOM; BO3MOXHO ITOSABIICHHE TPEILHH.

9.8. IlpuHaTa nMcKkpeTHas pacuetHas cxema: Galika pazGHBaeTcs Ha
m + 1 yyacrox miHHOM ¢ (pHc. 3, 2); CBA3M MEXOY BalKOH u OCHORA-

HHEM M BHEILHHE HArpy3KH CUMTAIOTCA COCPEHOTOYEHHBIMH Ha I'paHHLAX
3THX Yy4acTKCB (puc. 3, 6). Xectkocth Ganx¥ B Npenenax KaxIoro

1
st Cimyyast BUHKIIEPOBCKOTO OCHOBAHUS 3TO OIpaHUYEHHE MOXET BBITh CHSI-

TO,
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Pyuc. 3. PacueTHas cxemMa Ganky Ha ynpyromM OCHOBaHuUK
@ — CXeMa Harpy3ku; 6 — pacyeTHas CXeMa, € — OCHOBHaf
CHCTEeMa

Yy4aCTKa CUMTaeTCA NOCTOAHHOH. OCHOBHAs CUCTEMa METOHA CHJI ITOKa3a-
Ha Ha puc. 3,B. Cucrema ypaBHeHui (94) B marpuuHoit dopme 11 Mo-
MEHTa BpeMeHU t uMeeT BUJI

5% (t) M* (t) =—A* (t); 8% (1) =8 (1) +85 (1). (104)

b
3oece M* (1) — BeKTOp HeH3BECTHBIX MOMEHTOB; A% (t) — BekTOp
TPY30BbIX JIepeMEIUEHUH, 3aBUCAIMH (I NPHUHATOH OCHOBHOM CHC-
TeMbI) TONBKO" OT gedopmauu ocHoBauua;, 6* (t) — marpuua emuHUY-
HBIX nepemeieHud; Marpuua &F (1) 3asucur or mepopmamn Gankuy,
a dy (t) — ot pgepopMalH OCHOBAHHSL.
Cucremy (104) MOXHO npeicCTBHTh B BHJIE

[D1 (t) +Dy] M* (1) = p; (105)
D] (1) =Dy () 3 / {6Byw [ 1+, (1, t0) I} (106)

rge B, — MPOU3BONBHO NMPHHATAA BEeNWUMHA, UMEOLIAS Pa3MEpPHOCTb KECTKOCTH:
Y (4,1,) — XapaKTepUCTHKa ION3yYeCTH OCHOBAHHA; W — KO3GbOMUIMEHT, 3a-

BUCALME OT pacueTHoO# MOIeNnH OCHOBaHHA (Tabn. 22). Marpuna Df (1) cum-
MeTpHYHa H COCTOMT M3 dneMenToB BHaa i1 (4, k=1 — m), npuuem

dii O =2[7 O +1f+1 Oh d& ;01 O =75, @®); (107
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npu k >i+] di () =0.
3mecs (1) =2Bo/ [ 1/B] (t) + 1/Bf +] (1)], (108)

roe B{(t) u Bj',; (t) — ycrnoBHBle mnuTenBHBIE KeCTKOCTH Gaiku B i-M X
i+ 1.Mm cevenunax.
Marpuua D, Takxke cHMMeTpH4Has, COCTOMT U3 JIEMEHTOB BH/IA

k=P k-274F k-1 +6F —4F 1+ 1*Fix+ 2 (q00)

i, k=1+m.

9.8. beapasmepHble BeTMUMHBI Fjj 3aBHCAT OT PacueTHOM MOMENH
OCHOBAaHHA Y [aHbI B TabI. 22.

BekTOp p COCTOMT U3 JIEMEHTOB BHA
mi+

p;=¢ _1--2.':} (Fi-—l,j‘“ZFij—Fi+1,j)Pj’i=1“m- (110)

I8 BUHKIIEpOBCKOr0 OCHOBaHHs
fii=6; fj i+ 1=—4 fijr2=1 mpu K>i+2 fj=0

fik = fii ; pi= ¢(=Pji_1+2p;—p;41) »W=kebe, (111)

rae ko — KO2PPUUMEHT XECTKOCTH OCHOBAHHA, T.C. HAIIpsKeHHe, BhI3hbIBaloLlee
eIUHHUYHYIO OCAIKY, D — HIMpHHA NOHOUIBEI 6rIKH.

9.9. Ilpu pacuere ucrnonusyior crocof yCpenHeHWst YCWTHH
(m. 9.4 — 9.6). BHavane NMpOH3BOOAT pacyeT [UIi MOMEHTa BpeMEHH
t o ¥ NPHHUMAKOT ¢ = ¢, =0.

Ha xaxmom ulare uTepauuy pemiaioT ypasHeHune (105):
M@ (tg) == DA~ Dt +Dy1 ~ 1. (112)

I 1ocTpoeHHss MaTpHLBI D,!(q —1) (ty) HCHONB30BAHBI XECTKOCTH,
MONy4YeHHbIE Ha npeanaymieM uiare. Jna MoMeHTa BpeMeHH t aHaso-
THYHO

W@ ) =~ (V1) + py 17 I (113)
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Taobnuma 22

PacyeTHast MOJIEND W F:x
BHHKJIEPOBC- HEOHO POTHOE /kobc k;/_koi npu 1=K, Onmpn 1#K
KO
OCHOBaHHe OHOopOOHOE I/kybc lnpu ini~k; Ommi#k
( K()i — kO)
Hedopmupyemas 1/ TESb ~(2u+1) Inf2u+1/+(2u—1) In/2u—-1/
ROJIYIIOCKOCTE
— ; - .
HedopMupyemMoe [Inockas (1 - bo )/ mE ob
HONYHPOCT- nedpopmannd TO XKe
PEITIRO I (1—-p2) /mEc I 2 2
AHCTBECH- —
e mamprKeNHo- o) [TEo __{mt [V* (1+gy)(1+g) |/ (A= 1) | +
nedopMHpOBaHHOE v
COCTOSTHHE

+2u In| [(1+g)(2u— D]/ (1+g)(2u+1) | +

+vin(dy+gy)/(da+gp)}

g1=Vdi+1; gy=vd3+1; dy=(2ut1)/v;

dy=(2u—-1)/v; v=>b/c

Ipumevanue. Ky; — KooDUUKEHT XKeCTKOCTH [N i-# Touku; u= [i— k/; E,, U, — Mooymp pedopmanuy K

N
0  Ko3pduumeHT [lyaccoHa 0 CHOBaHHA.



KecTkoCTH, HEODOXOJUMBIE INIA HAXO0XIEHUSA MAaTpHULBL D;"(q"'l) (1),
OIpeaeNsaioT COrNacHO YKa3aHHAM IT. 9.5.

9.10. Benuuuubsl Mopyna pedopmauuu ocHoBanua E, B CHull
2.02.01 — 83; 3naueHus Ko3p(PHIMEHTa XECTKOCTH BUHKIICPOBCKOrO
ocuoBanus onpepensaior no CHull 1[-8 — 78; xapakrepuCTuky Mnoji3sy-
YyeCTH OCHOBAHMA JONYCKAETCA BBIUMCNATD 110 POpMYJTIaM:

0y (1, to) = (ug Spc/S) — 1 mubo ¢q (t,ty)=(uy Eg/Eny) —1(114)

rne, cornacHo CHull 11-8 — 78, EHJI — MOOYJb JUTHTEJIBHOR nedopma-
LUK, Sp. — NONHOCTHIO CTAOMIIM3MPOBAHHAS OCafKa OCHOBAHUA, S —
MOJHAA OCafKa, Uy — (QYHKLMA, XapaKTepU3ywIilasd MOJIUTEIIbHOCTD [ie-
¢dbopmManun OCHOBAHHUS.

9.11. [lo HaupeHHBIM U3rUOAIMM MOMEHTAM MOXHO ONPENEIHTE
OIOpHbIC IAaBJIEHUA B [MOOOLIIBE OANTKH

qj= (Mj _ 1 —2M; &+ Mi+1)/ ¢ + Pi/c,riei=1—m. (115)

s i = 0 u npuHKuMaetcst cooTBercTBeHHO M; _ 1 =0uM; 4 1 =0,
a 3HaueHue, OJIyYeHHoe ¢ moMoipio (115), yMHoXaeTcd Ha 2,

[Tpumep 1. Pacuer xenesoberoHHOM Oanku Ha JePOpMUPYEMOM
OCHOBAHHH -

Jlano: xenezoOeToHHaa Oanka, Jiexaulas Ha rpyHre (puc. 4, a).
huna Ganku b= 18 M; ceuenue npamoyronstoe: b = 0,8 M, h = 0,6 Mm;
a= 0,05 m,2’'= 0,035 m. Marepuan 6anku — GeroH Bl5, ectecTBEHHOTO
TBEpPIIEHUSA; B COOTBETCTBMU C pasj. 2 Haipeno: Ep = 23 + 10° Mila,
¢ = 1,716; cornacHo CHull 2.03.01 — 84, Ryt 5or = 1,15 MIla. ApMma-
rypa knacca ALl Eg = 2 +10° MIla; a = 2-109/23 +103 = 8,70. [lua-
METp HHXXHEH apMaTypbl — 28 MM, BepxHedn — 22 MMm. Bennunnbl Ag u
A’ npuBenens: B a0, 23, OcHoBaHUe — QIIOBHOTIAUMAIBHBI CYTIIH-
HOK, TIpedeNbl HOPMATHBHBIX 3HaueHu# koHcucTeHimm 0,251y <  0,5;

Taonuma 23

, - SR — - — u e
N° Ag M2 Ag M2| U 1 WPLM3 wprB Mﬁ‘C‘ Mcrc >
y4acT- ; ; MH-m MHMm
Ka

R | — _ — —

1-4,4926x -  00] ~ 0,224 - 0,1408
9y—12 x 1073 02
5 - 8§ 24,634); — 0,0051 — 0,1032 — 0,1187

x 107
1-3, - 1520x —  0,0032 - 0,0960  — 0,1104
10-12 x 1074
4 -9 — 30,41x — 0,0063 - 0,1071 — 0,1239

x10~ 4
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Puc. 4. PesynsTarhi pacucTa Danku Ha YIIpyTOM OCHOB aHHU

@ — pacyeTHas cxema & — 3mopa H3I‘H6&E}LUHX MOMEHTOB ( Mi,
—— M -—MLﬂpH =2,4; -x-x- npu ¢, =0); 8 — amo

pH ¢ ) — pa CHJI oTropa
PP}’HTﬂl( 4y ; t:%l]'_; Q'[B ¢ — H3MEHEHHE XEeCTKOCTH OaIKHU

(—-.-By; — BL)
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K03 puumeHT nopucrocty 0,75. Monyns nepopmaid oCHOBaHHUA E =
= 17 MIla, npnutensHbI MOAYb AedopManuy E o = 5 Mna, Mo =(),35. .

IpunsATas pacueTHas MOME/Ib OCHOBAHHMA — IePOPMHPYEMOE IIONTY-
NpOCTPaHCTBO. BennuuHa KparkoOBpeMeEHHBIX Harpy3ok P, = 0,15 MH;
IITMTENBHBIX ¥ NOCTOAHHBIX (B cymme) — Py = 0,65 Nﬁ-l KoHCcTpyK-
M OTHOCHTCA K JIl KaTeropuu T1peliMHOCTORKOCTH.

Tpebyerca: 1) Onpepenuth U3rubaroMe MOMEHTHI B Dallke U peaK-
LM OCHOBAHHA OT KPaTKOBPEMEHHOIrO HEHCTBHA Harpysok P + Py u
P, a TakXKe OT [JUTHTENIBHOTO NEeHCTBHA HAarpy3ok Py ;

2} onpenesiMTh LIMPUHY PACKPBLITHA TPeWMH H HAIPSXKEHWA B ap-
Marype TIpM HEUCTBMM TeX JKe Harpy30K U IPOBEpHUTh LUMPUHY KparT-
KOBPEMEHHOIO U IJIMTENHHOTO PACKPHITHA TPEIIHH.

Pacuer. Ilo ¢opmyne (114), nonaras gns t — t, —> < ug = 1, Ha-
XOmMM ¢, = 1 - 17/5 — 1 = 2,4, PaGouyne BbIcOTHI ceuenur: hy = 0,6 —
— 0,05 = 0,55 ™m; h, = 0,6 — 0,035 = 0,565 m. CornacHo Tabn. 15,
hy = 0,25 M, hy = 0,265 ™, py =3,083; P~ = 3,341, llnacruueckue
MOMCHTBI COINPOTUBJIEHUA [UIA HUXHEIO M BEPXHEro KpauHUX BOJIO-
KOH .HaXOOATCA 110 (pOpMYyIIaM COOTBETCTBEHHO f
Wop = (0,292 + 15 pa) bh2 y Wi = (0,292 + 1,5 p'a) b h? (cm. mpn-
Mep 1 pa3d. 6); 3HAYCHHA UX HprIBgJIEHbI B 1a0n. 23. Tam xe gaHml 1o-
JIOXKHTENIBHBIE U OTpUHATEIIbHBIE MOMEHTbI TPELIMHOOOpa30BaHMA
M. = Wi R t.ser 4 Mérc = W'L Ryt ger- Bpiuncinaem A = 0,48 Mz,
Jp = 0,014% M* M 3agaem B, = 200 MH- ’f

IIna pacyera 6ajika pazbuBaercs Ha 12 y4acTKOB UIMHOM 1, 5 Mm;
HEM3BECTHBIMU METOIAa CHJI ABJISIOTCA M3ITrHO3ollIMe MOMEHTBI B ceye-

HUax 1 — 11

Huxe npuBogsarca pe3ynbpTaThl pacyeToOB, BhIIIOJIHEHHBIX B COOT-
BETCTBUU C METOOUKOM, ONMCAHHOHW B pas3ld. 9, NpHu MOMOIIM NMpOrpam-
MbI, cocTaBlieHHOH B OWCH Ha a3pike POPTPAH OC EC.

Ha puc. 4, 6 noka3aHa smiopa KM3ruOammx MOMEHTOB IIpH Kpar-
KOBPEMEHHOM W [UIMTENIBHOM J[eHCTBUM Harpy3ok Py (Mp 4 My), a
TAKXe NpH KpPaTKOBPEMEHHOM MAeHUCTBUM P[, HO B IIpeQIIONOXEHHH,
yro Oanka paGotaer Oe3 TpemmH (MO). Ha puc. 4,8 tipuBeaeHsl amio-
pbl peakumi ocHoBanus q°, qp M qi, COOTBETCTBYIOLIME TEM K€ BO3-

OEeUCTRUAM; Ha puc. 4, 2 — rpaduk pacipedesieHUd U3TUOHBIX XKecT-
KocTeH By H Bf, NpU KPAaTKOBPEMEHHOM U [UIMTEJIBHOM IOEUCTBUH
Py, mnpuuem, B 3aBHCMMOCTH OT 3HaKa MOMEHTA, NOKa3aHbl XECTKOC-
TH, KOTOpble COOTBETCTBYKT IIOJOXHUTEIBHOH JIMOO OTPHUUATEIIbHOM
K pUBHU3HE.

B T1aGn. 24 npuUBOOSTCA BEIUMYMHbI U3rMOAOUMX MOMEHTOB, UIH-
PHUHbI PACKPBITHA TPEUMH H HaNps)KeHUA B apMarype y pacTAHYTO-
roO BOJIOKHA B PaCyYeTHBIX CEUEHHMAX: a) IPU KPAaTKOBPEMEHHOM [ICHCT-
BUU MONIHOW Harpy3ku, 06) INpH KpaTKOBPEMEHHOM [OEHCTBUM Harpy-
30k Py; B) npu AnUTENpHOM HEHCTBMM HAarpys3ok PL C YYETOM TOJI-
3y4yeCTH MaTeprana OalKH W OCHOBAaHHA, 2) TO Xe€,C yueTroM TMON3Y-
YeCTH TOJIbKO MaTepHasia 6anku.
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U3 npuBedeHHBIX pPe3yJbTATOB BHOHO, YTO TpPEeUIMHOOOpa30BaHME
NPUBOAUT K TMafeHHI0 MOMEHTOB II0 CPaBHEHHIO C OTCYTCTBHEM Tpe-
IIMH, a NOJI3yyecThb Marepuana OaliIkM H OCHOBAHHMA — K HX BO3pacra-
HUlo. YMeHbIIEHHMEe MOMEHTOB CONPOBOKOAeTcA O0lee 3aMETHBIM COC-
pPEOOTOYEHUEM pPEeaKIMA OCHOBAHHUA B OKPECTHOCTH TOUEK ITPUIOXEHHSA
HArpy3oOK, a YBEJIMUEHHE MOMEHTOB — BbIPABHHBaHHEM IMIOPHI [IaB-
JICHUH. Hpouecc NOJI3YUECTH IPUBOAUT K YBEIHYEHHIO MAaKCHUMAaJIbHBIX
Hanps>XEHUH B apMarype Ha BENMUUMHY 10 23 %, a MaKCHMAIbHOH IIH-
PHHB! paCKPBITUS TpelMH — 110 - 69%,

Ha puc. 4, 6 v B Tabn. 24 pgaHsl Tak)e pa3yNbTaThl pacyera B Ipep-
NIOJIOXKEHUM, UTO IONI3YUYECTh OCHOBAHMA OTCYTCTBYET (UTO MMEET MECTO
IJIA [eCyaHbIX TI'PYHTOB). B 3TOM CITyvag NONIYuecTs MaTepyuana Oarky
IPUBOIMT K YMEHBUICHHI) 3HAUECHUM ML, Qore3 M US 10 CpaBHEHHIO C
ML’l CrcCz? Us'

B cOOTBETCTBUM C yKa3auuaAmM 1. 7.16 BbiuMCiieHa MakcCHMalibHas
[UMpHUHA PacKpbITHA TpeiuMH. llUpHHA KPaTKOBPEMEHHOTO DPAaCKPHITHUA!
ana t =14 @eye = 0,20 MM, g1 t =+ ... =0,20- 0,16 + 0,27 =0,31
MM. ]JIHpHHa IUIHTENIBHOTO PACKPhITUA &y = O 27 MM.

[locnepuue faBe BeWUMHDLI, HaWifiCHHbIE Hpu nomoum nm. 4.14 #
4.15 CHuII 2.03.01 — 84, paBHsI coorBeTcTBeHHO 0,56 1 0,30 MM.

Taﬁnnua24
N Py + Py =0,85 MH PL—-O 65 MH
Ccyc- i ~— - y —— — — —""r —————
At M (s+L), %orel Og M1, Corens Og
MH-wMm MM Mlia MHmMm __l MM MIla

- _ _ L

2 0,5951 0,2 266 0,4851 0,16 219

6 ~0,2 0,12 148 ~(0,1623 0,1 128

ITpodoaxcenue a6, 24

PL=0,65 MH, ¢,=2,4

F-'—I-IF'“--—-—T--—I

ceve- —=——=— —
g ML~ | Zopc 3 Us=
MH-m MM Mlla
2 00,5436 0,27 26_9“_ -
6 — 00,2276 0,19 177

— -l

MJ,
MH -m

0,4371

~-0,1184

P1,=0,65 MH, ¢5=0

ﬁ.
Qere3s Og >
MM MIla
0,22 216
0.1 95
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10. ONTPEOEJIEHUE XECTKOCTHU U ITPOT'UBOB
CTEPXHEBbBIX XEJIE3OBETOHHBIX JJIEMEHTOB C YYETOM
HEJIMHEUHOI'O JE®OPMHPOBAHHUS BETOHA

10.1. PexoMmeHayeMas METOUKA pACUYETa OTHOCHICA K CTEpXKHE-
BbIM M3rHOaeMbIM 3J1eMEHTaM, CEUCHUA KOTOPBIX CUMMETPUUHBI OTHO-

CHTEJIBHO BEpTUKAJIbHOM OCH (pHC. 5).
10.2. XecTtkocth CeUeHUM B MOMEHT BpEMEHH t HpH [JIUTENIbHBIX

CHUJIOBBIX BO3[IeHCTBHUAX ONPECAECNAIOT 10 GOpMYIIE

D (t,ty) =k (t—ty) Dy (t,t5) < 1 — {1 =D.gin (t, tg)/

(116
/ Tk (¢ = tg) Do (&, tll [ MMyay (& to) 1} > )

3mece kK (t — ty) — KOpPPEKTHPYIOLUMH MHOXHTEINb, 3ABMCAIMH OT
NPOOOIDKUTENIPHOCTA [EUCTBUS HAarpyskud M IIpUHMMAEMbIM 110 Tabl.
25; Dy (t — tg) — XKEeCTKOCTb CEYEHHA JJIEMEHTA B MOMEHT Bpeme-
HA t IPU MOMEHTE HATPYXEHHA to B MIPEONOJIOKEHUM JIMHEHHOU 3a-
BUCUMOCTH MEXIOY HanpsoKeHUAMH U OedpopMalMAMH U OTCYTCTBHH
TpelMH (HyJIeBOe HampsikeHHOE COCTOsHHE); Dmin (t, ty) — Munu-
MaJIBHOC¢ 3HA4YCHHE XEeCTKOCTM CEUCHHA B MOMCEHT BpeMEHU t M Haua-
JI€ HarpyXeHHsa t, B COCTOSHHH, NMPEOIIeCTBYIOIIEM €r0 paspyUIEHHIO

(IIpemenpHOe HANpAXEHHOE COCTOAHME); M — u3rnbamolumii MOMEHT OT
BHEILHEH Harpy3ku. s H]ienBapmeJIhHO HaIpAXEHHBIX 3JIEMEHTOB
;

M =Mg —Po {dp — 95 (t: tp)

rae Mg — uarubamommit MOMEHT OT nomnepeyHol Harpy3Ku, P, — ycuiue mpensapy-

TENIBHOTO 00XaTHuA, onpedensieMoe ¢ y4eTOM HOPOSABIIEHHA BCEX BHOOB NOTEPH;
dy, — PACCTOAHHE OT TOUKH MPWIOXKCHHA YCWIHA NpPeABAPHUTENBHOTO oOxarus,

H{JHO)KeHHe KOTOPO# clieflyeT onpenensts B cooTBercTBHU co CHull 2.03.01 — 84,
J0 KpaiHero BOJIOKHA CXaTo# 30HBI OeToHa; q, (t, t o) — DAacCTOSHHE OT LeHTpa

TAXKECTH TNPHBCOCHHOI'O CeyYeHUsI OO KpaHHEero CXKaToro BONMOKHAa, BBIYNCIACMOE
cornmacHo n. 10.4;

M ax (T, to) — OpenenbHbId U3rUOAILMH MOMEHT, BOCTIPHHUMAEMbIH
CEYeHUEM U OTIpeIeIAeMbId B COOTBETCTBUM C YKasaHuaAMHM 11, 10.13.

Tabnuua 25
I[IpoIomXUTENIBHOCTD HeHCTBUA Harpy3ku 1 —t,, CyT
Kospduuuenr |--— _ —— _
0 10 40 60 u Bonee
K (t—-1tg,) 0,8 0,95 0,98 1,0
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Puc. 5. PacuyetHas cxema morepey-
HOTO CCUYCHUA DaTky

10.3. Kecrocrs Dy, (t, ty), mis NpAMOYTOJIbHBIX H TaBPOBBIX Ce-
YeHUH C TIONKOH B cma'ron 30HE ONpeieNAT o GopMyIIe

Dy (t,to) = Dob,c (tto) + Dob,t (t,to) ¥ Dos,c (t,tp)+
t DOS,t(tito) 3 (117)

I7Ie >)KeCTKOCTh CKATOM YaCTU DETOHHOTO CEYEHUS

Dop,c (t,tg) =< b xz(tsto) /3 + (bf—b) {h’fg /12 +

(118)
Fhi [Xo (t,t0) —hp/2 12} > Egp (4 ty):
XECTKOCTh PACTAHYTOH YaCTH 6ETOHHOTrO CeUeHHA
Dbt (t.to) = 1/3 [h— x4 (, t5) 1° Egp (t,to); (119)
XKECTKOCTh CKaTOH apMaTyphl
US c (t,to) =Eq As [xo (8, to) _az]2 "'Esp P X0 (t,to) —
XKECTKOCTb PACTAHYTOH apMaTypsI
os t (, to) E A [h — Xp (t, to)] + ESp Ap [h()p — X *
“(tto) 1%, (121)

B ¢dopmynax (118) — (121):

Xg (t, t5) — BBICOTa CXaTOH 30HBI B HYJIEBOM HAIPSXKEHHOM COCTOS-
HWH, OIIpeaensemMas 1o popmyiie
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Xg = (titg) = {0,5 [b h? + (b’f — b) hrfz] Eop (t:to) + Eg Aghg?
f ! ! ! / / !
t Eg=Aga tEg Aph,;,,+ESp Ap ap} [ {[bh + (bf__b)x
“h] Egb (tto) +EsAg +EgAg+ Bgp A+ B AL (122)
Egp (t,tg) — mmurenbHbiH Mogyns nedopmauki GeToHa, OTBeYalo MM

JIMHEMHOM 3aBUCMMOCTH MEXAY HANPAXEHUAMH U HedbopmanuamMd H
BbIYUCTIEHHBIH K MOMEHTY BpEMEHHM t IIpM Hauajie HarpyxxeHusa t, IO

dopmyie

Eop (t.to) = [ 1/ By (1) +C* (t,t5)] ~ 1, (123)

rie Eyy (1) — HauanbHbli MOOYNb YIPYTOCTY, yCTAHABIMBACMBIH COTTaCHO II. 2.4,

C*(t,ty) mepa nedopmaumit mon3yuectH, onpenenaeMas B COOTBETCTBUY C yKasa-
HUSMU IT 1. 3.6, 3.9;

10.4. Xectxocts D ,;, (t,t,) MUIA 1IPAMOYTONBHBIX ¥ TaBPOBBIX Ce-
YeHHH C MOJIKOH B CKaTOY 30HE ONpeaenAwT 10 GopMmyrie

Dmin (t:to) = Dmin b.c(tite) +Dg ¢ (titg) + Dot (titg),  (124)

rne Dmyin .o Dsc (B1g)s D ¢ (1,t)) — COOTBETCTBEHHO JKECTKOCTH CXKATOH 30-
HBI GETOHA, CKATOH U PACTAHYTOH apMartypel, olipefensiemMsale o GopMynaM:

Dinin b, ¢ (bto) =Ep (ttg) {bxp, (bte) /12 +

F b Xpin (Bto) [do (6 to) — Xy (bto) /2174 (Bg—b) W3/ 12+

+ (bg—b) hf [qo (tite) —hg/212% § - (125)
Ds,c (t,tg) = ﬁ; E; A,; (9o (t:tp) "‘d] 2+ B;p E;p A’p 190"
x(ttg) — 2] (126)

Ds,t (t,to) = Bs Eg Ag [hg — do (t,to) ]2 T 6Sp ESp Ap [h()p o
T q() (t:to) ]2'

B dopmynax (125) — (127):
*min (t,ty) — BbBICOTAa CXATOH 30HBI B INpENESIbBHOM HaNpXKEHHOM
COCTOAHMH, BhIUHCIIsIEMas COTJIACHO yKa3aHuaMm 1. 10.7.

4o (t,ty) — paccrosHHe OT lEHTpa TAXKECTH NPUBENEHHOrO CeueHH
10 KPauHero CXXaToro BOJIOKHAE, ONpefenseMoe 1o GopmyIie

(127)

do = (ttg) = {0,5E, (t,tg) [b xrznin (t,to) +
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+ (b~ b) hel + Bg EgAghg + Bs Eg *
“As@ + BspByp Aphop + BepEsp Ap 2/ ( By (tto) [P Xmin?

(t,to) + (0~ b) hgl + B Eg Ag +Bg Eg Ag + Bgp Egp Ap +

+Bgp Esp Ap | (128)

Ep (t,t5) — 9P EKTUBHBIA MOTyNs AebOpMalHit CKATON 30HbI BETOHA,
onpeaensieMbld o . 10.5;

B B Bsp Pgp — KOIQdHUMEHTE HenMHeRHOCTH [edOPMHPOBAHHA

COOTBETCTBEHHO HANpAraeMon M OOBIYHOM apMaTyphl, ONpeENeEssieémble
no . 10.6.

10.5. DddexTuBHbIM MORyNs AedopManni OeTOHA CXATOMW 30HBI BbI-
YUCIIAETCA TI0 QOpMYyITIe

By (t,t0) = [ (4+£0) / (3+210) | Ef (t.ty). (129)

rne f, — mapamerp, xapaxTepu3yOUMIt KPUBH3HY SMOpPHI HANPSKEHUM B CXATOM
30He DeToHa, MpUHUMaeMBbl# o Tabn. 26.

Tabnuualé

— — -  —— ——, A

K1ace OetoHa

ITapa-{ B12,5 { B1S5 B20 B25 B30 | B35 B40 B45 | B5O#n

__________ |
f, 005 o006 008 010 012 013 014 015 0,16

— apl, unilae =SS s T = — p—

Bxomsiupii B Beipakenue (129) Ep (t.ty) WIMTENsHBIH MOMYJIb
HepOopMalid KpaHHEro BOJOKHAZ CXXATOH 30HbI, OTBEYAIOIMH HEIIMHEH-
HOM 33aBHCHMOCTH MeEXJy HalnpsOKeHHs MM H JedOopMallMaMH, onpene-
JISIETCA UCXOIA U3 BhIpAXKEHUA

Ep (titg) =[ (1+ vie) /By (1) ] +[(1+ v) e (t,te) 171 (130)

rae Ko3QGUuHeHTsI Ve B V, ONpegendarTcine Tadn, 9 B 3aBHCHMOCTH OT Knacca
0eTOHA 110 IPOYHOCTH Ha CXKaTHe.

10.6. Kosdduments: g, B¢ MiA apMaTypbl, oGnasawineil Ghu3m-
YeCKOH TEKYYeCThI0, ONpeleNIAOTCA N0 QOPMYIIam:

Bs = Rsk /ES €g (t:tg) > (131)
Bs= Rek =/ [E¢ BL (tito)]. (132)

HO IPHHHUMANOTCA He Conee 1.

B popmynax (131), (132) nmapamerps! € (t,ty) €g (t,tg) onpenmensior
HUCXO0/1s1 M3 BBIPAXKEHUH :
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€s = (Ltg) = €py [hg — Xpyn (titg) / Xmm (6 tg) 1

eg (t,tg) = € u

Xmin (ttg) —af Xmin

(t, 1) ],

FAE €y — NpenenbHast CKKMACMOCTB G6eToHa, NMpUHUMaeMad no rabm. 27.

Bupn Ge-
TOHA

Ipenens
Has
C)KUMaAE-

MOCTB

T

Tsxenpiii

OeTOH
eCTeCTBeH-
HOI'O TBEP-
IECHUA

€108 To e,

NOoABEPIHY-
ThIN Tergio-

BOH 06pa-
boTke

Taonuupa 27

pp——. i

Knacc GeroHa
B20u | B30 J B40 BSO | B60
HUXE
] R J i 4.
1,29 1,38 1.49 1,62 1,78
1,44 1,53 1,66 1,79 1,98

Ecnyn  nanpsxkenue B apMatype, HangeHnoe 1o m.10.11 , ynpoBnersops-
eT ycrnoBmo 0 <R\ (05 < Rgy ), 10 koadumenrt B¢ = 1,0 [ B =1,0).

Kospduimenthr B
KH TEKYYECTH BhIYUCAAKT 10

pH

B
<pgpmynaM:

/ / ' / mg
SSP=[1+VS(GSP/RSH) S]_*l;

[J15 AapMAaTypbl, He UMEWLIEH TUIOILA/I-

(133)
m
_ S, — 1
ﬁsp"" (1t vg ™) (134)
2
rae Og, — HanpskeHWe B HANpSAraemoll apmarype CKaToii 30HBI, OINpedensiemMoe
non 10.8;
Rqy — BpeMeHHOE CONpPOTHBIICHHE apMATYpPHOHM CTajH, MPpHHHMAaEcMOe
1o 1abn. 26,
Moy — npenenbHbii YPOBEHb HaNpsXKEHWH B HANpAraeMod apmarype

paCTAHYTOH 30HbI, 3HAYEHHUA KOTOPOro APHBEACHb! B Tabil. 28:
] /
vg (Vg), mg (mg) — KO3 uumenTs, NpuHAMaemMbie 110 1abi. 28.

————

[lapameTp

( ’
vs(vsz
mg (my)
Mg

Rsu’ Mlla

78

. —f—

- Sp—— — - iy

Krnacc apmMartyphl

el . P Ly =

A-TY _[ A-y“_’ AYT
10 s T —

7 7 6

0,67 0,8 0,83

980 1089 1307



10.7. OupepeneHue BBICOTbI CXKATOW 30HBI B MpeebHOM HAlpA-
XKEHHOM COCTOSIHHM Xmin (1,to) H3rubaeMpix 3JIEMEHTOB NPSAMOYTOJIb-
HOTO ¥ TaBPOBOTO CEUEHHH Npou3BoaMTCs cornacHo nn. 10.8 — 10.12.

10.8. BoicoTa ¢XaTOH 30HBI NMPEABAPUTEIIBHO HAIPAXKEHHBIX 3]IEMEH-
TOB TaBPOBOTO CEUEHMS C TIONIKOW B CXXATOH 30HE NpH COONIOACHUH

Y CTIOBUSA

Ry (n) big/ (1+£5) + Rgk) Ast%pAp < RgAs+

+ Rs(k)pAp’ (135)
ONpenenAeTCA MyTEM peIlCHUsA yPaBHEHNA

Ry (n) (28) b/ (1+1£,) ] Xpin (t:to) + [Ry (n) (28)=
(b —b) | (1+£3) ] Xpmin (tto) {1 = [ 1=Hp/ xpiy (4t fo}»r
+ Ry k)Ag + Osp Ap =Rg(x)As + Ry (k)p Ap , (136)

rie Ry )y (28) — HopmaruBRas mpu3smeHHast MpouHOCTh GeToHa B Bo3pacTe t =
= 28 cyt, npuaumaemast no CHull 2.03.01 — 84, ycranasnuBaeMass B 3aBHCH
MOCTH OT Ipy bl NPEAENBHLIX COCTOAHUN, HA KOTOPYIO BEOETCH pacyer;

Gép — HampsDKeHME B Hanpsaraemol apmarype ¢karoit 30Hbl. Ilpu HamuuMu
CHeIUICHUSI ¢ BeTOHOM Oép = Og— UE) » IpHYeM 0=500-10 ® H/m? [PH HCIOIB30B a-
HYM Ko3ddulineHTa ycrnosuit padorhel 6erona 0,9 <7b2 < l,q u G =400 1 Hfm®
NP HCNONB30BaHHH Ko HiMeHTa ¥4 = 1,0, HO He Donee Rsk;

0/ — npenBapuTebHOE HANPSDKEHUE B ApMaType CXATO) 30HBI C YUeTOM BCeX

P
noTeps upu xodddumente .. > 1,0.

[Ipu peurenvn ypaBHeHuss (136) pexOMEHAyeTCA HCIONB3OBATH
OJMH W3 YMCIICHHBIX METONOB pelleHHA TPAHCLUECHICHTHBIX YPaBHEHHH,
Hanpumep, Metox HproToHA.

Ecnu ycnosue (135) He BRHIONHAETCA, BHICOTA CXKATOH 30HDI ONIpe-
nengercd COrNacHO ykasanusam 1. 10.9, npurumas b =by.

10.9. BbicoTa ¢KATOM 30HbI IPe/IBAPUTENIBHO HANPAKEHHBIX JIEMEH-
TOB NIPAMOYTOJILHOTO CEYEHUA OTIpeReNAEICA 110 POopMYyJIe

“min (t66) = (1+10) (Rekc Ag+ Ryjep Ay~ R As =

= 0gp Ay [ [Rpn (28) b1, (137)

10.10. BeicoTa cxaToit 30HBI CeueHHs HEHANPATaeMBIX JJIEMEHTOR

3aBMCHT OT COOTHOILEHMA TPAHUYHBIX OTHOCHMTEJIBHBIX BBICOT CHXKATO¥

30HbDL £k M §y, MPH KOTOPBIX HANPSXKEHHS COOTBETCTBEHHO B pacTsiny-
TOM ¥ B CXATOM apMaType HOCTHIalOT PacyeTHOrO CONpPOTHBIIEHMS, NPU-

HHM34eMOro B 3aBUCHMOCTH OT TPYNNbl MNpedeNbHOTO COCTOSHMA, Ha
KOTOPYI0 BelleTCA pacyer.
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["paHUuHbIE 3HAYECHUA OTHOCHUTENBHOU BBICOTHI C>KAaTOU 30HBbI]

{1+Rs(k) Ett; (t,to) / [ Ry (ny (28) Es]} = 3 (138)

SR"‘ CL/ h {1 S (k) Eg (t,to) /le (I'l) (28) ES ]} — 1- (139)

10.11. Ecnu HedTpansHas oCh NMPOXOAMT B IMOJIKE TABPOBOTO ceye-
HUA, T.€. CODNIORAOTCA YCIIOBHA:

Ry (n) (28) B e/ (1+ )] + [Ry (n) (28) / Ef (t.to)]=

x[hf—d//hgl Eg Ay > Rg(x) Ag npu he/hg < gg;  (140)

Ry, (n) (28) b"fh'f [ (1+£,)] +R; (k) A > R (k) A

141
npu hg [ h, = £p , (141)

TO pPac4yeT BBICOTHI C)K&TOH 30HbI HNPOHUIBOINTCA KAK JJIA IIPAMOYTOJIb-

HOTO CeueHUs LUIMPHHOH b B cooTBeTCTBUH ¢ yKa3aHusimu 1. 10.9.
Ecnn ycnoBus (140) u (141) He BBINOMHAKTICA U HEHTpanbHaA
OCh IPOXOOUT B pebpe, TO pacueT BENETCA CIEYIONMM obpa3zom:

B Clyvyae, ecnu §R > ER: METOAOM IOCNEeAOBATE/IBHBIX NPHUDITH-
KEHUH pelLIaeTcs ypaBHEHHE OTHOCUTENBHO Xmin (1,to).

[Rp (ny (28) b/ (1+15) | xnin (titg) + [Ry, (bg—b) /

[ L+ £) ] Xpin (Bte) 11— 11 —=hf [/ xpip (L to)ll 1+fO7J=

= 0, Ag —0g Ag, (142)

NnpeaBapyUTCIIbHO IIDUHHHMAA US - RS (k) 151 O'; = R; (k)*

[lo HaHOEHHOMY Xmin (t,t,) BBIUMCIIACTCA OTHOCHTENbHAS BbI-
COTa CXKATOH 30HbI

€ =Xmin (4 to) / hoe

V

Ecnu nonyyeHHas BeNMUMHA HAXOMMTCA B WHTepBaie £R = &
.ER, TO 3HaYeHUE X (t,tp) CuUMTaeTCa HaWICHHBIM OKOHYATEllb-
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Ho. IIpM BBIMONHEHMM YCTIOBHA & > &R, Xpmin (t,ty) omnpenensercs

’
NOBTOPHO M3 ypaBHeHust (142), B koTopoM NpuHHMaeTca Og = Rg(k),
a BeTMYUHA HATIPSOKEHUS 0 g OTpeNenseTcs o GopmMyne

Og = Eg (tato) Es {[hg — Xhin (t:to)]/ Xmin (t:to)}; (143)

th (t’tO) =Rb(n) (28) / E«é (t:to)- (144)

Ecmn £ < £, T0 Xpmin (t,to) OMpenensercs MOBTOPHO M3 ypaBHe-
s (142), npprgﬂmaﬂ 0y = Rg(k) ¥ ONpenenss 3HaueHue Hampske-
HUA Og 110 popMyIie

o;=e£ (t,to) Bl [1—al xmin (tto) 1 (145)

/
B cryuae, ecnu Ep < £R, METOIOM MOCTIENOBATENbHBIX PHOTXKE-
HUMi peliaeTCsl YPaBHEHHE OTHOCUTENBHO Xmin (1,t o)

[Rp(n) (28) b/ (1+ £l Xpin (t,to) + [Ry(n). (28) (bg—b) /
[ (1+15) | Xpjn (t.to) {1- [1- hf/xpin (tBto) ] : +f°}+
+61£ (t,to) E; A; [1 - af Xmin (tsto) ] = elf (t,to) Eg A

x{[ 'hO ~ X1hin (t! to)] / Xmin (t!t{))}- (146)

IIo HaWNEHHOMY Xpin (1,ty) BBIUMCHIACICA OTHOCHTENBHAA BBICOTA
cxkaToM 30HbI £. Ecniv OHa HaXOmHUTCA B MHTEpBaJIe tn > £E> !;'R, TO 3Ha-

YEHHE Xmin (t,t,) CUMTAETCHA HaliIeHHBIM OKOHYATENbHO.

Ecmn & 2 R, 10 X435 (L, t ) Onpenendercs MOBTOPHO M3 ypaB-

Henvsi (146), npunumasn 6 = Rs(k)»a Og0npefemssino  gopmyne
(143).

Ecnm £ < Ep> TO xm]—n(t, t,) ONpenenAercs NOBTOPHO U3 ypaBHEHHA
(146) npuuumas o, = R, (k) 4 OTpenenss o no dopmyne (145).

10.12. B npsaMOyronbHeIX CeueHUSIX HEHANpAraeMuix INEMEHTOR
BBICOTA CXKATOM 30HBI ONPENENAACTCA U3 KBaJJPaTHOrO ypaBHEHUSA

A XI%I‘lin (t,tg) + B Xmin (t,ty) —C ={). (147)
B cnyvae,ecnmn £ > £y Xmin (t,to) onpenmenserca U3 ypaBHEHHSA
(147), npu ycnoBuu,uto A = 0,

B=Rp(n) (28) b/ 1+ fo C=Rg(k) AS—R;(k)A;.
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ITo HaWNEHHOMY Xpip (t,t5) BBIUMCIAETCA OTHOCUTENBHAA BBHICOTA
cxkatoil 30Hbl. ECnM OHa Haxomutcs B MHTepBale &R < £ < £R> Xmin"

*(t,t,) CUMTaeTCA HaHJeHHbIM OKOHuaTensHO. Ecu £< ER win £ > &g,
Xmin (t:tg) omnpemensiercs nosropuo (147), mpumumana A = Rp(p)*

x(28) b/ (1 + f,), B u C no 1abn. 27 ansA COOTBEICTBYIOLIETO COOT-
HOWEHHA &, £R U ?R

C cnyuae, ecnn £ < R Xmin (Lto) onpenenserca u3 ypaBHeHns
(147) , npyHUMaeM:

, £ .

A=Ryp (n) (28) b/ (1+fo),B={ (t,ty) EgAgt &p (tito) EsAg;
f o

C= b (tto) Es Ag by + € (tty) EJ Aj a’

ITo HalfieHHOMY Xmin (t,tg) BBIUMCIIAETCA OHOCHTENbHAs, BBICOTA cx(a-

Toit 30HbI. Ecii oHa Haxomurcs B HHIepBane £g < & < ’e‘pz‘ (t,to)
CUMTaeTC HaMIeHHON okKoHvyartespHO. Ecnu £ > ER WK & < %Rsxmm

x(t,t,) ompenensercs NOBTOpHO M3 ypaBHeda (147), npuuuMas
A= Rb (m) (28) b/ (1 +£,), BuC — mo 1abmn. 29 gjis COOTBETCTBYIO-
wero cooTHoleHMs £, Eg U ER.

10.13. Ilpepenbupii  wu3rubaumyp MOMEHT, BOCIPHHHMAEMbIA

CEUECHMEM IIPEeBAPUTEIIBHO HAIPAXKEHHOr0 MW3rubaemMoro 3NEeMEHTA,
onpenensaercda no gopMyne

M ax (tto) = Ry (n) (28) Xmin (tto) / (2+ )l {b+ (bf — b)s

2+ 1
M1 —(1- h’f | ¥min (t:tg) ) 0 ]}* Rg (k) Ag lhg—Xpin >
¥ tig) 1 + Ry(k) As Xmin (tto) —al +Rgx)yp ApThop — Xpin®

x(tite) 1+ 64y Ap Bxmin (tto) —@ ], (148)

Tabnuma 29

Ny N oS — — - Sl SE— — _-l—--—_——lﬂ-lh—_—-r--hﬁ-—-—-'ﬂ-_l—-!_ M m L e — A S I ey, S g

Pacuerusni criyyalt
. B C
R<R | >R | |
t<EtR E<tg  ef (tt) ELAL—  ef (tto Eq AL

Ry A

E>8,  E>ER Rego Asteh i< (Lt EsAcho
::ESAS
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e dép MPHHUMAETCS B COOTBETCTBHMH ¢ 1. 10.8,
[fpenenbHpit U3rnbawiIMH MOMEHT IUIA 3JIEMEHTOB ¢ HEHaIpArae-
MOM apMaTypoH onpenenserca no popmyre

Mmax (tt0)={[Rp (n) Xin (Lto) 1/ (2+ £} {b+ (bg— b)-
11 — (1 “hrf /' Xmin (t:to) 2t fol} t 05 Ag thg — Xpin
x(t,ty) ] + dog A; [ xmin (tto)-a’l, (149)

roe 0g ¥ & onpenensiorcs no dopmynam (143) ¥ (145), Ho He NPEBHILAIOT R (k)
U R;(k) COOTBETCTBECHHO.

B ceuen X, rie HeMTpa/ibHask OCh MIPOXOIUT B MonkKe, My,
onpeaenaercs, KaK s IpAMOYTCIIpPHOTO CEYeHHsI ¢ LIMPHHOH

My TaM, BbiTekaommm 13 (148) u (149).

g o)

10.14. MaxcumManpHbIi POrud OJHONPONETHOW LIAPHUPHO ONEPTOH

OaJIKM B 3aBHCHMMOCTH OT CX€Mbl HarpyXeHus onpepenserca no gopmy-
JIaM: .
IpU PABHOMEPHO PACIpEAENIEHHON Harpy3Ke

fi (1) = {Mpax (tto) [ [k (t—tg) D (ttg) ~ Do (t,t,) ﬁx
X {— L/8+T(tt0)/2 {111[1—1,/4T(tt0)]+[21,/
/ \/4T(t to) — 12 ] arctg {L/[4T(t,ty) — L \} (150)

rae T(t,to)=[2k (t — tg) Dy (t, to) M., (t, to)1/{q [k~
«(t = tg) Dy (tt) —Dmin (t to) 1};

L — muHa nponera Ganku;

[IPX HATPYXEHUH COCPEHOTOUYEHHOH CHUIION, NIPWICKEHHOH B ceperu-
He IIpoJieTa .

£ (1) ={p/ Rk (t—1ty) Dy (tty) L (t, t) B 1%/ 8) +
+ 1/ L% (t.to In [1+L (t,tg) L/2]—1/[2L~
x(t, to) ]} ’ (151)

IpU HArpyXXEHUM COCPEOOTOUCHHBIMHM CWIIAMH, NMPWIOKEHHBIMH B
TpeTAX MposieTa
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£ (0 ={p/ [k (t-t9) Dy (tto) [j {¥/ [36L (t.te) ]+
+1/ (813 (t,t)] In [1+ 23 L (t,t,) L] — 1/ [12L2x
x(t,t5) 1 + 5 P/ <216 [ 1+2/3 L(t:to)1]>’} ; (152)

[IPpY HArpyXXeHHu coCPpeaoTOUCHHBIMU CHIIAMH, MPANTOKCHHBIMUA B
TOUKaX, CTCTOALIMX Ha UETBEPTH IIPOJICTA OT OIOD

£ ()= {p/ [k (t—ty) Dy (1t 1J{¥* / [ 64L>
(i) ] + 1718 L3 (tty) Tln [1+L (tty) L/ 2]~

1) [16 L% (tty) 1 +< 3P 7 128 [1+L (t,ty) L /2] >1,
153)
L(t,tg) = {(Ppin (6 to) / [k (t—1) Dy (t,t5) 1 — 1)~

Jr.p/ [2 Mmax (t, 1:0) ]

THC

Hpumep 1. Onpenesienue eCTKOCTH U HpOrHbOB Xkelne300e TOHHOH
OIKH IIPSAMOYTOJIBHOI'O CEUEHHM .

lano: cBoGopghoonepraa Darika nposierom & M IPAMOYTOJIBHOTO
ceyeHus ¢ pasMepamMu b = 0,2 m; h = 0,6 m; a = 0,08 m 13 TaKETOrO
BeTona xnacca B 20, nopseprayroro temnoroy o6paboTke IpH aTMOC-
deprom pasnenyu (B20 = 20 MIla = 20,0-10° H/M* ) u umerowero
OCaaKy KOHyca 5—6 CM; apMHpOBaHa Heﬂmgﬂraemoﬁ aApPMAaTypoOM KJiac-
ca Al (R g = 400 MITa = 400-10° H/m*; Eg = 2-10'" H/m?); ce-
YeHHe apmarypel Ag = 24 63-107% (4628 Alll); Harpyska Ha GaiKy
q = 23-10° H/m) ( c yueToM COBCTBEHHOTO BeCa); OTHOCHMTEIbHAN
BIIaXXHOCTh OKpyKawiued cpenni W = 65 %.

Tpebyercs onpenenuTh MECTKOCTp H Iporub B cepepuHe Uposera
OaTK¥M B MOMEHT BpeMeHH t > o [IpH Harpy>XeHuu OaJIKu B MOMEHT

BpeMeHH t , = 28 CyT.
FPacyer. Viarubamwnyi MOMEHT B ceépeauHe NpoJieTa

M= ql°/8 = 23-10%8 /8 = 18,4:10* H-m.

Onpenenenye Mogyien ynpyroctu 6erona. 1o tabi. 2 4 B coorser-
CTBMM C IipUMEeUYaHHeM K Hell A GetoHa knacca B20:

Eb (28) = 27‘103:0,9 == 2,43.1010 H/M:z,

B Moment t *+ oo npoynocTs 31010 GeTOHA onpenenserca mo radn. 3:
RY (o0 ) = 26,9 MITa.
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G
Ins 6erona ¢ Ry (o0 ) = 26,9 Mlla o 1abn. 2 MoRynb ynpyrocry
onperenseTcss THHEHHON UHTECPNONALUMER H B COOTBETCTBHHU C NIpUMeEYa-
HHUEM K TaDJIHlie Tak>Xe yMeHbliiaeTcs 40 0.9 cBOEro 3HaueHus

Ep (0) =30,69-10%-0,9 = 27-62:10% = 2,762-10"° H/m?.
Monyns OTKPBITOH NOBEPXHOCTH 3JIEMEHTA

M=2(b+h)/bh=2(20+60)/2060=0,133cm™ = 133 Mm'.

[To 1a6m. 11 Haxonum mapameTpsl ¥ = 0,008 cyr vy =

= 0,004 cyt ~ ', o 1abi. 12 — mapamerpei ¢ = 0,50, a = 0,625.
BocnonpzoBaBumcs popmynamu (12) u (13), Haxoaum

Q=c+de 78=05+0,625¢ 00528

Ml.
k)

f(oo —28) = 1 —ke Y1(®=28)_ | _(g—0.004(>-28)_

B coorsercTBHU ¢ Tabn. 4 u mpuMed. 1 K HEH HAXOIHM NPeaeIbHOE
3JHAYEHHUE Mepbl IONI3YUYECTH

N (00.28) = 115-10~%0,9 = 103 5-10 ¢ MIla ! =

_— 2
=10.35-107'" m" /H.
PacyeTHO€ 3HayeHUe MEpHI MOJI3YYECTH ONpeaenserca o Gopmye

(5a)
c(0,28) =cN(,28) £y, £3c,
rie mo 1abin. S §7., =0,03; £3,=10,93.

c(%0,28) =10,35+10"1%0,830,93 = 7,99 10"} m?/H.

Mepy ronsyuecty onpenesnsiem mo popmyie (10)
c¥(00,28) =1/ER (28) — 1/Ey (o0) +c(20,28) 2(28) f(0—28) =

= 1/2,43-10'% — 1/2,762:10'°* +799-10 711 .is1 =
= 0,848-1071°% m* /H.

JitenpHpit MOayih medopmaliyia GetoHa Haxomum 1o gopmyne(123)
Eqp (0,28) = [1/Ep () +c*(,28)] 7' =1/2,762-10'° +
+ 0,848-107'%°] 7! = 0,826-10'? H/m*.
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BpIcOTY CKATOH 30HbHI B HYJIEBOM HAaIlPAXKEHHOM COCTOSTHUM OMNperelis-
em 110 dopmyne (122)
Xg (,28) = [0,56h" E 4(>,28) +EcA(h —a) ]/
/[bhEgp (,28) +EgA¢] = (0,5-0,2:0,6%0,826:10" 7 +
+2:10'%24 ,63.107%.0,52)/ (0,2-:0,60,826-10'°+
+2-10'1-2463:107%) = 0,373 M.

KeCTKOCTh Ce4eHHMA B HYJIEBOM HalpAXEHHOM COCTOSIHHH BbBIUKC-
naem no gopmynam (117) — (121):

3
Dob,c (°° 28) = 1/3 bx,

1089 =286-107

Eop (0, 28) = 1/3-0,2:0,3733 - 0,826 -

H 'M?':
Db, t (2,28) =1/3b (h~x0)> E_, (2, 28) = 1/3:0,2 (0,6

-0,373)°%0,826-10'0 = 0,644 1107 H.m2.

i1

Dos, t («, 28) =EgAg (h—a— xo)2 =2,0-10" 24,6310 ~ % x

x(0,6 — 0,08 — 0,373) 2= 1,064 10" H 'le

D, (%, 28) = Dgp ¢ (,28) + Dgp, ¢ (=2, 28) + Dpg 1 (=2, 28) =
= 2.86:107 + 0,644-107 + 1,064-10 = 4, 56810’ H -M*.

N3 tabn. 26 OnpehecIacM IapamMeTp fO = 0:08; [IapaMeTpsl HelTUHEeH -
HOCTH,COTJIaCHO AaHHbIM Tabi1. 9, paBHbl Vi =2, v, = 2,35,

[To popmyre (131) pnurenvHbiii MOaynb AeOpMalHid KpaWHEro
CKaTOr0Q BOJIOKHA

Eé (m, 28) —_ [ ( l“l‘Vk)/Eb (m) -+ ( 1 +VC) C* (m,rzg) ] — 1 —
=[(1+2 /2,762 1010 + (1+2,35)-0,848 -10 — 10 ]~ I _
= 0,255 -1019 H/Mm2.

I pexTuBHBIA MOy b AedOpMalLHit GeTOHA CHATON 30HbI HAXOTHM
no ¢popmyne (130):

Ep (2,28 )= (4+f,)/ (3+ fo-2) Ej (e0,28) = [4+ 0,08) |
[ 3+ 2-0,08) 0,255-100 = 0.329-1010 1/ m2.
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Ucxons u3 Boipaxkenus (138) BbIUMCisieM TPAHNYHYIO BHICOTY CXKa-
TOW 30HbI CEUCHUA

ta= [ 1+ Rgg Ef (0, 28) / Ryj (28) Eg]— |,

il Rbn (28) — HOpMaTHBHOE 3HaucHHE MPH3IMEeHHOR IPOUHOCTH GeTOHA; COITIacHO
tabn. 3, mns Geroua B20 B Bo3pacte t, =28 cyr Rbk (28) =15 MIla.

Torna

~1

6.0,255-1010/ 15-10% -2 -10' )= 0,746.

&a=[ 1+ 400-10

[Tyrem pelenust ypagHeHust (147) onpenensieM BBICOTY CXAaTOH 30HBI B
MpeAe;!bHOM HAIPS)KEHHOM COCTOSTHUHM, IIPEABAPHTENIBHO IIPUHMMAS

0 = Rgte.
A Xoniq (%0, 28) + B Xy (o, 28) — C =0.

3nece A=Rp, (28) b/ (1+1,) = 15‘106'0,2/ (1+0,08) =

= 2,78 100 :

B = ¥ Y . . 6. 4 . 0_4::
= € (°,28) Eq Ag— Rk Ay 0—400-107-24,63 -1

= _ 0,985 *1Q°:

C= gf (,28) E¢Aga =0.

6
Urak, 2,76-107 x = (0, 28) — 0,985 1100 = 0, orcioma Xpyip >

*(, 28) =0,354m < xp =%, h =0,746-0,52= 0397 M (1.e.,
MEUCTBUTENbHO,0¢ = R¢y. ).

[lpegenbubid u3rubaronmmii MOMEHT, BOCTIPMHMMAEMBbIA CEYEHUEM,
onpenensiem no dopmyne (149), nputumas b = b

Mmax (°°, 28) = Ry, (28) sz‘nin (,28) [ (2+ f5) b + Rgi*

“Ag [ ho— Xmin (2, 28)] = 15,0-10%-0,354/ (2+0,08) -0,2 +
+400-10° -24,63-10 4 (0,52 — 0,354) = 34,43 -10% H-m.

B coorBerctBuM ¢ ykazaHusmu n. 10.6 HaxomouM KO3GUUHEHT HEJIH-
HEHHOCTH 1e()OPMHMPOBAHHA apMaTy pbl .
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Ilo Tabn. 27 ycraHaBiIuBaeM NpPEHesbHYI CXUMAaeMOCTh OeToHa
€py = 1,44 -107°. Jlanee onpepensem napamerp

e (=2, 28) = epy (ho — Xmin (=, 28) / Xppip (=2, 28) = 1,44 10~ 3=
#(0,52 — 0,354) / 0,354 =0,68 -10~3.

ITo popmyne (131) Haxomum KOIPPHUIUEHT [

11 3 _

B, =Rep / Eg € (0, 28) = 40010°/ 2,0 101 - 0,68 -10™

= 2,94 > 1.

IlosroMy B pacuere npuHuMaeTcs Bg = 1.
[To dpopmyne (128) naxogum

Qg (=, 28) = [ 0,5 Ey, (,28) b xfnin (2, 28) + B Eg Ag h, ]/

| {Bp (0, 28) bxpin (,28) +BsEgAg] = (0,5-0,329-100x
x0,2 - 0,3542+ 1,0-2-1011 <24 6310~ 4-0,52) / (0,329-1010. 02~
0,354 + 1,0-2-10'1.24,63-107%) = 0,41 m.

/KecTKOCTb CeUeHUA B MPeleNIbHOM HANPSKEHHOM COCTOSAHUM OIIpe-
nensem no ¢gopmynam 1. 10.4:

D ,28) =E; (0,28) {b x> . (=,28)/12+ b xpip*

min b, ¢ (o

«[(2,28)  [qq (=, 28) — Xpmin (2, 28) / 214} = 0,329 -1010x

{02 0,3543 /12 +0,2: 0,354 (0,410,354/2) 2} = 1,51- 107 H-m".

Dy ¢ (>, 28) = B3 Eg A [ ho —qq (o0, 28) ]2= 1,0-2 -101 1~

7
x24,63 10 ~ % (0,52~ 0,41)2 = 0,596 -10' / H-m?:

Dmnin (% 28)= Diin pc (00, 28) + Dg ¢ (0, 28)=

L 7 7

=1,51-10" + 0,596 +10" =2, 106 *10" " ) H-m2.

CornacHo T1abn. 22 ipu t — t, = «© — 28> 60cyr 'k(t —ty) =1

ITo dopmyne (116) HaxomuM >KeCTKOCTh B HauDoree HaMpsXKEHHOM
CeyeHMHM, COBIIAMIAIOILEM C CepeIHHON NpoJieTa DaNKu:
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D (o0, 28) =k(o —28) D, (,28) {1 — [1 — Dpin (o, 28) /

[k (20— 28) Dy (,28) ] M/ Mppay (=, 28)}= 1,0 +4,568-107 {1 —
—l1- 2,106-107/ 1,0 4,568 -*107] 18,4 .104/ 3443 104} =

= 3252107 H-m2.

[Iporud B cepepuie mpoiiera ¢ yueTOM M3MeEHEHHMS YKECTKOCTH MO
ee ITMHE onpedenseM no ¢popmye (150)

fm €°) = Mmay (2, 28) | [k (= — 28)D, (e, 28) — Dypin (=, 28)}<
~1/8 + T (,28) [ 2{ln[1-F /4T (=,28) [+ 21/ /FT &

<
* (oo, 28) — 12 arctg 1/« 4T (e, 28) —_1?}>3

3J1ECH

T (o, 28) = 2Kk (oo - 28) Dy (%0, 28) Mppax (=, 28) [ [ q [k (0 — 28)~

xDyg (o, 28) — Dyin (=, 28)1 = 2°1,0 - 4,568 10 - 34,43 10% | 23- 103~
x(1,0 - 4,568 -107 — 2,106 -107) = 55,59 m2.

IIporub B cepenuse nponera

for () =34,43 -10%/ (1,0 -4,568 -107 — 2,106 *10") { 8%/8 + 55,59 /

2 x[In (1— 82/4:5559) + 2,8//4,055,59 — 82 arctgs

«8/\/ 445559 _ 82lY=0,036 M= 3,6 cMm.

[Ipumep 2. Onpenenenyge XeCTKOCTH H NpOrubOB Kene300eTOH-
HOH OAJIKH TABPOBOTO CCUCHHA,

laro: csobongHoonepras Ganka nponeTroM 6 M TaBPOBOTO CEUSHHUA
(puc. 6) c pasmepamu b = 0,2 Mm, bf 0,35 M, h=0,6 M, h, = 0,06 Mm,
a =d = 0,05 M, u3roToBNeHHaA U3 OeToHa Kinacca B30 ecrecTBEHHOrO
TBEP/IEHHA C OCaIKOH KOHyca 5 — 6 CM apMi[pOBaHHaH HeHanpsarae-
MOH apMaTypoH Knacca A-lll (Eg=2- 1017 H/m<; Rg=Rg =400 Mlla =

=4 108 H/M2) CeYeHHE pPACTAHYTOH apma*rypmA = 32 17-10—4 M2
(4#32), ceuenue cxaroit apmarypsl Ag = 4,52 - 10""4 M‘e (4912) ; Har-
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by =8,35M

~‘
Ac=4.5210M%
k —
X Y & T
S: =
S| O
3 TS
H
" = =
& o
1 :
H
3
— - o

L b=0,2m |

As=32,17 10 n*

Puc. 6. [lonepeunoe cevenue Gatxku

py3ka Ha banky q = 70 -103 H/M, BK0uas COBCTBEHHBIA BEC; BIAX-
HOCTb OKpYyXallied cpeasl W = 65 %.
Tpeﬁyercﬂ ONpEIEIIHTE KCCTKOCTb H IIPOI'PI6 B CCPCAHHC IIPOJICTA

Darikd B MOMEHT BpEMEHU 1 -»oo IIPH HATPYXXEHHUU €€ B BO3pacte tg =
=50 cyT.

Pacuer. U3rubalonmit MOMEHT B cepeliMHeE IIPOJieTa PaBeH
M= gl?/8=70-103-62/8= 31,5-10% H-m.
ITo popmyne (2 a) Haxogum NpoyHOCTL HeTOHa B BO3pacTe to = 50 cyT
Ry (50) ={1+ 23/ [46+B (28)] (t—28)/ (t+14)} B (28) =
= [1+ 23/ (46+30) (50— 28)/(50+14)] 30=33,12 MIIa,
a 10 TabM. 3 — B BoapacTe t—oo; Ry, (o) =39,1 MIa = 39,1100 H/m2

[Io 1abn. 2 onpenenseM OTBEYAOILME ITHM IPOUYHOCTAM MOIYIIH
YIIPYTOCTH

Ep, (50) = 33,59 -10° MMa = 3,359-1010 H/M2; By, () =
=35,69 10 3 MIla = 3,569 -1010 H/m2.
Mopynb OTKphITO#H NNOBEPXHOCTH JIEMEHTA PaBeH

M=2 (b +h)/ [bh+ (bg—b) ht] = 2 (035 +0,6) / [0,2+0,6 +
+0,35-0,2) 0,06] = 14,73 M L
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B cootBercTBHM ¢ MaHHbIMH Tabn. 4 npenenpHOE 3HAUYECHHE Mephll
nonsyuectd pasHo: CN (oo, 28) = 84 -10~—0 (MIla) = 8,4 -10—1
(H/m2) — L,

PacyeTtHOe 3HaueHMe MEpbI MON3YYECTH HaxOoOUM IO ¢opmyrne

(5 a)
N (=,28) = 84-10- 1! @/m2) — L,

roe no Tabn. 6 &5, =0,845; &3, =0,935;

c(, 28) = 8,4-10~ 11-0,845.0,935= 6,64-10— ! (H/m2) — L

[To Ta6n, 11, 12 ompenensieM 3HaYeHHU NapaMeTpoB GYHKIMM [JIUTENb-
HOH edOpMATHBHOCTH IIpH HAHHOM MOJYJI€ OTKPBHITOH MOBEPXHOCTH

y=0,008 cyr— l; 7,=0004¢yr™); c=05; d=0,625.

[To popmynam (12), (13) Haxopum:

Q (50) = c+de Y50 0,5+0,625e™ 0,008-50 _ 0,919;
f(o—-50)=1- ke T(>—30) - 1—0,,8e"0"'00‘4 (=50)=;.

Mepa nonsyuectd Brruucngercs no popmyne (10):

¢* (0, 50) = 1/ E, (50) — 1/ By, () + ¢ (o0, 50) Q (50) f (oo— 50)=

=1/3,359-1019 — 1/3,569 1010+ 6,64 -1011.0 019 1,0 = 6,28 -161!
(H/mH~ b

,HJTHT)EJIBHBIﬁ MOAyNb nedopmampin 6eToHa HaXOIHM M3 BBIPAKEHHMA
(123):

Egh ( ©,50) = [ 1/ By (=) + c* (,50) ]~ 1= [1/3,569-1010 4
+6,28-100 11 =12 101.1010 /w2

ITo dopmyne (122) Haxomgum BBICOTY CXaTOM 30HBI B HYJIEBOM Hall-
PAXEHHOM COCTOSTHHM

Xo (=2, 50) ={0,5 [bh? +(5,-B)(NP] Egp, (=, 50) + Eg Ag hy +
+ Eg A df{bh + (bf—b) hi] Egp (%, 50) + Eg Ag + Eg A(}=
= {0,5 [0,2-0,6%+ (0,35 - 0,2) 0,062]1,101 - 1010+ 2+ tol!-32,17x

91



10~4 10,55 + 2-1011.4,52. 104 0,05} |

/10,2 0,6+ (0,35 —0,2) 0,067 1,101-1010+2-1011.32,17-10~ %
+2-1011.452-100%=0352m.

XKecTKOCTP CEUEHHMA B HYJIEBOM HANpSXXEHHOM COCTOSHHHM oOIlperne-
naem o ¢popmynam (117) — (121):

Dob ¢ (=, 50) = < bx3 (,50) /3+ (bg—b) {hg/12+

+ W [xg (o0, 50) —h§/212) > Egy (e, 50) ={0,2:0,352°/3 +

+ (0,35~ 0,2y [0,06°/12+ 0,06 (0,352~ 0,06/ 2)2}1,101-1010=
= 4,23-107, H-m? ;

Dop.t (o2, 50) = 1/3b [h—xg (=, 50) PEgp, (2, 50) =1 0,2/
1306 —0352)3 1,101-1010 = 1,017-107, Hae?;

Dy ¢ (=, 50) =B Ay [xg (e, 50) —d1%=20-1011 - 4,52-107%
«(0,352 ~ 0,05)2 = 0,824:10" H-m?;

Dos.t (2 50) = Eg Ag [hg — %o (22, 50) ] 2= 2001132,17-107% .
«(0,6 — 0,05 — 0,352)2=2,52 107, H-m;

D, (%, 50) = Dob,c (o0, 50) + Dob,t (o, 50) + Dos,c (*°, 50) +

+ Dgg ¢ (=, 50) = 4,23-107 + 1,017 -107 + 0,824 107 + 2,52-10" =
8,591 107, H-m?.

B coorBercTBHH ¢ Tabin. 26 napamerp f, = 0,13.

Hnurensipit Mooynib gedopMalmi KpadHero Caroro BOJIOKHA
BBIYMCIIAEM HCXOIA U3 3aBHcUMOcTH (130):

Bf (=,50) = [(1+v}0) /By () + (14v0) o (,50)] ! =

04 1+1,6) 62810111 1=0,439 -

= [(1+1.3) /3,569 -10
rae KOMpQUUHCHTHI Vi H V. DpHHATEHI 1To Tab11. 9, cooTBeTCTBEHHO: 1,3; 1,6.
Onpenengem >3d¢exTHBHEIN Monyns nedopManuit GeToHa cxaroH 30HBI O Qop-

Myne (129):
Ep. (=, 50) = (4+1,) | (3+ 2fy) Ep, (oo, 50) = (4+0,13)
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(3+2°0,13) 0,439 -10!19=0,556-1010 H/M2.
['panyuHble 3HAYEHHS OTHOCHTEILHOM BBICOTHI CXKATOH 30HBI HAXOOHM
no popmynam (138), (139):
te = [ 1+ Ry Ep (=2, 50) /Ry, (28) Eg]™ 1= 1+ 4-10%: 0439
1019 22-106-2-1011 = 0,715;
tp= a/hy [1—R. Ef (,50) / EgRy, (28) 1~ 1= 0,05/0,55~
[ 1— 4-108-0439 -1010/ 2-1011-22 1081~ 1 = 0,151,

e, cornacio Tabn. 3, Ry, (28) = 22 MITa = 22 -10% H/w2,

Mocxonsky he/hy = 0,06/0,55 = 0,109 < Sf{ = 0,151, nonoxeHHe HEHT-
paJIbHOM OCH YCTaHaBIIMBaeM Hcxons M3 ycroBus (140).

Ry (28) Bphe/ (1+£,) + Ry, (28) / BE (=, 50) — (hg—a) /
| heBg Ag 2 Rgk Ag.

10.06 +2-1011 - 452-10-4 = 4,844°10° H<Rg A = 4 -10%.

S

32,17+10" 4= 12,87-10° H.

CriemoBareNbHO, HENTPAIbHAA OCh IPOXOIUT B pedpe.

YUHTHIBaA COOTHOILIICHHE Eﬁ = 0,151 < &R = 0,715, BbICOTA CKATOH

30HBI OlpefensaeTca U3 ypaBHeHust (142), pemaemoro meronoM Heio-
TOHa,

[IpencraBuM 3TO YypaBHEHKE B BUIE
F [ Xmin (=2, 50) =2 Xmin (2, 50) + b Xpin (0,50) {1— [1 -
— h/ Xpip (=, 50) 1§ 7 fo =0,
foe, npumiman  Og =Ry, 0f = Rgy :
a=Ry, (28) b/ (1+£= 22-10%-0,2/ (1+0,13) =3,893-10°;
b= Ry, (28) (bg—b) / (1+£,) = 22-10% (0,35 -0,2) / (1+
+0,13) = 2,92 10°;
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¢ =Rgk Ag — R;k Afs = 4 '108'32,17 10~ 4 _ 41,,0“108 4,52 10 — 4 -
= 1, 106- 105,

BoipaxkeHHe [yig nmepBoi MPOW3BORHON OT JIEBOH YacTH YPaBHEHHS IO

Xmin (°,50) HMmeeT BuA

£ 7
B Xmin (=,50) ] =a+s {1 [1~ hf/xpiy (=,50) ] +1g-
7 ’
—b(1+ 1y [1-~ hf/X-min (%, 50) ] he [ Xmin (o0, 50).
3agaBasch Xp,n (0, 50) =0,5h=0,50,6=03 M U BHYHCIHB

F (%0 (=2,50) ] = 3,893-106-03+2,92-10°-03 [ 1— (1 -

~0,06/0,3) 1013y _ 4 106-100 = 0,257 -106;

F/[x2 . (o0, 50)= 3,893 -106 + 2,92 -108[1 —(1 — 0,06 /0,3)! ¥ %:13] -

~ 292100 (140,13)(1-0,06/0,3)! ¥ 013005/ 0,3 =4,031 109,
B JIEpBOM NpUONMKEHHHA HAXOTUM
{
xhin (2°, 50) = Xfnin (22, 50) — F[ Xmin (=2, 50) 1/ F'[Xpin (=, 50] =

= 03— 0,257-10%/ 4,031-106 = 0,236 m.

[prmrMaeM Xmin (°°,50) = 0,236 M 4 HaxOxMM BO BTOPOM NpHGITH-
>KEHUH

F (i) = 3,893 10° 6

.0,236 + 2,92 100,236 [ 1 —

~( 1- 0,06 /0,236) | T 131 — 1,106 -10° = 7,18 -103;

F(Ximin) = 3:893-102+2,92.10% [ 1~ (1-0,06/0,236) 1 ¥ 013 _

6
~2,92-10" (1+0,13) (1-006/0.236) | 013

= 4,293 -10%;

X" (,50) = Xppin (=, 50) — E(xppin) / F'(xmin) = 0,236 —
—7,18-103/ 4,293-10° = 0,234 .

0,06 /0,3 =
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1 2
YuuThiBas HE3HAUMTEIIBHYI0 PAasSHULY MEXIOY Xmin ¥ Xmin NPHHEMACM

x-min (m, 50) = 0,234 M.

[IpoBepsieM ycnoeBme
Eﬁ = 0,151 <§=Xpig (=, 50) /hy=0,234/0,55=0,425m <
<tr=0,715.

CrniepoBatensHO, cornacHo M. 10.11 Xp.:n (o0, 50) cuMraercs Haiinen-
HLIM OKOHYATEIIBHO.

B cootBercrBuMM ¢ ykazaHuaMH 11, 10.6 Haxomum KO3(pPUIHMEHTHI
HEJIHHEWHOCTH [1eOpMIpOBaHHA apMaTyph! (¢ ¥ B,

CornacHo paHHbIM TaQn. 27, npepeliibHas CXMM3aeMOCTh OETOHa
Knacca B30e,, =1,38-107~,

OnpenenseM napameTpsl € (22,50) u € (20, 50):

e (0, 50) = €4, [ hg — Xmpin (%2, 50) / Xppin (=2, 50) =1,38-10 ~ 3«
x(0,55 — 0,234) / 0,234 = 1,864+10~ 3>

et (=5, 50) = eg [ Xmin (=, 50) —2'}/xin (0, 50) = 1,38 10~ 3~
«(0,234 — 0,05) / 0,234 = 1,085-10 — 1

Ilo dopmynam (131), (132) onpenensiem Ko3bOUIMEHTDI:
B = Ry / Eg €g (=2, 50) = 4108/ 2-1011-1,864 -10 =3 =1,073;

B: =R | Es €5 (,50) = 4-108/2-1011-1,085-10~ 3= 1,843,

Hockoneky o6a xosdduimenta > 1, B panbHeillieM pacyeTe NPHHH-
MaeM MX paBHbIMH 1.

[lo dopmyne (128) onpenensem q, (o0, 50)
Qo (=, 50) ={0,5 Ey, (=2, 50) [b xZy; (0, 50) + (b —b) he] +
+ B Eg Ag ho + B3 B Asdl/{Ey (2, 50) [b xqin (=2, 50) + (b — b)x

! f 4
e 1+ 85 B Ag + B Eg Ad={0,5-0,556 1010 [0,2 -0,2342 + (0,35 -
~0,2)-0,06°1+1 -20-1019. 32.17-10~ 4055 + 1- 20-10 10x
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«4,52 10~ 4 0,05 /{0,556 - 1010 [ 0.2 -0,234 + (0,35 — 0,2) 0,06] +
+1-20-1010 - 32,17 .10~ 4 + 1-20-1010-4,52-10 — 470,37 m:

KecTKOCTp CeueHHst B NpeesibHOM HAlIPSKEHHOM COCTOSHHMH Ha-
xomumM 110 dopmynam (124) — (127):

Dinin b.c (%% 50) = Ep (=, 50) {b Xipin (=2, 50) / 12+ b xppip
«(,50) [ g (=,50) ~ Xppip (=,50) /2 12+ (p—b) 0 /122

+ (bg—b) h [qg (=, 50) —hs/ 2]% } = 0,556-1010{0,2-0,2343/
/12+0,2-0,234 [ 0,37 — 0,234/ 2] 2+ (0,35 - 0,2) 0,06/12 +

+ (0,35 —0,2) 0,06 [0,37 — 0,06/2]% =2,36+107 H-m?;

Dg ¢ (=, 50) =B Eg Ag' [qq (=, 50) - & 2= 10-2-1011 4,52.104 «

X0,37 — 0,05) % = 0,93-107 Ho2:

Dyt (=2, 50) = B Eg A [hy — q, (%, 50)]2= 1,0 2-10'1-32, 17~
10~ 4 (0,55 — 0,37)2= 2,08 10" H-m%;

Dpin (*550) =Dpinp ¢ (s 50) + Dg ¢ (=, 50) + Dg¢ (e, 50) =
=236-107 +0,93-107 +2,08:107 = 537-10" H-m2

[TpenensHbi M3ruOAOIUMKA MOMEHT, BOCIHPHHHMAEMBIH CEUCHHEM
6anKH, Haxoaum 1o popmyne (148):

Mmay (%2, 50) = Rpp (28) Ximip (2, 50) / 2+ £, {b+ ( b —b)x

(1= (1= he/xpmin (5 50) 127 Yo § + Ry Ag Thy — xpin =

x(®,50) ] + R AY [ x: (2, 50) —2] = 22 +10°- 0,234%

/ (2+0,13) {0,2+ (0,35-0,2) [1- (1—0,06/0,234)%%* 0134
+ 400106+32,17-10 — 4 (0,55 — 0,234) + 4,52 *10~*-400 105 x

x(0,234 — 0,05)= 5,93°10° Hem.
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XecTkOCTh ceueHHA OanKH B cepeHHe IIpOJIETa OMpeeNiAeM IO
dbopmyme (116):

D (e, 50) =k (0 — 50) D, (2, 50) {1 — [ 1 — Dpyin (=, 50) /
| k (0 — 50) Dy (22, 50) ] M /M,y (=, SO},
rie k (.c—50)=1 npu t —t5=o — 50> 60 cyr;
D(,50) =1,0 -8,591- 10" [1— (1—5,37-107 / 1,0-8,591 *107)

7

x315+10%/59,3-10% = 6,88-10' Hm>

IIporn6 Ganku B cepemuHe IIPOTeTa HAXOIHUM U3 BhIpaXKCHHA
(150);

L (2, 50) =2 Dg (2, 50) k (2 — 50) Mpmay (=5 50) / q [ko*
x(% — 50) Dy, (%, 50) — Dppip (=, 50)] = 2-10-8,591+10 x

x5,93 -10° / 70103 [1,0+8,591 - 107 — 5,37-107 ] = 45,19 m? ;

fm () =Mpax (=0, 50) /[ko (o0 —50) Dy (oo, 50) — Dyin X

x(,50)] < —12/8+ L (,50)/2 {ln[1-12/4L (=, 50)}+

+ 2L/\/4L(m 50) —L2 arctg }J/ v/ 4L (e,50) —1 } > =

= 593-10°/ 1-8,591°107 - 5,37 10" <62/8 +45,19/2{ln [ 1 —

_62/4-45190+2-6/ 44519 62 arctg 6/x/ 4-45,19 — 62P=

=0,182 m.

11. YCTOMUUBOCTH XEJIE3OBETOHHBIX KOJIOHH
C YYETOM HEJIMHEHHOT' O TE®OPMHUPOBAHMUS BETOHA

11.1. Kputnueckas cwia Ijis HEHTPATIBHO CXAThIX CO CIIYYaiHBIM
IKCHCHTPHCHTETOM M BHELEHTPEHHO CXATBIX LIAPDHHUPHO ONMEPTHIX KO-
JIOHH, apMMpOBAHHBIX  OOBIYHOH apMaTypOM, IIpU ITIOCKOH HOpMe TO-
TEPH YCTOHUMBOCTH, olipefenAeMas ¢ y4eTOM IIepeMEHHOH IO [JIHHE
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CTEpXKHA HKECTKOCTH CEUCHNH, YCTaHABIIMBAETCA IO dopmyne*

o — -
Pcr (t, to) = %i]. (t,to) [ (1+ 8/m/ '2;'3 eq Ke * €4 Ke), (154)

Ife €, — 3KCIECHTPHCHTET NefiCTBUA NpOOONBHON CHIIBI 0 OTHOLICHHK K JIMHHH,
coemMHANIEH EHTPHI TAXECTH ONOPHBIX CEUSHUH,

3HayeHusa mapameTpoB B dopmyne (154) ompenensiorcs no ¢op-
MYJIaM:

Po:t (. to) = (n/ly) “ Dy (t:to) ;

ke = [Payy (titg) — Pel?fn (t,to) / Mmax. e (tto) 3
' 2

PI:iin (t:to) = (7/lo) ™ Dy (H:to),

rme Do (t,tﬂ), Dmm (t,t(}) — WECTKOCTH CeueHU, onp%nenﬂemme COITIACHO
mn 10.3, 10.4, npu 3ToM 3HaveHus Ko3(duumentos [g, fg MPHHUMAIOTCS PaB-
HBLIMH eMHMILEe, 2 3 dheKTHBHEL MOAYNE AedopManimit BeIUMCIAETCH N0 dhopmyTie

By (1) = B+10) 12 (1+60) By (Litg) s (155)

Mmax,e (tstg) — HpegensHbid H3rubaNWH MOMEHT C YYeTOM
BHENCHTPEHHOIO CKATUs1, yCTaHaBAUBaeMp 1o 1. 11.2;

hy — paccTossHHE MEXIY TOUKaMH ONMMPAHUs CTEPXKHEBOrO JIEMEH-
Ta.

B ToM cnyvae, KOrga pacyeTHas KpHUTHYECKAs CUIIA IPEBLILLACT He-
CYUIYI0 CIIOCOOHOCTB 3JIEMEHTa, IMOJIYYEHHYI pacyeToM Mo aedopmH-
poBanHou cxeme (CHulI 2.03.01 — 84) , npousBoguTCA NpOBEepKa IpOu-
HOCTH CEYCHHUA.

11.2. Ilpenenpubi U3rnbarommy MOMEHT ¢ YYETOM BHELEHTPEHHOTO
CHATHA Mpmay o (t:to) 33BHCHT OT BBICOTBI CATOM 30HBI Xpin o (1,

t,) B HANPSXKEHHOM COCTOAHHM CEYEHHS, IIPEILIECTBYIOIIEM HCYEPHaHHIO
ero NpoOYyHOCTH, ¥ onpenensaercsno n. 11.4.
11.3. BeicoTa CkaTo# 30HbI Xmin,e(t:to) OIIpENEISACTCA B 3aBUCH-

7 .
MOCTH OT COOTHOLLUCHHA £p U £R B clentyiomeM Nopsnxe.

B cityuae, eciu £R > £R, Xmin. e (tito) ompenenserca u3 ypasHe-
HUA

* Cm. B.M. BoHpapeHko. HexoTopbie BOTIPOChl HEJTHHERHOM TeOPHH 5EJTe30-
OeToHa. — XapbKoB, U30-BO XapbKOBCKOro YHuBepcurera, 1986,
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2 _
A X i, ¢ (t,to) *BXpin e (tto) —C=0, (156)

e

A=Rp (28) b/ (1+fy) (2+ £);

B= (e, —h/2)/ (1+1,) Ry (28) b;
C=RgA e —RJ A e

30ech €y — 3HAaYEHHE HAYaJbHOTO JIKCLEHTPHUCHTETA INPHIOKEHUS

IpOOOJIBHON CHIbI, OTCUMTBIBAEMOTO OT IIEHTpA TAXECTH OETOHHOrO ce-
YyeHUA,

€ — paccToAaHHe OT HEHTPA TAKECTH MEHEE CXKAaTOM WM pacTAHYTOH
apMaTypbl 5O OCH NEHCTBUA NPONONBHOM ciitpl; € =€, + h/2 —a;

e’ — paccrosiHHe OT IIEHTpa TAXEC1H GoJiee CKATOH apMaTyphl 0

OCH [EHCTBHUA IPOMOJIBHOU CWIbI, BBOIUMOE B pacyer Cco CBOMM 3Ha-
KOM;

e’ =ey— (h/2) +a

1o HAaHJIEHHOMY Xmin ﬁ (t,t,) ompenesnseTcss OTHOCHTENbHAS BbI-
COTa CXATOH 30HBI ceueHUs. Ecliy OHa HaXOAMTCA B MHTEpBaJe

! v
ER S £ < &R, 3HAYEHHE Xpin e (1,tp) CUMTAETCA HAN[EHHBIM OKOHYA-
TENIBHO.

Ecn § <&p wm § > Eli’ Xmin, e (t:to) ONpemensercsa u3 ypas-
HEHHA

r 2

/ 4
A Xmin, e (Lto) *BX .0 o (1 10) +C xpmin ¢ (¢, to) —

_ D=0, (157)

F ' !

rne A, B, C, D - xosdduunents, npuaumaemsie no 1abn. 30 nns cooTBETCT-
!

BYIOI'ET0 COOTHOWeHHA &py, ERH £.

TaGauna 30
PacueTHbIN cniyuait TI_ !
ER<ER (R > R A | B’ |
£ <ER £ <ER Rp (28) b/ [eo — (b2 (1 +5)]

hhy >E>Ep b /h>E<tp [ (1+fo) (2+1) R (28) b

b—— i -
b i
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ITIpoooaxenue raba. 30

~ -

PacueTHbI# crtyyall l
s <& ‘ e > by | o« D’
£ <& ¢ <tp

et (t,to) Eg Age — et (t,to) Eg, A
~ R Ag e xq e

e Ay .y S —r——

h/hy>¢>5p ho/h > £>E Ro Ag &+ €f (,t,)" eh (t.to) As”
xEg Ag e “Eshge

B cnyuae, ecmn £5 < ER, Xmin,e. (1,15) OTpeReNACTCA U3 ypas-
HEeHUS ’

¢ 2

i ! rH
AXmin, e (blo) *Bx . (t,ty) +C ’xmin, e (t,ty) — D=0, (158)

roe A'u B}IIPHHHMHIOTCH no tabn. 30:
= ¢ (t,t, ) ELAce + e (t,t.) E.A
¢p \blp ) BEgAg€ T €p (Lilg) EgAgL

4

D= ¢ (t,ty) EgAgea’+ ef (t,ty) EgAghge.

[To HaHPEHHOMY Xpin e (1,tg) BBIYHCIAETCA OHOCHTEIIBHASA BBICO-
Ta CKAaTOM 30HBI. ECNM OHA HAXOHUTCA B HHTEpBANIE ERSES £R Xmin,e*

*(t,t,) CUMTAETCA HAHEHHBIM OKOHYAT eJIBHO.

Ecmu & < &p wiu £> ER, Xmin, e (t,t,) ompenensaercsa NOBTOPHO

u3 ypaBHenus (157), mpuHumas Korhdummertsr A, B, C u D no
1a631, 30, 171s pacCMAaTPUBAEMOTO PACUETHOTO CITyYas.

11.4. llpegenvubii U3rnGaonmu MOMEHT ¢ Y4€TOM BHEHECHTPEHHO-
TO CKATHS OTIPENIENACTCA IPH Xmin o (1,tg) < h 1o dopmyne

Mmax, e (t:to) = [Rp (28) b xlznm o (L)) [ (2+ £)] +{Rp(28)x

xb xmin, e (t! to) [S (t!t()) = Xmin, e (t:to) ]}/ ( 1+ fo) T
tal A [s (ttg) —a] + agAg [hy—s (t,t)], (159)
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rme § (t,ty) — paccrogHHe OT OCH OTCUETa MOMEHTOB 110 HauboIee cKaToN TpaHn
ceucHUS, YCTaHaBNUBaemoe CliefylolupM obpaszom:

[ q (), MPH X o (£,t0) <
| < tphy;  (160)

S (t, to):- {[ho — (g (t,to) ]/ IIpH ijn, e (t:t0)>
\ Jm-gh) >irhes (16D

O, M Og ONIPEAEISIOTCA TIO dopmynam (143) u (145), BBOnsATCA B

pacyeT CO CBOMMH 3HAKAMH H NOAUMHAIOTCS YCIIOBUAM Og < Rg;

og < Ry mpn X0 o (ttg) > h

Mmax. e (1 to) = [Rp (28) b h2/ 2] +RiAs (h—2) +Rg Ag»

x(th — hg). (162)

[pumep. OnpepenieHue KPUTHYSCKON CHIIbI BHEUCHTPEHHO CXKATOH
KOJIOHHBI IPAMOYTOJIBHOTO CEYCHHUH .

Jlano: BHEUEHTPEHHO CXKATasg KOJOHHA IMPAMOYIOJIBHOTO CeyeHus

¢ pasmepamu b x h =0,24:0,15 M, a=a’ = 0,02 M, u3rotoBrneHHas U3 be-
TOHa €CTECTBEHHOro TBepaeHusa Kiacca B30 [B(28) = 30 Mlla = 30-106

H/m2}, umeromero ocagky KoHyca 3—4 ¢cM; apMHPOBaHKE CHMMETPHY-
Hoe 4920All (Rg = Rg = 375 MIla = 3,75 -10% H/m2; E = 2 -10!]
Him?) ¢ Ag = A= 6,28-107% M2; aKCIEHTpHCHTET NPWIOXKEHUS HAT-
PY3KH €o = 0,115 m; pacyeTHass [yIMHA KOJIOHHBI i, = 4,65 M; OTHOCH-
TE€NbHAA BIIAXKHOCTb BO3[AYXa B MEPUOJ 3KCIUIyaTauuu W= 75 %,

Tpebyerca onpenenuTts QJIUTENBHYI0 KPUTHYECKYIO CHITY K MOMEH-
Ty BPEMCHH t o0 IIpH Harpy>K€HWH KOJIOHHBI B BO3pacTe ty = 60 cyr.

Pacyer. Moaynb OTKpBITO# TOBEPXHOCTH KOJIOHHEI

M= 2 (b+h)/ (b-h) =2 (0,24 +0,15) / (0,24+0,15) = 21,67 m— L.

Pabouass BeICOTA ce4eHHA B IUIOCKOCTU OEUCTBHUA M3rudaonerg MoMeH-
Ta
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hy=h—-—a=0,15- 0,02=0,13 m.

[1o Tabn. 3 onpenensaemM MpoYHOCTh 6ETOHA B Bo3pacTax t,= 60 cyT H
t»o0: Ry (60) = 33,9 MITa; Rf, (o) = 39,1 MIla,

[Io 1abn. 2 HAXOOUM COOTBETCTBYHWIUUE ITHUM MPOYHOCTAM MOIYNIH
yIpyroctd 6etoHa

Ep, (60) =33,87-103 MIla = 3, 387 -1010 H/m?%; E () = 35,69 - 103
MITa = 3,56-1010 H/m2.

[10 Tabn. 11 u 12 ycranapiuBaem 3HauYeHUs na?amerpoa bYHKLMH AITH
TenpHOM medopmMatuBHoCcTH: Y = 0,012 cyt™; v, = 0,006 cyr — *;
c.= 0,50; d=0,7. ?
Hcxonsa uz seipaxenuit (12), (13), sprmcinsgemM QYyHKIMH DTHTENbHOM
[1e(OPMATUBHOCTHA B UHTEPECYIOIME MOMEHTHI BpEMEHU:

»

2 (60) = ct dt "’ 60 _ 0,5 +0,7-¢ 0,012°60 _ 0,841.
f(o—60)=1—ke 7 (®—60) -1 08¢~ 0.006(>—-60)_ ;¢
U3 T1abn. 4 Haxomum cN(eo, 28) = 79+10~6 MIma — 1 =79.10 -1
M2/H, u3 Tabi. 6: Ezc = (0,946, a u3 Tabmn. 7: 53{: =(,8.

lipenenshoe 3HaueHWe mepbl MMHEHAHOW MHOM3YYeCTH  BBIYMCIISIEM MO
dopmyne (5a)

c(=,28) = ¢ (,28) £, (5, =7,9+107 11-0,946-08 =

= 5,979-10~ 11 m2/H.

Mepy nuHe#HHOM MONI3yuecTH Haxomum U3 BoipaxeHusa (10):
C* (2,60) =[1 /Ey (60) ] — [1/Ey (e0) ] + ¢ (oo, 28) Q (60)*
*f (o — 60) = [1/3,387-10'Y] _ [1/ (3,569 -1010)] +

+5979-10~ 11.0841-1,0= 0,518-10 7 ' M2 /n.
ITo dopmyne (123) BhIuMcIAEM IJTUTENbHBIA MOy b AedOpMalui

_1
Egp (=2,60) = [1/Ep () | + [c* (=,60) ] " =[1/ (3,569«
1017+ 10,518-10~ 10)— 1 = 1,253 1010 H/m2.

BeicOTY C)aTOM 30HBI B HYJIEBOM HallpAXEHHOM COCTOSHMM OIIpefIie-
sem no dopmyne (122):
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X, (0, 60) = [0,5bh% By (=, 60) + Eg Aghy+ Eg Asa] / [bhx
xEqp, (0, 60) + Bg Ag +EgAg] = (0,5:0,24-0,152-1,253-1010 +
+ 21011 6,28 10~ 40,13 +2-1011- 628107 4-0,02) /

/ (0,24-0,15 +1,253-1010 + 2 1011 62810~ 4+ 2-1011. 6,28~

10™%) = 0,075 m.

[lo dopmynam (117) — (121) BeIUKCIsIEM XECTKOCTh B HYJIEBOM
HaIpsAXKEHHOM COCTOSHHH:

Dop.c (=2 60) = bxg (=,60) /3+Egp (=, 60) =0,24-0,0753 /3 ~

5

«1,253-1010 = 4,23 -10° Hm?;

Db ¢ (%, 60) = b [h—xg (,60) I/ 3-Egp, (=0, 60) = 0,24 (0,15 —
— 0,075)3/3-1,253-1010= 4 23 -10° H-M2:

Dog,c (20, 60) = E; A [ x4 (o, 60) _ar]Z = 1.10ll. 6,28 10— 4

x(0,075 — 0,02) 2 = 3,799 -10° Hom? ;

Dos, t (> 60) =Eg Ag [ by — %o (=, 60) ]2 = 2-10tl 6,28-10 4
(0,13 — 0,075) 2 = 3,799 10° H-m2;

Do (=, 60) = Dgp ¢ (2, 60) + Dgp ¢ (2, 60) + Dyg ¢ (=, 60) +

> 5 S S5

+ Dgg ¢ (%, 60) = 4,23 10° + 4,23 *10° + 3,799 -10° + 3,799 10 =

= 16,,058~-1()5 H'Mz.

Onpenenus U3 1abi. 9 napamMerpsl GYHKIMH HEITMHEKHOCTH
v.=1,3; ve =1, 6,

o ¢popmyne (130) HaxoauM ONIHTENBHBIN MOIDYJTH AedOpManHii

f
Eb (m,60) ={(1+Vk) fEb (m)+(1+vc) C* (maéo)i-_ 1=

= [(1+1,3) /3,569 1010+ (1+ 16) 0,518 .10~ 10) —1_

=0,502-1010 H/m2.
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CornacHo tabn. 24 xoagpduuuenr f, = 0,13,

[lo (P%pMYJ‘Ie (155) ompenensem 3¢@dexTHBHBIA MOy [e-
¢opmanmu HeToHa cxcamn 30HBI

By (=,60) = (3+ /2 (1+£5) B (=,60) = (3+0,13)/
/2 (1+0,13) 0,502-1010 =0,696-1010 H/ M2,

[lo ¢opmynam (138), (139) yCTaHaBIMBaeM rpaHUUHbBIE 3HAYE-
HHA OTHOCHUTEIIBHOHM BBICOTHI COKATOH 30HMI

tp = {1+ [RgBy (=,60)1 / [Ry (28) Eg]}™ 1= [ 1+
+(3,75°10% -0,502-1010) (17 106+2-1011) | = 0,645

tr= (a/hy) {1- [Rg F} (=,60) ]/ [Ry (28) Eg]}

H

(0,02/0,13) [1— (3,75-10%-0,502-1019) / (17-106-2 -
1011y1-1 = 0,345,

rae Ry, (28) ~ pacuerHoe compoTusenne 6etona CHKATHIO!

Rp (28) = [Ryn (28) ]/ 1e = (22 -10%) /1,3 =17-106 H/m2.

amech Ry = 22100, vy = 1,3 mprmar no CHall 2.03.01 — 84, Toc-

xoneky & = 0,645 > &p = 0,345, cornmacko n. 10.12 BricoTa cxaTtoit

30HBI OIpemensierca U3 ypaBHewus (147) npu crneoymoummx 3Haye-
HUAX KOI)PHIMEHTOB:

A=0, B=[Ry (28) b}/ (1+f,) = 17-100-0,24/ (1+0,13) =
=3,61-10°;

F oAl = 108 —4 108 . 28.10—4_
C= RyAg—RiAg= 3,75-10°-6,28+107 %~ 3,75-10° 6, <
= 0.

Taxum 06pa3om,3,61 1100 Xmin (% 60) —0=0.
Orcrona Xmin (°,60) = O.

YuursiBad, 4t0 £ = [Xin (%0, 60) ] / hy = 0 < Eli, onpenensaeM

Xmin (°°, 60) noBropHO U3 ypaBHeHHA (147), K03 PHUHEHTH KOTO-
pPOT'0 HaXOOUM COTrTacHO ykaszaHuaM I1. 10.12 u tabmn. 26.
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A=[Ry (28) b] / (1+fy) =170 -106- 0,24 [ (1+0,13) =

= 3,61 -106;

Elt:; (>, 60) = [ Ry, (28) ]/ E]f (0, 60) = 17100/ (0,502 -1010)=

- 33.86-10 — 4
B = e,f (2,60) ELAl —RgAg = 33,8610~ 4. 2-1011 -6,28-107%
. 375-108-6,28 10~ 4 = 1,898 10

C= ¢ (=,60) Eg Ag a'= 33,86-10~ 4.2:10""-6,28 .10 %0,02=

=8, 505 +10°;

2 - 0-
Ax-.  (,60) + Bxpin (,60) — ¢=0;

3,61-100- x? P G 60) + 1-898 10° Xmin (°° 60) — 8,505 103=

=O;

Xmin (%0, 60) = [1/ (2A) ) (\/EQJAC —B)=[1/ (2>

x3,61-100)] (f( 1,808-10°) >+ 4 -3,61-10° + 18,505-103 =

— 1,898 - 10°) =10,0289 m.
[lo popmyne (128) Haxogum qg, (o0, 60):

d, (m, 60) = [015 Eb (o0, 60) b xrznin (m, 60) + BS ES AS hO 4

+ 85 Ef Aa)/ [Ey, (22,60) bxp, (2, 60) +BgEgAg+ BgEgAg] =
= [(0,5-0,696 - 1019024 - 0,0289% + 1,02,0 -10!1-6,28 10~ 4«
0,13 + 1,0-2-1011.6,28.10 74 .0,02] / [(0,696-1010 - 0,24
«0,0289 + 1,0-2,0-10'16,28-10 74 + 1,0-2 - 10!!.6,28~

10~ 4)}:0,0652 m.
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3mecy k03¢pduumentsr BgU fg,COTNACHO yKa3aHUAM M. 11.1, IpUHATSI
B = Bg = 1,0.

[To dopmynam (124) — (127) ompemensieM XeCTKOCTb B IIpeIeb-
HOM HaIp>KEHHOM COCTOSHUM:

Dinind, ¢ (¢°60) =By (=,60) {[b X3 . (0,60) [ 12] + b Xpin*
‘“(m: 60) [qQ (m, 60) - Xmin (m’ 60) f 2]2}= 0,696-10101

x[0,24+0,0289° / 12+ 0,24 +0,0289 (0,0652 — 0,0289 / 2)%] =

= 1,277 10° Hem?

Dgc (2, 60) = B3 Eg A [qq (2, 60) ~2'1>= 1,0:2-10"' -6,28-

' 10""4:: (0,0652 — 0,02) 2 = 2,57.105 H,Mz;

(°° 60) = Bs E A [ho—'qO (m, 60) ]2""' 1,0'2'1011'6,28”

»«10“‘4 (0,13 —00652)2= 5274-10° H.-m>

2

Dmin (=, 60) = Dpyin b,c (2, 60) +Dg ¢ (o, 60) + Dg 1 (,60) =

= 1,277 +10° +2.57-10° + 5,274 -10° =9,121-10° Hm2.

Pacyer mpenesHOro U3rubawmero MOMEHTA ¢ Y4€TOM BHEICHTPEH-
HOTO CXKAaTHA HAauUMHAeM C OIpelleJICHHs BBICOTHI CXKATOH 30HBI Xmin, e
(o=, 60) B COOTBETCTBHMH C YKa3aHHsAMH I, 11.3.

YuuteiBad, yro £R > ng, Xmin, e (°°, 60) HaXon¥M M3 ypaBHEHUA
(156) :

sz

min, e (%> 60) + Bxpin ¢ (=, 60) — ¢ = 0,

rac

A=[Ry (28) bl /[(1+ f5) (2+ f5) ]=(17-100-0,24) |

[ [(1+0,13) (240,13) ] = 1,695-10%
B=[(eo—W2)/(1+£,)] Ry (28)b=

= [(0,115 - 0,15/2)/(1+0,13)] 17-10% 0,24 =
= 0,144+106;
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e=30 + hf 2—a“= 0,115 +0115 /2'_0102= 0117 M,

e’=e, —h/2+a=0,115-0,15/2+0,02 =0,06 m:

8 8

C= Ry Age — Ry A§ = 3,757 10%6,28-10~ 4 +0,17 - 3,75 -10°«
x6,28 + 10~ 4-0.06 = 2,59 104,
BouncngeM KOpeHb HCXOTHOrO YpaBHeHUA

Xmin, e (= 60) = [1/ (2A4)] (V/B+4AC-B)=[1/ (2~
x1,695+10°) | (\/( 0,144-10%)2 +4°1,695-105 -2,59 -10% —

—~ 0,144 °10%) = 0,088 m.
[Iposepsem yciioBHe

£ = X min e (= 60) /hy=0,088/0,13=0,677 > &g = 0,645,

CIIE[OBATE/ILHO  COITIACHO M. 11.3, pacueT Xmin o (*°, 60) cnemyer
BBIIOJIHMT, HOBTOPHO U3 ypaBHeHus (157), Koaq)cbnuuemm KOTO-

pOTO NOJIXHEI ObITh ONpeNeNneHsl N0 GopmynaMm, NPUBEIECHHRIM B TabI.
30:

A=Ry (28) b [ [(1+fy) (2+f,)] = 17-10%-0,24 [(1+0,13)
(2+ 0,13)] = 1,695-105;

= (eg—h/2) [ [(14fy) Ry, (28) b] = [(0,115 0,15 /2)
[ (1+0,13) ] 17-10%-0,24 = 0,144 -105;

C'= Ry Afe'+ e; (0, 60) Eg Ag & = 3,75 +10°- 6,28+10™ 4

11

x0,06 + 33,86 :1074-2-10"" -6,28-10™ #.0,17 =86, 428 -10;

f —
= & (=, 60) Eg Ag hge = 33,86°10" 4‘6: 28410 4

') -1011 - 0,13 0,17 = 9,399 *103.

Taxkum 06pazom,
6 3 408 2
1,695 10 Xmin, e (o0, 60) + 0,144 10 xmin, o (= 60) +
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+ 86,428-10% Xmin, e (=, 60) ~ 9,399-10° =0
WJIH,IIOCTIE COKPAIEHHUS

3 oo 2
1695 X~ oo o (0, 60) + 144 X nine (% 60) +86428 x_. .x

(o0, 60) — 9,399 =0,

Perienne ypaBHeHus BrmonHseM metonoMm HeroToua.

n n-|1 n—1
X . - o0 —_ 1
min, e (** 60) * min, e (>, 60) {F xmin,e (=, 60)])
! n—1
F 00
[Flx ., (=601},
rae
Flx (2,60) "=A x (,60) + B x *
mn, € min, € min, e
y n—1 o . 4
:N'( ,60)+C )I(Tlil'l,e( ,60) Dr

n— 1 (n—1)°

— —_— {

FlXpin e (<60)0]1=3Ax%Y (,60) +2B Xpin ¢*
min, e

!
x(na, 60) tc.
IIpyHuMaem B KauecTBe UCXOLHOTO

n-—1 _ JO _ - . —
xmin,e (=, 60) = Xmin, e = ER ho = 0,645 - 0,13 = 0,0839 m.

2

F (Xmn. o) = 16950,0839° + 144-0,0839“ + 86, 428 +0,0839 —

—9399= - (0, 133;
F f(xfnjn o) = 31695 0,,08392 + 2144 -0,0839 + 86,428 = 146,39,
H 3HAUEHUE Xmi n}e(m, 60) B mepBOM HpUOITKEHHH PaBHO

(1) i
xmin, e 0,0839 — ( — 0,133) / 146, 39 = 0,0848 m.
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AHaTIOTMYHBIM 0GPa30M OTIPEAENAECM X .y o (20, 60) BO BTOpOM MpHE-
TTHOKECHHU:

1
F (xlgﬁ)n . = 1695-0,0848% + 144 -0,0848" +86, 428 - 0,0848 —

— 9,399 =—7,486-10" 4;
F'(X% ) = 3+1695 -0,08482 + 2-144-0,0848 + 86, 428 = 147, 42;

2 n—4 _
X ine ° 0,0848 — ( — 7,846 10~ %) / 147, 42 =0,0848.

[Ipun¥Maa BO BHHMAaHHWE OJIM30CTH pPE3YINILTATOB MBYX IOCIIEHO-
BaTeNIbHBIX MPHOIMKEHUA, OKOHYATEIBHO CUMTACM Xmin e (oo, 60) =

= (,0848 M.
[To dopmynam (143) u (145) ycragasnuBaem HallpskeHHE B ap-
MaType CXKaTOH ¥ pacTAHYTOH 30HBI:

0, (2,60) = etf) (*, 60) Eg {[ho — Xmin, e (*% 60)]/ Xmin, e”

4. 21011 (0,13 - 0,0848) / 0,0848 = 3,6 -108

x(co, 60)}= 33,8610
H/ M2 < R = 3,75-10° H/m;

o] = € (=,60) Eg [1- a7 xmn, ¢ (= 60) ] = 33,86°10~ *x

<2 -1011 (1- 002/ 0,0848) =5,175-108 > R’ = 3,75 -10% H/ m>,

T.€. B JANbHeHIUEM IpHHUMaeM 0f = Rg = 3,,75""108 H/MZ,
og = 3,61-10% H/m?.

[IpenesibHbIA M3rHOAIOIMH MOMEHT € YYETOM BHELEHTPEHHOTO
CXATUA OIIpeneraAeTCA B COOTBETCTBHU c 11, 11.4.

Tockonsky Xmin ¢ (°°, 60) = 0,0848 M > &p hy, paccroanue ot
OCH OTCYeTa MOMEHTOBR N0 HaubOnNee CKATOU rpaHM CEYeHHs HaAXOOUM

no popmyne (161):

s (%, 60) = {[hg—qo (<,60) ] / (h— g h)}x
*|Xmin, e (>, 60) — g h ] +q4 (=, 60) = [( 0,13 — 0,0652) /
/ (0,15 — 0,645+0,13)] (0,0848 — 0,645-0,13) + 0,0652 =

= (0,0661 m.
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[Ipu COGMIONEHMH YCIOBASA Xpmin e (%°,60) <h, Myay o (%, 60)
BBLIYUCTIAEM HCXOOA U3 BoipaxceHusa (159):

Miax, ¢ (=,60) = [Ry (28)b 3. (,60) / (2+ fo) | +
T {Rb (28) bxmin,e (22, 60) [s (e, 60) ~ Xmin, e (0,60} ] /
[ (t 4 £)} + ogAg[s (=, 60) —&] + 05 Ag [h, —s (,60)] =

6.0,24+ 0,08482 ] (2+13) + 17 *10°% 0,24-0,0848 x

- [17-10
0,0661 — 0,0848) / (1+0,13)] +3,75-108-6,28 .10~ 4 (0,0661 —
~0,02) +3,61 -10%+ 6,28 10~ 4 (0,13 — 0,0661) =3,339 *10* H-m.

CornacHo ykaszanuam 1. 11.1 onpenensieM IIUTENIBHYI0 KPUTHUECKYIO
cHay:

2
P:ﬂ (,60) = (7/k) D, (,60) = (n/ 1,65)% 16,058 -10° =

=733-10° H:

p min 0 - ) 5
oil, (o0, 60) = (ﬂ'/ LO) Dmin (o0,60) = (n/4,65) 9,121+10" =

= 4,16°10° H;

k, = PO — min o0
o™ ey 060 = By T (0, 60) T/M, (=, 60)= (7,33-10%,

~4,16+10°) / (0,3339-10”) = 9,494 M~ | ;

Py (=,60) = PO (0,60) / [1+(8/m) v/2/3l5ke+loKe] =

= 7,33-10°/ [ 1+ (8/m v/ (2/3) 0,115+ 9,494 +0,115 .9,494] =

= 171390 H.
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12. PACUET CTATHUYECKH HEOIIPEJEJIMMBIX
XEJIE3OBETOHHBIX BAJIOK C YYETOM
HEJTMHEWHOTO JE®OPMHPOBAHHUA BETOHA

12.1. Ilpepnosnaraercsa, uro 6aska MOXET MMETh PasHbIE [JTHHEI
IpONeTOB, IMEepEMEHHbIE CEYEHMA M pPACCUUTBIBAETCA METONOM CHIL,
IIpUueM OCHOBHAfA CHCTEeMa METOIA CWI COCTaBJIfgeTcsA U3 OJHOIpOJIeT-
HbIx OaJOK, B Ka4eCTBE HEU3BECTHHIX HMPHHUMAIOTCS H3rudbarume mMo-

MEHTBI Ha , TPOMEXYTOYHBIX OHOPaX.
Paspenaromas cuUcreMa KaHOHUYECKHMX YPaBHEHUMHM COCTOMT M3

YPaBHEHHH THIIA

0 ,n,n—1 Xn—1 ¥ 6n,.. n ¥n T 3n,n+ 1*n+1 5n_,p=95 (163)
rae Il — [OpAOKOBLIA HOMED ONOPHI;
Xn —1> Xp» Xp+ ] — JIHMIUHHE HEU3BECTHbIE (ONOPHBIE MOMEHTHI).

Yucino KaHOHHMYECKHMX ypaBHeHUH B cHcreme paBHO(N — 2), rme N —
YKCJT0 OTIOp Hepaspe3Houn OaTKH.

12.2. Ko3dduuueHTsl KaHOHWUYECKHX YPaBHEHUH OIPENeNAIoTCA
no popmyiam:

k=m
an,n—l - (]'h/m3) kz=1 [(2mk—-m-—2k2+ 2k —
—2/3) [ Py, k-1 * Dn,k)]; (164)
k=m
Sn,n =(2/m3) []rn k"z':l (kz—k+1/3)/(Dn,k—-1 +
k=m ,
+Dn,k)+ lns1/3) kE=1 {[(m—k)2+(m-—k+1) +

tm-%) (m-k+D1/Ops1 k-1 +*Pny1,0}5  (165)

= M
ﬁn,n+1=(ln+1/m3k§l (2mk—m—2%k% + 2k—2/3)

[ Ons+1,k—1 Y Pny,0; (166)
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k=m
0
Ap p= (1/3m) |1 kE=1 [(Bk-DM | x_ | +Bk=1)x

k=m
"Mg,k/(Dn,k—l tDhk)]l + iyt % I]H[B(m—k)+2]:~

L]
I

0 0
Mp 1, k-1 * B@m-K+1M {1 3/ Opy k1 *

+ Dpy1.x) | (167)

rae K — mOpsIKoBELH HOMep cedeHHs B Npefenax mporera (K=0,1..., m); npu
y1O0M KaXIbH 1nponetr GankH pa3buBaercsa Ha {1l paBHBIX YYACTKOB;

0 0 0
Mn, k — 1> Mnk: Mn.;.], k — AMCKpeTHbIE 3HAaYeHWs MOMEHTOB B

OCHOBHOH cHCTeMe MeTofa cui; D i — XecTkocTb Oanku B ceye-
g n, K K MOMEHTY BpeMEHU t IIpH HArpy>KeHHMM CHCTEMbl B MO-
MEHT BpEeMERH t,, Bhruucisemas no dopmyne (116).

12.3. PacueTHbi¢ 3HAYCHHMS MOMEHTOB B CEYeHHAX OanKHU Ha Kax-
7IOM 3Tamne TOCIeNOBATENBHBIX NPHOIMKEHNH ONpenensanIcs no ¢op-

MYJIE

Mn,k=M;,k + X, (k/m) + x5 _ 1 (m—k) /[ m, (168)

B dopmyne (168) MOMEHTSI Mg,k, Xns X1 TPHCYTCTBYIOT
CO cBoMMH 3HakamH, Ilpm stom co 3HakoMm "—"’ B pacuer BBOIATCA
MOMEHTbI, paCTATHBAKIIME BEPXHHE BOJIOKHA CEYCHUS.

12.4. Pacyer CTATHUECKU HEOUpEOEeNUMBIX OATOUHBIX CHCTEM C
YYETOM HENHHEHHOCTH OePOPMUPOBAHMA U NON3y4yecTH OeTOoHA pe-
KOMEHOYCTICA BRINONHATE METOOOM NOCIENOBATEIBHBLIX NPHUOIMHKE-
HUH.

BHayarre npOM3BOLMTICA pacueT OankH IpH KPATKOBPEMEHHOM
[EHCTBHH Harpy3kH, NPHIOKEHHOH B MOMEHT BpeMeHH t,. Ha nep-
BOM 3Talle MNpouecca (0CIeaOBATENbHbIX NPHOIHXEHHNA OIpPEIenaioT
HEM3BECTHBIE MeTOHAA CHJI M OUCKPETHBIE 3HAUCHUA U3rHOaoUMX MO-
meHTOB. llpu 3TOM B KavecTBe pacueTHBIX CleAyeT HpUHMMATL TIpHU-
BEOCHHBIC >KECTKOCTHBIE XapaKTEePUCTHKHA CEUEHHST XeJIe300€TOHHOH
Oankn. Ha BTOpOM 3Tame yyMTHIBAIOT HEJTMHEHHOCTh HOedopMHpPOBa-
HHA M pacueT NpodoJIkKapT B clenyiomeM nopsaxe, [Io HaupgeHHbIM
B pe3yyIbTare YyIpYIroro pacyera 3HAUCHUAM MOMEHTOB B COOTBEICT-
BHH C YKa3aHUAMH pa3fa. 10  OfpepsensioT KECTKOCTh B BRIIEIEHIIBIX
ceueHUAX Oanxu. [lo dopmynam (164) — (167) HaxomsaT K03ddu-
IIMEHTBI CHCTEMBI KaHOHMYECKMUX ypaBHeHuMM (163), OCyLieCTBIAIOT
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ee pelIieHHe W cornacHo I, 12,3 ycTaHaBiMBarT 3HaYeHHA MOMEHTOB
Ha TpaHUIAX YYacTKOB pa30ueHMs 6anky, ITH MOMEHTHI ABJIAIOTCA
HCXOMHBIMH JISI NPpOBEOEHHUA CTATHYECKOIrO pacueTa Ha ClIeaynlueM
JTane Iroc¢iiefoBatebHbIX NpuOIMxeHHH, Ilponecc mnocnemoBaresib-
HbIX TpHOMMXXECHHH IIpH pacdyeTe CHCTEMBI HA KPATKOBPEMEHHOE NEHCT-
BHE Harpy3KH IPEeKpal@eTcsd MpH BoINOIHEHHH YCIIOBHA CXOTUMOCTH

@ L G=DYy, . G=1)
M Mn’k ) / Mn,k <0,05, (169)

(1)  (1-1)
The Mn Io Mn,k ~ M3rubalonme MOMEHTEHL, TONYYeHHEIe Ha 1 M 1 — 1 3Tane noc-

JICHOBATEIBHBIX ITPH ONMXeHHH COOTBETCTB EHHO.

AHATOrHYHBIM O00pa30M BBIINOJIHACTCH CTATUYECKHM pacyer DaTKH
NpH IJTHICTIBHOM IEYCTBHH Harpy3kM, llpM 3tomM [onyckaercs npH
pacyeTe CHCTEMbI Ha [IEPBOM JdTalle IPOLECCa TMOUIENOBATENBHBIX NPUD-
MIDKEHUHN V1A PacCMATPHBAEMOr0 MOMEHTa BPEMEHH t; HCIIONbH30BaTh
OKOHYaTE/IbHbIE 3HAYEHHS MOMEHTOB, MOJYUEHHbIE MPU pacueTe CHC-
TeMbI Ui NpefllieCTBYIOMIEr0 MOMEHTa BpemeHH t; -y. Pacuer cucre-
MBI I KaXXIOro HasHayeHHOTrO MOMEHTa BpeMEHH CYMTAeTCH OKOH-
YeHHBIM NPH BHINONHECHUH yenosuda (169).

Ipumep. Pacuer HepaspesHoH OalkH HNPAMOYTOJIBHOIO CEYEHHH,
ano: nByXInposietHasg HepaspesHad 6am<a NpAMOYTIOJIBHOrO Cceye-
HEA ¢ pasmepami bh = 0,2 x 0,6 M,2=a2'= 0,04 M, H3roJOB/IEHHAA U3

631‘0!{3 xnacca B30 (R 'bn(28) 2 MH 22 10 H/M ; Eb (28) =

= 0302 * 105 Mla = 0,302 - 10! H/M . TIOBEPrHYTOrO TeIUIOBOM
Gﬁpaﬁome ¥ UMEIOMIETO OCAIKY-KOHycCa 5— 6 CM, ¢ cnmmerpﬂtmmm

NTOCTOAHHBIM IO [JINHE MH BaHKueMm 491 § + 4618 Al qllslh
=400 MITa = 4.0 - 108 H/nds Eq = 2 +10° MTTa = 2 *10 M p
IUIOLIAOY TIOIEPEYHOrO CEUSHMs apmarypm Ag A = 10,18 +10~4 m?
Harpy»>eHHasA JIBYMA COCpPeNOTOYECHHBIMH cmlaMn (puc 7) Py = Pz =

=210 xH — nepsriit Bapuanr; P1 =Py = 170 xH — BTOpO# BapHaHT.

Tpebyerca TOCTPOKTH IMOPY HU3rNdalIMX MOMEHTOB, HMECIOUIYIO
MeCTO B Oalike B BO3pacte t - 28 CyT M t~>°° IpH €€ 3aTrPyXCHUM B
MOMEHT BpeMeHH t, = 28 cyT. OueHuTh BelMYMHY NepepacipeneneHms
y CUIINH OTHOCHTeJ'IbHG PE3YIILTATOB PACYETA MO YHIPYTOH CXEME,

Pacyer. Onpenensem KO3PQPHUIUSHTH KAHOHUYECKOTO YPaBHEHMA
¥ rpy30BBIC WIEHBI METOHA CWI IJIA YIpYroro pelleHus, NMpuHUMAas
XKECTKOCTD CeueHUA 1) MOCTOAHHOM NO pliuHe BAIIKH

— - — b 7
511 = 400/D; Ay =82,68810" /D,

OnopHbIT MOMEHT B 3TOM CJIy4Yae paBEH

xp= (81,/877) =— (82,688 / D) / (400/D) = — 206700 Hem =
= - 206,7 xHwm.
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L

4,5” !,5” ’,5” 4,5”

=6 M 1y =6 M

Puc. 7. Cxema Harpy>XeHust STk

[Tonyuyaem 3Mopy AEHCTBYOIMX MOMEHTOB IO HTOTaM yNpyroro

pellIeHUs,
JIns yyeTa MepeMEHHOM JKECTKOCTH IO [JTHHE baniku pasbuBaem

KaX/Ipli IIpOJIET Ha M= 4 yyacTKa pPaBHOi IyTHHBI by (2) [4=15Mm
(puc.8),

KecTKOCTh CEeyeHHUs, PaCNOJIONKEHHOTO Ha I'paHHMlle YUacTKOB pa3-
6uenus, onpenensem no dopmyne (116)

D (t,to) = k (t = to) Dy (t,te) {1 = [ 1—Dpin (t,to) /K (t— toys

}DO (tlt{))] M, Mmax (t:to) ’

roe M — 3HaueHMe OEeMCTBYIOLIETO MOMEHTA Ha TpaHHUIE YYaCTKOB, MNOJIYYEHHOE
M3 YIPYTroTO pelleHus .

Hanpuennmiu pacyeT GaJIKH I MOMEHTA BpeMeHH t =t = 28 CyT
MPOHM3BOIMM B COOTBETCTBUH C I, 124,

Cnenys ykasauusaMm pasa. 10, onpemenym napamerpbl, HEOOXOU-
MBbIE JIJTIsT BHIUMCIIEHHUSA KECTKOCTCH:

Eop (28,28) = 2,197 -10 4 Mila;

f I=1 12 I=3 I=4

Pl o |0 | ”‘”{ < TRABRE A o ”;5,.,,

Puc. 8. Cxema pa3OueHusa GaTKHM Ha yYacTKH
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Ep, = (28,28) = 1,166 -10% MITa;

D, (28,28) = 10,66107 Hm2; B =0,244;
Dpyin (28,28) = 1,2+107 Ham2;

Mppay (28,28) = 2,11:10° H.m:

k (28,28) = 0,8.

Pe3ynpTaThl pacuera xeckocTei IpUBeHeHbI B Tabn. 31,

Ta6nuuma 31

rem— TR ey

ey welnly vlieldd L s S EEE— e S, s mbiskis ESbry FEiel EpLsa EEE—S T e ., aaas e e AR AN, e EEaes e aE paps aamis. Esbes e P e el NG S e sy shfhS) EEEE S sy ek . S N el S SE—

il skl el P s mibleen ShieS S il Selisls SesslE Sekibe SRSy aaas s assine ki S-SR esble isies sl WS S, s albisel ekl Sasal pbepss mises sl Sl RS e S ek S Sl ambesl deiniel sl ssslel e Segipe Em—— el ceeSgy spiise s S——

mliey mnieely e byt Skl mlee il Pk Skl Sy e ey . e Eeeenie el AR S sl e sk P e s’ — v S s sl —— el P e sl wels SR ey inenlk S Sy e sy by’ W S S e mla iy

N W T R T g ——n ———_“-_-—_“-—-—“_-_m_._*.-_-l-_-_ mienienh eSS peasls e JEEEN S P s sl e

D, B 8,530 7,278 6,026 4,775 1970 4,775 6,026 7,278 8,530

M. xH-M 0 32,79 65,57 98,36 183.85 98.36 65.57 32,79 0
*llla'ran

D, H:m2x 8,530 7,236 6,122 4918 1,779 4,918 6,122 7,236 8,530

x10 —

M, xHm 0 3304 66,08 99, 12 182.84 9912 66,08 33,040

Pacqe'r 6am<n npﬁ t—am to= 28 CyT

S S  dulla—- . i e i pplmee Sl e sl e e sl Eth el gEms peps. Seems deinll Sl s msiae laes EEEE hEey e eEen epi S, gy e aammlis SN Bl o

D.H-M"x6317 5472 4,627 3,782 1,642 3,782 4,627 5,472 6,317
x10-

e s —t— bty Sl sl s, T . it A T S ST T ¥ . bl b embie el A sk e AR ek il e S s sl el b i A S ey

M, kHw™m 0O 324 64,8 97, 2 185 4 97,2 648 324 0
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Ilo popmynam (164) — (167)Haxonum KO3 OIUIMEHTH KaHOHH-
YeCKMX YPpaBHEHHHM C VYETOM MEPEMEHHOCTH XECTKOCTEH IO IJIHHE
3JIEMEHTA U pelliaeM KaHOHMYECKOE YPABHEHUE:

511 =75,938-10" 11 Ay = 135,66 10~ O Hay;

P
X1 =— (Alpfall) =— 178, 65 xH -m.

[lo HaWgeHHOMY 3HAYEHHIO ONOPHOTO MOMEHTA CTPOMM 3IOPY
MOMEHTOB, @ 3HAUYEHUSA MOMEHTOB B BBIIEJICHHBIX CEUCHUAX CBOIHUM B
1abn. 31. llo nmonyueHHBIM 3HaYEHMAM MOMEHTOB OIIpENEIIsieM HOBBIE,
U3MEHEHHDbIE 3HAUECHUA XECTKOCTEH, KOTOpPBLIE TAaK>Ke IMpHUBEHOEHbI B
Tabn. 31. 3arem Npou3BOOMM onpeneiienne Ko3bPUIUEeHTOB B HOpMH-
pOBaHHE KAHOHWYECKOIO YpaBHEHHsA, peliasg KOTOpoe, YCTAHABIHBAECM
3HAYEHUE OIIOPHOTO MOMEHTA U OCYIECTBJIAEM BTOPUYHOE IIOCTpOE-
HUE¢ aMoppl MOMEHTOB. llonyuyeHHBIE MOMEHTHI ABAIOTCA HCXOMHbIMHU
NI pOBEOCHUA OYCpPEOHOM HTepauuu, B onmMcaHHOM NOCIENOBaTElNlb-
HOCTH pacyer METONOM HOCIEIOBATENbHBIX INPHOIIKEHHH IPOHOII-
xaeM 00 oGecneuyenusa ycnoBusi cxopumoctd (169). Xopn pacuera
CUCTEMATH3HPOBaH B Tabn. 31. B manHOM npHMepe, yxe I0CiIe TPEThEen
HTEPaUMH DA3HHUA MEXAY MOMEHTAMH [IBYX COCECOHHX NMpHOIMXKCHHH
Haxonurca B npegenax 1 %. B urore mnojnyuaem 3M0py MOMEHTOB,
H306paXkCHHY10 Ha pHUC. 9, a.

Ha ocHOBaHMM IONYYEHHOM 3MIOPBI MOMEHTOB ONpeEnensieM YCH-
1A B OaNIKe HA CIIENYIOUIEH CTaiuy pacuyeTa — Npu t-roo,

Tpebyempie 1A DaibHEHIIEro pacyera mapamMeTpbl HaHOECHB! COT-
JIaCHO YKa3aHuAM pasf,. 10:

Dy (%, 28) = 6,317 10" H-m?;
Ey, (,28) =0,99-10% MIla;
Ey (e, 28) = 0,49 -10% MIla;

ﬁs=0,165;
Dpnin (=2, 28), = 0,817-107 H-m?;
min L] A 3 s

Mpax (2, 28) = 2,151:10° Hem:

k (o, 28) = 10.
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Puc. 9. mops H3rHbaroUMX MOMERTOB
a — T BapHaHT Harpyxemus; 6 — lI BapuanT Harpyxenusa; [ — IO pe3yjibraTam
“yrpyroro’’ pacuera; 2 — IO pe3yibraraMm pacyera Ha KpaTKOBPEMEHHOC Harpy-
XeHHe B BOJIPacTe "to = 28 cyT: 3 — no pe3ynbraraM pacuera Ha JIUTENBHOE
Harpy»eHHue npu Bo3pacre HaONWOACHHA { —o0

PeaynpraTel pacuera OATKU NpH OJIUTEIILHOM NEUCTBUHM HATpY3KH
npuBeaeHs! B 1abn. 31, a uTOroBas sNopa MOMEHTOB HM300pa)keHa Ha
pHc. 9,a.

B HMTOXEHHOH MNMOCNeNOBaTENbHOCTUA BLIIONHAEM pacyeT OankH
Ha BTOPOH BapUaHT Harpy>XeHWs, OCHOBHBIE pE3yJIBTaThl KOTOPOIO
cmnegm; B Tabn, 32, a OKOHYATeJIbHAN JIII0Pa MOMEHTOB IIOK43aHa Ha
puc. 9, 2.
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Taonunpa 32

Hokazarenn Homep nponera u ceueHus )
1.0 J 11 I 2 | 13 | 14 | 1k J“E}}“r‘ﬁ.}“*"ﬁ?
| 11-0
- - m_“-f;nm;qe:mx M;M;;o;;a ynpymm;;;e:[;;_ ) - S
M,kHvM 0 2191 4381 65,72 16734 6572 4381  21.91 0
Pacuer Ganmxwm npu t =1, =28 cyr N |
L - o T sTan
D, Hm? - 107 8,529 ’7:._725”r 6,921 6,117 _2,586 _;;1_7—_”_6_;921 ?,725* 8,529
M, KH*M- o hO o 25,98 ) 51,9g o 77,94_ 151,07 ——-—;i-% 51,9_6 25,!;8 6 "
1 3Tan
D,H-M2-107 8529 1576 6622 5668 2983 5668 6622 7576 8529
l:{,_r:I:lnm o 0 2;,42 56,83 76,25 ) 153,33 ) 76,25 *50,83 h_iﬁj4_‘.;_ 0 )
Pacuer Ganxst npu t79, 1,=28 cyT
D, H-m? 10~/ 6317 5,667 5,017 4367 2396 4367 5,017 5667 6317
M, kH-m T 0 —-——-——-—-——25,19 50,37_ 75,.‘;_6*_‘__1;;36 7_5,56 50,37 25,19 ) 0 '



[Ipunoxcerue

OCHOBHBIE 3ABUCUMOCTH, ONPEAENEHUSA
U IOHATUSA TEOPUM MONBYYECTU!

1. JiWHelHAA TeOopHUs MNOJI3YYECTH IIOCTPOEHA Ha OCHOBE JIMHEHHBIX
3aBUCUMOCTEH KaK MeX[Ty HANpSXXCHHAMH U YIOPYTUMH [edopMallus-

MM, TAK U MEXY HANpAXKCHUAMU H JehOopMaUAMH MTOJI3YUECTH.
B a3TOW TEOpHUM MOJIHAA OTHOCUTENIBHAA OceBad JedopMaumsa €¥x

x(t) onpenensaeTca ¢ IOMOIIbK 3aBUCHUMOCTEM
MpU NMOCTOSHHBIX BO BPEMEHH HahpmxeHWaX o* (i,) M crammo-

HapHBIX BRIHYXICHHBIX lehopmatmax € (t,) (IIpocTas Noi3yuecTs)

e (t) ={[1/Ey (to) ] +C [(ttx}o* (tx) +e(ty); (1)

MpU NEPEMEHHBIX BO BPEMEHH HanpsikeHUAX 0¥ (t) u HecrauuoHap-
HBIX BHIHYXICHHBIX feopmanmax €, (1)

e* (t) = [o* (t) [ By, (t) ] +0* (1) C* (t,to)__fa*'r;

qoC*(t,n) /o1 JdT + ¢, (). (2)
B dopmynax (1) u (2)

C*(t,to) =l By ()] - [1/E, (X)) ] #
+ C (Lt ); (3)

C (t,ty) — mepa non3ydecty, 1.e. nedopmalma MON3yYecTH K MOMEHTY
BpeMEHU t, BbI3BAHHAA EOMHUYHBIM HAMPAXEHHEM, AEUCTBYIOLIUM C
MOMEHTA t .

Hayano orcyera BpeMEHH COBMELIICHO ¢ MOMEHTOM Hayalla TBepe-
HHUA OeTOHa; NMpPUMEHAETCS TepMUH Bo3pact’ 06eTOHA — MPOMEXKYTOK

o W Py — 3

1
Apyrionan H.X., Anexcauaponrckuit C.B. CoppemeHHOe COCTOSHYE pPa3BH-
THA TeOPHH non3sydvecTd GetoHa [ B ¢6, Tlon3syuecTs ¥ vcanka GeTOHHBIX H XKeIe30-
OETOHHRIX KOHCTpYKuMi — M.: Crpottuspmar, 1976. —C.5 , —~96; Anexcanaponc-
KHil C.B. PacyeT GeToHHBIX H keme306eToHHBIX KOHCTpYKUMH Ha H3MEHEHHé TeM-
NEPATYPRL ¥ BADKHOCTH C YUETOM MOJII3YUECTH, — 2-¢ U3, nepepal. H gom. — M..

Crpo#tm3par, 1973; Bougapenxo B.M., Bongapenxo C.B. WUHKeHepHpIe MeTOObI
HETHHEAHOM TeopHH xene3obetona. — M.: Crpodwusnar, 1982; Mpoxonoswy U.E.,
3earenuase B.A. Ipuxnagnas reopus nonsyvecty. — M. : Crpoituspat, 1980.
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BpEeMEHHM OT MOMEHTA Hayasla TBepAeHHsA OCTOHA A0 paccMaTpUBaEMOTo
MOMEHT4 BpeMeHH (t WIH t,).

C* (t,t,) — Mepa DbICTPCHATEKAIOILEH YaCTH 1ePOPMALMH NIONI3YUECTH,
YCJIOBHO OTHECEHHAss K MOMEHTY GOpMHPOBaHMSA HampshkeHUH. Kpome
C (t,ty), A ONUCAHUA ePOPMALMH MON3YYECTH HUCTIONIB3YIOT XapaK-
TEPUCTHKY MONM3yuecTH ¢ (t,t,), ompenensieMyio ¢ IOMOLIBIO 3aBUCH-

MOCTH

¢ (t,ty) =E (15) C (t,t5) (4)

M PAaBHYIC OTHOILUCHHIO BENNHUMH [AC()POPMAIHH IMOJI3YYECTH U YIPYIrHUX

nedbopMaiMid, a TaKXe I[pEIENbHYI0 XapaKTEPUCTUKY IMOJI3YUeCTH
(troo)

0 (to) =E (to) C (=, 1y). (5)

BeHYXIeHHBIMH CUMTAIOTCA [OePOpMalMM, BbI3BaHHBIE H3MEHEHUEM
TeMIIepaTyphbl, YCHIHAMM IIPEOBapUTENIbHOI0 00XaTHA U HEpaBHOMED-
HOH OCAIKOH OIIOP, a TaKXe ycanka 6eToHa.

2, HenunerHast TeOopUa MON3YYECTH IIOCTPOECHA HA OCHOBE HENH-
HEHMHBIX 3aBUCUMOCTEH KaK MEXIY HaNpsHKCHUAMH H YIPYIUMH [Je-

dbOopMALMAMH, TAK M MEXIOY HANpAXCHUSIMH U JepopmalMAMHU MOJI-
3YYECTH.

B »>TOH TEOpHM IOJIHAA OTHOCHTENIbHAasA oceBasg Aedopmalma €*x
x(t) ompenensaeIca ¢ MOMOIIBIO 32BUCUMOCTEIH :

NP NMOCTOAHHBIX BO BPEMEHH HanpsbkeHUAx o* (t,) ¥ cTauMoHap-
HBIX BBIHYXXICHHBIX Aedopmauuax €(t,) (mpocras Mou3yyecrn)

e* (1) ={Fk [o* (to) ]/ Ep (ty) + F¢ [o* (to) C* (t’tﬁ)}+

t e (i) ;

MpHU TlepeMEHHBIX BO BpPeMEHH HampsbkeHusx o* (t) M HecTauHo-
HapHBIX BhIHYXIEHHBIX fedopmanuax €, (t)

(6)

;
e* (t) = Fe [o* (1) ] /Ey (1) + Fg [0* (1) ] C* (L, t5) ——1{ F.x
fo* (1) ] [0C* (t,7) [/ d7] d7 + €, (1), (7)

Bxonsiume B 3aBucumoctd (6) u (7) ¢ynxumu Fy n F, yurbiBaior
BIIMAHHE HETHHEHHBIX COCTABIAKIMX YHpYrHX Aedopmaimi U nedop-
MAal¥¥ NOJI3YYECTH:

Fie [0* (1= o* () [1+ Vgn ()7k]; (8)



Fo [0* (1) 1= 0% (1) [1+ Van ()] (9)

rae Vi, My, Ve, M — napamerpbl QYHKUMA HENMTHHEHHOCTH.

3aBHCHMOCTb (7) MOCTpOEHAa B MNMPEIINONIOXEHHH, YTO KPHUBBIE, OIHCHI-
BaloIlMe JIMHEHHYI0 ¥ HETHHEHHYI0 COCTaBJIAloLIME NMeGOopMalUH IIpOcC-
TOH MON3yuyecTH, — addpuHononoOHsl, llpH HeobxomuMoOCTH yuera
dbaKTUUECKOTO OTCYTCTBUA adpPUHHOro IMoaoOHA Iapamerp HeElH-
HefiHoCTH vV B QYHKIMM F , cnienyer yMHOXMTB Ha KO3 UIHEHT

o —E=t0) (10)

roe f(t — ty oyHkuMA, yuMTBIBAIOAS HapacTaHMEe BO BPEMEHH MephI
nmoi3yvect (CM. pasd. 3).

3. CHCTeMOH, COCTaBJICHHON M3 OOHOPOLHBIX 3JIEMEHTOB, HA3bI-
BAECTCA CHUCTEMA, BCE 3JIEMEHTB! KOTOPOH BBLHIOJIHEHBI U3 MATEPHAIIOB,
obnagarouMXx OOWHAKOBBIMHU HePOPMATUBHBEIMH CBOHCTBAMM (MOOYTIb
YIIPYTOCTH, MEPa MOJI3YYESCTH) .

beTOHHYI0 KOHCTPYKIHIO MOXHO CYMTATh CHUCTEMOH, COCTaABIIEH-
HOW W3 OJHOPOZHBIX 3JIEMEHTOB, €CAU OHA, BO-IEPBBIX, BHHIDIIHEHA
3 OeroHa OIHOro CcOCTaBa, BO-BTOPBIX,— €CIH €¢ OIMOpPHbIE CBA3HU
)KECTKUE WIK O0NajalT TaKMMHU Xe HedOpMATUBHBIMH CBOUCTBAMH,
KaK caMa KOHCTpYKIIUA.

Kene3zoGeTOHHYI0 KOHCTPYKIMIO, paboTaloly o 6e3 TPpeimH, MOX-
HO pacCMaTpHUBaTh KaK CUCTEMY, COCTAaBJICHHYI0 M3 OIHOPOIHBIX 3J€-
MEHTOB, €CJIH, BO-NIEPBBIX, JJIf HEEC BBINOJHAKWTCA YCIIOBUA, cdOopMy-
JIMpOBaHHBIE BbinEe M1s1 OETOHHOM KOHCTPYKUHH, BO-BTOPbIX, — €€
1€POPMATHBHOCTE MOXET OBITh JOCTATOYHO TOYHO IIPENCTaBJIeHa C
IOMOIIbI0 TIpHBeneHHbIX XapakTepHcTHk [E (), ¢ (t,t5)], cpen-
HUX U1 BCEX JIEMEHTOB,

CucTeMOH, COCTABJIEHHOM H3 HEOITHOPOHIHBLIX JJI€MEHTOB, Ha3bi-
BaeTCad CHCIEMaA, 3JIEMEHThI KOTOPOH BbHHIONHEHDBI U3 MATEpHAIIOB,
OoONMafaiMX pasNINUYHBIMUA JeQOPMATUBHBIMU CBOMCTBaMH,. Kenmesobe-
TOHHBIE KOHCTPYKIMH, 334 MCKJIIOUCHHEM CJIyYaeB, YKa3aHHbBIX BHIIIIE,
OOJDKHBI pacCMaTpUBaAThCA KaK CUCTEMEBI, COCTaBJIEHHBbIE HM3 HEOIHO-
POIHBIX 3JIEMEHTOBR,
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