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BBEJIEHUE
Hacrosmee [Tocobue pazpaborano B pazsutue CII 63.13330.2012. «CHull 52-01-

2003 beronnble u Kene300€TOHHBbIE KOHCTPYKIMU» B YACTH NPUMEHEHHUS TMpH
POEKTUPOBAHNH INIOCKUX 0€30aJI0YHBIX JK€I€300€TOHHBIX TEPEKPHITHII.

B TIlocoOuu W310KE€HBI MaTepHUalbl, KacalolIMecs OCHOBHBIX MPUHIUIIOB
IPOEKTUPOBAHUS IOCKUX 0€30aI0UHBIX K€JI€300€TOHHBIX NEPEKPHITUNA U3 MOHOJIUTHOTO
KEJIe300€TOHA, YUYUTBIBas MX LIMPOKYI0 PACIPOCTPAHEHHOCTh B  COBPEMEHHOM
CTPOUTEBCTBE, a TAK)XKE HEJOCTATOYHOCTh U Pa3pO3HEHHOCTh MMEIOIIEHCS HHPOPMaLIUU.
[Ipu cocTtaBieHMH TOCOOMSI HCIIOJIB30BAHBl JIAHHBIE HATYpHBIX HCOBITAHUN WU
MCCJIEI0BAHMM, TIOJIyYEHHbIE HAYYHO-HCCIIEJOBATENbCKUMH OPraHU3aALUSIMH, B TOM YHCIIE
MaTtepuabl 3apyOeKHOTO OIbITA.

[Tpu cocrtaBiaenun IlocoOus ydTE€H MONOKHUTEIBHBIA ONBIT MPOECKTHUPOBAHUS U
CTPOUTEIHCTBA MPOMBIIUIEHHBIX U I'PAXKIAHCKUX 3/ITaHUN U3 MOHOJIUTHOTO JKEJIe300€TOHA,
a TaKKe HEIOCTaTKW IPOCKTUPOBAHMS, BBIABICHHBIE B  IIPOLlECCE  aHAIM3a
KaTacTpOo(UUECKUX CUTYaIMH, CIYUYUBIIMXCS ¢ 0€30aI0UHBIMU MEPEKPHITUAMU 31aHUN U
MIPOU3OILEIIINX 3a MOCIETHUE TOJIbI.

[Tocobue pa3paboTaHO aBTOPCKUM  KOJUIEKTUBOM  COTpyIHUKOB  LleHTpa
npoexktupoBanuss U dkcreptussl HUMXKD mm. A.A.I'Bo3meBa B cocrase: a.1.H. M.H.
Tuxonos, k.T.H. M.M. Ko3enkos, k.T.H. B.3.Memikos, uux A.B.JIyrosoi, uxx. bonoTos
I[ILA. ¢ wuchoib30BaHMEM MaTEpUANIOB JIAOOPATOPUM TEOPUU  KEJIEe300€TOHA U
KOHCTPYKTUBHBIX CHUCTEM U JIaDOpaTOpHM KEI€300€TOHHBIX KOHCTPYKIUMH M KOHTPOJIS

Ka4dycCTBa.



1 OBIIUE ITOJIOKEHUA

1.1 O6saacThs NpUMeHeHHU S

1.1.1 ITocobue pacpocTpaHseTCs Ha TPOCKTUPOBAHUE HECYIIUX KAPKACOB 37aHUI
c 06e30a710YHBIMH KOHCTPYKIMSMHU MEPEKPHITUIA B BUJE TIIOCKUX JKENE300€TOHHBIX TUINT,
KOTOPBIE JKECTKO COMPSATaloTCa C MOAJEPKUBAIOIIMMUA MX KOJOHHAMHU (MMHJIOHAMH) 0e3
MECTHBIX YTOJIIEHUHN (OecKanmuTeNbHbIe MEPEKPBHITHS) WM C HAJIWYUEM YTOJIICHUM,
MMEIOIIHX PA3JIUYHbIE KOHCTPYKTUBHBIE PEIIECHUS (KATUTEIbHbIE IEPEKPBITHS).

1.1.2 TTocoOue He pacnpocTpaHAETCs HA KOHCTPYKIIMHU 3/IaHUM, BO3BOJMMBIX Ha
IIPOCAZOYHBIX TPYHTaX W TOPHBIX BBIPAOOTKAaX, B pailoHaX C CEMCMHUYHOCTHIO CBBIIIE 6
6amoB u paitonax Kpaiinero CeBepa, a Takke Ha KOHCTPYKIUU 3/IaHHM, BO3BOJMMBIX
METOJIOM ITOAbEMA ITAKEN.

1.1.3 IlpennazHadeHo A MH)KEHEPHO-TEXHUUYECKUX PAOOTHUKOB MPOEKTHBIX
OpraHu3alyii, HAyYHbIX pA0OTHUKOB, ITPENO/IaBaTeNIel U CTYJACHTOB CTPOUTEIbHBIX BY30B,
CHELMATNCTOB TOCYAAPCTBEHHBIX W MHBIX OPraHoOB »JKCIEPTU3bl M COIJIACOBAHMS,
HAJ30pHBIX CIIy>KO, OpraHOB JIMLIEH3UPOBAHUS U CEpTUDHUKALIUY.

1.1.4 B mHacrosmem IlocoOum paccMaTpuBaroTCs KOHCTPYKIMU 3JaHUM C
KBaJIpaTHOM WJIM MPSIMOYTOJIBHOM CETKaMU KOJIOHH IPU OTHOLIEHUM OOJIBIIEro MpoJieTa K
MEHbIIEMY A0 3/2 ¥ OTHOLIEHUM BEJIMYMH IPOJIETOB OAHOTO HAIpaBieHUs KapKaca He
oonee 4/3.

[To Hapy>XHOMY KOHTYpy 0€30aI04HbI€ TEPEKPBHITHSI MOTYT:

- CBOOO/THO BBICTYNATh 3a KPAaWHUM psAJl KOJIOHH ¢ 00pa30BaHUEM KOHCOJIEH;

- UMETh CONPSDKEHUE C KOJIOHHaMH (MWJIOHAMH) KpailHUX PpsAIOB IMPH MOMOLIH
MOJTyKAUTEIEeH;

- 110 KpaHUM psiiaM KOJIOHH (TTMJIOHOB) UMETh KOHTYPHYIO OaJIKy;

- OIIMPAThCS HA HAPYKHBIE CTEHBI;

BHyTpu BHENIHEro KOHTypa 3/4aHusi 0e30ajouHble MEPEKPHITUS MOTYT YAaCTUYHO

OIMMpPAaTbCA Ha HCCYMMUC BHYTPCHHUC CTCHBI W OTACJIIbHBIC 6aJ'II(I/I, HUMCTb CBiA3HU C



nuadparMamMu = JKECTKOCTH  Pa3HOM  KOHCTPYKIMH, HECYHIMMHU KOHCTPYKTHUBHBIMH
AJIEMEHTAMHU JIECTHULl W JUQPTOBBIX IAXT M JAPYTUMHU BEPTUKAIBHBIMH HECYLIUMHU
KOHCTPYKIUSIMH.

1.1.5 Ilnutel 06e30al04YHBIX MEPEKPHITUH, B CIIy4ae OTCYTCTBUSA KallUTEJEH,
PEKOMEHIyeTCsI TPOEKTUPOBATh €IUHOW TONIIUHBI B MpEIeIax TEMIEpaTypHOro OJoKa
KapKaca 3/1aHHUsl.

1.1.6 BpiOOp KOHCTPYKTHMBHOTO pEIICHUS ¥ TOJNIIWHBI IUIUTHOW 4YacTH
0e30a7109YHOr0 MEPEeKPhITUs (OECKAMUTEIBHOTO MM C KalMUTENISIMU KOJIOHH) 3aBHCHUT OT
pa3MepoB CETKM KOJIOHH, Ha3HAYAa€MbIX C y4eTOM (DYyHKIHMOHAIBHBIX, apXUTEKTYPHBIX U
KOHCTPYKTUBHBIX TPEOOBaHMIA.

OyHKIMOHAIBHBIE U apXUTEKTYpHbIE TPEOOBAHUS 3aBUCAT B MEPBYIO OU€peNb OT
Ha3HAYCHHUs 3/1aHUSI WM OTACNIbHBIX €ro MOMEMICHWH M 4YacTteil (IpOou3BOJICTBEHHOE,
rapa)xHoe, TOProBoe, KHUIOE U Ip.).

KoHcTpyKkTHBHBIE TPEOOBaHUS ONPEAEIIAIOTCS 0€30NaCHOCTHIO U AKOHOMUYECKUMU
ITOKA3aTEeIIMU Ha CTAAUU ITPOEKTUPOBAHMS CTPOUTENBCTBA U DKCIUTYaTalNH.

1.1.7 Kononusl, nojaepxuBatonyge 0e30a10yHble MEPEKPBITHS, LEIECO00pa3HO
IIpEAyCMaTPUBATh CIUIOIIHOTO C€YEHUs. MOTyT NPUMEHATHCS KOJIOHHBI MPSIMOYTOJIBHOTO
Y KpPYTJI0ro (KOJIBLIEBOTO) CEYEHUSI.

1.1.8 N3-3a BBICOKON MKECTKOCTHM KOHCTPYKIIMH, BO3MOXHOCTH BOCIPHUSITHUS
OOJBUINX TOPU30HTAIBHBIX U BEPTUKAIBHBIX HArpy30kK, a TaKKe APYTHX apXUTEKTYpHO-
KOHCTPYKTHUBHBIX OCOOEHHOCTEH, B IMOCIIEAHEE BPEMs HAXOMIAT LIMPOKOE MCIOIb30BAaHUE

BCPTHUKAJIbHBIC HECYIITUC JKEIe300€TOHHBIC DJIEMEHTHI B BUAC ITUJIOHOB.

1.2 HopMaTHuBHBIE CCHIJIKH

®epnepanbHbiii 3akoH Poccuiickoit ®denepaunu ot 27.12.2002 r. Nel84-d3 «O
TEXHUYECKOM PETYIUPOBAHUN» (C UBMEHEHUSIMU HA TEKYIIYIO J1aTy)
®denepanbHbIi 3ak0oH Poccuiickoit @eneparnuu ot 30 aexadps 2009 r. Ne384-D3

«TexHuuyeckuii periaMeHT 0 6€30MaCHOCTH 3IaHUM U COOPY KCHHIN)



Iroctr P 22.1.12-2005 be3onacHOCTb B  YpE3BbIYAHHBIX  CHUTYyallHUsX.
CrpykTypupyemass CHUCTEMa MOHHMTOPUHIA W YOPABJICHHS WHXEHEPHBIMH CHCTEMaMH
3aHuil U coopyskeHuil. O0ume TpedoBaHus

I'OCT 34.602-89 HudopmanmonHass TexHojorus. KoMmIUleKC cTaHAapTOB Ha
aBTOMAaTU3UPOBAHHBIE CUCTEMBI. Texauueckoe 3aJlaHue Ha CO3/1aHue
aBTOMATU3UPOBAHHOMN CUCTEMBI

I'OCT 27751-2014 HaneXHOCTh CTPOUTEIBHBIX KOHCTPYKIMI M OCHOBaHUU.
OCHOBHBIE MOJIOKEHUS

['OCT P 52544-2006 Ilpoxar apMmaTypHbI CBapUBaeMblil MNEPUOAUYECKOTO
npodwmrs kmaccoB AS00C u B500C miis apmMupoBaHus kKene300€TOHHBIX KOHCTPYKITUH.
TexHHuecKkue yciuoBUs

I'OCT 10922-2012 ApmarypHble W 3aKJIaAHbIE W3AECIUS CBAapPHBIC, COCIUHEHUA
apMaTyphl ¥ 3aKJIaJHBIX W3JEIUN KeIe300€TOHHBIX KOHCTPYKIUU. OOIue TeXHUYeCKue
yCIIOBUS

['OCT 14098-2014 CoenuneHust cBapHbIE apMaTypbl M 3aKJIAJHBIX HW3JIEIUN
&KeJne300€TOHHBIX KOHCTpYKIui. Tumbl, koHCcTpyKIuu U pazmepsl. CHull 31-09-2006»

I['OCT P 21.1101-2013 «CITJIC. OcHoBHBIE TpeOOBaHMS K MPOECKTHON U paboueit
JOKYMEHTALII

CIT 20.13330.2011 «CHulI 2.01.07-85* «Harpy3ku u Bo31eHCTBUS

CIT 63.13330.2012 «CHull 52-01-2003 «betoHHble © >KeIe300€TOHHbBIE

KOHCTPYKIMHU. OCHOBHBIE MOJIOKEHUS

1.3 TepmMuHBbI U OnIpeIeIeHUs

Kanureap — npuonopHas 4YacTb NEPEKPBHITUS YBEIWYEHHOM TOJIIUHBI IS
BOCIIPUATHSA ITONEPEYHBIX CUJI U YBEIUYECHUS )KECTKOCTH NIEPEKPBITHS.

PacnpenenurenbHass cucreMa (pacmpeacucreMa) — CICHMaIbHAS apMaTypHas
rpynna B [PUONOPHOM YAaCTH MEPEKPHITHS, OCHOBHOM 3a1adyell KOTOPOW SABIAETCS

BOCIIPUATHC ITIOIICPCUHBIX CHUIJI.



CkpbiTbie 0aJKH — 4YacTb MOHOJIMTHOW IUIMTHI, apPMHUPOBAHUE KOTOPOH
OCYILECTBJISIETCA MO TMPUHIIMIAM KOHCTPYUPOBAHUS apMUpPOBaHMsS OaloK, TO €CThb
NPUCYTCTBYIOT BEPXHHUE M HIDKHHE TPYMIbl apMaTypHBIX CTEp)KHEW, O0ObeIMHEHHbIE
MONEPEYHBIMU 3AMKHYTHIMUA XOMYTaMHU.

KecTkas apmaTypa — apMarypa, ’KECTKOCTh KOTOPOW BO MHOTO pa3 MPEBOCXOJIUT
KECTKOCTh CTEP>KHEBOM apMaTrypbl (Hampumep, CTaIbHOM YroOJOK, IIBEJUIEP, ABYTaBp H
T.IL.).

PacnuiacTanHasi KanuTe/ib — KaluTeIb C pa3MEpaMH B IJIAHE MPEBBIIIAIOIIUMU
(2h + by), roe h — BeicoTa kanurenu; b, — pa3mep cedeHHs KOJOHH B OCSIX «X» H «Y».

JlokajbHOE NpoAaBJIUBAHNeE — YCIOBHBIA TEPMUH JJII 0003HAUYCHHSI BO3ACHCTBUS
MPOJIOJIbHBIX CHUJI, BO3HUKAIONIMX B KOJOHHE (MWJIOHE), Ha Yy4YacTOK NEPEKPHITHUSA,
OTPAaHUYCHHBIA UX CEYECHUEM.

IIpuonopHasi 30HAa mMepPeKPBHITHA — 30HA, B KOTOpPOM TpeOyeTcsi MpoBeIcHUE
KOHCTPYKTUBHBIX MEPOIPUATHI [IJIs1 €€ YCUIEHUS C LEJIbI0 BOCIPUATHS MMONEPEYHBIX CHJIT
1 M3THOAIONTUX MOMEHTOB OT BHEIIIHETO CUJIIOBOTO BO3/ICHCTBUSI.

HareabHslii 3pdexT — 2pdext, BO3HUKAIONINI B MPUOMOPHON 30HE MEPEKPHITHS,
3aKJIFOYAIONIUMKCS B CONPOTUBICHUM MPOJOJBHOIO apMUPOBAHUS IUIMTHI Ha CpPE3 B
YCIOBUSX CKATOTO KEIE300€TOHHOTO CEUCHHUS C TPEIIUMHOM.

IBK — nmporpaMMHO-BBIYUCIUTENIBHBINA KOMILIEKC.

JMuccunauus (paccesiHue) JHEPruM — MEPEX0]l YaCTHU PHEPTUU YMOPSAT0YECHHBIX
MpOIIeCCOB (KUHETUYECKOW PHEPTUU JIBIDKYIIETOCS Tella) B DHEPTUI0 HEYMOPSAOUYEHHBIX
MPOLIECCOB, B KOHEYHOM CUETE — B TEIUIOTY.

IlnacTuyeckoe aepopmMupoBaHHe PACUYETHBLIX CEYEHHMH KeJ1e300€eTOHHBIX
3JIEMEHTOB — TIpoliecc, 00ycIaBIuBaOIMMC AehOpMUPOBAHUEM apMaTypbl U O€TOHA B
pacueTHOM CeYeHUU 03 3HAYMTEIHLHOTO YBEIMYEHHUS B HEW ycuiaui u 0e3 paspylieHus
CKaTo 30HbI O€TOHA.

Kpurnyeckue 00JacTM B HECYUIMX KEJIE300€TOHHBIX JJIEMEHTaX — oO0JacTu

(yyacTku) KOJIOHH, OajiOK IUIMT, B KOTOPBIX B MPOLIECCE HATPYKEHUS MOXKET ObITh



0oOyCJIOBJIEHO IJIacTU4YecKoe Je(OpMHUPOBAHUE pPACUETHBIX cedeHuil (oOpa3zoBaHue
MJIACTUYECKOTO IIapHUPA).

B TIloco6um wuCHoib3yrOTCS TakKe TEPMUHBI W COOTBETCTBYIOIIME UM
oTpesieNieHus], OMyOINKOBaHHbIE B cOOpHHKE «OduInanbHble TEPMUHBI U OTIPECICHUS B
CTPOUTEIIBCTBE, APXUTEKTYPE U KWIMIIHO-KOMMYHAJIBHOM XO35UCTBE». — M. MuHpernon
Poccun, BHUUMHTIIN, 2009.

Bo3aeiicrBMe — W3MEHEHUE TEMIIEPATYpPBl, BIMSAHUE OKPYKAIOUIEH CPEMbL,
NENUCTBUE BETPa, OCaJKa OCHOBAHMI, CMENIEHUE ONOp, JErpajalus CBOWCTB MaTepUasoB,
BO BpeMeHH U JApyrue dS(PQPeKToB, BHI3BIBAIOIIME H3MEHEHHE HANpsSKEHHO-
1e(pOPMUPOBAHHOTO COCTOSIHUS CTPOUTENBHBIX KOHCTPYKIIHHA.

KoHCTpyKTHBHAsI cHMCTeMa — COBOKYIHOCTh B3aWMOCBS3aHHBIX CTPOUTEIBHBIX
KOHCTPYKIIUM U OCHOBaHHM.

Harpy3ku BHeIIHME MEXaHWYECKHUE CHJIbI (BEC KOHCTPYKIMM, 000pYyIOBaHHUA,
JIOZEH, CHErOOTJIOKEHUS U JIp.), AEUCTBYIOLIUE HA CTPOUTENBHBIN OOBEKT.

ABapuiiHble BO3JEHMCTBHA — BO3JCHCTBHUS XapaKTECPU3YIOIIHUECS  Majou
BEPOATHOCTHIO BO3HUKHOBEHUS, KOPOTKOM MO CPABHEHUIO C PACYETHBIM CPOKOM CIIYKOBI
COOpPYKEHUSA NPOJOJDKUTENBHOCTBIO, HO NPHUBOIAIIME K Pa3pyLICHUIO 4YacTeu
CTPOUTEIBHBIX KOHCTPYKUUWA WM COOPYXKEHUS B LEJIOM C KaTracTpoPUUECKUMU
IIOCJIEACTBUSIMU.

IIporpeccupywiuee (1aBMHOOOpa3HOe) OOpyLIeHHMEe — TOCJIEI0BATEIBHOE
(uemHOE) pa3pyllleHWE HECYIIUX CTPOMTENBHBIX KOHCTPYKLMH, MNpUBOAAIIEE K
OOpYILIEHHUIO BCEr0 COOPYXEHHUS WJIM €ro 4acTei BCIEIACTBUE HAYAIBHOTO JIOKAJIBHOIO
ITOBPEKIACHUS.

«KuBydecTb» 00bEKTa CTPOMUTEIBCTBA — CIIOCOOHOCTH COXPaHSITh CHIIOBOE
CONIPOTHUBJIEHUE B TEYEHUE PACUETHOTO BPEMEHM, IOCIE ABAPUUHOTO BO3IAEHUCTBUS M
YaCTUYHOI'O Pa3pyLICHUs] KOHCTPYKTUBHOW CUCTEMBI, JOCTATOYHOIO IS MCIIOIb30BaHUs
COOpYKEHMsI C I1IeJIbl0 Oe30MacHOi »Bakyallud JIoJeil, oO0OpyJOBaHUsA, a TaKxKe
BBITIOJIHEHUSI PEMOHTHBIX PabOT HEOOXOIMMBIX JIJISl €ro JAAJIbHEWIEro COXpaHEHUs WIU

9KCIITyaTaluu.



IIpegesbHOEe  COCTOSIHME CTPOMTEJNbHBIX KOHCTPYKHHH —  COCTOSIHUE
CTPOUTENBHBIX  KOHCTPYKLIMN TMpU  NOPEBBIIIEHUUM  XAPAKTEPHBIX, HOPMHUPYEMBIX
napamMeTpoB, KOTOPBIX 3KCIUTyaTalldsd KOHCTPYKIMI HeaomycTuma (OracHa), 3aTpyJHEHa

WJIM HeTleecooOpasHa.



2 OCHOBHBIE pacyeTHbIE MOJIOKEHUS

Pacuer 0e30a10YHBIX TMEPEKPHITUH MO TPOYHOCTH, PACKPBITHUIO TPEHIMH U
nedopmanuaM, a TaKKE UX KOHCTPYUPOBAHKE, JOJKEH MPOU3BOIUTHCS B COOTBETCTBUU C
IpaBWJIaMH CTPOUTENbHOM MexaHuku, cormacHo CII 63.13330.2012, ngpyrum HOpmam
MIPOCKTUPOBAHMSI OCTOHHBIX W JKEJIE300€TOHHBIX KOHCTPYKIIUHA ¥ JOTOTHUTEIBHBIM
yKa3aHUsM, U3JI0’KEHHBIM B HacTosieM [locooun.

PacueTHble XapaKTEPUCTUKU MATEPHANIOB MPUHUMAKOTCA B COOTBETCTBHHM C
Hopmamu npoektrpoBaHuss OETOHHBIX M JKEJIE300€ TOHHBIX KOHCTPYKITHM.

be3banounbie  MEpPEKpBHITUS ~ PEKOMEHIYETCsl  MPUMEHSTh TpU  JACHUCTBUU
BEPTUKAJILHBIX HArpy30K, PABHOMEPHO paclpe/ielIiEHHbIE TI0 BCEMY MEPEKPHITUIO, HIIU €r0
YacTH.

Harpy3sku, neficTByrolue Ha NEPEeKPbITUS, MOTYT OBITh MPUOMKEHHO MPUBEICHbI
K 9KBUBAJICHTHBIM PaBHOMEPHO pacipeaeeHHbIM Harpy3KaM Mo U3rudaroiuM MOMEHTaM,
MOTIEPEYHBIM CUJIaM WK JedopMaIisM B 3aBUCUMOCTH OT MPEJEIbHBIX COCTOSHUH, 1O
KOTOPBIM TPOM3BOAUTCS pacueT. [lpu pacyere OTAENBHBIX YacTe€d KOHCTPYKIIUU
(HampuMep, Ha MOPOJABIMBAHWE W T. M.) HEOOXOJIUMO YYHUTHIBATH JCHCTBUTEIbHBIN
XapakTep Harpy3KH.

[Ipu omnpeneneHun ycuiui, JACHCTBYIOIIMX HA JJEMEHTHl TEPEKPBITHS,
YUYUTHIBAIOTCSI HauOO0JIee HEBBITOIHBIC KOMOMHAIIUU 3aTPY>KEHUM.

B oOmeM ciydae mpu OmpeaeneHud YCUIIUW, NEWCTBYIOIIUX B KOHCTPYKIIWH,
KpOME€ BEpPTHUKAJIbHBIX HArpy30K YYUTBIBAIOTCSA W TOPU30HTAJIbHBIE HArpy3KHu.
l'opuzoHTanbHass Harpy3ka TN€peAaeTcs Ha 3aMEHSIONIME paMbl IIPpU  PaMHOU
KOHCTPYKTUBHOM CXEME€ M Ha BEpPTUKAIbHBIC SJIEMEHTHI *KECTKOCTH (quadparMsel, siapa
ECTKOCTH U T.I1.) TIPU CBSI3€BOM KOHCTPYKTUBHOM cxeme. Takke He0OXOIUMO YUUTHIBATh
HArpy3Ku, JEUCTBYIOIIME B IPOLIECCE MOHTAXa KOHCTPYKIIUH.

[IporuObl MEPEeKPHITUN HE JOJDKHBI MPEBBINIATh BEIWMYMH, yKasaHHbIX B CII

20.13330.2016. 3a mponeT MpuHUMAETCS PACCTOSTHUE MEXKTY OCSIMU KOJIOHH.
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ITpenenbHO pomycTMMas IIMPUHA PACKPBITUS TPEUIMH B KEJI€300€TOHHBIX
0€30aM0UHBIX KOHCTPYKIUAX, SKCIUTyaTHUPYEMbIX B YCJIOBUSAX HEarpecCHUBHOW Cpelbl,
npunumaetcs o CII 63.13330.2012.

[Ipu mnpoexTupoBaHuM 0e30aT0YHBIX KOHCTPYKIIMM, MpeAHa3HAYCHHBIX Ui
DKCIUTyaTalldl B arpecCUBHBIX cpefax, HeoOxoaumo yuuThiBaTh TpeboBanus CII
28.13330.2017.

Paccrostnue Mexay TtemIepaTypHO-yCaJO4YHbIMM IIIBAMH, HU3MEPSEMOE MEXKIY
OCSIMHM KOJIOHH KpallHHUX pSZOB TEMIEpaTypHOro OJ0Ka Kapkaca 37aHus, T.e. 0e3 ydera
BBICTYIIAIOIIMX KOHCOJIEW IIEPEKpPBITUH, CIEAYeT Ha3HayaTb B COOTBETCTBHHM C
TpeboBaHUAMU AecTBYOMMX HopMm npoekTupoBaHusi.

KoHCcTpyKIIMu paccyuThIBalOTCA Ha MPOYHOCTH, 1e(OPMATUBHOCTb U PACKPHITHE
TPELIMH IIPU ACHUCTBUM CTATUYECKUX HArpy3oK. JIMHaMH4YeCKHME pacdyeThl M pacyer Ha
BBIHOCJIMBOCTb, KOIJIa OHU HEOOXOJUMBI, BBIIOJHSIOTCA COTJIACHO CHELUAIbHBIM

YKa3aHUAM.

2.1 Onpenesienne BHYTPEHHUX yCUJINI

Yewns cinenyer OnpenensaTh, UCHONb3ys PACUYEeTHBIE CXEMbl M IPEANOCBHUIKH,
Han0oJIee MOJTHO OTBEYAIOIINE YCIOBUSAM JE€HCTBUTEIBHON PabOThI KOHCTPYKIIUH.

B 3aBucumocTH OT YypOBHS M XapakTepa Harpy3oKk M BO3JCHUCTBUN,
KOHCTPYKTUBHBIX OCOOEHHOCTEM W JpYrux (PaKTOpOB pacyeT MOKET BBIMOJHATHCS C
Pa3HOM CTEMEHBIO NETAIU3ALNH, TOMYIIEHUN W YIIPOLIEHUM.

[IpyHMMaeMble yIPOLIECHUS HE JOJDKHBI IPUBOAUTH K YMEHBIICHUIO YCHWJIAN
(HanpspKeHU) B KOHCTPYKIUSX, @ TAKKE 3aBBIIIATH KECTKOCTb 31aHUS.

[Tpu BbIOOpE pacueTHON CXEMBI-MOJENU CIEAYET YUYUThIBaTh, YTO Kaxaas U3 HUX
MMEET OTPaHUYEHHYIO 00JIaCTh MPUMEHEHHUSI, ONIPEAEIIEMYIO MTOJI0)KEHHBIMU B €€ OCHOBY
gomyuieHussMHu. Yem MeHblIe AOMyIIeHUH, TeM MKUpe 001acTh MPUMEHEHUS MO EIIH.

B kayecTBe METOAOB ONPENEIICHUS BHYTPEHHUX YCHUJIMHA IPEIJIAraroTcsi METOL

3aMCHAIOIUX paM U aBTOMaTH3HpOBaHHBIﬁ METOJ KOHCYHBIX 3JICMCHTOB.
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2.1.1 MeToa KOHEYHBIX DJIEMEHTOB

2.1.1.1. OCHOBHBIM HaNpaBJICHUEM B MPOCKTUPOBAHUM, paCUeTe, aHAIU3E U
YUCJIEHHOM HCCIIEIOBAHUM KOHCTPYKIMH Pa3JIMYHOIO HA3HAYCHHS SIBIISIFOTCS CHUCTEMBI
aBToMatu3upoBaHHoro  mnpoektupoBanusi  (CAIIP). Pacduer  mpocTpaHCTBEHHBIX
KOHCTPYKIMHM, 3JaHUM M COOPYKEHMM pPa3JIMYHOIO HA3HAYEHUS CJEAYET BBIITOJIHATh
METO/IOM KOHeuHbIX 3jemMeHToB (MKD), ocymiecTBisieMblii C MOMOIIBIO Pa3IMYHBIX
nporpammHbIX koMiiekcoB CAITP.

MKD — 4ucieHHbIE METOJI PELICHUsS YpPaBHEHUW paBHOBECUSA, TIE HCXOAHAs
oOnacth ompeaeneHus (GpyHKUIMK pa3OMBaeTCs Ha OTAENbHbIE MOA00JACTH — KOHEUHbBIE
AJIEMEHTHI, HA MHOXECTBE KOTOPBIX CTPOMTCA IHUCKPETHAS MOJEIb PACCMAaTPUBAEMOTO
o0ObekTa, 0€3 OrpaHUYeHUN CBOWCTB U IKECTKOCTHBIX XapaKTEPUCTUK MaTEPHUAIIOB
HECyllero kKapkaca oObekTa. Ha3HaueHune rabapuTOB KOHCTPYKUMM, pPACUETHBIX U
HOPMATUBHBIX CONPOTHUBJICHUH, MOIYJEH YINPYrOCTH MATEPHATIOB KOHCTPYKIUH U
BHEIIHUX HArpy30K MPUHUMAIOT COTJIACHO JIECHCTBYIOIIEH HOPMATUBHOM TIOKYMEHTAIIUU B
paMKax MOCTaBJIEHHBIX 3a1ay. Harpysku, neicTByIOlIMEe Ha KOHCTPYKUMHU, MOTYT OBITH
MPUBEICHbl K HKBUBAJICHTHBIM PABHOMEPHO PAaCHpPEACIICHHBbIM, JIMHEHHBIM WU
cOoCpeoTOYeHHBIM Harpy3kaMm. Kpome oOmero pacuera monaenu oObEKTa Ha Bce
BO3MOXXHBIE€ BHJIbI CTAaTHUYECKUX HArpy30K, TEeMIEpaTypHbIX, JAe()OpPMAlMOHHBIX U
JTUHAMUYECKUX BO3JCHCTBUM (BETEP C yU4E€TOM MyJbCAllUU, CEHCMUYECKHE BO3NIEUCTBUS U
T.II.) PAacUETHbIE KOMIUIEKChl aBTOMATH3UPYIOT PsA IMPOLECCOB MNPOESKTHPOBAHUSA:
ONPENICIICHUE PACUETHBIX COYETAHUW HArpy30K M YCUJIMM, HAa3HAYEHUE KOHCTPYKTHUBHBIX
AJIEMEHTOB, MOAOOP U MPOBEPKA CEUEHUH.

B cOOTBETCTBUUM C HUIEO0JIOTHEl METOJa KOHEUHBIX 3JIEMEHTOB, UCTUHHAA (popma
MOJISI TIEPEMEIIIEHUN BHYTPH dJIEMEHTa (32 MCKIIFOUEHHUEM DJIEMEHTOB CTEP>KHEBOTO THIIA)
MPUOJIMKEHHO TMPEACTABICHA PA3JIMYHBIMU YIPOILIEHHBIMU 3aBUCUMOCTAMH. Kaxxabiii
XapaKTEPHBIH KOHCTPYKTHUBHBIN AJIEMEHT (KaK BHUJ HECYIIEH KOHCTPYKIIMU OOBEKTa)
IIPOCTPAHCTBEHHOW MOJEIN OIPEAEISAETCS TUIIOM KOHEYHOI'O JJIEMEHTA U COCTOUT W3
HECKOJIbKUX KOHeuHbIX 3JieMeHToB (KD), m paccmarpuBaeTcs kak eauHoe 1enoe. Kak

MpaBujIo, OMOIMOTEKH KOHEUHBIX 3JEMEHTOB pacueTHbiX komruiekcoB CAIIP comepixar
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cieayrome Tunbl KD: crepxkeHb (KojioHa, Oayka), ruracTMHa (CTeHa, OaKka-CTeHKa,
mmTa, o0osouka). [ImacTuHYaThIe AIEMEHTHl UMEIOT YHU(DUIIMPOBAHHYIO TUIOCKOCTHYIO
WM OOBEMHYIO TPHUAHTYJSIMIO — TpeyroiabHeie KD wnm derbipexyroibHbie KO.
KOHEUHBI 3leMEHT XapaKTEpHU3yeTCs] KOJUYECTBOM VY3JOB U CTENEHSMU CBOOOBI
KaKJI0TO y3J1a.

B pe3ynbrare pacuera HanpsyKEHHO-1€(POPMUPOBAHHOTO COCTOSIHUSI KOHCTPYKIIUH
¢ nomoulpto MKD mnosydaem JaHHbBIE O MOJSAM NEPEMEIICHUN W HaNpsDKEHUH, 110
AMIOpaM yYCWIMM M MporuOoB, MO MO3aMKaM pa3pyIlICHUS 3JIEMEHTOB, IO TJIABHBIM U
SKBUBAJICHTHBIM HAMPSOKCHUSIM W JIPYTHM  [MapaMeTpaM, 3aBHUCSIIUM OT BHEIIHHUX
BO3/ICCTBUM.

MonenupoBaHue OOBEKTOB MOXET OCYIIECTBISATHCS B JIMHEWHOW (ympyroil) u
HEJIMHEWHOU (HEeYyIpyron) MOCTaHOBKAaX 3aJjayHu.

Mogens B JMHEHHOM TIOCTAHOBKE BBIMIOJHSAETCS JUISI PEUIEHUs  3ajad,
XapaKTepU3yIIUX paboTy MaTepraia HECYIIUX KOHCTPYKIMU 10 JOCTHXKEHHS Tpejelia
yOpyroctd (BeIMYMHA HAMNpPsDKEHUM, TMPU  KOTOPHIX HE BO3HUKAET OCTATOYHBIX
nedopmaiinii), a Takke B KaueCTBE MEPBOM CTaJUHU pacueTa JJis MOJTydeHUsl JaHHBIX JJIs
JadbHEUIEr0 HEJIMHEWMHOro pacuera. Yd4eT Heynpyro paboTsl (dusmdeckas
HEJIMHEHHOCTh) PEKOMEHAYETCS 3/1€Ch YUUTHIBATh KOCBEHHO, C MOMOIIBIO MOHUKEHHBIX
3HAYCHUN MOy YIpyroctu marepuaioB B cooTBercTBuU ¢ CII 52-103-2007. Monayib
ynpyroctd st KD mimt npuHMMaercss moHkeHHbIM ¢ koddduuuentom 0,3 (0,2),
VUUTHIBAIOIINM TIOJI3y4ecTh O€TOHA M HaIMuue TpeuwH. Moayiab yOpyroctu s
BEPTUKAJILHBIX 3JIEMEHTOB NpUHUMaeTcs ¢ Kodhduimentom 0,6, yIUTHIBAIOIIUM TOJIBKO
MOJI3y4ecTh OETOHA.

MonenupoBaHue 30H ONHMPAHUSA TIUIATHI TEPEKPHITUS HA KOJOHHBI W CTEHBI
PEKOMEHyeTCsl BBINOJHATh C TOMOIIBIO TAK HAa3bIBAEMBIX «a0COJIIOTHO >KECTKUX Tl
(AXKT)». Takue 57IeMEHTHl TUIMTHI B MOJEIU 3/JaHUSI OTHOCATCA K BEPTUKAIBLHOMN
KOHCTPYKIIUHU Y MTO3BOJIIOT KOPPEKTHO YYECTh OMOPHBIN KOHYP IJIUTHI.

MopenupoBanue GU3NYECKOM HETMHEWMHOCTH BBITMOJHIECTCS HA OCHOBE pacueTHOM

MO/IEJIH, BBIIOJIHEHHOW JIJI YIIPYTOM 3a1a4H.
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Pacyer ¢ ydyeroM HenuHEHHON pabOThI MaTepHasoB HEOOXOIUMO IMPOU3BOIUTH
TOJIBKO JUISl PACYETHBIX MOJEIEHM C M3BECTHBIMU IapaMETPAMM apMHUPOBAHUSA U
(dakTHyecKuMu AeekTaMu KOHCTPYKIMM, IPU UX HAJTMYHH.

B cooTBeTcTBUU € KJlaccaMu MPOYHOCTH OETOHA M apMaTypbl BBOASAT JAaHHBIC IO
auarpammam J1e(hOpMUPOBAHUS MAaTEPHAIIOB.

Juarpammbl pabOThl MaTEpUAJIOB 3aJalOTCd B COOTBETCTBHUM C IPOEKTHBIMU
KJIaCCaMM MAaTEpUaloOB, COIVIACHO HOPMATHBHBIM JIOKYMEHTaM, a IIpU HPOBEPKE
CYLIECTBYIOINX KOHCTPYKIIUI 3a1at0TCsl JaHHBIE O (PAKTUUECKON MPOYHOCTH MaTEpHAJIOB,
MOJITBEPK/ICHHBIE pe3ybTaTaMU OOCJIETOBAaHUS KOHCTPYKLIUN MPSMBIMH U KOCBEHHBIMU
METOJaMH.

Juarpammbl 1eOpMUPOBaHUs, BBOJUMBIE B PACUETHBIA KOMIUIEKC, MOTYT OBIThH
KaK KPUBOJIMHEWHbBIE, TAK U KyCOYHO-TMHEHHBIE. [Ipyn 3TOM NOKHBI OBITH 0003HAYEHBI
OCHOBHBIE TOYKHM JUarpaMM — MAaKCHUMAQJIbHBIE HAIIpSKEHUS U COOTBETCTBYIOLIUE
aepopmalny, TpaHUYHblE 3HayeHHs. B kadecTBe pabouyux AMarpaMm, BBOJHMMBIX B
PaCUYETHBIM KOMILIEKC, MOKHO MPUHUMATh YNPOILICHHBIE ABYXJIWHEWHBIE OUArpaMMBbl 110
tany jguarpamm Ilpanaring. Ilpu 3TOM  TOYKY JauarpaMMbl, COOTBETCTBYIOLIYIO
MaKCUMalbHOW JedopMali apMaTypbl, CIEAyeT NOAHATb OTHOCHTEIbHO TOYKHU
nepesioMa JIBYXJIMHEMHOW JAuarpaMMbl Ha BEJIMYMHY, 00pa3yrOUIyIOCs HaKIOHOM BTOPOM
BETBM JMarpaMMbl Ha yroj, paBHbIi |-my rpamycy. KpuBonuHeiHbIE aHarpammsl
nedopmupoBaHus 0Oojiee TOYHO ONMCHIBAIOT COCTOSHHE MAaTEpUAIOB U IMOITOMY
IIPEAIIOYTUTENIBHEE.

B cooTrBercTBUM ¢ MH(OpManuend Mo apMUPOBAHUIO, MOJYYEHHOH W3 pacuera
YIOPYTroM MOJENIH, BBOIAT JAHHBIE IO APMUPOBAHUIO 3JIEMEHTOB KOHCTPYKIIUH ISl IEPBOM
UTEpaLUU IIPU NPOBEIECHUU HEIIMHENHOIO pacyera.

[Io pe3ynpraramM NEpPBOM WTEpPALMM pACUETa MOJY4YarOT YTOYHEHHBIE 3HAUYEHUS
BHYTPEHHMX YCUJIMH, YTOUHSETCSA apMUPOBAHUE U BBITOJIHACTCS CIEAYIOIIAs UTEPALIMS.

KosuecTBo urepanuii npu peIeHUH HEJIMHENHBIX 3a7a4 3aBUCUT OT KOHKPETHOTO

komruiekca CAIIP.
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B KOHEe4YHOM uTOre nojiy4aercs KapTuHa BHYTPEHHUX YCUIIUI U COOTBETCTBYIOLIEE
eil  apmupoBaHue. Takke BO3MOXKHO TOJYYUTh OLIEHKY J1€()OPMATUBHOCTH
paccMaTpuBaeMOM IUIMTHI MEPEKPBITUS C YYETOM HaJIWYMS TPEIIMH M [POYUX
CMO/JICTTUPOBAHHBIX JE€(EKTOB.

2.1.1.2 [lo nony4eHHOMY apMHUPOBAHUIO CIIETYET BBHIOIHUTH aHATN3 CIOCOOHOCTH
pacUeTHBIX CEYEHHM K IUIaCTUYECKOMY Je(OPMUPOBAHHUIO U HCKIIOYUTh OMACHOCTh
pa3pbiBa apMaTyphbl B COOTBETCTBHH C PEKOMEHIAUsIMU pasjena 2.4.

2.1.1.3 B o0meM ciaydyae K OCHOBHBIM OCOOCHHOCTSM IIPH MOJCITHPOBAHUHI
IUIOCKUX TUIMT Pa3UYHbIX 37JaHUH MOXKHO OTHECTH: CIOXHYIO KOH(PUTYpalUIO B IJIaHE,
HEPETYJSIPHO PACIOJIOKEHHBIE OIMOPHI PA3IMYHOTO CeYeHHs — auadparma, MUIOHBI,
KpPECTOBbIE, YTOJIKOBBIE, TABPOBbIE KOJIOHHBI; HEPETYISIPHO PACIOJIOKEHHBIE OTBEPCTHS;
HEPETYJSIipHBbIE BKJIIOYEHHUS OaJOYHBIX POCTBEPKOB; IEPEMEHHAsl TOJIIWHA TLUTUTHI,
BbI3BaHHAs1 HEOOXOIUMOCTBIO YCUJICHHUSI OIIOPHBIX 30H IUIMTHI B palloHE KOJOHH. Ba)kHbIM
(bakTopoM SBISAIOTCS BO3MOKHBIE HEPAaBHOMEPHBIE OCAJKH ONOp IUIMTHI, OCOOEHHO IS
BEPXHUX JTaxed, OOYyCIOBJICHHbIE HE CTOJBKO HArpy3kod COOCTBEHHO Ha IUIUTY
paccMaTpuBaeMOro  MEpPEKpBHITHUSA,  CKOJbKO  HEPAaBHOMEPHBIMH  YKOPOUEHUSIMHU
BEPTUKAJIBLHBIX 2JIEMEHTOB B 001 cXeme 3/1aHusl.

[Ipy MoaenupoBaHWU CIEIYET OLEHUBATh HEPABHOMEPHOCTH OCAJKU OIOpP
Mozenu. Ilpu 3TOM crexyer yduThiBaTh, YTO B pe3yJibTaTe€ BO3BEICHUS 3/IaHUS
HEpaBHOMEPHAs OCaJKa OMOp MO Mepe BO3BEIACHUS 3aHUSI MPOUCXOJUT OT COOCTBEHHOTO
Beca (310 50—70% Bcell Harpy3ku) U K MOMEHTY 3aMOHOJIMYMBAHUS BEPXHUX 3TaXen 3Ta
ocaJika B 3HAUUTEIBLHOM CTENEHU yKe Mpou3onuia. B Tedenne skcruryaTanuu 3ToT 3p Qe
MOXKET YyCyryouthcs 3a cuer Jaedopmanuil MOJA3y4ecTH, KOTOpble B Hauboliee
Harpy>KEHHBIX 3JIeMEHTaX (KOJIOHHbI M MUJIOHBI MO CpaBHEHUIO ¢ auadparmMamMu) OyyT
MpoTeKkaTh 0ojee MHTEHCUBHO. TakuMm 00pa3oM, Ocajka OMOphI JUIsl MEPEKpPhITUS OyAeT
OompIlie B paiioHe KOJIOHH U MUJIOHOB, YeM B paiioHe nuadparm.

Ecin He ynmaercs OTCIEOUTh ATH MPOLECChl Ha OCHOBE KOMIIBIOTEPHOTO
MOJICTTUPOBAHUSl dTama BO3BEACHHS 3[aHMs, a 3aTeM OJKCIUTyaTallMOHHBIX CTaJuH,

HCO6XOI[I/IMO MNPpUMCPHO OHLCHUTHL BO3MOKXHYIO HCPABHOMCPHOCTHL OCaAKHW OIIOp B
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pEaJIbHOM 3[IaHUM M Ha OTU BO3JCHCTBHUS IPOU3BECTH pacyeT IUIMThI nepekpbitus. Ha
OCHOBE ONbITAa MOXHO PEKOMEHJOBAaTh TaKOW NPUOIMKEHHBIA IOAXOM: OINpPEeNeIUTh
HEPEMELIEHHSI OIOp M3 YMUCIEHHOIO pacueTa oOIIe cXeMbl 3/1aHHus, a 3aTEM paccuuTaTh
IUTUTY HAa pacueTHbIE KOMOWHAIIMK HATPY30K C YYETOM OCaoK, cocTaBisitomux 15-20%
OT OCAaJIKH, B3SITON U3 00IIei MPOCTPAaHCTBEHHON CXEMBI 3aHHUS.

I[Ipu  MomenupoBaHMM  CI€AyeT  Y4YUTbIBaTh, UYTO  MHOTOYMCIICHHbBIE
KOMMYHUKAIIMOHHBIE OTBEPCTUS HU3MEHSIIOT pAaCUETHYI0 cXeMy IUnThl. OTBepcTus
CHIDKAIOT U3TMOHYIO KECTKOCTb IIJIUTHI IEPKPBITHS.

Haubonee HanpsokeHHBIMH MecTaMu 0e€30al0YHBIX TEPEKPBITHA  SBISIOTCS
HAJOMOPHBIE 30HBI KOJOHH M IHJIOHOB. 3J€Ch NPOUCXOJUT KOHLEHTpauus Kak
U3rUOAIOMIMX MOMEHTOB, TaK M MOINEpeyHbIX cuil. [lo3TOMy OYeHb Ba)KHO MPaBUIIBHO
OIICHUTbH HAIPSKEHHO-Ie(DOPMUPOBAHHOE COCTOSIHUE 3TOM 30HBI C T€M, YTOOBI, C OJTHOU
CTOPOHBI, 00€CIEYUTh HEOOXOAUMYIO HPOYHOCTh, C JPYrod CTOPOHBI HE JOIYCTHUTb
M3JIMIIHUX 3aIacoB, TaK KAK HEOINPABJAHHOE MEPEapMUPOBAHME ITOW 30HBI NPUBEIET K
TPYJIHOCTSIM €€ OETOHUPOBAaHMs, IUIOXUM CLEIUIEHHEM apMmaTypbl ¢ OETOHOM, a
CJIEIOBATENIbHO, K OCJIa0JICHUIO 3TOU 30HBI.

[Ipy mocTpoeHNH KOHEYHO-3JIEMEHTHON PACYETHOU MOJENH MEPEKPBITHS PA3MEPBI
U KOH(UIypalMio KOHEYHBIX 3JIEMEHTOB CJENYEeT 3aJaBaTh HCXOIsS M3 BO3MOXKHOCTEU
MPUMEHSEMbIX KOHKPETHBIX PACUeTHBIX MPOrpaMM U MPUHUMATh TaKUMH, YTOOBI Oblia
oOecrieyeHa HEOOXOaUMasi TOYHOCTh OMPENEICHUsI YCUIIUHU MO IJIOIIAIM IUIUT C YYETOM
oOmiero 4ymWcia KOHEYHBIX JJEMEHTOB B pacyeTHOM cXeme, BIMSIONIET0 Ha
MPOJIOJKUTEIBHOCTh pacyeTa.

Pa3mepsl 1 KOHQUTypalio KOHEUYHBIX 3JEMEHTOB CIEAYeT 3a/laBaTh TaK, YTOOBI
pa3Mepbl KOHEUHBIX 3JIEMEHTOB ObUIM COM3MEpPUMBI C pa3MepaMu CEYeHHUs KOJOHH. B
TOM CJIy4ya€ CEYEHUs KOJOHH MOXKHO «BIIMCATh» B KOHEYHO-DJIEMEHTHYIO CETKY,
HCIOJIB3YSl a0COMIOTHO-KECTKOE TEJIO0, KOH(PUrypalusi KOTOPOro COOTBETCTBYET CEYCHUIO
KOJIOHHBI.

[Ipn aBTOMATHYECKON TPHUAHTYISILIMM B OMOPHBIX 30HaX MOTYT OOpPa30BBIBATHCS

TaK HAa3bIBACMbIC BBIPOKIACHHBIC KOHCUYHBIC 3JICMCHTBI (TpeerJ'H:HBIC N 9CTBIPCXYI'OJIbHBIC
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AJIEMEHTHI ¢ 0OJIBIIUM Pa3opocoM pazMepoB CTOPOH). OmnpesesieHHbIe B HUX MOMEHTHI U
MONEPEYHbIE CUJIBI MOTYT MMETh 3HAYUTEIbHBIC OTKJIOHEHHUS OT 3HAYEHUW B COCEIHUX
KOHEUHBIX JJIEMEHTaX. 3HAYEHUs YCWIMH B BBIPOKICHHBIX OJIEMEHTaX CXEMBbI
PEKOMEHIyeTCsl He YYUTBIBATh [JJIs1 OMpEACNICHUS HaIpsLKEHHO-Ie()OpMUPOBAHHOTO
COCTOSIHUSL MOJAEIIMPYEMOW KOHCTPYKIMHU. OCOOEHHO 3TO KacaeTcs MONEPEYHbIX, WU
NEPEPE3BIBAIOIINX, CUJI, TOYHOCTh OMPEIEICHNS KOTOPBIX B METOJE€ KOHEUYHBIX 3JIEMEHTOB
B IMEPEMEICHUAX 3HAUUTEIHLHO HUKE TOYHOCTU OMpECNICHUS M3THOAIOIIMX MOMEHTOB.
Pazpemaromieid  GyHKIMed MeToga KOHEUHBIX  JJIEMEHTOB  SBJISIETCS  (DYyHKIUS
nepemenieHnii. M3rubarommye MOMEHTBI ONPENENSIOTCA KAaK BTOPBIE MPOU3BOJIHBIE OT
NepeMENICHHI, a Iepepe3bIBAIOLIUE CUJIbl — KaK TPEThU Npou3BoHbIe. [Ipu 3TOM crienyer
YUHUTBIBaTh, YTO Ka)KJas MOCJIEAYIOIIAsl MPOU3BOJHAS YXY/IIAET TOYHOCTh ONMPEACIICHUS
napameTpa. B 3TOM ciyyae peKOMEHAYeTcsl OpHUEHTHUPOBATHCS Ha H30MOJS YCHIHMA,
KOTOpbIE CIVIAKUBAIOT 3T OTKIOHEHUS. B 0CO00 OTBETCTBEHHBIX CllydasX CIEayeT
MpUOETHYTH K MpuemMaM ¢GparMeHTallud U UCCIEA0BaTh HAIPSKEHHO-IEPOPMUPOBAHHOE
COCTOSIHHE y3JIa Ha OCHOBE JI€TAJIBHOIO CO3AaHUsI TPEXMEPHON MOJENH y3J1a C KOHTPOJIEM
MOJIy4aeMbIX PEe3yJIbTAaTOB PYUYHBIMH CIIOCOOAMM pacydeTa, OCHOBBIBAACH Ha MpaBUIIaX

CTPOUTEIIBHON MEXaHUKH.

2.1.2 MeTtoa 3aMeHSIIOIIUX PaM

JlaHHBIM MeETON pacyeTa MOXKET OBbITh WCIOJIb30BaH TPH TPOSKTHPOBAHWUU
KeJIe300€TOHHBIX KAapKacoB 3JaHUM, COCTOSAIIMX M3 KOJOHH M YKECTKO COEAUHEHHBIX C
HHUMMU IUIAT NEPEKPHITUM, IPU OPTOTOHAJIBHOM U PETYJISIPHOM CETKE KOJIOHH.

[IpocTpaHCTBEHHAss KOHCTPYKIMSI TIEPEKPBHITUS C KOJOHHAMHU  Pa3JeaeTCs
BEPTUKAIBHBIMH IUIOCKOCTSIMHU B JIByX B3aWUMHO MEPNEHIUKYJISPHBIX HAMPAaBICHUSAX Ha
YCJIOBHBIE paMbl, KOTOpbIE BKJIKOYAKOT KOJIOHHBI W YCJIOBHBIA purenb. Puresnb
3aMEHSIONIEH paMbl, 00pa3yeMblii MEPEKPHITUEM, UMEET IIUPUHY, PABHYIO PACCTOSHUIO
MEXy CepeIMHaMH COCEAHMX MposieToB (pucyHok 2.1). B o0miem ciydae JaHHBIH METO/

MIPUMEHSETCS JUTsl pacyeTa peOpPUCTHIX EPEKPHITUH, BKIIOUAIOIINX OAJIKH.
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Pucynok 2.1 — Pazenenue kapkaca Ha 3aMEHSIOIIUE PaMbl:

1 — rpaHuna yCIoBHOTO pUres; 2 — yCIOBHBIN pUTEb

VYcunus B 35IeMEHTax pam BBIYMCIISIFOTCS MO OOIIMM MpaBWIIaM Kak JUisl YIPYTHX
CUCTEM.

VY COBHBIN pUTeNb JOHKEH ObITh PACCUNTAH:

- 10 IPOYHOCTH U PACKPBITHIO TPELIMH B OMOPHBIX (IO TpaHU KOJOHHBI) U
MIPOJIETHBIX CEYEHUSIX;

- 110 IPOYHOCTH B NPUONOPHBIX HAKIOHHBIX CEYEHUSX;

- 110 IPOYHOCTH y3J1a CONPSIKEHUSI PUTEIIs ¢ KOJJIOHHOW;

- 1o geopManusim.

Pacuet ycnoBHOro puress no HOpMajJbHBIX CEYEHHUSM Ha JEUCTBHUE M3rHOAIOIIEro
MOMEHTa BBIMIOJIHAIOT M0 OOIIMM MpaBUJIaM pacyeTa Keae300€TOHHBIX KOHCTPYKLIMH B
cootBetcTBuM ¢ CII 63.13330.2012.

[Ipu pacuere YCIOBHBII pHUIelb pa3lelsiOT Ha HE3aBUCHMbBIE YYacCTKU —

HAJIKOJIOHHYIO U TMPOJICTHYIO TOJIOCHI (PUCYHOK 2.2).
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Pucynok 2.2 — Pa3neneHne yCIOBHBIX PUTENIEH HA MOJIOCHI:

O
[, o i A i e e e A

1- HaJIKOJIOHHAA I10JI0CA, 2 — IIPOJICTHAA II0JIOCA

HankononHas mosioca B CBOKO OYepelb COCTOUT M3 JIBYX IOJIYIIOJOC, IIMPUHA
KOTOPBIX IIPUHUMAETCS] PABHOM:

- ipu li/1;> 1 — 1,/4 (l; — mponet ycimoBHOTO pHUress BAOIb 3aMEHSIOIICH paMbl;

I, — paccTosiHMEe MEXTy OCSIMH 3aMEHSIOIINX paM);

- 1Ipu |1/|2< 1- |1/4

[IlupyHa [OPOJIETHBIX NOJOC NPUHUMACTCS PABHOM IIUPUHE IPUJIETAIOLIETO
IIPOJIETA, 3@ BBIYETOM HAJKOJIOHHBIX I0JIOC.

N3rubaroiime MOMEHTHI B YCIIOBHOM PUTENI€ pPaclpeessitoTCsl B HAJAKOJIOHHOW U
MPOJIETHOM ITI0JI0CaX B 3aBUCUMOCTH OT PAcCIIOJOXKEHUSI KOJIOHHBI pPaMbl, a TAKXKE OT
cootHomenuss mnomnepeunoro (l,) w mpomomsHoro (l;) (Bmosb paccMaTpuBaeMOro
HaIpaBJICHUS] YCIIOBHOTO PUTEJIS) MPOJIETOB MEPEKPHITHSI.

W3rubaromye MOMEHTBHI B HAAKOJOHHBIX My U cpemnux M. momymosiocax

BBIYUCIISIIOT IO (hopMmyJie:

MK, 2

M, (M) - I, #1202 (2.1)

e
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l21, 2 — paccTosHUS MEXay OCAMH pacCMaTPUBACMOMN 3aMCHSIIOIICH pambl U
COCETHUMH C KaXKJIOH €€ CTOPOHBI;

| — MHJIEKC, YKa3bIBAIOIINN paccMaTpUBAaEMOE HAIPaBJICHUE MTOIYIOIOCHI | = 1 wiu
2,

K}, — k023G GHUIUEHTBI paclipeeeHus N3rHOAI0IINX MOMEHTOB B YCIIOBHOM PUTEIIE.
JI71s1 MpOMEKyTOUHBIX COOTHOLLIEHUI IPOJIETOB, 3HaUeHue K, 10IycKaeTcs OnpeAesiTh 110
uHTepnoisuuu (Tadmn. 2.1).

Tabnauna 2.1 — Koaddurments! pacupeneneHus n3ru0armx MOMEHTOB B YCIIOBHOM

purene K,
Ne Pacrnionoxxenue ceuenus Iilly
i 05 1,0 20
1 BHyTpeHHHE OTOPHI 0,75/0,25 0,75/0,25 0,75/0,25
2 BHerHue omopsr 0,9/0,10 0,75/0,25 0,45/0,55
3 [IposeTs 0,60/0,40 0,60/0,40 0,60/0,40
[TpuMeyaHue: Hajl YePTOH NPUBEIEHBI 3HAYEHHUS KOO()PUIIMEHTOB IS HAJKOJIOHHBIX TI0JIOC; MO YePTOi —
JITSL IPOJIETHBIX

PacueT HOpMaNbHBIX CEUEHUN HAJIKOJOHHOMW IMOJIOCHI IPOU3BOJIUTCA HA JICUCTBHE
CYMMBI U3THOAIOINX MOMEHTOB, PACIPEICIICHHBIX Ha JIBE TTOJIYIIOJIOCHI.

PacueT HOpPMaJIBHOTO CEUEHHsI CPEIHEH TIOJOCHI TPOU3BOJIUTCS HA JACHCTBHUE
CYMMbI MOMEHTOB, PACTIPE/ICIICHHBIX Ha JIBE€ CMEXKHbIE TIOTYTIOJIOCHI.

PacueT mpoYHOCTH MO HAKJIOHHBIM CEUYCHHSIM BBITTONHSICTCS IS HAJIKOJOHHOU M
MPOJIETHOM Tos10c HezaBucuMo 1o oomuM npaBuiam CIT 63.13330.2012. [Hupuna nosoc
BBIYHMCIISIETCSI B COOTBETCTBUU C BBIIICTPUBEACHHBIMA PEKOMEHAAIMSAMU 10 aHAJIOTHH C
pacyeToM 1Mo HOPMaJIbHBIM CEUCHUSIM Ha JISHCTBHE U3THOA0IIEr0 MOMECHTA.

Kpome pacyeTa mianTHON 4acTU MEPEKPHITUS, OTIACIBHO BBIMOIHSAIOT pacyeT 4acTu
TJTUTHI, TPUMBIKAIONIEH K KOJJOHHAM — Y3JI0BOE COSMHEHUE.

PacueT mpoYHOCTH y3710BOTO COCTMHECHUS BBITIONHSIOT Ha JCHCTBHE M3THOAOIIETO
MOMEHTa TI0 HOPMAJbHOMY CEUEHHIO U Ha TPOJABIMBAHHWE — IO MPOCTPAHCTBEHHOMY

CCUCHHIO.
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Pacyer npoyHocTH Ha IeHCTBUE U3rHOAOIEr0 MOMEHTA BBIIOIHSIOT U3 YCIOBHUSA:
My = My | (2.2)
roe Muie — MpeAebHbIN W3THOAIIN MOMEHT, BOCIPUHUMAEMbBIA TUIMTOM C IHPUHOM,
paBHOM 3(H(PEKTUBHON IUPUHE PUTEIIS Dy

3HadeHNE U3THOAIOIIETO MOMEHTA BBIYUCIISIIOT TI0 (JOpMYyJIE:
My=vyiM (2.3)
rme M - msrubarommii MOMEGHT B y3I0BOM COCIMHCHHH, UYHCICHHO PAaBHBIA CyMMe
MOMEHTOB B OIIOPHBIX CEUEHUSIX MTPUMBIKAIOIIUX B y3JI€ KOJIOHH.

Kosdgumuent Y7, yumTeiBarommii 1010 MOMEHTA, BOCIIPHHUMAEMOTO ILITON

YCIIOBHOT'O PUTCIIA, BEIYHUCIISACTCA 110 Q)OpMYHGZ

Y= 1 =05,

1+2 | b
3 kb, (2.4)

b 1 — [IIMpHUHA CCUCHU, B HAIIPABJIICHUHN I[GﬁCTBHH 1/13r1/16a}0mer0 MOMCHTA,

b: — mmpuHa ceyenus, B MepIEHANUKYIAPHOM HAMPABICHHIL

K — k03 dUIMEHT, PHHIMAEMBIH PABHBIM:

k=10 IUIsL CPeNHEW W KpalHEH KOJOHHBI IPU JEUCTBUM MOMEHTA,

MEPIIEHINKYJIAPHO KPAO TUIUTHI,

k=20

UL YyTJIOBOM M KpaWHEW KOJOHHBI NP JCHUCTBUM MOMEHTA,
NapaJyIeIbHO IIJIUTHI.

DddekTrBHAs IIMPUHA PUTEIIS IPUHUMAETCS PAaBHOM:

bee = b1 + b2 — nma cpemmeit m kpaifHe#l KOJTOHHEI TIpH AEHCTBUM MOMEHTA,
MEPHEHANKYJIAPHO Kparo MIUTHL;

ber = P2 + 0,502 — nna yrmosoit n kpaiiHeit KONOHHBI MpU AEHCTBUM MOMEHTA,
MapajuIesIbHO KParo IUINTHI.

Pacyersl Bcex JKeNne300€TOHHBIX KOHCTPYKIMI cienyeT Mpou3BOJIUTH B
cootBercTBUU C TpebdoBanusmu ['OCT 27751-2014 «HagexxHOCTH CTPOUTETHHBIX
KOHCTPYKIIMH u ocHOoBaHuW. OcHoBHbIE monoxkenusi» u CII 63.13330.2012. Bce
KOHCTPYKLHUU JOJKHBI ObITh PACCUMTAHBI TO!
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- TpeAeNbHbIM COCTOSHHUSM TE€PBOM TPYIIbI, NPUBOAALIMM K TOJHON
HEMPUTOJAHOCTH SKCIUTyaTallil KOHCTPYKIUH;

- TpeAeNbHBIM COCTOSHUSM BTOpPOM TPYMIIbI, 3aTPYIHSIONIUM HOPMAJIbHYIO
OKCIUTyaTallMi0 KOHCTPYKIMH WM  yMEHBIIAIOMIUM  JIOJTOBEYHOCTh 3JaHUN U
COOPYKEHHI MO CPABHEHMIO C IIPETYCMATPUBAEMBIM CPOKOM CITYKOBI.

Kpome oOecrieueHusi HaleKHOCTH 3/JaHUN WM COOPYKEHHI B TEUEHHE BCEro
CpOKa UX CIy>KObI, HEOOXOJUMO 00ECHeunTh HaJECKHOCTh BO3BOJMMBIX KOHCTPYKIIHI

ITpH IMIPpOU3BOACTBC pa60T B COOTBCTCTBHU C Tpe60BaHI/ISIMH, NpCaAbABIICMBIMU K HUM.

2.2 Pacuetr nmpo4YHOCTH

Pacuet nmpounocTu cienyet BoinmoynHThH coraacHo CIT 63.13330.2012.

2.2.1 Pacuer HOpMAJILHBIX CeYeHUIl HA JelicTBHE U3rMOAIOIMX MOMEHTOB

Pacuer KOHCTpYKUMH MO MNPOYHOCTH MNPU JAEUCTBHUM HU3rMOAIOIIUX MOMEHTOB
CJIEIyET NPOU3BOJUTH JUISl CEUEHNN, HOPMAJIBHBIX K MX ITPOJOJIBHOM OCH.

Pacuer 1m0 NPOYHOCTH HOPMAJBHBIX CEUEHUN IKEIE300€TOHHBIX 3JIEMEHTOB
CJIeyeT MPOU3BOAUTH HA OCHOBE HEIMHEWHOU edOopMaIlMOHHONW MOJEIN COTJACHO TI.
8.1.20 — 8.1.30 CII 63.13330.2012, a Tak)ke Ha OCHOBE MPEICIbHBIX YCUJIUMA COTJIACHO II.
8.1.4 -8.1.16 CII 63.13330.2012.

Jliis xKene300€TOHHBIX 3JIEMEHTOB, Y KOTOPBIX MPEAEIbHOE YCUIIUE 10 MPOYHOCTH
OKa3bIBACTCS MEHBIIEC TPEACIBLHOTO yCHIHs 10 oOpa3oBaHuto TpemuH (1. 8.2.8 — 8.2.14
CII 63.13330.2012), niomaapr ceueHus: MpoAOTbHON PaCTsIHYTOW apMaTyphl JOJIKHA ObITH
yBEJIMYEHA M0 CPABHEHUIO ¢ TpeOyeMoil U3 pacyueTa Mo MPOYHOCTH HE MeHee ueM Ha 15%,
WM ONpEAeNieHa W3 pacdera MO NPOYHOCTH HA JEUCTBHE MNPENEIBHOrO YCWIHS IO
00pa30BaHUIO TPEITUH.

Pacyer no ©OPOYHOCTHM HOPMAJIBHBIX CEYEHUH CIEIYyEeT MPOU3BOAUTH B

3aBUCUMOCTHU OT COOTHOIICHUA MCKAY 3HAUCHHUCM OTHOCHUTEJIBbHON BBICOTHI CKATON 30HBI
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X o
OeToHa é:h_, OonpecaACIsIEMbIM N3 COOTBCTCTBYIOIIUX YCIOBHHU PABHOBECHS, U 3HAUCHUEM
0

TPAaHUYHON OTHOCUTEIIBHOW BBICOTHI CKaTOW 30HBI &g, MPU KOTOPOM MPENEIbHOE
COCTOSIHHE 3JIEMEHTA HACTYIAET OJJHOBPEMEHHO C JOCTHKEHHEM B PACTAHYTOH apMarype
HaIPSOKEHUS, pAaBHOTO paCYETHOMY COMPOTUBIIEHUIO Rs.

3HaueHue &g ONMPENEISIOT 0 popMylie

¢ _XR _ 0,8
R ho —1+85£|, (2.5)
€p2

I'JI€ € el — OTHOCUTEINBHAS Ae(OopMaLsl pacTAHYTOM apMaTypbl IPU HAIPSKEHUSAX, PAaBHBIX
Rs:
Rs
e = —.
sl ; (2.6)
Es
€p2 — OTHOCHUTEIbHAS IeopMalrs CKAaTOro OETOHA MPU HAPSLKEHUSIX, PaBHBIX Ry,
NpUHUMaeMas B COOTBETCTBHHM ¢ YykazaHusmMu 1. 6.1.20 CII 63.13330.2012 mpu
HEIPOJIOJKUTEIILHOM JIEUCTBUU HArpy3KH.
[Ipn 5TOM 3HaueHHE T'PAHMYHOM BBICOTHI CXATOW 30HBI OeTOoHa 0e30aJI0YHBIX
MIEPEKPBITUN CIENYET TAKXKE ONPENEATh, UCXOAS U3 PEKOMEHJAuui M. 2.4 HACTOAILEro

mocoous.
Pacuer no mpo4HOCTH CEUCHUI N3rHOaeMbIX AJIEMEHTOB MTPOU3BOSIT U3 YCIOBUS
M < My, (2.7)
rjae
M — n3rubaronuii MOMEHT OT BHEIIIHEW Harpy3Ku:
Myt — TpeAenbHBIM HU3rudaromii MOMEHT, KOTOPBIM MOXET ObITh BOCIPHUHSIT
CEUYCHUEM DJIEMCHTA.

3nauenne My; Ui M3rHOAaEMbIX DSJIEMEHTOB MPAMOYTOJIBHOTO CEYEHUS IpHU

€= hi < &g ompenensior no Gopmyie
o

My =Ry -b-x-(hy—0,5x) + Ry - A5 - (hy—a') (2.8)
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IIPU 3TOM OTHOCUTEJIBHYIO BBICOTY CHKAaTOM 30HBI X OMPEACIIAIOT Mo popmye

_ RsAs —RscA; 2

: Rbh,  h,

(2.9)

Ry,

YA\
-q‘]:: R /
—————— R, A, A/ =
i L

y B %

a
I
h

hy

N " 7

Pucynok 2.3 — CxeMa ycuui 1 310pa HaNpsHKEHUH B CEUEHUH, HOPMAJIBHOM K
IPOJOJIBHON OCH U3rM0AEMOro KeJIe300€TOHHOTO AIEMEHTA, IPU €ro pacuere Mo

IMPOYHOCTH

[Ipu pacyeTe 1O MNPOYHOCTH M3rMOAEMbIX O€30aOYHBIX  MEPEKPHITUI
pekoMeHayeTcs coomoaaTh yeaosue ¢ < 0,75 u & <0,35.
[Ipy cuUMMETpUYHOM apMHUpOBaHUHU, Koraga RgAg = Rsc'ﬂs, 3HaueHue M

OTIPENICIISIOT 110 (hopMyJie

My =Rs - 4 (hy - ). (2.10)

Ecnu BeruncienHas 6e3 ydera cxaTol apMaTyphl BBICOTa CXKaTOM 30HBI X < 28, B

dopmyny (2.10) moxcTaBnsAoT BMecTo @ 3HadeHue X/2. B moGom ciyuae ciemyer
BBITOJIHATD YCIIOBUE é: > ‘):min , TI€ Smin — CM. pa3aen 2.4.
2.2.2 PacyeT HAKJIOHHBIX C€YeHHUI HA JeliCTBHE MONMePeYHbIX CHJI

[Ipn pacyeTe HAKJIOHHBIX CEUYEHUH JOJDKHBI OBITH OOECIEYEHBbl MPOYHOCTh

QJICMCHTA IIO IIOJIOCC MCIKAY HAKJIIOHHBIMU CCUCHHAMU KW HAKIIOHHOMY CCUHCHHUIO Ha
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JE€MCTBUE MONEPEUHBIX CUJI, a TAK)KE NPOYHOCTH 110 HAKJIOHHOMY CEUEHUIO Ha JCHCTBHUE
MOMEHTA.

Pacyer nmo HaKJIOHHOMY CEYEHMIO Ha JEHCTBHE MOINEPEUYHBbIX CHUJI MPOU3BOIAT Ha
OCHOBE YpPaBHEHHUS PaBHOBECHUS BHEIIHHUX CWUJI M BHYTPEHHUX YCUJIMH, JEUCTBYIOIIHMX B
HAKJIOHHOM C€YE€HHUH C JIMHOW npoekuuu C Ha MPOJIOJIbHYIO OCh JJIeMeHTa. BHyTpeHHue,
WIA BOCIHPUHUMAEMble, IIONEPEYHbIE YCWIMS  BKJIIOYAIOT IONEPEYHYIO  CHUIY,
BOCIIPDUHUMAEMyl0 OETOHOM B HAKJIOHHOM CEYEHHHM, W [ONEPEYHYI0  CHIy,
BOCIIPUHUMAEMYI0 IEpECcEKarollell HAKIOHHOE CeueHue IomnepeyHor apmatypoi. I[lpu
TOM TMONEpPEYHbIe CHUJIbl, BOCIpPUHUMAaeMble OETOHOM U TMOMNEPEYHOH apMaTypow,
ONPENENSIOT 0 CONPOTUBIEHUSAM O€TOHA W MONEPEYHOM apMaTypbl PACTSIKEHHUIO C
Y4E€TOM JUIMHBI NIPOeKIUH C HaKIIOHHOTO CEYCHHS.

PacueT mo HaKJIOHHOMY CEYEHHUIO Ha JIEWCTBHME MOMEHTAa MPOM3BOJAT Ha OCHOBE
YPaBHEHHUSI PABHOBECUS MOMEHTOB OT BHEIIHMX W BHYTPEHHHMX CHJI, JIECHCTBYIOIIHUX B
HAKJIOHHOM CEYEHHUH C JUIMHOM NpoeKuu C Ha IPOJOJIBHYIO OCh DJIEMEHTA.

MoMeHTBl OT BHYTPEHHUX CHJ BKJIIOYAlOT MOMEHT, BOCIPUHUMAEMBbIN
[IEPECEKAOIIEH HAKJIOHHOE CEYEHUE IPOJOJIBHOM PacCTAHYTOM apMarypoil, © MOMEHT,
BOCIIPUHMMAEMBIN NEPECEKAIONIEH HAKJIOHHOE CEYeHWE NOoNepedHor apmarypou. llpm
TOM MOMEHTBI, BOCIIPUHUMAEMBIE MTPOJOJIBHON U MOMEPEYHON apMaTypoH, ONpeaesoT
[0 CONPOTHUBJICHUSAM IPOJOJIBHOM M IONEPEYHOM apMarTypbl PaCTSIKEHUIO C Y4ETOM
JUTMHBI TPOEKIMU C HAKJIIOHHOTO CEUYEHHS.

Pacuer kes1e300eTOHHBIX 3JIEMEHTOB 110 10J10Ce MEeKAY HAKJIOHHBIMHA
CeYEeHUSIMH
Pacyer u3rnOaemMpIxX *ene300€TOHHBIX JJIEMEHTOB 10 OETOHHOW IMOJIOCE MEXAY

HaKJIOHHBIMHA CCUYCHUAMMU IIPOU3BOAAT U3 YCIIOBUA.

Q< gy Ry by 1)

rac
Q — I[GIZCTB}GOHI&H IIOIICpCUHas Chujia B HOPpMAJIbHOM CCYUCHHU JJICMCHTA,

@p1 — KO3 ULMEHT, TpUHUMaEMbIil paBHbIM 0,3.
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Pacuer kej1e300€TOHHBIX 3JIEMEHTOB 10 HAKJIOHHBIM C€YeHHSIM HA JeuCcTBHE
INONMEPEYHBIX CHJI
Pacuer wu3rmbaeMeIX >JIEMEHTOB IIO HAaKJIOHHOMY CCYUCHHIO IIPOU3BOIAT U3

YCIIOBHSL:

Q<Qy+Qqy, (2.12)

rae

Q — momepeyHas cuja B HAKJIOHHOM CEUEHUM ¢ JnuHOM mpoekuuun C Ha
IPOJIOJBHYIO OCh JJIEMEHTA, OINpeNessieMasl OT BCEX BHEIIHHUX CHUJ, PACIIOIOKEHHBIX 10
OJIHy CTOPOHY OT pacCMAaTpUBAEMOr0 HAKJIOHHOIO CEYEHUsS; MPU STOM YUHUTHIBAIOT
HanOoJIee ONacHOe 3arpyKeHHe B Mpeenax HaKIIOHHOTO CEYEHHUS;

Qp — monepeyHas cuiia, BocnpuHUMaemasi 0€TOHOM B HAKJIOHHOM CEYEHHH;

Qs — TIOIIepeyHas cuiia, BOCIpUHUMAaeMas TOMepPeYHOl apMaTypoil B HAKJIOHHOM
CCUYCHUH.

[Tomepeunyto cuny Qp onpenensroT mo popmyie

‘Re. -b-h?
Qb:(sz t():t ho’

(2.13)

HO MPUHUMAIOT He Oonee 2,5R,, -b-hy u He meHee 0,5R,; -b-hy;

QOp2 — KO3 DULIMEHT, TPUHUMAEMBII paBHBIM 1,5.

/* _ =
/ Q Sw Sw
b

Pucynok 2.4 — Cxema yCcuiInil pu pacyeTe Kejae300€TOHHBIX 3JIEMEHTOB 110

HAaKJIOHHOMY CCYCHHUIO HA I[eﬁCTBHe IMOIICPCUHBIX CUJII
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Yeuwmue Qg JUIS MONEPEYHOM apMaTyphbl, HOPMaJbHOW K TIPOJIOJIBLHON OCH

AIIEMEHTA, OTPENENSIOT Mo (hopMyIie:

Qs = Psw g C (2.14)
rae
Qsw — KOddpuirenT, npuHuMaeMbii paBHbIM 0,75;
Jsw — YCWIHE B IONIEPEYHON apMaType Ha €IUHHUILLY JJIMHBI JIEMEHTA, PABHOE:!

:st'Asw_

Sw

(2.15)

Osw

Pacuer npousBoaAT IS pslia PacloSIOKEHHBIX MO JUIMHE 3JEMEHTa HAKJIOHHBIX
CEYeHUI npu HauOoyiee ONAacHOM UIMHE MPOEKUWH HakIoHHOro cedeHus C. Ilpu 3Tom
amuHy npoekiu C B hopMmylie nmpuHUMaroT He MeHee 1,0hy u He 6osee 2,0h,.

JlomyckaeTcsi TpOW3BOAWUTH pacyeT HAKJIOHHBIX CEYEHHI, HE paccMaTpuBas
HAKJIOHHBIE CEUYEHUs NPH ONpPENENICHUU TONEPEYHOM CUJIbl OT BHEIIHEW Harpys3ku, U3

yCJIOBUSI:

Ql < le + st,l (2-16)

rac Ql — IIoIICpCUYHad CHJiIa B HOpMAJIbHOM CCUCHHUHU OT BHEIIHEH Harpy3KH,

Qur =0,5Ry; -b-hy; (2.17)
Qsw1 =0swho. (2.18)

[Ipu pacnoyiokeHuM HOPMAIBHOTO CEUYEHUsSI, B KOTOPOM YUUTBHIBAIOT MONEPEYHYIO

cuny Qp, BOJM3U OMOpPHI HA PAcCTOSHUU a MeHee 2,5hy pacueT MpOM3BOIAT, YMHOMXKas

. 25
sHaueHus Qp;, ompenenseMble 1o ¢opMyne, Ha KOIPOUIUCHT, paBHBIN T HO
b

npuHUMArOT 3HaueHue Qp; He 6oee 2,5Ryb .

[Tpu pacmoa0KEeHHUH HOPMAJIbLHOTO CEYCHHMSI, B KOTOPOM YUUTHIBAIOT IOMEPEUHYIO
cuny Qp, Ha paccTosHUM a MeHee hg pacuer mpomsBoaAT, yMHOXKas 3HaueHHE Qg1 Ha
KoaduimeHT, paBusiii a/hg.

[Tonepeunyto apmMaTypy YYUTHIBAIOT B pacdeTe, €Ciu COOMI0AETCs yCIOBHE!

ow> 0, 25Ry b
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MOXHO yYUTBIBaTh MONIEPEUYHYIO ApMATypPy U TIPU HEBBIMIOJHEHUHU 3TOTO YCJIOBUS,

cCJiIn HpI/IHI/IMaTB:
Qy =4pp; NG g, /C. (2.19)

. . s
[IIar momepeyHO#l apMaTyphl, YYUTHIBAEMOW B pacyeTe, h—W JOJKEH OBbITh HE
o

Swmax _ Ryt -b-h
GoubLie 3HaUCHMS — o =2t —0.,

Mo Q

[Ipy OTCyTCTBMM NONEPEYHOM apMaTypbl WJIA HAPYIICHHWH YKA3aHHBIX BBIIIE
TpeOOBaHUI pacyeT MPOU3BOIAT, MpuHUMAs yeuius Qs nin Qgy 1 PABHBIMU HYJIIO.

BiusHue CKUMAIOIIKMX W PACTATMBAOIIMX HAINPSHKEHUH NPHU pacdere Mo IMO0JIOCe
MEXIy HAKJIOHHBIMH CE€YEHUSIMU M [0 HAKJIOHHBIM CEUEHHUSAM CJEAYeT YUYUTHIBaTh C
MOMOILBIO KO3 (ULIUEHTA Pp,.

3HaueHus KO3PPULIMEHTA (P, IPUHUMAIOTCS PABHBIMH:

1+ ‘;CP npu 0 < 6, < 0,25R;
b

1,25 npu 0,25R, < 6., < 0,75R;

5.(}%} npu 0,75Rp < 6., < Ry;

b

G
-t pu 0 <o < Ry,
2Ryt
rue
O — CPEIHEE CKMMaIoIlee HanpspKeHHe B OSTOHE OT BO3JICHCTBHS MPOAOJIBHBIX

CWji, MPHUHUMACMOC IIOJIOKUTCIIbHBIM. BCJ’II/I‘II/IHy Ocp IIPHHHUMAOT KakK CpEIHEC

HANPSKEHUE B CEUCHUU DJIEMEHTA C YYETOM apMaTyphl;

Gt — CpPETHEE PaCTATUBAIOIISE HAMPSHIKEHUE B OCTOHE OT BO3JCHCTBUS MPOAOJIBHBIX

CUJI, IPUHHUMACMOC ITOJIOKUTCIIbHBIM.

BenuuuHbl O¢p U Ot HPUHUMAKOT KaK CPCAHUEC HAIIPAXKCHHS B CCUCHUAX 3JICMCHTOB.
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Jlonmyckaercss BEIMYUHBI G, M Ot ONpENENATh 0€3 ydera apMaTypbl IpU
coJiepKaHuM MPOJI0JIbHON apMaTypbl He Oosiee 3%, MpuHUMAas UX PaBHBIMH N /A, TAe A —
IJIOIIA/b IONIEPEYHOr0 CEYECHHUSI SJIEMEHTA.

Pacuer xeJ1e300€ TOHHBIX 3JIEMEHTOB 10 HAKJIOHHBIM CEYeHHMSAM HA JIelCTBHE
MOMEHTOB
Pacyer >kene300€TOHHBIX 3JIEMEHTOB [0 HAKJIOHHBIM CEUEHHUSM Ha JeWCTBUE

MOMCHTOB IIPOHU3BOJAT U3 YCIIOBUA
M <M +Mg,, (2.20)

rae

M — MOMEHT B HAaKJIOHHOM CEYEHHUH C JJIMHOM mpoekuuu C Ha MPOAOJIBHYIO OCh
AJIEMEHTA, OINPENEIISIEMBIA OT BCEX BHEIIHUX CHUJI, PACIIOJIOKEHHBIX IO OJAHY CTOPOHY OT
paccMaTpuBaEMOr0 HAKJIIOHHOIO CEYEHMS, OTHOCUTEIBHO KOHIIA HAKJIOHHOIO CEYECHUS,
IIPOTUBOITIOJIOKHOTO KOHIY, y KOTOPOTO pacIlojlaraeTcs IpoBepsemMas NpOAOJIbHAS
apMarypa, UCHBIThIBAIOIIAS PACTSKEHHE OT MOMEHTA B HAKIOHHOM CEYEHUHU; MPU 3TOM
YUHUTHIBAIOT HAMOOJIEE OMMACHOE 3arpyKEHUE B Mpeiesiax HAKJIOHHOTO CEYEHUS;

M — MOMEHT, BOCIPUHUMAEMBIA IMPOJOJIBHOM apMaTypoW, IEepEeCeKaroUen
HAKJIOHHOE CEYEHUE, OTHOCUTEIBHO MTPOTUBOMOJIOKHOTO KOHIA HAKJIOHHOTO CEYEHUS;

Mg, — MOMEHT, BOCIPUHUMAEMBIA TIOMEPEYHON apMaTypou, MepeceKaronen
HAKJIOHHOE CEYEHUE, OTHOCUTEIBHO MMPOTHUBOMOJIOKHOIO KOHIIA HAKJIOHHOT'O CEYEHHS.

Mowment M onpenensitoT o gpopmye:

M. =N

S "L

s ts, (2.21)

rae

Ns — ycuiiie B mpoA0IbHON pacTsHYTON apMaTtype, MPUHUMAaeMoe paBHBIM Rs-Ag, a
B 30HE aHKEPOBKH omnpezaemsiemoe cornacHo 1. 10.3.21-10.3.28 CIT 63.13330.2012;

Zs — TJICUO BHYTPEHHEH Maphl CHIT, JOMyCKaeTcsl NpuHUMaTh Zs =0,9h,.

Moment M, I nonmepeyHord apMaTypbl, HOPMAJIBbHOM K IPOJOJIBHOW OCH

DIIEMEHTA, OMPEICIISIOT 10 (hopMyJIe
Mgy =0,5-Qqy-C (2.22)
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rae Qg — ycuine B MonepeyHor apMatype, IpUHUMaeMoe PaBHBIM (g, C.

Pacuer mnpousBOAAT Ul HAKJIOHHBIX CEYEHUM, pACIOJIOKEHHBIX I10 JJIMHE
AJIEMEHTAa Ha €ro KOHIIEBBIX YYacTKax M B MecTax oOphIBa MPOJOJIBHOW apMarypsl, NpU
HanboJiee ONacHOM JUIMHE MPOEKIMH HaKJIOHHOTO ceueHus: C, IPUHUMAaeMOM B yKa3aHHBIX
BBIIIIE MpEeax.

Jlonmyckaercst IpOU3BONUTh PACUET HAKIOHHBIX CEYEHUM, IPUHUMAsi MOMEHT M B
HAKJIOHHOM C€YEHUU IpU JIMHE npoekiuu C Ha MPOJOJIbHYIO OCh JJIEMEHTA, paBHOU 2,0
ho, @ MOMEHT My, — paBHBIM 0,5(, - hg

Nh

() g—o yd

Ll L. LAl ]
e T

Nh
/| 1§ ——-—

& y ¢ —

Pucynok 2.5 — Cxema ycuiauii Ipu pacyere Kejae300€TOHHBIX 3JIEMEHTOB T10

hg

HaKJIOHHOMY CCUYCHHIO Ha IIefICTBPIe MOMCHTOB

2.2.3 Pacyer HA NIPOAABJIMBAHUE

Pacyer Ha mpojaBiaMBaHUE MPOU3BOJAT IS MJIOCKUX KEJI€300€TOHHBIX JIEMEHTOB
(MT) TpW  JEWCTBUM Ha HUX (HOPMalIbHO K TUIOCKOCTHM JJIEMEHTA) MECTHBIX,
KOHLIEHTPUPOBAHHO MPHUJIOKEHHBIX YCUJIMH — COCPEAOTOYEHHBIX CHJIbI M M3THOAIOIIEro

MOMCHTA.

[1pu pacuere Ha MPOJABIMBAaHUE PACCMATPUBAIOT PACYETHOE TIONEPEUHOE CEUCHNE,

pPacnoJIo)KEHHOE BOKPYT 30HBI Mepeladyd YCWIMK Ha S3JE€MEHT Ha pPacCTOSHHUH h?o

HOpMAJIbHO K €TI0 HpOHOHBHOﬁ OCH, IO IMOBCPXHOCTH KOTOPOIO lIeI\/’ICTBYIOT KaCcaTCJIbHbIC
YCUIIHA OT COCPCAOTOUYCHHBIX CHUJIBI U H3r1/16a}01uero MOMCHTA.
HeﬁCTBYIOHlHC KaCaTCJIbHLIC YCHIIMA 110 INIOIIAAW pPacdCTHOro IIOICPCYHOro

CEUYCHHS JOJKHBI OBITh BOCIPUHATHI OETOHOM C COTNPOTUBICHHUEM OETOHAa OCEBOMY
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pacTskeHuto0 Ry M MonepeyHo apMaTypoi, pacroIoKeHHON OT rPy30BOM IJIOMIAKA HA

hy

PaCcCTOAHUU HC Ooee ho N HC MCHECC 3’ C paCYCTHBIM COIIPOTHUBJIICHUEM PACTAKCHUIO st-

[Ipu nelcTBUM COCPENOTOYCHHOM CUIIbI KaCaTENIbHBIE YCUJIMS, BOCIPUHUMAEMbIC
OCTOHOM M apMaTypou, MPUHUMAIOT PABHOMEPHO PACHPEICIICHHBIMHU 110 BCEH ILIOIIAAH
PacUETHOTO MOMEPEYHOTO CEUCHMUS.

[Tpu nmeiicTBUM W3rHOAIOIIETO MOMEHTA KacaTebHBIC YCHWIIHS, BOCIIPHHUMAEMBIC
OCTOHOM W TOIMEPEUYHON apMaTypou, MPUHUMAIOT JIMHEHHO H3MEHSIOIMIMMUCS MO JIJTUHE
PacUETHOTO MOMEPEYHOIO CEYEHHUS B HANIPABJIICHUH JICMCTBUS MOMEHTA C MAKCUMAJIbHBIMU
KacaTeJIbHbIMU YCUJIMSIMU MPOTHUBOIMOJIOKHOTO 3HaKa Y KPaeB PacCUETHOrO MOIEPEYHOIO

CCUCHMA B OTOM HAIIPABJICHUMU.

Kononna

HMupamuoa VenoeHubliii

}11()()()({(;_.]'u(;auu}l F1 pacuemiblid Konmyp
M,

¥

{

L \\H M, Tinuma

Kononna / 2

- T

= </

PI/ICYHOK 2.6 — YcioBHas MOACIJIb AJIA pacucTa Ha IIPOJaBJINBAHUC

PacueTHbIii KOHTYp TOINEPEYHOTO0 CEUEHUS MPUHUMAIOT: TPU PACIOJIOKCHUH
IJIOMIAKA TIepeJadl Harpy3Kd BHYTPH IUIOCKOTO DJJIEMEHTa — 3aMKHYTBIM M
pacIoJIOKEHHBIM BOKPYT IUIOIIAJKK [epeaadyd Harpy3kud (pucCyHOK 2.7, a, T), TIpHu
PacCToJIOKEHUH TIOMAAKU TIepeaun Harpy3Kd y Kpas Wi yIJia MI0CKOTO AJIEMEHTa — B
BHJIC JBYX BapHAHTOB: 3aMKHYTBIM W PAaCIIOJIOKEHHBIM BOKPYT IUIOIIAIKH Tepeaadn
Harpy3Kku, ¥ HE3aMKHYTBIM, CIIEIYIOIIMM OT KpaeB IIOCKOTO dJeMeHTa (PUCYHOK 2.7, O,
B), B 3TOM CJIy4ae YYMTHIBAIOT HAUMEHBIIIYIO HECYIIYIO CTIOCOOHOCTH MPH JABYX BapHaHTax
PaCIOJIOKEHUS PACUETHOTO KOHTYpa MOTEPEUYHOTO CEUCHMUSI.

B cinydae pacrosiokeHusi OTBEpCTHS B IUIMTE HA PAcCTOSHMHM MeHee 6h oT yria

HIIN Kpas IJIOHIAAKKU IIEPCAadn HAI'PY3KHU A0 yIJia WK Kpasd OTBECPCTUS, HACTh PaCYCTHOI'O
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KOHTYpa, PacIloJIOKEHHasi MEXAY ABYMs KacaTelIbHbIMU K OTBEPCTHUIO, IPOBEACHHBIMU U3
LIEHTPA TSHKECTH TUIOMIAJAKH NIEPENAYN HATPY3KH, B pACUETE HE YUUTHIBACTCS.

[Ipu peiictBun MoMmeHTa M), B MECTE MPUIIOKEHUS COCPEAOTOYEHHON HArpy3Ku
MOJIOBUHY 3TOTO MOMEHTA YYHUTBHIBAIOT IIPU pacyeTe Ha MPOJABIMBAHUE, A APYIYIO
MOJIOBUHY — IIPY PACUYETE M0 HOPMAJIbHBIM CEUEHUSAM MO MIUPUHE CEYEHHUS], BKIIFOYAIOIIEH
MIMPUHY TJIOIIAJIKU MEepeaund Harpy3kd M BBICOTY CEUYEHHS IUIOCKOTO 3JIEMEHTa 1Mo o0e
CTOPOHBI OT IUIOLIA/IKY MEpeaadu Harpy3KHu.

[Ipn neicTBUM COCPEAOTOYEHHBIX MOMEHTOB M CHJIBI B YCJIOBUAX HPOYHOCTH
COOTHOIIEHHE  MEXAY  JACUCTBYIOIIMMH  COCPEIOTOYEHHBIMHM  MOMEHTamMu M,
YUUTHIBAEMBbIMH MpPHU MPOJABIUBAHUU, W TMpeAeIbHbIMU M, TPUHUMAIOT HE OoJiee
MOJIOBUHBI COOTHOIIICHUSI MEXIY JEHCTBYIOIIMM COCPEIOTOYEHHBIM YycuiaueM F u
npeaeabHbIM F.

IIpy pacnoyio)KeHUM COCPEIOTOYEHHOW CHJIbl BHELEHTPEHHO OTHOCUTEIBHO
[EHTpa TSHKECTH KOHTypa PacYeTHOrO IOMEPEYHOTO CEUEHHUs 3HAYCHUs H3THOaroIInX
COCPEOTOYEHHBIX MOMEHTOB OT BHEIIHEW Harpy3kd OINpPEICNIlOT C  Y4EeTOM
JOIIOJIHUTEJIBHOTO MOMEHTa OT BHELEHTPEHHOT'O IIPUJIOKEHHS COCPEAOTOUYEHHOM CHJIbI
OTHOCUTEIIBHO IIEHTpPa TSHKECTH KOHTypa pPACUYETHOTO MOMNEPEYHOIO CEUCHUSI C
MOJIOKUTENIBHBIM WJIM OOpPaTHBIM 3HAKOM IO OTHOIIIEHUIO K MOMEHTaM B KOJIOHHE.

Pacuet anemeHTOB 0O€3 mornepevyHor apMaTyphl Ha MPOJABIMBAHUE TIPHU JICHCTBUH

COCPENOTOYEHHOM CHUJITBI POU3BOJIAT U3 YCIOBHS:

F<F b,ult » (223)

re
F — cocpenorouenHas cuiia OT BHEIIHEH Harpy3Ku;
Fp.ut — IpenensHOe ycuaue, BOCIPUHUMAEMOE OETOHOM.

Yeunue Fy i onipenenstoT no popmyne

Fb,ult = Rbt ’ Ab’ (224)
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rac Ab — Iom@aab paCd€THOIO IOICPECUYHOro CCUCHUS, PACIIOJTOKCHHOTIO Ha paCCTOAHHNU

0,5 hg oT rpaHuUIBI MIOIIAIN IPHUIIOKEHHS COCPEAOTOYCHHOM CHITbI F ¢ paboueit BBICOTOI

ceuenus hy .
o ? 7 a
7 : 1,
2 2 YT
:_ T 3|
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Pucynok 2.7 — CxemMa pacyeTHbIX KOHTYPOB IIOIIEPEYHOTO CEUYEHHUS
[IPU IIPOJIABIMBAHUH
a — TUIOLIAJIKa MPUIIOKEHUSI HAarPy3KU BHYTPU IIJIOCKOTO 3JIEMEHTA; 0, 8 — TO ke, Y Kpas
IJIOCKOTO 3JIEMEHTA; 2 — IPH KPECTOOOPa3HOM PACIOJIOKEHUH MOMEPEYHON apMaTyphl;
1 — mmonIanb MPUIIOKEHUS HATPY3KH; 2 — PACUETHBIN KOHTYpP MOTEPEYHOTO CEUCHHUS; 2 —
BTOPOI BapuaHT PaCMoOIOKEHUS PACUETHOTO KOHTYpa; 3 — IEHTP TSHKECTH PaCYETHOTO
KOHTYypa (MecTo nepecedeHus oceit X; v Y1); 4 — MEHTP TSHKECTH IIOMIAIKHA TPUI0KESHHUS
Harpysku (Mecto nepeceucnus ocerr X u Y); 5 — nonepeuHast apmarypa; 6 — KOHTYp
pacyeTHOro MOMEepPEeYHOro ceyeHus 0e3 yuera B pacyeTe MornepeyHon apMaTypsl; / —

rpanuna (Kpai) mIoCcKoro 3JIeMeHTa
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Pucynok 2.8 — Cxema Ji71s1 pacuera xene300€TOHHBIX AJIEeMEHTOB 0€3 MOoNepeyHon
apMaTypsbl Ha ITPOJIaBJIMBAHUE

KOHTYD IUIOIIAJIKH IPWIOKEHHUS HATPY3KU

1 — pacyeTHOE MMONIEPEYHOE CEUCHHE; 2 — KOHTYP PACUETHOTO MOMEPEYHOTO CEUCHHS; 3 —
[Tnomane A, onipeaenstor mo Gopmye
e

u-hy,

U — mepuMeTp KOHTYpa PacCU€THOTO MOMEPEYHOTO CEUECHMUS;
ho — mpuBenennas pabouas Beicota cedennus My =0,5(hy, +hy, ),
HarnpaBJICHUH oceil X u Y.

(2.25)
3mech hox 1 hgy — pabodast BeIcoTa ceueHust Uil IPOAOIbHON apMaTyphl, PACHOIIOKEHHON B
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Pacuer »51eMeHTOB ¢ MONEpeYHO apMaTypoil Ha MpOJIaBIMBAHKUE MPHU JEUCTBUU

cocpeﬂOTOquHoﬁ CHUJIBI IPOU3BOISAT U3 YCJIOBUS.
F< I:b,ult + st,ult’ (2.26)

rae

Few,uit — IpeieIbHOE  ycUIME, BOCIHPUHMMAEMOE IIONEPEUHOM apMaTypol IpH
IIPOABINBAHNY;

Fp.uit — IpenenbHOe ycunue, BOCIPUHUMAEMOE OETOHOM.

Yeume  Fgy i, BOCHPUHMMAaeMOE IONEPEYHOM apMaTypod, HOpPMaJbHOM K
IIPOJIOJIBHOM OCH JJIEMEHTA U PACIIOIOKEHHON PaBHOMEPHO BIOJIb KOHTYpa PAacue€THOIO

TIOIIEPEYHOrO CEYEHHSI, ONPENEIIAIOT [0 POpMYJIe
Fowuit =0,80gy - U, (2.27)

rae
Jsw — YCWIME B IONEPEYHOM apMaType Ha €IWHHUIY JJIMHBI KOHTYypa pacdyeTHOIO
TIOTNIEPEYHOTO CEUCHHUSI, PACIIOJIOKEHHOM B TIpenenax paccrosHus 0,5y mo 06e cTOpoHbI OT

KOHTYpa paC4CTHOIO CCUCHMU A

_ st'Asw

Qow = ; (2.28)

SW

Agy — TUIOIIAZL CEUCHMS TOTIEPEYHOM apMaTyphbl C IIarom Sy, PacrojoKeHHas B
npenenax paccrosuaus 0,5hg mo o0Ge CTOpPOHBI OT KOHTypa pacueTHOrO IOMEPEUHOTO
CEYEHUS IO MEPUMETPY KOHTYpa pacu€THOTO MONEPEUHOTO CEUCHUS;

U — mepuMeTp KOHTYypa pacueTHOTO MONEPEYHOTO CEYEHUSI.

[Ipn pacronoXeHUW TOMEPEeYHOM apMmaTypbl HEPAaBHOMEPHO IO KOHTYpY
pPacyeTHOro IONEPEYHOr0 CEYEHHUs, a COCPEAOTOYEHHO y OCed IUIOLIAAKU Mepeaaydu
Harpy3ku (KpectooOpa3HOe pacroIoKeHHe MOMePEeYHON apMaTyphl) IEPUMETP KOHTYypa U
JUIT  TIONEPEYHOM apmaTypbl MNPUHUMAIOT 1O (PAKTUUYECKUM JJIMHAM  Y4YacTKOB
pacroyio’keHuss momnepeyHorm apmarypel  Lgy m  Lgyy 1m0 pacyeTHOMy KOHTypy

IIpOoaaBJIMBaHUAA.
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3nauenne By +Fyy i TpuHUMaroT He Oonee 2Fy . Ilomepeunyro apmarypy

YUYUTHIBAIOT B pacuete npu Fg, it He Menee 0,25Fy .

3a rpaHuLEed PAcMoNOKEHHs MMONEPEYHON apMaTypbl pacueT Ha MpOJaBlIMBaHHE
MIPOU3BOJAT, paccMaTpuBasi KOHTYP PAacuE€THOIO MOINEPEYHOrO0 CEYEHHUsS] Ha PaCCTOSHUU
0,5hy OT rpaHMIBI pacmoNOKeHUs TonepeyHor apmatypsl. llpu cocpemorodeHHOM
PacroJIOXKEHUH MONEPEYHON apMaTyphl IO OCSM IUIOUIAJIKM MEpeladd Harpys3ku, KpoMe
TOT0, PACYETHBIA KOHTYp IMOINEPEYHOr0 CEYEHHUs] OE€TOHA MPUHUMAIOT IO AHAroHaJIbHbIM
JMHUSM, CIEAYIOUIUM OT Kpasi pacloJIO;KEHUs IONIEPEUYHON apMaTypBhl.

[lonepeunas apmaTypa JOJDKHA YJIOBJIETBOPSITh KOHCTPYKTHBHBIM TPEOOBAHUSM,
npuseneHHbiM B CII 63.13330.2012. Ilpu HapymieHHH KOHCTPYKTHUBHBIX TpeOOBaHUIl B
pacdyeTe Ha MPOJABIMBAHME CJEAYET YYMTBIBATH TOJIBKO IIONEPEYHYIO apMarypy,

MepeCceKarollyo MUpamMuy NpoJaBIUBaHuUs, IPYU 00ECIICUYEHNU YCIOBUN €€ aHKEPOBKH.
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Pucynok 2.9 — Cxema njist pacdera *ene300€TOHHBIX IUTUT C BEPTUKAIBLHOW PaBHOMEPHO
pacrpeneneHHOM TONEPEYHON apMaTypoy Ha ITPOIABIMBAHHUE !

1 — pacueTHO€ MonepeyHOe CEUEHUE; 2 — KOHTYpP PacueTHOro MONEepEeyHOro
CeUeHHsT; 3-TPaHUIIbI 30HBI, B MIpe/ieNiaX KOTOPBIX B pacyeTe YUUTHIBACTCS MONEpeyHast
apMmaTypa;4—KOHTYp pacyeTHOr0 MOMEPEYHOro ceueHus 0e3 yueTa B pacyeTe NonepeyHon
apMaTyphl; D — KOHTYp IUIOIIaAKU IPUIIOKEHUS HATPy3KH

Pacuer 3j1eMeHTOB Ha NIPOJABJIMBAHNE NPHU J€ICTBUN COCPETOTOYEHHBIX CHIIbI U
H3rudaIero MOMeHTa
Pacuer »ameMeHTOB 0€3 TOMEpeYHON apMarypsl Ha TPOJABIWBAHUE TIPU
COBMECTHOM JEHCTBUM COCPEAOTOYCHHBIX CUJIbI M U3THOAIOIIEr0 MOMEHTA MPOU3BOMST U3

yCJIOBUSA
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F M <1

+
Fb,ult Ivlb,ult (229)

rae

F — cocpenoroueHHas cuia OT BHEIIHEH Harpy3KH;

M  —cocpenoTOoueHHBId W3rMOAIOMMI MOMEHT OT BHEIIHEW Harpys3KH,
YUUTBIBAEMBIN IIPU pacueTe Ha MPOIaBINBAHUE;

Fp.uit 1 Mp it — IpeienbHBIE  COCPEOTOUYEHHBIE CUJIa W M3rHOAIOLIUMIl MOMEHT,
KOTOpBIE MOTYT OBITh BOCIPUHSATHI OETOHOM B Pacue€THOM IOMNEPEYHOM CEUCHHUH MPU UX
pa3esIbHOM JIEHCTBUU.

B  kene300€eTOHHOM  Kapkace 3JaHMid C  IUIOCKUMHU  [EPEKPBITHIMHU
COCPEOTOYEHHBINM M3rudarmuii  MOMEHT M, paBeH cymMMapHOMY H3ruOarouiemMy
MOMEHTY B CEUEHHUSAX BEpXHEH M HUKHEH KOJIOHH, NMPHUMBIKAIOIIUX K IEPEKPHITUIO B
paccMaTpuBaEMOM Y3JI€.

[Ipenenbubiii usrubaromuii MoMenT My ¢ OIIpenessIoT o Gpopmyiie
Mp,uit = Rot "W - Mo, (2.30)

rac Wb — MOMCHT COITPOTHUBJICHHA PACHYCTHOI'O ITOIICPCYHOTO CCUCHUS.
HpI/I ,ZIGfICTBI/II/I I/I3FI/I6aIOIIII/IX MOMCHTOB B JABYX B3dHMMHO IICPIICHIHUKYJIAPHBIX
IIJIOCKOCTAX PpaCUCT IMPOU3BOAAT U3 YCIIOBUS
F M M
+ X+ y <1,
Fb,ult be,ult M by,ult (2 31)

rae

F, My My — cocpe1oTOYeHHBIE CHJIa W M3TMOArOIMe MOMEHTBI B HAlPaBJICHUAX
oceit X 1 Y, yuuThIBaeMble IIPU pacyeTe Ha MPOIaBIUBAHUE OT BHEIIHEH HATPY3KH;

Fbuity Moxuits Moy,ut — IPEIE€TIBHBIE  COCPEIOTOYECHHBIE CHJIA M HM3THOaronme
MOMEHTHI B HampaBieHusx oced X u Y, KOTOpble MOTYT OBITh BOCHPHUHSITHI O€TOHOM B
pPacyETHOM MONEPEYHOM CEYEHUU TPU UX PA3JAEIbHOM JEHCTBUMU.

Yeumasa Moxue B My uie OTIpEIENIOT COINacHO yKa3aHHsAM, IPUBEICHHBIM BBILIE,

MpU JIEUCTBUM MOMEHTA B ITUNIOCKOCTH 0ceil X 1 Y COOTBETCTBEHHO.
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PacueT nmpoyHOCTH 3J€MEHTOB C MONEPEYHOU apMaTypol Ha MpoAaBiIMBaHUE MPU
JEUCTBUM COCPEIOTOYEHHOW CHJIBI W M3TrM0AIONMX MOMEHTOB B JIBYX B3aWMHO

MNCPICHANKYJIAPHBIX IINIOCKOCTAX ITPOU3BOAAT U3 YCIIOBUA

F + M, + My <1
Fb,ult + I:sw,ult be,ult + I\/Isw,x,ult Ivlby,ult + I\/Isw,y,ult o (2.32)

Fbuits Moxuit @ My uit — IpEieNbHBIE  COCPENOTOYEHHBIE CHJIA W HM3THOaronye
MOMEHTHI B HampaBieHUsX oced X u Y, KOTOpble MOTYT OBITh BOCHPHHSTHI
OeToOHOM B pacueTHOM MONEPEYHOM CEUCHHNH npu nX pa3ienbHOM
JICUCTBUU;

Fowuite Mswixuit @ Mgy,y uit — IpEIETIBHBIE  COCPENOTOYCHHBIE CHJIA W HM3THOAIOIIUEC
MOMEHTBI B HampaBjieHUsx oced X U Y, KOTOpbIe MOT'YT OBITh BOCIIPHUHSTHI MOMEPEUHON
apMaTypou IPU UX Pa3IeIbHOM JICUCTBUU.

Yenmua Mgyt B Mgyyut, BOCIPHHHMAaeMble  IONIEPEYHOM  apMaTypow,
HOPMAJIBHOM K IIPOJIOJIBHOM OCH 3JIEMEHTA U PACHOJIOKEHHON PaBHOMEPHO BJ/I0JIb KOHTYpa
pacueTHOrO  CEYECHHs, ONpEeAesioT Tpu  JEHCTBUU  M3THOAIONIEr0  MOMEHTA,

COOTBETCTBEHHO B HaNpasieHun oceit X u Y o popmye
Maw,uit = 0,8 Qg -Wa» (2.33)
sHaueHus Ry e+ Four,  Moxur +Mowxat, Mpyuit +Mgwyut  TpuaEMaror He Oonee 2Fy

2Mpy ity 2Mpyuit COOTBETCTBEHHO.

B o0mem ciyuae 3HaueHHUsI MOMEHTA CONPOTUBIICHHS PACUYETHOTO KOHTYpa OeToHa
npu nponaBiuBaHul Wy, B HalpaBleHMUSAX B3aUMHO HNEPHEHAUKYIAPHbIX oced X m Y
OTIPENICIISIOT 110 (hopMyJie

lpx(y)

X(Y)max (2:34)

Wx(y) =

rae
lbx() — MOMEHT HHEPIMM PACYETHOTO KOHTYpa OTHOCHTENBHO ocell Y; m Xj,

MIpOXOoaAIuX 4YCPpC3 €0 UCHTP TAKCCTH,
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X(Y)max — MAKCUMAJIbHOE PACCTOSTHUE OT pPACYeTHOrO KOHTypa JI0 €ro LeHTpa
TSKECTH;

3HaueHHE MOMEHTAa MHEPLHU |y ONpenensroT Kak CyMMy MOMEHTOB MHEPLUU
lbx(y)i OTAEIBHBIX YYaCTKOB PACYETHOIO KOHTYpPa IONEPEYHOIO CEYECHHs OTHOCUTEIIBHO
LEHTPAIBbHBIX OCEU, MPOXOIAIIMX Yepe3 UEHTP TSHKECTH PACUETHOIO KOHTYpA, MPUHUMAs
YCIJIOBHO IIMPHHY KaXJO0T0 Y4aCTKa PaBHOM €IMHHUIIE.

[TonmokeHne eHTpa TSHKECTH PacueTHOTO KOHTYpa OTHOCHUTENILHO BBHIOPaHHON OCH
OTIpeEIAIoT 1o (hopmyiie

_ 2L - % (Yido

X(¥)o SL ,

(2.35)

rac

Li — AJJIMHA OTACIIBHOI'O Y4aCTKa paCcd€THOIr'oO KOHTYpa,

Xi(Yi)o — paccTosiHE OT IICHTPOB TSKECTH OTICIBHBIX YYACTKOB PacCUYCTHOTO
KOHTYpa 10 BLI6paHHBIX ocei.

[Ipu pacuerax NpUHUMAIOT HAUMEHBIIINE 3HAYEHHUSI MOMEHTOB CONTPOTUBICHUS Wy
u Wby .

MomMeHT COIIPOTHUBIICHUA PACUCTHOTO KOHTYpa OcToHA IJII KOJOHH KpYyTJjoro
CCUCHUA ONIPEACIIAIOT 110 CbOpMyJIe

_a(D+h)

Wb 4 )

(2.36)

rae D — nnameTp KOJIOHHBL.

3HaYCHUS MOMEHTOB COIPOTHUBIICHUS TTOTIEPSYHOM apMaTyphl NP MPOAaBINBAHUU
Wawxy) B TOM cllydae, KOrJa HONEpeYHas apMaTypa pPaclojlOKeHa PaBHOMEPHO BJOJb
pacyeTHOro KOHTYpa MpOAABIMBAHUS B MpeEJesiax 30HbBI, TPAHUIIBI KOTOPOW OTCTOST Ha

paccTosiHUA h?o B KQXKIYI0 CTOPOHY OT KOHTypa MpOJaBIUBaHUS OETOHA, MPUHUMAIOT

PAaBHBIMU COOTBETCTBYIOIMUM 3Ha4eHUAM Why 11 Wy,

IIpy  pacronoXeHuu  IIONEPEYHOW  apMarypbl B INIOCKOM  DJIEMEHTE
COCPEOTOYEHHO MO OCSAM TIPY30BOM IUIOIIAJKH, HAaNpUMep IO OCH KOJIOHH
(KkpecTooOpa3HOE pacCIoNIOKEHUE TOMEPEeYyHOM apMarypbl B MEPEKPHITUU), MOMEHTHI
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CONPOTHUBJIEHUSI TONEPEYHOW apMaTypbl OINPENETSAIOT MO TEM K€ NpaBWIAM, 4YTO U
MOMEHTBI COMPOTHUBIICHUSI OETOHA, MPUHHUMAas COOTBETCTBYIOUIYIO (PAKTUYECKYIO IJIUHY
OTPAaHUYECHHOTO Y4acTKa PACIIOJIOKEHUS MOMEPEUYHON apMaTyphl IO PaCYETHOMY KOHTYPY

npoaaBauBaHus Lgyy ¥ Lgyy.

2.2.4. O06mmii coryyaii pacyera IVIOCKOCTHBIX 3J1€MEHTOB IJIUT

B o0miem ciyyae pacder Mo MPOYHOCTH IUIOCKUX TUIUT TEPEKPBITHH CleayeT
MPOU3BOJINTh KaK pPacueT IUJIOCKUX BBIJCICHHBIX 3JICMEHTOB Ha COBMECTHOE JICHCTBUE
U3rM0aIoMX MOMEHTOB B HAlPABJICHUH B3aUMHO MEPIECHIUKYIISIPHBIX OCEH U KPYTAIIUX
MOMEHTOB, MPUJIOKEHHBIX MO OOKOBBIM CTOPOHAM IUIOCKOTO BBIJICJICHHOIO 3JIEMEHTA, a
TaKKe Ha JCHUCTBHE MPOJOJBHBIX W TMOMEPEUHBIX CUJI, MPUIOKEHHBIX IO OOKOBHIM

CTOpOHaM IINIOCKOT'O 3JICMCHTA.

Puc. 2.10 — Cxema ycunwii, TeHCTBYIONMIUX HA BBIICTICHHBIN MIIOCKUN AJIEMEHT

€MHUYHON IIUPUHBI

Pacuer miaoCkux »BJIEMEHTOB IIJIMT BBINIOJHSICTCS M3 YCJ'IOBI/II\/JI, OCHOBAHHBIX Ha

000O0ILIEHHBIX YPaBHEHUAX PEIETbHOTO PABHOBECHSI:

(Mx,ult _Mx)'(My,uIt _My)_M2 =20; (2-37)
My uie = My; (2.38)
Myt =My ; (2.39)
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Iley,ult 2 Mxy , (2.40)

PI(S

My, My, My, — n3rubaromue u KpyTsIixe MOMEHTBI, IEHCTBYIOIIUE HA BBIICICHHBIN
IJTOCKHUM 3JICMEHT;

Myuis Myuit, Myyuit — IpeieIbHbIE  U3rHOAOmMe M KPYTSIIHMEe  MOMEHTHI,
BOCIIPHHUMAEMBIE TJIOCKHUM BBIJICJICHHBIM 2JIEMEHTOM.

3Ha4eHHUs NPENENbHBIX U3rndamux MoMeHToB My i 1 My i citeqyeT onpenensrs
W3 pacyeTa HOPMAJbHBIX CEUYEHUW, NEPHEHAUKYISIPHBIX ocsiM X U Y, TIJIOCKOTO
BBIJICJICHHOTO AJIEMEHTA C MPOJ0JIBHOM apMaTypoi, mapamieabHoi ocsiM X u Y, COTJIaCHO
ykazanusim CII 63.13330.2012. 3HaueHus OpenesbHbIX KPYTAIIUX MOMEHTOB CIEAYET
onpenensaT 1m0 0eToHy Mpyy i ¥ MO PacTAHYTOH NpomosbHON apmarype Mg,y i 1o
dhopmynam:

Mpyy it = 0,1Rsb%h, (2.41)

rac b u h —Menpmmii 1 OonpIIHil Pa3MCpPbl COOTBCTCTBCHHO INNIOCKOI'O BBIACJICHHOI'O

DJIEMEHTA;
Msxy,ult =0,5R; (A +Asy)h0, (2.42)

rae Ay 1 Agy —TUIOIIAN CEUCHUS IPOJIOJIBHON apMaTyphl B HanpasieHuu oceit X u Y; ho—
paboyas BEICOTA MOMEPEUYHOT0 CEUCHUS TITUTHI.

[Ipu nericTBUM HA BBIJICJIICHHBIN IUIOCKUN AJIEMEHT ITUIMT TAKXE MPOJOJIbHON CUJIIbI
pacuer cieayeT MPOU3BOJAUTH U3 YCJIOBHUI, OCHOBAaHHBIX Ha OOOOIEHHBIX YpPaBHEHUSIX

MMpCACIbHOIO PAaBHOBCCHA:

(Nyuit = N )(Ny gt =Ny ) = Ng, >0; (2.43)
Ny it > Ny (2.44)

Nyuie = Ny ; (2.45)

Nyy,uit = Nyy ; (2.46)

rac
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Ny, Ny 1 N,y — HopMallbHBIE M CIOBUralOIIME CHIIBI, JEHCTBYIOIIUME IO OOKOBBIM
CTOPOHAM IJIOCKOTO BBIAEICHHOTO AJIEMEHTA;

Ny uit Ny,uit 1 Nyy,uit — IpeensHble HOPMAaJIbHBIC u CIIBUTAIOIIHE CHIIBI,
BOCIIPUHUMAEMBIE TIJIOCKUM BBIICJICHHBIM 3JIEMEHTOM.

3Ha4eHHs MPEIENbHbIX HOpMaIBHBIX CHII Nyt # Ny cliegyer ompenerars u3
pacuera HOpMaJIbHBIX CEUCHHUH, MEPICHAUKYIISIPHBIX 0csiM X U Y, IJIOCKOTO BBIJICJIEHHOIO
AJIEMEHTAa C BEPTUKAIBHOW M TOPU3OHTAJIBHON apMarypoi, nmapamuieiabHoi ocsaMm X # Y,
cornacHo ykazanusim 8.1.14—8.1.19 CIT 63.13300.2012.

3Ha4eHHUs MPEJENbHBIX CABUTAIOMIMX CUII CIELYET ONPEneniaTh N0 0ETOHY Nyyy uit B

110 apMatype Ngyy it 10 popMynam:

Nbxy,ult =0,3RyAy (2.47)
rae Ay — pabouas mIoIaabr NONePEUHOro CEUCHUsI OETOHA BBIJCICHHOTO JIEMEHTA;
Noyy,ut =0,9Rs (A + Ay) (2.48)

rae Ay n Ag— TIonaas CEYEHUs apMaTyphl B HAalIPaBJICHUU ocel X U Y B BBIIEICHHOM
DJIEMEHTE.
PacyeT m0CKOro BBIAEIEHHOTO JIEMEHTA Ha JEHCTBUE MONEPEUYHBIX CHII CIEAYET

IMPOU3BOAUTL U3 YCIIOBUS:

Qx T Qy
Qx,ult Qy,ult

<1, (2.49)

rae

Qx 1 Qy — monepeuHsle CHUIbI, ACHCTBYIOHMIME 1O OOKOBBIM CTOPOHAM IIJIOCKOIO
BbIJIEJIEHHOTO 3JIEMEHTA;

Qxuit ¥ Qyuit — IPEENbHBIE  TONEPEYHBIE CHIIBL, BOCIPHHUMAEMBIE IIIOCKHM
BbIJICTICHHBIM DJIEMEHTOM.

3Ha4YCHUS MPEICTbHBIX IMMOMEPEUHBIX CHIT ONPEALIIAIOT o (popMyiie:

Quit =Qp +Qu, (2.50)

rac Qb n QSW_ MNpCACIbHBIC IIOINCPCYHBIC CHJIbI, BOCIIPHMHHMACMBIC COOTBCTCTBCHHO

OETOHOM U IIOTIEPEYHOI apMaTypoi U olnpeaessieMsble 1o Gpopmyram:
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Qy =0,5Rybhy ; (2.51)
st = qswho, (2.52)

r€ sy — MHTEHCHUBHOCTB NIONIEPEYHOTO apMUPOBAHUS.

Jlonyckaercss MPUMEHATh U JIPYyrHE€ METOAbl pacuyera I0 MPOYHOCTH IIJIOCKOIO
BBIJICJIECHHOTO JJIEMEHTA, IIOJIyYEHHBIE HA OCHOBE PAaBHOBECUS BHEIIHUX YCHIMH,
JAEUCTBYIOIUX 110 OOKOBBIM CTOPOHAM BBIIEIIEHHOIO 3JIEMEHTA, U BHYTPEHHUX YCHUJIUIl B

AuaroHaJIbHOM CCUCHHH BBIACJIICHHOI'O 3JICMCHTA.

2.2.5 Pacuer :xej1e300€TOHHBIX 3JIEMETOB HA CMATHE H OTpPbLIB

Pacuer ’keme300€TOHHBIX DJIEMECHTOB Ha OTpPBIB OT IIGﬁCTBPIH Harpy3KHu,
HpHJ’IO)KGHHOfI K €ro HMXKHEH rpadin WJIM B IMpPCAcCIaX BBICOTBI €ro CCYCHHUA, MOJIKCH

IIPOU3BOAUTHECA U3 YCIIOBHA.
F(- E—Z) <> RswAsw (2.53)

rae

F — oTpbiBatomias cuna;

hs — paccTosiHEE OT YPOBHS TepeIadrl OTPHIBAIOIICH CHIIBI HA JIEMEHT JI0 IEHTpa
TSYKECTH CEYEHUS NPOAOJIBHON apMaTyphl;

YRaAswy — CyMMa TIOMEPEYHBIX YCHIIMH, BOCHPUHAMAEMBIX XOMYTaMH,

YCTaHaBJIMBACMbIMHU HOIIOJITHHUTCIIBHO 110 JJIMHC 30HBI OTPbIBA, paBHOﬁI

371ech b — muprHa mIomaaKy mepeaadu OTPHIBAIOIIEH CHITBI.
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Pucynok 2.10 — Cxema 111 pacuera ejie300€TOHHBIX JIEMEHTOB Ha OTPHIB

3navyeHus hs W D ycTaHaBIMBAIOTCS B 3aBHCHMOCTH OT XapakTepa W YCIIOBH
MPWIOKEHUS OTPBIBAIOIICH HArpy3kKd Ha JJIEMEHT (Yepe3 KOHCOJM, IPHMBIKAIOIINE
AJIIEMEHTHI U Jp.).

Pacyer Ha cmsTHE B OO0IIeM cllydae CJEAyeT BBHINIOJNHATH B COOTBETCTBHH C

ykazaausmu 1.a1. 8.1.43-8.1.45, CIT 63.13330.2012.

2.3 Pacuer no 3KCIJIyaTAIIMOHHO NPUTOHOCTH

Pacuet 1o BTOpo# rpynme npeaeibHbIX COCTOSHUM CJIENYET BBIOIHATH COTJIACHO
CIT 63.13330.2012.

PacueTsl o mpeieTbHBIM COCTOSIHUSM BTOPOU TPYIINBI BKIIFOYAOT:

- pacuert 1o o0pa30BaHUIO TPEIINH;

- pacuer Mo PacKPhITUIO TPEIIUH;

- pacuer 1o aehopMaIusm.

Pacuer mo 00pa3oBaHHIO TPEIIMH MPOU3BOJAT, KOrJa HEOOXOAUMO 00ECTICYUTh
OTCYTCTBUE TPEIINH, a TAKKE KaK BCIIOMOTATEIBHBIN MPU PACUETe MO PACKPBITUIO TPEUTUH
1 110 iepopmarusim.

[Ipu pacuere Mo 0Opa30BaHUIO TPEIIMH B LEJISIX UX HEIOMYIICHUS KO3 DUITUEHT
HaJIe)KHOCTU IO Harpyske npuHumarot s > 1,0 (kak mpu pacuere mo npodHoctH). [lpu
pacdeTe 1o PaCKPHITUIO TPEIIWH U 1o nedopmarusmM (BKII0UYask BCIOMOTATEIbHBIA pacyeT

1o 00pa30BaHUIO TPEIIMH) NPUHUMAIOT KO3(PPUIIMEHT HAJEKHOCTHU 110 Harpy3ke y=1,0.
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2.3.1 PacyeT no pacKpbITHIO TPEINH

Pacyer o 00pa30BaHUIO TPEIUH IPOU3BOAAT U3 YCIOBHS:
M > My, (2.55)

rae

M — n3rubarmuii MOMEHT OT BHEIITHEH Harpy3Ku OTHOCHTEIHLHO OCH, HOPMAaJbHOM
K TUIOCKOCTH JEHCTBUS MOMEHTA M TPOXOMSINEH 4epe3 ICHTP TKECTH MPUBEICHHOTO
MOTIEPEYHOTO CEUEHUS IIEMEHTA;

My — M3rubarOmmii  MOMEHT, BOCIPUHUMAeMbli  HOPMaJbHBIM  CEUCHUEM
AJIEMEHTA NMpU 00Pa30BAHUM TPEIIIHH.

JIist TICHTpaIbHO PACTAHYTHIX 3JIEMEHTOB OOpa30BaHWE TPEIIUH OMPEACIISIOT W3
YCIIOBUS:

N>N

crc
rIie

N — ipo10IbHOE PACTATHBAIONICE YCHIIME OT BHEITHEH HArpy3KH;

N¢re — MPOIONBHOE paCTATUBAIONICE YCHIINE, BOCIPHHUMAEMOE DSJIEMEHTOM IIPH
00pa3oBaHUM TPEIIHH.

Pacyer ’kene300€TOHHBIX DJIEMEHTOB IPOU3BOIAT IO HEMPOJIOJDKUTEIBHOMY |
MPOJOJHKUTEIILHOMY PACKPBITHIO TPEIIIHH.

HenpoaomkureabHOe pacKpbhITHE TPEIIUH OMPEISIISIOT OT COBMECTHOTO JICHCTBUS
MOCTOSHHBIX W BPEMCHHBIX  (JUIMTEIBHBIX W KPAaTKOBPEMEHHBIX)  Harpysok,
MIPOJIOJHKUTEILHOE — TOJIBKO OT IMOCTOSIHHBIX M BPEMEHHBIX JJIUTEIBHBIX HATPY30K.

Pacuer 1o pacKpbITHIO TPEIIWH MTPOU3BOIAT U3 YCIOBHUS:
Aere A atrc,ult' (2.56)

riae
Acrc — LIMPUHA PACKPBITHS TPEUIMH OT JCUCTBUS BHEIITHEN HATPY3KH;
Acreult — MPEIETBHO JTOMYCTUMAs IIMPHUHA PACKPBITUS TPELIUH, ONpeAenseMas 1o

ykazanusm CIT 63.13330.2012 u CIT 28.13330.2012.

[upuny mpoAOTKUTEIHBHOTO PACKPBITHS TPEUTUH OMPEILIISIOT TI0 popMyIie
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Acre = derel (2.57)

a MUPHUHY HEMPOAOKUTEIBHOTO PACKPBITHS TPEIIHUH — 1O hopMyIie

Acre = 8ere T 8crc2 ~8cre3s (2.58)
rae
derel — UPUHA PACKPBITHUS TPEIIUH OT MPOJIOIKUTEIHHOTO JEUCTBUSI TOCTOSTHHBIX
Y BPEMEHHBIX JUTUTEIIbHBIX HAIPY30K;
Acrep — LIMPUHA  PACKPBITUS  TPEIIMH OT  HEMPOJOJLDKUTEIBHOTO  JAEHCTBUSA
MOCTOSTHHBIX ¥ BPEMEHHBIX (JIJTUTEIbHBIX U KPAaTKOBPEMEHHBIX ) HArPy30K;
Acre3 — IMPUHA  PACKPBITUS  TPEIIMH OT  HEMPOJOJLDKUTEIBHOTO — JAEHCTBUSA

MIOCTOSIHHBIX U BPEMEHHBIX JJIUTEIIbHBIX HATPY30K.

Nzrubatomuii.  MOMEHT My, Tpu 0Opa3oBaHUM TPEHIMH B OOIIEM cCiy4yae
omnpenensiercs o aehopMarMOHHON MOIEIH.

JlomyckaeTcsi MOMEHT OOpa30BaHUs TPEIIUH ONpEeNeisaTh 0e3 ydera HEeyNnpyrux
nedopmanuii pactanyroro 6erona, mpuHUMast Wy = Wi

MowmeHT o0Opa3oBaHUs TPEUIMH C YYETOM HEYINPYyrux aedopMaiuii pacTIHYTOTO
OeTOHa OMPEIETAIOT B COOTBETCTBUH CO CIICTYIOIIUMHU TOJIOAKEHUSIMU:

- CeueHUs moce A1epOpMUPOBAHUS OCTAIOTCS TIIOCKUMU;

- DMIOPY HANPSDKEHHUM B C)KaTOM 30HE OETOHA MPUHUMAIOT TPEYTOJBHOU (POPMBI,
Kak JUUIsl yIpyroro Tena;

- DIIOPY HANPSHKEHUN B PACTSIHYTOM 30HE OETOHA MPUHUMAIOT TpamneIlueBUTHOM
(opMBI C HAMpPSHKEHUSIMU, HE TMPEBBIMIAIONIMMUA PACYETHBIX 3HAYEHUN COMPOTHUBJICHUS
0eToHa pacTsHKEHUIO Ry ser;

- OTHOCHUTENIbHYIO JedopMalfio KpalHEro pacTsSHYyTOro BOJIOKHa OeToHa

NPUHUMAIOT PABHOM €€ MPEAECIBHOMY 3HAYCHHIO &y IPH KPATKOBPEMCHHOM JIECHCTBHH
Harpy3Ky; Ipy IBYX3HAuHOH 3mrope AedopMaruii B cedeHuH d1eMeHTa gy =0,00015;

- HaIllpsOKCHUA B apMaryp€ IHIpUHHMAIOT B 3aBUCHUMOCTH OT OTHOCHUTCIIbHBIX

nedopManuii Kak JjIsl ypyroro Tena.
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MowmeHT o0Opa3oBaHUs TPEUIMH C YYETOM HEYNpYyrux AedopMaluii pacTIHYyTOTO

0eToHa onpeneNstoT no popmye
Mere = Rbt,ser 'Wpl tN-g, (2.59)

rae

W) — yIpyromiacTu4eCKuii MOMEHT CONPOTUBIICHUS CEYEHHUS Uil KpanlHEro
pacTsIHYTOr0 BOJIOKHA OETOHA;

€, — pacCTOsTHUE OT TOYKH IPHIIOKEHHUS! MPO0JIbHON cuiibl N (pacronokeHHoil B
LIEHTPE TSDKECTU INPUBEICHHOTO CEYEHHs OHIIEMEHTA) 10 SAIpOBOM TOYKH, Hambojee
yIaJeHHOU OT PacTSHYTOW 30HBI, TPEIIUHOOOpa30BaHNE KOTOPOH IPOBEPSIETCS.

3HaK «IUTIOC» MPUHUMAIOT MPU CHKUMAaroUei mpoonbHor cuiie N, «MuHyc» — npu

pacCTArUBarOLIEH CUJIe.

Cp

X =Y.

t

]

m
<3

Xt
Vi

o £l (o)

Epr2 Rbt.ser Epr2 Rbnscr

Pucynok 2.11 — Cxema HanpsixeHHO-1€(OPMUPOBAHHOTO COCTOSTHUSI CEYEHUS DJIEMEHTA
IIpU MPOBEpKe 00pa30BaHMS TPEIIUH PH IEeHCTBUM U3THOAI0IIEr0o MOMEHTA (a),
M3rudaroIero MOMeHTa U Ipo0JbHOM CHilbI (0):

1 — ypoBeHb IIEHTpa TSIKECTU MPUBEACHHOTO MOMIEPEYHOTO CEUCHUS

J1st IpsAMOYTONBHBIX cedeHni 3HaueHne Wy IpH 1eiiCTBUM MOMEHTA B IIJIOCKOCTH

OCHU CUMMCTPHHU OOITYCKACTCA IIPUHUMATL PAaBHBIM
Wy =1, Weq , (2.60)
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rae Wyeg — yIpyruii MOMEHT CONPOTHUBIICHUS TPUBEAECHHOTO CEYEHUS M0 PACTSIHYTOM 30HE
CEUYCHHMUS.

MowmenT conpotuBierus: Wyeq U pacCTOSTHUE e, ONPEIETSAIOT 10 (opMyiaMm:

I W
_ 'red . _ "Vred
Wreg =—, & =7

Yt Ared (2.61)

rac Ired — MOMCHT MHCPHOHUH HNPUBCACHHOI'O CCUCHHUA 3JICMCHTA OTHOCHUTCIBHO €TI0 LCHTpPA

TSKECTH,
— 4 .
Ired_l +|S'O(.+|S <O, (262)
I, I5, I's— MOMeHTBHI MHepLUM cedeHUuM OeTOHAa, PACTSIHYTOM apMaTyphbl U CXKaTON

apMaTypbl COOTBETCTBEHHO;

Ared — I1omaab IMMPUBCACHHOIO ITOIICPCYHOI'O CCUCHUS 3JICMCHTA, OIIpCACIIACMaAd 110

dbopmyie
Aeg =A+A-a+A -a; (2.63)
oL — KO3(ppUIMEHT NpUBEACHUS apMaTyphl K OETOHY
E,
o= E_b ; (2.64)

A A, Al —TUIONIAM TIOTIEPEYHOTO CeueHUs O€ToHa, pacTSIHYTOM U CKaToi

apMaTypbl COOTBETCTBEHHO;
Y; — paccTosiHue OT HamboJiee PacTIHYTOrO BOJOKHA OETOHA J0 IEHTPa TIKECTH

IIPUBCACHHOI'O ITOIICPCYHOI'O CCUCHU 9JICMCHTA

. St,red
Yi = —Ar ’
ed (2.65)
3MIECH Streg — CTATUYECKUHA MOMEHT TIUIOMIAAN TPHUBEACHHOTO TOMEPEYHOTO CEUCHHS
AJIEMEHTA OTHOCUTEILHO HauboJiee pacTIHYTOro BOJIOKHA OETOHA.
JlomyckaeTcst MOMEHT conpoTuBiieHUst Wy OTIpeieniaTh 6e3 yuera apMaTyphl.
Yeunmue N pu 00pa3oBaHUU TPEIIMH B IIEHTPAIBHO PACTSHYTHIX SJIEMEHTaX
OTIPEIENISIOT TI0 (hopMyIie
Nere = Ared 'Rbt,ser' (2.66)
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Pacyer mupuHbI pacKPbITHS TPEIIUH, HOPMAJIbHBIX K MPOJ0JbHOMH O0CH 3JIeMEeHTAa

[IvpuHy packpbeITH HOPMAlbHBIX TpemUH dyc; (I=1, 2, 3 — oM. 8.2.7)

OTIpeeNstoT 1o hopmyie
Os
Aerei =P P2 93 W —lg | (2.67)
ES
rae

Gs — HaNpsDKEHHUE B MPOJIOJIBHON PACTSIHYTON apMaTtype B HOPMAJIbHOM CEYEHUU C
TPELIMHON OT COOTBETCTBYIOIEH BHEITHEN HATPY3KHU;

Is— 6a3oBoe (0e3 ydera BIMSHUS BHJA TOBEPXHOCTH apMaTypbl) pPacCTOSHHE
MEX]Ty CMEKHBIMH HOPMaJbHBIMU TPEITUHAMH,

s — KOdhPUIMeHT, YUUTHIBAIOIIHMA HEPaBHOMEPHOE pacnpezeneHue
OTHOCUTEJIBHBIX JehopMaliiii pacTsHYTONH apMaTypbl MEXIY TpPEIIMHAMU; TOMYCKAeTCs
npuHUMAaTh KodhduimeHT ys = 1,

@1 — KO3(PUITMEHT, YYUTHIBAOIINK TPOIODKATECILHOCTh JEHCTBHUS HArpy3KH,
MIPUHUMAEMBII paBHBIM:

1,0 — mpu HEPOAOIKUTEIILHOM JACHCTBUU HATPY3KHU;

1,4 — npu NPOIOIKUTENHEHOM JICHCTBUU HArpy3KH;

@2 — KOO(ppuimeHT,  yduThIBarOUMH  Npoduiab  MOPOAOJIBHONM  apMaryphl,
MIPUHUMAEMBII paBHBIM:

0,5 — mns apmartypsl nepuoaudeckoro npoduis ¢ 0,35 < fr* < 0,75;

0,8 — s rmaakoi apmMaTypsl;

0,35 — st apmaTypsl ieproaudeckoro npopuis ¢ fr> 0,75;

(@3 — KOODPUIIMEHT, YUYMUTHIBAIOIMIUA XapakTep HarpyXeHus, MPUHUMAEMBIH
pPaBHBIM:

1,0 — 11 57IEMEHTOB U3rH0ACMBIX U BHEIICHTPEHHO CIKATHIX;

1,2 — s pacTAHYTHIX DJIEMEHTOB.

* fr — cM. pa3nen 3.
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3HaueHMs] HaIpsKeHUsi Og B PACTAHYTOM apMmaType HU3rubaemMbiX 3JIEMEHTOB

OTIPENENSIOT TI0 (hopMyIie

M (hy -
g = (IO yC)'asl, (2.68)

red
rac Ired,yc — MOMCHT HMHCPpHOHMHU H BBICOTA C)KaTOW 30HBI IMPUBCACHHOT'O IIOIICPCHYHOIO

CEUEHHUs DJIEMEHTA, ONpPEIEISIEMbIE ¢ YYETOM IUIOLIAJN CEYEHMSI TOJBKO CXKATOM 30HBI
O0eToHa, TUIOLIA/Ied CEUEHHUs PACTAHYTOM M CXATOW apMaTyphl COTJacHO, NMpPUHUMAs B

COOTBETCTBYIOIIUX (hOpPMYyIax 3HadeHHs KO3 UIHMEHTa IPUBEICHHS apMaTyphl K OETOHY
Ogp =0y .

Jliis u3rubaeMbIX DJIEMEHTOB Y =X , TJ€ X — BBICOTA CKATOH 30HBI OCTOHA IIpHU
Ogp = Ogg .

3HaueHue KOAPPHUIMEHTA MMPUBCACHUS apMaTyphbl K OCTOHY O ONPEACIISIOT 10

dbopmyre

=— (2.69)

rae  Epreg — IpuBeAeHHBIA MOAYNb JedopManuu  cKaToro O€TOHA, YYMTHIBAIOLIUN

Heynpyrue aeopmaiuu cxaToro 0eToHa v onpeaenseMbli o popmyse

E _ Rb,n
bred = : (2.70)
€p1,red
OTtHocuTenbHyI0 nehopMaIio OETOHA €y reg MPUHUMAIOT paBHOM 0,0015.
JlomyckaeTcst HanpsbKeHHUE G OTpeIesaTh o Gopmyie:
M
O (2.71)

)
Lg- As
rae Zg — pacCTOSTHUE OT LEHTPA TSHKECTH PACTSIHYTOM apMaTypbl 10 TOYKW MPUIIOKEHHUS

PABHOJEUCTBYIOLIEH YCUIIUM B CKaTOW 30HE DJIEMEHTA.
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Pucynok 2.12 — CxeMa HanpsiKeHHO-1e(pOPMUPOBAHHOTO COCTOSTHUS AJIEMEHTA C
TpeUMHaMH IpU IEUCTBUU M3THOAIOIIEro MOMEHTA (a, 0); U3rudaroiero MOMeHTa 1
MPOIOJILHOM CUJIBI (B):

1 — ypoBeHb IIeHTpa TAKECTH MPUBEACHHOTO MOTIEPEYHOTO CEUCHUS

I[JI?I QJICMCHTOB IIPAMOYI'OJIBHOTO IIOIICPCYHOI'O CCUCHUS IIPU OTCYTCTBHUU (I/IJ'II/I oe3

y4eTa) CKaTou apMaTyphl 3HaUCHHUE Zg OMPEACIISIIOT 110 (hopmyie

Jnst 27IeMEHTOB MPSMOYTOJIBHOTO, TaBpPOBOTO (C TOJIKOM B CXaToW 30HE) U
JIBYTaBPOBOI'0 IONEPEYHOTO CEYEHUs IOMYCKAeTCsl 3HAY€HUE Zg MPUHUMATh PaBHBIM
0,8hy.

[Tpu nevicTBuM m3rmbaronero MoMeHTa M ¥ MmpoaoiapHOM Cuiibl N HampssKeHUe

Og B pacTAHYTOM apMaTtype ONpeAessoT o (popmyse

M (hy—Y¢) N N
Ired Ared

GS:

g , (273)
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1€ A Yo — IUIOIIAIEL TPUBEAEHHOTO MOMEPEYHOTO CEYEHHs DIEMEHTA U PACCTOSHUE OT
HambOoJee C)KaToro BOJIOKHA OETOHa [0 IEHTpa TSKECTH NPUBEIECHHOTO CEuUeHUs,
oIpeieNsieMbIe MO0 OOLIMM MPaBUJIaM pacdyeTa TeOMETPUYECKUX XapaKTePHCTHK CCUCHHUN
YIIPYTHX 3JIEMEHTOB € YYETOM IUIOIIAIN CEYCHHUS TOIBKO CKATOW 30HBI OETOHA, TUTOIaIeH

CEUYCHHSI PACTAHYTOM M CXKaToll apMarypbl, OpUHUMAs KOIP(PUIMEHT TPUBEACHUS

apMaTypbl K O€TOHY Ol .

JlonmyckaeTcst HalpspKeHUe Og ONpeAessaTh 1o Gpopmyiie

N(e, £z.)

_ S—S

Og=—1—, (2.74)
As “Lg

rac € — paCCTOAHUC OT LCHTpA TSKCCTH paCTSIHYTOﬁ apMaTtypbl 1O TOYKH IIPUIOKCHHUA

HpOI[OJIBHOfI cmibsl N ¢ YUYCTOM SKCHOCHTPUCHUTCTA, pAaBHOI'O M .
N

JI11s1 57IEMEHTOB NPSAMOYTOJILHOTO CEYEHHUs JOMYCKAETCs 3HAYEHUE Zg IPUHMMATH
pasubv 0, 7hy.

3HaK «IUTIOC» TPU OMNpEeNeJCHUH Og MPUHUMAIOT MPU pacTATHBAIOLIEH, a 3HAK
«MHUHYC» TIPH CKUMAFOIICH MPOAOILHOM CHIIE.
Hanpspkenust Gs He JOKHBI MPEBBIMATE R e
3HadyeHUst 0a30BOTr0 PaCCTOSHUS MEX Ty TpeuuHaMmu |s orpenesnstor o hopmyiie
|, =0, 5.i -dg
A (2.75)
u npuHuMaroT He MeHee 10ds u 10 cm u He Gonee 40ds 1 40 cwm.
3nech
Ayt — TUIOIIA/Ib CEUEHUS PACTSIHYTOTO OETOHA;
As — TUIOIIaIb CEUCHUS PACTIHYTON apMaTyphl;
ds — HOMUHAJIBHBIA TUAMETP apMaTyphI.
3HadeHust Ap; OIIPENETSIOT MO BBICOTE PACTSHYTOW 30HBI OCTOHA X, MCTOIB3YS

MpaBujia pacuera MOMEHTa 00pa30BaHus TPEIIUH COTJIACHO YKa3aHUSIM BBIILIE.
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B mo0om ciydae 3HaueHue Ap; MPUHUMAIOT PAaBHBIM IUIOIIAIN CEYEHUS TpHU ee
BBICOTE B IIpe/iesiax He MeHee 2a u He Oonee 0,5h .

3HaueHus KO3YPPUIIMEHTA YsOMPEEIIOT 10 hopMyIie

v, =1-0,8. 25 (2.76)

Os

rae

Os,crc — HAIIPSKEHUE B MPOAOJIBHOW PACTAHYTOM apMaType B CEYEHUU C TPEIIMHOM
cpa3zy Imocie o00pa3oBaHUs HOPMAJBHBIX TpPEIIMH, NPUHUMAas B COOTBETCTBYIOIIHMX
dhopmyinax 3HadeHUI M = Mgy,

Os — TO XK€, IIPYU IEVCTBUU PACCMATPUBAEMOM HAIPY3KH.

Jns  wm3rubaembIX »HJIEMEHTOB 3HadeHHWe Kod(pUiMeHTa s JOMyCKaeTCs
OTIpeAeNATh 1o (hopMmyie

M Crc

=1-0,8-
Vs M

(2.77)

2.3.2 Pacuer no aedpopmanuam

PacueT 351eMeHTOB keNe300€TOHHBIX KOHCTPYKUUNA N0 AeOopMaLUsIM MPOU3BOIAT
C YYETOM IKCIUTyaTal[MOHHBIX TPEOOBAHHUM, MPEIBIBIAEMBIX K KOHCTPYKITHSIM.

Pacuet o nedopmarusam ciaemnyeT Iporu3BOIUTh Ha JACHCTBUE:

- TIOCTOSTHHBIX, BPEMEHHBIX JIUTEIbHBIX M KPAaTKOBPEMCHHBIX HArpy30K IIpH
OTpaHUYCHMH JeopMaIuii TEXHOJIOTHICCKUMHU U KOHCTPYKTUBHBIMHU TPEOOBAHUSMU;

- TOCTOSHHBIX W BPEMEHHBIX JJIUTEIBHBIX HArpy30K TIIpH OTPAHUYCHUHU
nedopMalmii 3CTETHICCKUMHU TPEOOBaAHUSIMH.

3HadyeHHUsI TPEACTBHO JOMYCTUMBIX AedopMamuii  3JIEMEHTOB TPHUHUMAIOT
cormacio CII 20.13330.2016 u HOpMaTHUBHBIM JIOKYMEHTaM Ha OTIEJIbHBIC BHUJIbI
KOHCTPYKLIUH.

Pacuer sxene300€TOHHBIX 3JIEMEHTOB IT0 MPOTHOaM IMPOU3BOIAT U3 YCIIOBHUS:

f<fyy, (2.78)
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rae

f — mporu6 xene300eTOHHOTO JIEMEHTA OT JISHCTBHSI BHEIIIHEH HATPY3KH;

fur — 3HaUEeHUE IpeeTHHO TOMYCTUMOTO MTPOTHUOa KEJIe300€TOHHOTO 3JICMEHTA.

[TporuObl >kene300eTOHHBIX KOHCTPYKIUH ONpEAENsAoT MO OOUIMM IpaBHUiaM
CTPOUTEIBPHOM MEXaHUKH B 3aBUCHMOCTHM OT W3TUOHBIX, CIBHIOBBIX M OCEBBIX
ne(pOpMaAIMOHHBIX XapaKTEPUCTHUK KEI€300€TOHHOTO IEMEHTA B CEUEHUSX TI0 €T0 JIJIMHE
(KpUBU3H, YIJIOB CABUTA U T.1.).

Jia n3rubaeMbIX 3JEMEHTOB IOCTOSHHOTO 10 JJIMHE 3JEMEHTa CEYEHUs], He
MMEIOIIUX TPEIIWH, TPOTUOBI ONPEICISIIOT MO OOLIMM MpaBUIaM CTPOUTEILHOM MEXaHUKU
C MCIOJIb30BAaHUEM >KECTKOCTH MOIMEPEUYHBIX ceueHni — D.

[TonHyt0 KpUBU3HY U3rH0AEMbIX 3JIEMEHTOB ONPEIEIIAIOT [0 PopMyIam:

- ISl yHYaCTKOB 0€3 TPEIMH B PaCTAHYTOU 30HE

216
1

1 .
rac (—j , (— — KPpUBHU3HbBI COOTBCTCTBECHHO OT HCIPOAOIKHUTCIBHOIO JACHUCTBUA
r r
1 2

KpPaTKOBPCMCHHBIX HAI'PY30K MW OT IIPOJOJDKHUTCIBHOI'O I[GﬁCTBHfI IIOCTOAHHBIX H
BPEMCHHBIX NJIMTCIIBHBIX HArpy3o0K,

- JUISl YY4aCTKOB C TPELIMHAMU B PACTAHYTOM 30HE:!

0

1 . o

(— — KPUBHU3HA OT HEMPOJOJLKUTEIBHOTO IEMCTBUSL BCEW HATPY3KH, HA KOTOPYIO

r
1

rae
MIPOU3BOJIAT pacyeT no aehopMaliusim;

1 o
[— — KpUBHU3HA OT HCIPOAOJLKHUTCIIBHOIO ACHUCTBUSA IMOCTOAHHBIX M BPECMCHHBIX
r
2

JJIATEIIBHBIX HAarpy3o0K;,
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1 o
(— — KpUBHU3HA OT MPOAOJDKUTCIBHOTO ACHUCTBUA IIOCTOAHHBIX WM BPEMCHHBIX
r
3

JJINTCIbHBIX HAI'py30K.

KpuBu3Hy xene300€TOHHBIX 3JIEMEHTOB 1 OTpeesIoT o Gopmyiie
r

1M (2.81)
n

rae M — u3rubaromuii MOMEHT OT BHEITHEHW Harpy3ku (C y4eToM MOMEHTa OT MPOA0JIbHON
cuitbl N) OTHOCHUTEIHHO OCH, HOPMAIBHOU ITIOCKOCTH JACHCTBUS U3THOAIOIIET0 MOMEHTA U
POXOIAIIEH Yepe3 EHTP THKECTH MPUBEACHHOTO MOMEPEYHOT0 CeUSHHUS JIEMEHTA;

D — u3rubnas xKecTKOCTh NPUBEJAECHHOIO MOMEPEYHOTO CEUEHUS DJIEMEHTA!

D = Ebl' Ired , (282)
re

Epi —Monyns gedopmanuin cxaToro OETOHA, ONMpPEAENIeMbId B 3aBUCUMOCTH OT
MIPOJIOJIKUTEILHOCTH JEHCTBUS HArPY3KU U ¢ YIECTOM HAJIUYHS WU OTCYTCTBUS TPEIIUH;

lteg — MOMEHT MHEPIIUH MPUBEICHHOTO TOMEPEYHOTO CEUYCHUS OTHOCHTEIBHO €ro
IIEHTpa TSHKECTH, OTPEICTIAEMbI C YIETOM HAJTMYIHUS WM OTCYTCTBHUS TPEIIIHH.

Moment wuHepuun |l TPHUBEIEHHOTO TONMEPEYHOTO CEUYCHHUS DJIEMEHTa
OTHOCHUTEJIBHO €ro ILIEHTpa TAXKECTU ONPENESIOT KakK JyIs CIUIOIIHOTO Teja MO OOIINM
MIpaBHJIaM COMPOTHUBJICHUS YIPYTUX JEMEHTOB C YY€TOM BCEH IUIOIAAN CEUCHHS O0eTOHA
Y TUIOLIAJEH ceueHus apMaTypbl ¢ KO3((HULIMEHTOM MPUBEAEHUS apMaTyphl K OETOHY O

lpeg =1 +1g-a+1 ‘o, (2.83)
re

| — MOMEHT wuWHepIMH OCTOHHOTO CEUEHUS OTHOCHTEIBHO IIEHTpa TIKECTH
MIPUBEICHHOTO TTOTIEPEUHOT0 CEUCHUSI FJIEMEHTA,

ls, I's — MOMEHTBI WMHEpPUMH IUIOMIAACH CEYCHHUS COOTBETCTBEHHO PACTSIHYTOW M
CKaTOM apMaTypbl OTHOCUTEILHO IIEHTPA TSAKECTU MPUBEACHHOTO MOMEPEYHOTO CEUCHUS
DJICMEHTA;

o — Ko PUIIMEHT NMpUBeICHUS ApMaTypbl K OETOHY,
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a=L5 (2.84)
Eot
3HaquHe | OIIPCACIIAIOT IIO0 O6HII/IM IMpaBHuJIaM pacCuCTa TICOMCTPHYCCKUX
XapaKTEPUCTUK CEYEHUI YIPYTUX 3JIEMEHTOB.
JlommyckaeTcs onpejeIsTh MOMEHT HHEPIUH | g O€3 yueTa apMarypel.

3HadeHust Moy nedopmarui 6eToHa TPUHUMAIOT PABHBIMU:

TIPU HEMPOJIOIDKUTENLHOM JeiicTBuM Harpysku Epy =0,85-Fy |

o E
TIPU NPOIOJDKUTENBHOM JISHCTBUY HATPY3KU Epy = E, = 1—b :
+Ppcr

7€ Qpcr — KOAPDUIUEHT MOI3YyUECTH OETOHA.

BBuay tpynoemkocTu pacuera aedopMaiii KOHCTPYKIIUMA, I71€ B paCTIHYTOM 30HE
MMEIOTCSl TPEUIMHBI, PEKOMEHAYETCS MPUMEHSTh ISl pacyeTa MpOorpaMMHBIE pacUEeTHbBIE
KOMILJIEKCBHI, MO3BOJIAIOIIME METOAOM KOHEUYHBIX 3JIEMEHTOB BBINOJHUTH HETUHEHHBIN

pacuer.

2.4 MeTtoauka OLlEHKH CIIOCOOHOCTH K MJIACTHYECKOMY
neOpMHUPOBAHUI0O  PACYETHBIX CeYEeHH W  BbIOOP PANHOHAJIBHBIX

KOHCTPYKTHBHBIX pelieHrH 0€30a10UHbIX KeJ1e300€TOHHBIX NMePeKPbLITH.

Pa3pyrieHne MOHOJTUTHBIX KeJIe300€TOHHBIX MEPEKPBITUN 3MaHUM U COOPYKCHHI
MPOUCXOJUT, B OCHOBHOM, MIPHU JEWCTBUH aBAPUMHBIX BO3ICHCTBUN HA CTAAUN BO3BEIACHHUS
KOHCTPYKIIMH WJIA UX SKCILTyaTalUu.

K aBapuiiHbIM BO3IECHUCTBUSIM OTHOCSTCS HE MOPEAYCMOTPEHHBIE MPOCKTOM
KPAaTKOBPEMEHHBIC BO3JICHCTBUS TEXHOJIOTHYECKOTO XapaKTepa, Harpy3Ku 00yCIIOBJICHHbIS
HECAaHKIIMOHUPOBAHHOW PEKOHCTPYKIMEW MOMELICHUN W 3JaHUsl B LIEJIOM, IPUPOJIHBIC
CTUXUMHBIE YyHAapHBIE CHUJIOBBIC BO3JCUCTBUS OT BETPA, BOJH I[yHAMH, PACUCTHBIC
CUTYyallMU BbI3BaHHBIC CEHCMHYECKUMM KOJECOAHUSMHU IPYHTA, B3pbIBAMHU OBITOBOTO Ta3a U
T.II.

HanGomnbiyro onacHOCTh MPEACTABISIOT aBapUitHbIE BO3JICHCTBUS, BBI3BIBAIOIINE

YCUIIMA B PACUCTHBIC CCUCHHAX IMPCBBIMIAOIHNC IPECAYCMOTPCHHBIC PACUCTOM. B »tom
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Cllydae HecCyllas CIHOCOOHOCTh CEYEHUM OOeCreuMBaeTCsl pe3epBaMH IO MPOYHOCTH,
Ha3HAYa€MbIMU TIPU TMPOCKTUPOBAHUHU, a TAKKE OINPENEIAETCS HUX CHOCOOHOCTHIO K
IacTHYecKoMy Je(hOpMHUPOBAHUIO.

B cratuuecku ompeAeNMMBIX KOHCTPYKTHUBHBIX  JJIEMEHTaX MEPEKPbITUI
CIIOCOOHOCTh PACYETHBIX CEUEHWHW K TUIACTHYECKOMY Je(OpPMUPOBAHUIO MOXKET
oOecreuynTh 0E€30MaCHOCTh KOHCTPYKIUMH TOJBKO B Cllydae KpaTKOBPEMEHHOTO
JMHAMHYECKOI0 aBApUMHOTO BO3ACHCTBHS 3a CUET AUCCUIALMM (pACCEsHUs) SHEPTUH, B
CTaTUYECKU HEOIpPEACIMMbIX CHUCTEMax IMpPH CTAaTUYECKOM HArpy>KEHHHU 3a CYeT
nepepacrpeeiiecHus YCUIuid, a TakKe JUCCUMNAIMA SHEPTUU MPU BHEUIHEM aBapUHHOM
JUHAMUYECKOM BO3/ICICTBHH.

B  coorBerctBum ¢ TpeboBanusmum ['OCT 27751-2014 «HanmexxHocTh
CTPOUTENBHBIX KOHCTPYKIIMA U OCHOBaHWH. (OCHOBHBIC TOJOXEHUS» W OCHOBHBIX
HOPMATHUBHBIX JIOKYMEHTOB I10 MPOEKTUPOBAHUIO >KEJIE300€TOHHBIX KOHCTPYKIMM ISt
MOBBIMICHUST WX 0€30MacCHOCTH TMPH Pa3IMYHBIX BHUJAAX BHEIIHUX BO3JEHCTBUMN
HEOOXOJIUMO O00ECMEeYUTh BO3MOXHOCTH IJIACTUYECKOTO Je(OPMUPOBAHUS PACUETHBIX
CEYCHUU OCHOBHBIX HECYIIMX 4YacTed 3JaHUs M B TEPBYIO OYEpedb TOPU30HTAIBHO
PaCIOJI0KEHHBIX KOHCTPYKTUBHBIX AJIEMEHTOB (0aJIOK, TUIHT).

[Inactuueckoe  AehOPMUPOBAHUE  PACUETHBIX  CEUCHUM  KEJI€300€TOHHBIX
AJIEMEHTOB TOCJE JOCTIKEHUS B PACTSIHYTON apMarype aedopmariiii, COOTBETCTBYIOIIUX
npefeny  TeKydecTH, oOecrneurBaeTcs, B  OCHOBHOM, MX TI€OMETPUUYECKUMU
XapaKTEPUCTUKAMU, a TaKKe IUIACTUYECKUM Je(DOPMUPOBAHUEM PACTSHYTOU apMaTyphbl.
Benuunnael mnactuueckux Jaedopmanuii  apMaTypbl B 3TOM Cliydae JIOJDKHBI  OBITh
OTPAaHUYEHBl C OJHOM CTOPOHBI MpeAeabHbIMU AchOpMAlUIMHU, HCKIIOYAIOIIUMU €€
pa3peIB U, C Jpyroi, aedopMaiusMu PaCTSKEHUS apMaTypbl B pacue€THOM CEUYEHUH,
MpEOTBpAIIAIONIUMHU  TIPEKACBPEMEHHOE  pa3pyllleHHe OeToHa CXKaToh 30HBI U
Ha3Ha4YaeMbIMH B COOTBETCTBHHM C TpEeOOBAaHUAMH 10 OOECIEYCHHIO BO3MOXKHOCTU
nepepacnpeieneHuss YCHWIMM B CTaTHYECKH HEOMPEACIMMBIX CUCTEMAaX, WM Ke
JTUCCUTIAIIMM  DHEPTUU BHEIIHETO JUHAMHUYECKOTO BO3JCUCTBUSA TIpU  aBapUHHOM

Harpy>KeHHUH.
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Takum oOpa3oMmM, TpU NPOCKTUPOBAHMM  SKEJIE300€TOHHBIX  KOHCTPYKIUI

0€30a0YHBIX IEPEKPHITUI CIETYET BHIOIHAThH YCIOBHE!

Smin< & < Cmax, (2.85)
rIe
X
E=ho — OTHOCHUTEINIbHAsI BBICOTA C)KATOM 30HBI OETOHA PACUCTHBIX CECUCHHIA,
onpenensemas mo CIT 63.13330.2012;
min  — MHHHManbHas  JOMyCTHMas BBICOTAa  C)KAaTOM  30HBI  OETOHA,
TIPeI0TBpAIAIONIast pa3pbiB apMaTyphI:
£min = 0,78sbmaEs _ (2.86)

KpIRs + Es(0,002Kpl + ebmw)

c _ 002 .

bmd —1_@, (2.87)
11

@ =0,85-0,006R5 ; (2.88)
K . = £s:Es

PL™Rs+ 0,002E; - (2.89)

e >= 0,025. (2.90)

Cmax — MAKCUMAJIBHO JIOIYCTHUMAas BBICOTA CHKaTOM 30HBI O€TOHA, 0OecTeunBaroas
JOCTaTOYHOE JJIsi  [epepaclpeneeHusl YCUIUM IUlacTUYecKoe JAepOopMHUpOBaHUE
apMaTypbl 0e3 pa3pylleHus: c:kaToro OeToHa Jyisl BbinoaHeHus TpedoBanuit I u I rpynn
npenenbHbix coctosiHuil CIT 63.13330.2012 m npegoTBpalieHus: MpOrpecCUpPYIOLIETO
oOpyIlIeHUsI KOHCTPYKIIUNA OT aBapUITHBIX HATPy30K.

B Ttabnuue 2.2 mnpuBeneHbl pe3yJbTaThbl JABYX BApUAHTOB BBIOJIHEHHOIO B
HEJIMHEHHOM  IIOCTAaHOBKE  KOMIIBIOTEPHOIO  CTAaTHUYECKOI'O  pacdyera  KapKacHBIX
JIBYXIIPOJIETHBIX 3JaHUMN PA3JIUYHON TAXKHOCTU C PETYJISIPHON CTPYKTYPOU CETKU KOJIOHH
U TJI0CKUMU (Oe3pHUrenbHbIMU, O€CKAMUTEIbHBIMU) MHOTOIIPOJIETHBIMU MEPEKPBITUSIMMU:

- ¢ BeimoJsiHeHneM Tpedopanuii CIT 63.13330.2012;

- C COOJIIOIGHHEM YCIIOBUM MPENOTBPAICHUS] MPOTPECCUPYIONIETO OOpYIIeHUS

MIPU BO3MOKHOM Pa3pyILIEHUH CPEIHEN KOJIOHHBI IEPBOTO 3TAXA.
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Tabauma 2.2

Pacyer ¢ yueToM 3amuThl OT

Pacuer mo [ u 11 Tpynnam IPOrPECCUPYIONIETO 00pYyIIEHNs (CTATUKA)

—+/h Hﬁglgzlbg;lii;;; S (;58};1;14 Kputnueckue pa3Mepbl CETKH KOJIOHH (B
&= xlhg ’ ' MeTpax) MpH STAXKHOCTH 3AaHUS
Kputnueckue

pa3Mepbl CETKU KOJIOHH, M 3 10 17
0,49 7,5x7,5 7,2x7,2 6,2x6,2 5,0x5,0
0,35 6,8%6,8 6,8%6,8 6,0x6,0 4,8x4,8
0,15 5,8%5,8 6,2%6,2 5,8x5,8 4,5x4.5

PacueTom ompeneneHbl KpPUTHYECKHUE pa3Mephl CETKH KOJOHH 37aHUS B
3aBUCUMOCTH OT 3TaXXHOCTH W MPUHSTOTO apMHUPOBAHMS MEPEKPHITUS B OMOPHBIX y3iax
IpU TIOCTOSIHCTBE TE€OMETPUYECKUX XAPAKTEPUCTUK HECYIIMX 3JIEMEHTOB, MPOYHOCTU
6eroma (B25), apmarypsr (A500), paBHomeproil Harpysku (11 kH/M?) m mpomerroro
apmupoBanus (=0,126).

[IpuBeneHHBI TIpUMEpP JacT TPEACTABICHHE O BIWUSHUA KOHCTPYKTHBHBIX W
00BEMHO-TUTAHUPOBOYHBIX PEUICHUN Ha TEXHUKO-PKOHOMUYECKHE MMOKa3aTeIu MPOEKTOB
MOHOJIUTHBIX ~ MHOTOAT@XHBIX  KapKaCHBIX  3JaHUM, BBINOJHSIEMBIX C  Y4YETOM
MPEIOTBPAIICHUST  MTPOTPECCUPYIOMIETO OOPYIICHUS W  OICHUBACMBIX TPEOYEeMBIM
apMHUPOBAHUEM PACUETHBIX CEUCHUM MEPEKPHITHI B 3aBUCUMOCTH OT ¢.

W3 Tabmuupl BHIHO, YTO MaKCHMAJbHBIE pa3Mephl CETKH KOJOHH KapKacHOTO
MHOTOATaXHOTO 37aHUs C OE3pHUreIbHBIMH TEPEKPBITUAMH TI0 pe3yJbTaTaM 000HX
pacyeToB BO3MOXKHBI B citydae npoektupoBanus ¢ ¢ = 0,49 = &q.

O4eBUIHO, UTO MPU 3HAYCHUSIX (=R, TO €CTh MPU HAN00JIEe BHICOKUX JKECTKOCTAX
(El) pacueTHBIX ceueHHUil B peC/IbHON CTaJIMM UX COMPOTUBJICHUS BHEIIHEH HArpysKe, a,
CJIEIOBATEIHLHO, TIPU MUHUMAJIBLHOM PACKPBITUU MIAPHUPOB TUIACTUYHOCTH, MPAKTUYECKU
OTCYTCTBYIOT  TPEANOCBHUIKA  JIJIT  TIepepaclpefieicHus] yCWIMKA B CTaTHYECKHU
HEOIPEACTUMMON KOHCTPYKTUBHOM cHCTeMe 0e30aI0UHBIX MEPEKPHITUH, YTO CHUXKAET MX
0€30MacHOCTh MPU ABAPUHHOM HaArpy>KEHHH.

Taxum oOpaszom, u3 tpeboBanwmii, onpenensiembix CIT 63.13330.2012 o I u 11
rpynmnaM MpeaeiabHbIX COCTOSHUM, OTPAaHWYMBAIONMIUX KPUTUYECKHE pPa3Mephl CETKU

KOJIOHH B ONITUMAJIbHBIX JJISI apXUTEKTYPHO-IUIAHUPOBOYHBIX PELICHUI pa3Mepax 7x7 M, a
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TaKk)Ke IS BBITIOJHEHHsI YCJIOBUH TIO OOECIEYEHHIO CIOCOOHOCTH IIACTHYECKOTO
neOpMHUPOBAHUS PACUCTHBIX CEUEHUN Oe30I0YHBIX OeCKANmUTENbHBIX ITUTHBIX

HCpCKpLITHﬁ, IIpHu UX NIPOCKTUPOBAHNH, CIICAYCT BBIIIOJHATH YCIIOBUC

thax = 017§R1 (291)
Enme = 0,35. (2.92)
HaH60Hee paduOHAJIbHBIM IIyTeM CHUXKXCHUA é:, a CJI€a0BaTCIIbHO, Kp|

OE3pUTEILHOTO TIEPEKPBITHS, SBISICTCS YBEIWYCHUE TUIeYa BHYTPEHHEW TMaphl CHII
pPacyeTHBIX CEYEHHM B MPHUOMOPHBIX 30HAX (PAacCTOSTHUE MEXKIY LEHTpAMU TSHKECTU
PacTSIHYTOM apMaTyphbl U CKaTOro OETOHA) MyTEM MCIOJIb30BaHUS KAMTUTENIECH KOJOHH.

B Ttabmuue 2.3 npuBeneHbl pe3ysbTaTbl HEIMHEMHOrO CTATHYECKOrO pacyeTa

MOHOJIMTHOTO  JKEJI€300€TOHHOTO 0e30aIOYHOTO TEPEKPHITHS  S-3TaXHOTO rapaxa
pasMepoM B 11ane 37,5x37,5 M ¢ peryJasspHON CETKOM KOJIOHH 7,5x7,5 M.
Tabnumna 2.3
Bricora Pacxon
o ApmmupoBanue (10 pacuery), PacueTHble XapaKTePUCTUKH
CEUCHUIA 2 ho, cM N MaTepuaioB
. cM CCUCHHI 2
NIEPEKPBITUH C HalM
CEeTKOH KOJIOHH Ha omnope B IIpoJIeTe
7,5%7,5Mmu X u=
pasmepom Ha 8 ' | & =x/h, | =100 Adbh,, | Geron | PV
KanuTe As Asc As Ay | omope | mposere | CM % Typa
1,5%1,5m
[pomer 200 MM - - 13,92 | 3,77 - 16,8 3,07 0,183 0,83
Ormopa 0,206 | 32,68
200mm+100mm | 41,03 | 3,77 - - 25,5 - 11,18 0,438 1,61
(KarmuTeb)
[pomner 200 MM - - 11,46 | 3,77 - 16,8 2,3 0,137 0,68
Omopa 0,214 | 26,05
200mM+200mMm | 28,31 | 3,77 - - 35,5 - 7,36 0,207 0,80
(xanmTenp)
Iposer 200 Mm - - 11,29 | 3,77 - 16,8 2,25 0,134 0,67 0,219 | 24,2
Omnopa
200mm+300mMm | 22,77 | 3,77 - - 45,5 - 57 0,127 0,5 0,219 | 24,2
(xanmTenp)

Pacuer BBIONHANCA C WCIOJIB30BAaHWEM IPOTPAMMHOr0 Komiuiekca «JIupa» B
MIPOCTPAHCTBEHHON MTOCTAHOBKE, C YYETOM reOMETPHIECKON U (PU3NUIECKON HETMHEWHOCTH

KOHCTPYKLIUH.

61




B naHHOM cnydae OLIEHHMBAJIOCH BIMSHHUE Ha PE3yJbTaThl pacuera pazuyHbIX
BAPUAHTOB KAMUTEIHHOTO MCIOIHEHUS HAJAKOJIOHHOW YacTH MEPEKPBITHUS MO BBICOTE MPHU
COXpaHEHUU OJIMHAKOBBIX €€ pa3MmepoB B IuiaHe. [locie BBIMOMHEHUS CTaTUYECKOTO
pacyeTa MpoBepsUIach YCTOMYUBOCTh MPOTUB MPOrPECCUPYIOLIETO OOPYIICHHUS.

[lo pe3ynpTaTaM pacuera MOKHO BHJIETh, YTO YBEJIIMYEHUE BBICOTHI HAJAKOJIOHHOMN
YaCTH MEPEKPBITUS 3a CUET YBEJIMYECHUS BBICOTHI KanuTeau co 100 1o 300 MM mipuBeno K
YBEJIMYCHHIO pacxoaa OeToHa Mpu pasMmepax kamutenu 1,5x1,5 M o BceMy NepeKphITHIO
Ha 6,6% Tpu CHIDKEHUH pacxoja apMarypsl Ha 26%. Tak kak § Ha onope U B IMpoJieTe B
MOCIICIHEM  BapHaHTe KOHCTpyupoBaHus He mpesbimaer 0,15, kosddunment
AMHAMUYHOCTU OJTM30K K €UHHIIE, U B pacyeTax Ha MPOTrPecCUPYIOIee pa3pyllieHUe Mpu
JUHAMHYECKOM XapaKTEPe aBapUIHBIX HATPY30K €r0 y4eT HE IPUBEIET K 3HAYUTEIbHOMY
YBEIMYECHHUIO aPMUPOBAHHUS.

N3 pe3ynbTaToOB pacyeToOB MOKHO 3aKJIFOYUTh, YTO U3MEHEHUEM KOHCTPYKTUBHOMN
CXEeMbl KapKacHOTO 37[aHusl U €ro 0e30a70YHOr0 MEPEeKPHITUS MOXKET ObITh JOCTUTHYTO
3HAYUTEIBLHOE CHI)KEHHE Pacxo/ia apMaTypbl U CTOMMOCTH, TO €CTh LE€Ib ONTHUMAIBHOIO
MIPOEKTUPOBAHUS  BBIMIOJIHIEMOIO, B TOM YHCIIE C YYETOM NPEAOTBpAILCHUS
MPOTPECCUPYIOLIETO OOPYIICHHUS.

KapkacHble 3manus ¢ 0e30al0YHBIMH, OECKANMTEIbHBIMU MEPEKPHITUSIMHU C
HOPMAJIbHBIM YPOBHEM OTBETCTBEHHOCTH, MpPH BHITIOJIHEHUH PEKOMEHAaui Tadm.2.4 u
pazzaena 3 [locoOusi BO3MOKHO MPOEKTUPOBATH C CETKOM KOJOHH 70 6,0x6,0 M U BBICOTOMU
1o 10 sTaxkeit 6e3 pacyeTHON IPOBEPKHU HA Mporpeccupyroiniee oopymenue [1].

[Ipn OonbIIMX BEIMYMHAX CETKA KOJOHH M JTAKHOCTU 3JaHUS CJEIyeT
MPOEKTUPOBATh 0e30alouHble TEPEeKPBITUS BCEX KapKacHbBIX 3/IaHUA C TPOBEPKOU
pacueToM Ha Iporpeccupyroiiee oOpyleHHe U KOHCTPYMPOBAHUEM INPHUONOPHBIX 30H B
COOTBETCTBUM C PEKOMEHIAUMsIMH 1. 2.4 wu paszmena 3 C  NPEANOYTUTEIbHBIM
MCIIOJIb30BAaHUEM KamuTellel KOJOHH (ITUJIOHOB).

Jnst obecnieyeHunsi  0€30MACHOCTH  MHOTOAT@XKHBIX  KapKAaCHBIX  3/IaHUN
MOBBIIIEHHOTO YPOBHS OTBETCTBEHHOCTH CJIEIYET MPEUMYIIECTBEHHO HCIOIb30BaTh

OaJIOYHBIC CUCTEMBI TIEPEKPHITUH, B TOM YUCJIE C MPUMEHEHUEM 0aJlOK-CTEHOK.
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BO3MOXHBI CMEIIaHHBIE KOHCTPYKTHMBHBIE PELICHUS HECYLIEro OCTOBA 3/aHUU
MOBBIIICHHON 3TAKHOCTH, HAIpUMEp, B MpeAeNiax TPEeX HIKHUX JTaxel (BKIIOYas
[OJI3€MHBIE) IPUMEHUTH KAPKACHYIO CXEMY, U CTEHOBYIO CXEMY B BBIILIEIIEKAIIEH YaCTH.

B sroMm ciyyae B HWKHEH 4acTH JJis yA0OCTBa pa3MEIICHUs rapakel-CTOSHOK,
TOPTOBBIX U O(UCHBIX TOMEIIECHHUH 11eJIecCO00pa3HO U AOMYCTUMO MPUHATHE CETKU KOJIOHH
0e3 kamuteneit 1o 6,2x6,2 M, ¢ kKanureasMu 10 7,5%x7,5 M. B BepxHel KWIOM YacTu
3IaHUS OCHOBHBIE HECYIIME CTEHBI CIEAyeT IMPEUMYLIECTBEHHO pacloJjliaraTb IO OCSIM
CETKH KOJIOHH HM)KHUX ITAKEH.

[Tpu cooTBeTCTBYIOMIEM OOOCHOBAHHWU BO3MOKHO MHOE PACIIONIONKEHHE HECYIIHX
CTEH BEPXHHUX 3TaXX€H MPU KOHCTPYKTHUBHBIX PEIIEHUSX, O0OECIEUMBAIOIIMX Iepeaady
Harpy3Kyd Ha CTEHbI M KOJIOHHBI HWJKHUX 3TAKEW 31aHUs IOCPENCTBOM MEXKITYITAKHBIX
IUIMTHBIX KOHCTPYKIUH, Oanok win OajJoK-CTEHOK (KpoMme 3[JaHui, MPOEKTUPYEMBIX Ha
ceiicMrueckue BO3CHCTBUSA).

JIONOJTHUTENBHYIO KECTKOCTh B ATUX KOHCTPYKTHBHBIX PELIEHUAX CO3JAIOT spa
KECTKOCTH M3 MOHOJIMTHBIX HECYIIMX CTEH, OTPAHUYMUBAIOUIUX JTU(TOBBIE U JIECTHUYHBIC
KOMMYHUKAI[MOHHBIE y3JIbl 3/1aHHUS.

Hcnonb3oBaHue B KauecTBe pabodeil apMaTypsl A1 apMHPOBaHUs 0€30a10YHBIX
MEePEKPBITUI apMaTypHOM TpoBOJOKM Kiacca Bp500, a Taxxe moboro npyroro Buaa
apMaTypHOroO IpoKaTa, MMEIIIEro OTHOCUTEIBHOE YUIMHEHHE IPH MaKCHMAJIbHOM
HANPSKHHH Omax:: MeHee 2,5%, He NOMyCKaeTcs BBUAY HopmupoBamms B CII
63.13330.2012 Bennuunusl €52 2 0,025.

J{nst apMUpOBaHUS PACTIHYTOM M CKATOM 30HBI PACUECTHBIX CEUCHHUM 0e30aT0UHBIX
MIEPEKPBITUA PEKOMEHAYETCSI MPUMEHATH apmaTypy kiacca AS00 ¢ 4eThIpeXCTOPOHHUM
ceprioBuaabiM mpodunem (ASOOCIT ¢ fr > 0,075), uMEIOIMM BBICOKHE ITOKa3aTeln
COBMECTHOM paboThl ¢ OETOHOM B 3alpeiesibHOM CTaAuM HarpyKeHus (MpoaosbHas
YCTOMYMBOCTh MPU CKATHUH, BBICOKASI MPOYHOCTH CUEIUIEHUS MPU PACTSIKEHUHU 3a CUET

HU3KOM pacropHOCTH).
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OuepeaHOCTH BHINOJHEHUS OLCHOYHOI0 AHAJIN3A CIIOCOOHOCTH K IJIACTHYECKOMY
neoOpMHUPOBAHNIO PACUYETHBIX CeYeHNH 0e30aT0UYHbIX MePEKPHITHIH KAPKACHBIX

3MaHuM

[To TpebGoBanmsiM  ©€30MACHOCTM M  AKOHOMHUYECKUM  COOOPaKEHUSIM,
IPOEKTUPOBAHNE O€30aI0UHBIX NEPEKPHITUM € YYETOM BBIIIOJHEHUS PEKOMEHAIMM
JAHHOTO aHajM3a 11eJeco00pa3HO BBINOJIHATH AJS 3JaHUN C pa3MepaMM CETKU KOJIOHH
(nmuyI0HOB) B 00OMX HAIpaBJICHUSAX Kak MeHee, Tak M Oonee 6 M. Ilpu ceTke paBHBIX U
MEHBIINX 6 M pa3MEpPOB MPOEKTHUPOBAaHUE 0€30aJOUHBIX MEPEKPHITUI BBINOJIHAETCA I10

o6mmmm monokerusiM CIT 63.13330.2012 (xmin > 0,1%) TONBKO ¢ BHIIOJHEHUEM pacyeTa

Ha nporpeccupytoiiee oopyiuieHue [1].

1. ITo pe3ynbraramM CTaTHYECKOTO pacueTa BBHIOMPAIOTCS CE€YeHUsT 0e30a710YHOro
MIEPEKPHITUS C MOTYYEHHBIMH U3 PacueTa MaKCUMaJIbHBIMUA U3TUOAIOIIUMHA MOMEHTAMHU.

2. Jlns BBIACNIEHHBIX CEUEHWUW MO 3aJaHHBIM MEXaHHMYECKHUM XapaKTePUCTHKaM
OeToHa W apMaTypbl, a TaKXKe TE€OMETPUUYECKUM XapaKTEPUCTHKaM, OIpeaelsieTcs
apMHUPOBAHHE U BBIYHCIIICTCS] OTHOCUTENIbHASI BRICOTA CKATOW 30HBI OeTOHA ¢

3. IIpoBepsieTcs BbiMoIHEHUE yCinoBus (2.85).

[Tpu ¢ < &nin yBETUUYMBACTCA KOJUYECTBO PACTAHYTOM apMaTypbl O BBIMOJTHEHUS
ycnoBus &> Enin (Tabnuma 2.4).

[Ipu ¢ > L moOaBisieTcss apMmarypa B CXKaTylO 30HY DJIEMEHTA, M3MEHSIOTCS
T€OMETPUYECKUE XAPAKTEPUCTUKU PACUYETHOTO CEUEHHUS MyTEeM YBEIMYECHHS €Tr0 BBICOTHI
70 BBIMOMHEHUS YCHoBUH ¢ < {nax (Tabmuma 2.4) u & > 24'. Ilpu ¢ < 24" pacuer
BBINIOJIHSAETCS IO MeToAuKe 1. 2.2.1.

4. Tlocnenyroriee KOHCTPYMPOBAHHME apMUPOBaHUsA 0€30a10YHBIX MEPEKPHITUI

BBIITOJIHACTCA B COOTBCTCTBHUU C pCKOMCHAAIMSAMUA pa3aciia 3.
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Tabauna 2.4

Pacuernnic XAPAKTCPUCTUKU

Kitaccel apmatypsbl

A400 A500/B500 A600

Rsn, MIla 400 500 600

€2 0,025 0,025 0,025
B20 0,128/0,48 0,128/0,38 0,128/0,32

E o i % B30 0,11/0,61 0,11/0,48 0,11/0,4

B40 0,095/0,69 0,095/0,56 0,095/0,46
B50 0,084/0,76 0,084/0,6 0,084/0,5

¢ .=07%r<0,35 0,35 0,34 0,32
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3 KoncrpyupoBanue 6e30a7104YHbIX MepPeKPbLITHH

B 0e30a104HbIX MEPEKPHITHIX MOHOJUTHBIX 3[aHHI TUINTA MOYKET OMHUPAThCS Kak
HEMOCPECTBEHHO Ha KOJIOHHBI (MTMJIOHBI) 03 KamuTelael, Tak W C BKIIOYEHHEM
KAIMTEIbHBIX HAIKOJOHHBIX 3JIEMEHTOB. [IpM HaIWYMKM HECYIIUX CTEH M OTACIBHBIX
0aqoK BHYTpM W 10 KOHTYPY 3[aHHMsS OHH TaKKe MOTYT OBITh HCIIOJB30BaHbI IS
onupaHus 6€30aI0YHBIX TIEPEKPHITHIA.

[Ipu mposerax ATHHON 1O 6 M MOHOJIUTHBIC MEPEKPHITHS 0€3 MpeIBapUTEIHHOTO
HAMPSDKCHHUST apMaTypbl BO3MOXKHO IMPOEKTUPOBATh IJIOCKUMHU OCCKAIUTEIbHBIMH;, IPH
OOJIBIINX JTHHAX MPOJIETOB — IUIOCKUMH C KaIUTEIbHBIMU YTOJIICHUSIMA B BEpPXHCH
YaCTH KOJIOHH.

PexoMeHIyeMble MUHMMAJIbHBIC 3HAUCHHUS TOJIIMHBI IUIMT  0€30aJ0YHBIX
NEPEKPBITUI TPU ONMMPAHWU Ha KOJIOHHBI, PACIOJIOKEHHBIC B IJIaHE ¢ marom | Bojb
IIPOJIOJIBHOM U MTONIEPEYHOMN OCEM:

- C JIONIOJHMTEIBHBIM K apMHUPOBAHHMIO YCHJICHHEM OIOPHBIX 30H KalUTEISIMU
METaJUTHYECKUMU BOPOTHUKAMH (OTOJIOBKAMH) U T.IL.:

JUT KOHCTPYKIKH U3 Tshkenoro oetona — (1/35)1;

- 0€3 JIOTIOJTHUTEIILHOTO YCHIICHHUS:

JUTSE KOHCTPYKIHUK U3 Tsikenoro 0erona — (1/30)1;

JUT KOHCTPYKIKK U3 Jierkoro 6erona — (1/27)I.

3.1 ApMupoBaHue IVTUT NEPEKPbITHH 0€302104YHON KOHCTPYKIMH

3.1.1 O0mume MoJI0KEeHUA

ApPMHpPOBAHHUE TUIOCKUX IUIMT CIEAYET OCYLIECTBIIATh MPOJOJIBHOM apMaTypou B
JIBYX HaIlPABJCHUIX, pACIOJATaeMOM y HWKHEM W BEpPXHEW TIpaHEeW IUIMTH, a B
HEOOXOAMMBIX CITydasx (COTJIACHO pacyeTy) U MOMEePEeYHOM apMaTypol, pacmojiaraeMou y
KOJIOHH, CTEH U IO IIJIOIIAIN [LTATHI.

Ha KOHIEBBIX y4acTKax IUIOCKMX IUIMT CJIEAYyEeT YCTaHABIMBATh ITONEPEYHYIO

apmatypy B Buae II-o0pa3HbIX XOMYTOB, CKpPBITHIX OajoK, WM € MpeaycMaTpuBaTh
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YTOJIIEHUS 10 KParo MJIUTHI, 00ECIIeUNBAIONIME BOCIPUATHE KPYTALIUX MOMEHTOB B 3TOM
MECTE 1 HeOOXOIUMYI0 AaHKEPOBKY KOHIIEBBIX YYACTKOB MPOJIOJIbHOIN apMaTypBhl.

KonnuecTBOo BepxXHEW M HUKHEW MPOJOJIBHOM apMaTypbl B IUIUTE NEPEKPBITHI
(HOKpBITUS) CIAEAYeT YCTAaHABIMBATh B COOTBETCTBUU C JCUCTBYIOIIMMH YCWIHSIMH U
cornacHo CII 63.13330.2012.

Jns cokpameHus pacxoga apMaTypbl MOKHO PEKOMEHIOBATh YCTaHOBKY IO BCEU
IJIOIIA IUINTHI HHKHEW M BEPXHEUW apMaTyphl, OTBEUYAIOIEH MUHUMAIBHOMY MPOLIEHTY
apMUpOBAHHs, a Ha Yy4YacTKax, I/€ JCHUCTBYIOIIME YCHWIMS NPEBBIMIAIOT YCUIHS,
BOCIIPUHMMAEMBIE 3TOW apMaTypou, YCTAaHOBKY JONOJHHUTEIBHOM apMaTypbl, B CYMME C
BBILICYKA3aHHOW apMaTypod, BOCHPHHUMAIOIIEH JIEHUCTBYIOIIME HA JTUX Y4YaCTKax
ycwins. Takol MoaxoJ NPUBOJIUT K JOCTATOYHO CJIOKHOMY ApPMHUPOBAHUIO IEPEKPBITH,
TpedyrolieMy 00Jiee TIIATeIbHOTO KOHTPOJIS apMaTypPHBIX padoT.

3awummnosnii crnoi bemona

3amuTHBIN ci10M OeTOHA JOJKEH 00ecTeunBaTh:

- COBMECTHYIO pa0dOTy apMaTyphl ¢ OETOHOM;

- aHKEpOBKY apMaTyphl B OETOHE U BO3MOYKHOCTb YCTPOMCTBA CTHIKOB apMaTypPHBIX
DJIEMEHTOB;

- COXPaHHOCTh apMaTypbl OT BO3JICUCTBUN OKpPYXKaIOIIEH cpeibl (B TOM YKCIE TTPU
HaJIMYUU arpeCCUBHBIX BO3JICHCTBUN);

- OTHECTOMKOCTh KOHCTPYKIIUH.

MuHMMalbHble 3HAYEHUs TOJIIMHBI 3aIIUTHOTO ClIosi OeToHa paboueilt apMaTypbl

CIIeIyeT IPUHUMATh: B COOTBETCTBHUH C TaOuIei 3.1.

Tabnuma 3.1
Ne . . TonmmuHa 3aIUTHOTO CI0S
YcnoBus 3KCIUTyaTaliy KOHCTPYKIWH 3MaHAN
ILIT. OeToHa, MM, HE MEHEE
1 B 3aKkpbITHIX MOMEIIEHUSX TTPH HOPMAITBHOHN W MTOHIKEHHON 20
BJIAYKHOCTH
2 B 3aKkpbITEIX TOMEMIEHUSIX TIPY MOBBIIIEHHON BIAXKHOCTH (TIpH 25

OTCYTCTBUHU JOMOJHUTCIIbHBIX 3alIIUTHBIX MCpOHpHHTHﬁ)

3 | Ha otkpsiToM Bo31yxe (TIPH OTCYTCTBUH JOTIOTHHTEIHHBIX 30
3aIIUTHBIX MEPOTIPUSITHH )

4 B rpynTe (pu OTCYTCTBUM JONOTHUTEIBHBIX 40
3aIIUTHBIX MEPOTIPUSITHH )
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JI1s1 KOHCTPYKTUBHOW apMaTypbl MUHMMAJIbHbIE 3HAYEHUS TOJIIMHBI 3AIIUTHOTO
cji0si OETOHAa MPUHUMAIOT HA 5 MM MEHBUIE 10 CPAaBHEHUIO ¢ TpeOyeMbIMU Ui paboyeil
apMaTypsl.

Bo Bcex ciayyasx TONIIMHY 3alIUTHOTO cIosi OETOHA CeIyeT TakKe MPUHUMATD He
MEHee AUaMeTpa CTEP>KHA apMarypsl 1 He MeHee 10 MM.

B 3ammtHOM cioe OetoHa TommuHON Oonee 50 MM cieqyeTr ycTaHaBIMBATh
KOHCTPYKTHBHYIO apMaTypy B BHJE CETOK C IUIOLIAJBI0 CEYEHUs MPOJOIBHON apMaTypbl
He MmeHee 0,054; M maroM, He NPEBBILAKOIMM HAUMEHBIIMM pa3Mep IOIEPEYHOIO
CEYEHUs DIJIEMEHTA.

MunumansbHvle paccmoanuss Mexicoy CIMepAHCHAMU aPpMAmypbl

MuHUManbHbIE pPAaCCTOSTHUS B CBETY MEXAY CTEPXKHSIMHU apMarypbl CIeayeT
NPUHUMATh TAKUMH, 4TOOBI OOECIIEUUTh COBMECTHYIO pabOTy apMmaTypbl ¢ OETOHOM H
KAUYE€CTBEHHOE W3rOTOBJIECHUE KOHCTPYKLUMH, CBSI3aHHOE C YKJIAJKOW M YIUIOTHEHUEM
OETOHHOM CMECH, HO HE MEHEe HauOOJIBILIEro JUaMeTpa CTEPHKHS, a TAKKE HE MEHEE:

25 MM — JJI1 HIDKHEW apMaTtypbl, paclojoKEHHOM B OJMH WJIH J1Ba Psa;

30 MM — TO K€, 111 BEpXHEW apMaTyphl;

50 MM — TO K€, TIPU PACTOJIOKEHUU HIDKHEH apMmaTypbl Oojiee 4eM B JBa psjaa
(KpoMe CTepHEH IByX HUKHHUX PSIZIOB).

[Ipn CTECHEHHBIX YCHOBHUAX JOMYCKAETCs pACHoJlaraTh CTEPKHU TpynnamMyd —
myukamu (6e3 3a3opa Mexay HuMH). [Ipu 3TOM paccTosiHHUS B CBETY MEXIY IMy4YKaMu

JOJIKHBI OBITh TaK)K€ HE MEHEe MPUBEIECHHOTO JMaMETpa CTEPXHS, SKBUBAJIEHTHOTO IO
n

IUIOINAJM CEYEHHUs IydKa apMarypbl, NPUHUMAEMOTO PaBHBIM d .4 = /stzi , Toe ds—
i

JAUAMETP OAHOI'0 CTEPXKHA B My4YKE, N — YUCJIO CTGp)KHCfI B ITYYKC.

Ilpooonvhoe apmuposanue
B usrubaembix 0e30aM0YHBIX MEPEKPHITUAX IUIOMIAJb CEUEHUS MPOAOJIbHON
PacTSHYTOU apMaTyphl, a TAKKE CKATOM, €ClIi OHAa TPeOyeTCsl 0 pacyeTy, B MPOIIEHTax OT

IJIOLIAM C€YeHHs] OETOHA, pAaBHOM MPOU3BEAEHUIO IIMPUHBI NPSAMOYTOJIBHOTO CEYEHHS Ha
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A

pabouyio BBICOTY CEUEHHS, g =m-100% clenyeT MPUHUMATH JJIA BCEX CEUEHUU He

menee 0,1%, a [ OpoJeTHBIX U OMOPHBIX CEUYEHUN C MAaKCHUMAaJbHBIMU W3THOAIONIUMU
MOMEHTAaMU KOHCTPYKIIUN — B COOTBETCTBUHU C PEKOMEHAAIMSIMH 11. 2.4,

B ’xene300eTOHHBIX TUIMTAaX HAMOONBIIUE PACCTOSHHUS MEXKAY OCSIMH CTEp)KHEH
IPOJIOIBLHON apMaTyphl, obecreunBaromue dQPekTUBHOE BOBJICUYCHUE B pabOTy OeToHa,
paBHOMEpPHOE paclpe/ielieHne HanpsoKeHud W aedopmanuif, a TakKe OrpaHHYCHUE
IMIMPUHBI PACKPBITUS TPEIIMH MEXKY CTEPKHSMU apMaTyphbl, TOJKHBI ObITh HE OoJIee:

200 MM — ipu BICOTE TIOTIepeuHOro ceueHust N < 150 mm;

1,5h u 400 MM — Tipm BBICOTE TIOTIEpedHOTO ceueHus h > 150 mwm;

B miuTtax 1o onopsl cieayeT JOBOAUTH CTEPKHHU MPOAOIbHONW paboyeil apMaTypsl
Ha | M IIMPUHBI TUIUTHI C IJIOLIA/IbIO C€YeHUs He MeHee 1/3 muiomanu cedeHus CTepKHEH
Ha | M MIHUPUHBI IUIMTBI B TPOJETE, ONPEAEICHHOW pacyeToM IO HauOOJbIIEMY
u3ruodaromeMy MoMeHTy. PaccrossHus Mexay pabOYMMH CTEp)KHSMH, TOBOJHWMBIMH 0
OTIOPHI TUIUTHI, HE TOJKHBI peBhIaTh 400 MM.

MOoOHONMUTHBIE KEJI€300€TOHHBIC IUIUTHl APMUPYIOT BSI3aHOW apMmaTypor, WU
CTaHAAPTHBIMU CBAPHBIMH CETKaMH 3aBOJICKOTO MU3TOTOBJICHMUS.

JunameTrp paboumx CTEp:KHEW CBApHOW apMaTypbl PEKOMEHAYETCS NPUHUMATh HE
MeHee 3, a BsI3aHou — He MeHee 6 (5,5) MM.

[Ipn apmupoBaHMM IUIMT, PaOOTAIOIIMX B JBYX HAIPaBICHUSAX, OTHOIICHHUE
AAsp/AAsy MeXIy MIOIIASIMU CEYEHUS HUXKHUX apMaTyp, YKJIaJIbIBa€MbIX Ha 1 M IIMPUHBI
wInThl (AAsy — TUIOIIAb CTEPIKHEH, pacloaraéMbix MapajijIeIbHBIX KOPOTKOW CTOPOHE),
PEKOMEHIyeTCsl IPUHUMATh MO Tabiuie 3.2 B 3aBUCUMOCTH OT OTHOUICHHH MPOJIETOB
waThl |o/1;.

[Inomans ceyeHus pacupeaeuTeNbHON apMaTypsl B INIMTaX TOJKHA COCTaBUTh HE
Menee 10% miomaau cedeHus: pabodeit apmaTypbl B MECT€ HAaUOOJIBIIIETO M3THOAIOIIErO
MOMEHTA. J[naMeTp u mar CTep:KHEN 3TOW apMaTypbl B 3aBUCUMOCTH OT JUAaMETpa U 11ara

CTEpKHEW pabouelt apMaTypbl MOXKHO MMPUMEHATH 110 Tabnuue 3.3.
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Tabnuma 3.2 — OTHoOIIGHHWE TIUIONIAZeH CEYEHUNW HIDKHEW apMmaTypbl JUIsl TUIMTHI,
paboTarolieil B IByX HaIlpaBJICHUAX
1,0 1...0,8 1,6 0,5...0,3
1,1 0,9...0,7 1,7 0,45...0,25
1,2 0,8...0,6 1,8 0,4...0,2
1,3 0,7...0,5 1,9 0,35...0,2
14 0,6...04 2,0 0,2...0,15
15 0,65...0,35
Tabnauna 3.3 — luameTp u mar cTep>kHel pacupeaeIuTeIbHON apMaTyphl IJIUT
Tnaverp Iar crepxHeit pabodeil apMaTypsl, MM
crepcieii pagocii 100 125 150 200 250 300
apMaTypbl, MM
3.4 3 3 3 3 3 3
o 400 400 400 400 400 400
5 3 3 3 3 3 3
500 500 500 500 400 400
4 4 3 3 3 3
6(5.5) 500 500 500 500 400 400
. 5 5 4 4 3 3
8(7:75) 500 500 500 500 500 400
10 (9) 6(5.5) 6(5.5) 5 5 5 5
350 350 350 350 350 350
12 (11) 6(5,5) 6(5,5) 6(5,5) 6(5,5) 6(5,5) 6(5,5)
250 300 350 350 350 350
14 8(7.,5) 8(7.5) 8(7,5 6(5,5) 6(5,5) 6(5,5)
300 350 350 300 350
16 8(7.5) 8(7.5) 8(7,5 8(7.5) 8(7.5) 8(7,5
250 300 350 350 350 350
18 10 10 10 8(7.,5) 8(7.5) 8(7,5)
300 350 350 350 350 350
20 10(9) 10(9) 10(9) 10(9) 10(9) 10(9)
200 250 300 350 350 350
29 12(11) 12(11) 10(9) 10(9) 10(9) 10(9
250 300 300 350 350 350
o5 14 10(9) 8(7,5) 8(7,5) 8(7,5) 8(7,5
300 200 150 200 250 300
[Ipumevanue: Hax yepToii ykazaH quaMeTp CTEP>KHEH pacnpeieuTeIbHON apMaTypbl, 0.
YepTOM — UX LIar.

Ilonepeunoe apmuposanue.
Ilonepeynyro apmarypy cCleayeT yCTaHaBJIMBATh, MCXOOd U3 pacyera Ha

BOCIIPpHUATHC I[efICTBYIOIHHX CUJI, a TAKXKC B HOC/IX OI'PAHUYCHUA pPa3dBUTHUA TPCIIUH,
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yIEpKaHUs IMPOAOJIBHBIX CTEPKHEH B IPOEKTHOM IOJOXEHMM M 3aKPEIUICHHs UX OT
OOKOBOTO BBIITYYUBAHUSI B TIOOOM HAIPABIICHUU.

JuameTp mnomnepeyHoW apMaTypbl B BsI3aHBIX KapkKacax HM3rMOaeMbIX 3JEMEHTOB
MIPUHUMAIOT HE MEHEE 6 MM.

B cBapHbIX Kapkacax AMAMETp IONEPEYHONM apMaTypbl MPUHUMAIOT HE MEHEe
AMaMeTpa, YCTaHAaBIMBAEMOIO U3 YCIOBUS CBapkd C HauWOOJBIIMM JUAMETPOM
MPOJOJIbHOM apMaTypHL.

B ’kene300€TOHHBIX 3J€EMEHTax, B KOTOPBIX IONEpEYHas CWia IO pacyeTy He
MOXET OBITh BOCHPHHSTA TOJBKO OETOHOM, CIIEAYyEeT NpPEeayCMaTpUBATh YCTAHOBKY
norepevHoi apMaTypsbl ¢ marom He 6ornee 0,5y u He 601ee 300 MMm.

B crutomneix rumrax BeicoToit MeHee 300 MM Ha ydacTkax, € MoIlepedyHas Cuia
[0 pacyeTy BOCIPUHUMAETCA TOJIbKO OETOHOM, MOMNEPEYHYI apmaTypy MOXHO HeE
yCTaHABJIMBATh.

[lonepeunyro apmaTypy B IUIMTaXx B 30HE MNPOAABIMBAHUSA B HAIPABIICHUU,
NEPHEHANKYJIIPHOM CTOPOHAM PAacUETHOrO0 KOHTYpa, YCTaHABIMBAIOT C IIaroM He Ooiiee

1/3hy u nHe Oosee 300 mm. CrepikHH, OMmKaiIIMe K KOHTYpY TIPy30BOW ILIOIIAJIH,

paciojararorT HE OmmKe %O Hn HC AaJICC h?o OT 3TOro KOHTYypa. HpI/I 9TOM IIHpPHHA 30HBI

MTOCTAaHOBKHM MOIMEPEYHOU apMaTypsl (OT KOHTYpa Irpy30BOM IUIOLIAAM) AOHKHA OBITH HE
meHee 1,5h,. JlomyckaeTcst yBenuueHue miara nomnepeuHor apmarypsl 10 1/2hg Ilpu atom
ClleqyeT  paccMaTpuBaTh  Hauboiee  HEBBITOAHOE  PACIOJOXKEHHE  MHUpPaMUIbI
MPOJIABJIMBAHMSI U B PACUETE YUUTHIBATH TOJBKO apMaTypHBIE CTEP>KHH, NEpPECcEeKaroline
NMpamMuy MpoIaBINBaHUS.

PaccrosiHus MeXIQy CTEpKHSAMU IIONEPEYHON apMarypsl B  HallpaBJICHUH,
napajyieJIbHOM CTOPOHaM pPacyeTHOrO KOHTypa, NpHHMMAlOT He Oonee 1/4 niuHbI
COOTBETCTBYIOIIEW CTOPOHBI pACYETHOTO KOHTYpA.

[Tonepeunas apmarypa, NpeAyCMOTpPEHHas AJii BOCHPUSITHS TONEPEYHBIX CHJI,
JOJKHA HMMETh HAJIeKHYI0 aHKEpOBKY IO KOHILIAM IIyTeM TMPUBAPKM MM OXBaTa
MIPOJIOJIBHON apMaTyphl, 00€CTICUNBAIONTYI0 PABHOIIPOYHOCTh COCTUHEHUN U TIOTIEPEYHON
apMaTypsl™.
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Anxepoexa apmamypui

AHKEpOBKY apMaTyphl OCYIIECTBIISIIOT OJHUM U3 CIEIYIOIIHUX CIOCOO0B MM HX
COYECTAHUEM:

- B BU/JIE IPSIMOTO OKOHYAHUS CTEPKHS (IIpsiMasi aHKEPOBKA);

- ¢ 3aruOOM Ha KOHIIC B BHJE KpPIOKa, OTTHOa (JIANKW) WIA METIU (TOJIBKO IS
HEHAMpsATraeMon apMaTyphl);

- C TMPUBAPKOM JOMOJHUTENBHBIX IOMNEPEUYHBIX CTEPKHEH, pPACIOJIOKEHHBIX
MOMEepeK OCH aHKePYeMOTOo apMaTypHOro CTep>KHs (TOJBKO JUIsi HEeHamnpsraeMom
apMarTypsl);

- C YCTaHOBKOH JOMOJIHUTENBHBIX apMaTypHBIX u3nenauii B Buae [1-oOpasHbix
CTEp>KHEW ¢ 3aBEJCHUEM KOHIIOB B CXKaTyl0 30HY O€TOHA Ha JJIMHY aHKEPOBKHU, CBAPHBIX
CETOK B HAIIPaBJIECHUU aHKEPYEMOTO0 apMaTypHOIrO CTEPXKHS (TOJBKO UIsl HEHANpATraeMoun
apMaryphbl);

- C NPUMEHEHHUEM CIICIUAIbHBIX AHKEPHBIX YCTPONCTB HA KOHLE CTEPKHS
(mnactuH, maio, rack, BRICAXKEHHBIX TOJI0BOK H T.I1.).

Pa3Mepbl aHKEpHBIX YCTPOMCTB U JOINOJHUTEIbHbIE MONEPEUYHBIE CTEPKHU
OMPENENSIIOTCA C YYETOM IPOYHOCTH O€TOHA Ha CMSITHE MOl HUMHU.

[Ipu pacyere UIMHBI AHKEPOBKM apMaTypbl CIEIYEeT YYWUTBIBATh CIOCOO
AHKEPOBKH, KJIACC apMaTyphl U ee mpoduias™, quaMeTp apMaTyphbl, IPOYHOCTh O€TOHA U
€ro HaMpsHKEHHOE COCTOSIHHE B 30HE aHKEPOBKH, KOHCTPYKTHMBHOE PEILICHUE AJIEMEHTa B
30HE AHKEPOBKM (HAJIMYME MOMEPEYHOM apMaTyphl, MOJIOKEHUE CTEPKHEH B CEUCHUU

AJIEMEHTA U JIp.).

* Bo3MOXHBI JApyrue crnocoObl aHKepoBKH, coriacoBaHHbie ¢ HUMXKB wnwm.
A.A. I'Bo3eBa.
Jlanku, KproKd M TETIM HE PEKOMEHIYeTCS NMPUMEHSTh ISl aHKEPOBKU CXKAaTOU

apMaryphl.
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ba3oByio (OCHOBHYIO) IJTMHY aHKEPOBKU, HEOOXOIUMYIO JIJIsl TIEpeqay YCHIUS B
apMaType C TIOJIHBIM PacUeTHBIM 3HaUY€HWEM CONPOTUBIICHUS Ry Ha 0€TOH, ONIPEACIISIOT IO
dbopmyie

IO,an :RbRs;ﬁ, (31)
ond ““'s
e
As 11 Us — COOTBETCTBEHHO TUIOIIA/Ib MOMEPEYHOTIO CEUCHUSI aHKEPYEMOTO CTEPIKHS
apMaTtypel U ICPHUMETP C€ro CCUCHUA, OIPCACIIACMBIC 110 HOMHUHAJIBHOMY JHAMCTPY
CTCPIKH:A,

Rpond — paCU€THOE  COMPOTHUBIICHHE  CLEIUICHHS  apMartypbl C  OETOHOM,
MIPUHUMAEMOE PABHOMEPHO PACHPEIEIICHHBIM IO JJIMHE aHKEPOBKU U OMNPENEIIIEMOE 10
dbopmyie

Rhond =M1 M2 - Ry, (3.2)
371€Ch

Ryt — pacdueTHOE CONPOTUBIIEHUE 0€TOHA OCEBOMY PAaCTSKEHHUIO;

N1 — KO3P(UIMEHT, YYIUTHIBAIONINN BIMSHUE BHIA ITOBEPXHOCTH apMaTypHl,
MIPUHUMAEMBIN PaBHBIM:

1,5 — ny1s TiIagKoi apMaTyphl;

2,0 — ns xonogHOMEhOPMUPYEMOI apMaTyphl IEPUOANIECCKOTO TPODHUIIS;

2,5— 711 TOpsSYEKaTaHOW U TEPMOMEXaHWYECKH OO0paOOTaHHOW apMmaTyphl C
JBYXCTOPOHHUM CEPIOBHIHBIM IeproaudeckuM npoduiem ¢ fr < 0,075 u  apmartypsl ¢
KOJIBLIEBBIM TIpOduiiem;

2,8 — s apMaTyphl C YETBIPEXCTOPOHHUM CEPIIOBUIHBIM TEPUOIUYECKUM
npoduiem ¢ fr> 0,075 (manpumep kimacca ASOOCII [2]);

N2 — KOOPGUIIMEHT, YYUTHIBAIOIIMI BIMSHUE pa3Mepa JauaMeTpa apMaTyphbl,
MIPUHUMAEMBIN paBHBIM:

N2 = 1,0 — mpu quamerpe apmatypsl ds < 32 Mm;

N2 = 0,9 — npu nuametpe apmatypsl 36 u 40 mm;
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TpeOyemyro pacyeTHYIO JUIMHY aHKEPOBKU apMaTyphl C yU€TOM KOHCTPYKTHUBHOTO
pEIICHMS 2JIEMEHTA B 30HE aHKEPOBKH OMPELIISIIOT 110 popmyie

As,cal
As,ef ’

(3.3)

Ian =a- IO,an :

rje

lo.an — 0a30Bast IIMHA AHKEPOBKHU;

A cal, Asef — TTOIIAAN TIOTIEPEYHOTO CEYEHUS apMaTyphl, TpeOdyeMasi 1o pacuery u
(haKTHUYECKH YCTaHOBJIEHHAs! COOTBETCTBEHHO;

oL — KO3(PPUIIMEHT, YUYNUTHIBAIOIIMN BIUSHUE HA JIJIMHY aHKEPOBKHU HaIPSKEHHOTO
COCTOSIHUS O€TOHa W apMmaTypbl M KOHCTPYKTHBHOTO pEHICHUS DJJIEMEHTa B 30HE
AHKEPOBKH.

Jns HeHampsraeMoW apmaTypbl IpPH aHKEPOBKE CTEPKHEU MEPUOAUUYECKOTO
npoduiist ¢ MPSMBIMU KOHIIAaMU (TIpsMasi aHKEPOBKA) WIIM TJIAJIKOW apMaTyphl ¢ KpIOKaMu
WU TIETIsIMUA 0€3 JIOTOJTHUTEIBHBIX aHKEPYIOIIUX YCTPOUCTB JJISI PACTSHYTHIX CTEPIKHEH
MIPUHUMAIOT o =1,0, & JIJISL CKATBIX — o =0,75.

Jonyckaercsi yMEHbIIATh IJIMHY aHKEPOBKHU CTEPKHEW HEHANPATaeMOW apMaTypbl
B 3aBHCHMOCTH OT KOJMYECTBAa U JHAMETpa MOMEPEYHOM apMaTyphl, BUJa aHKEPYIOIIUX
YCTPOMCTB (MpHUBapKa JIOMOJTHUTEIBHBIX TOTICPEUHBIX CTEP)KHEH, 3aru0d KOHIIOB CTEPIKHEH
MEePUOANYECKOr0 MPOdUIIS) U BETMYUHBI MOMEPEUHOT0 00KaTusl 0€TOHA B 30HE aHKEPOBKHU
(HammpuMep, OT OMOPHOM peakiuu), HO He OoJiee ueM Ha 30%.

KomIiiekcHOM,  Kak  OpaBWwIO, HOPMUPYEMOW B HACTOSIIEE  BpeEMs
XapaKTEPUCTUKON aHKepyIolel CHOCOOHOCTH NEPUOJUYECKOTO Mpoduiiss apmaTypsl
SIBJISICTCS. 3HAYEHUE OTHOCHUTEJIBHOM IUIOMIAAM CMSTHS IMOMEpPeUHbIX pedep mpoduis fr

(xputepuii Pema)

rac

ds — HOMHUHAJIbHBIN AUAMETP apMaTyPhl;
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{ — mar MOMEPECUHBIX BBICTYIIOB;

ACM— mjiomanab CMATHSA, OIIPEACIIICMAanA KaK ITPOCKIUS IMOIIEPCUYHBIX BBICTYIIOB

npodus Ha MIOCKOCTh, MEPIEHANKYISIPHYIO OCH apMaTypHOTO CTEPIKHS.

B nr060om cityuae (akTHYECKyrO JUTMHY aHKEPOBKH MPHHUMAIOT He MeHee 150 u
200 MM, a 171 HeHaANpsATaeMbIX cTepykHeH Takoke He MeHee 0,3 .

Ycunue, BOCIPUHUMAEMOE aHKEPYEMbIM CTepKHEM apMatypbl Ns, OIpeIesisoT 1Mo
bopmyie

Ns:Rs'AsI_SSRs'As’ (3-4)

Ian

rac

l.n — ITMHA aHKEPOBKH, TPHHUMAsI COOTHOIIICHUE Ascal _ 1;
ef

ls — paccrosiHme OT KOHIIA aHKEPYyeMOro CTEpXKHS [0 PaccMaTpPUBaEcMOro
IIOIIEPEYHOT 0 CEYECHMSI DJIEMEHTA.

[Ipm ycTpOoWCTBE Ha KOHIIAX CTEPKHEW CIIEIIUATIBHBIX AHKEPOB B BHUJE IUIACTHH,
a0, raek, yrojikoB, BbICA)KEHHBIX T'OJIOBOK U T.II. IUIOIIA b KOHTAKTa aHKepa ¢ OETOHOM
JOJKHA YJOBJIETBOPATH YCJIOBHIO NPOYHOCTH OeroHa Ha cmsTtue. Kpome Toro, mpu
IIPOCKTUPOBAHUM  IIPUBAPUBAEMBIX  AHKEPHBIX  JETAJIEW  CIEAYeT  y4YHUThIBATh
XapaKTEpUCTUKHU METaJula [0 CBApMBAEMOCTH, a TAKXKE CIIOCOOBI U YCIIOBUS CBAPKHU.

Coedunenus HeHanps2aemou apmamypbi.

[ coenvHeHUs HEHANpAraeMoW apMaTypbl IPUHUMAKOT OJHUH U3 CIEIYIOLIHUX
THIIOB CTBIKOB:

a) CTBIKM BHAXJIECTKY 0€3 CBApKH:

- C IPSIMBIMU KOHIIAMH CTEP>KHEN EPUOANYECKOTO Mpoduiis;

- C NOpSIMBIMU KOHIIAMHU CTEp)KHEW C NPUBAPKOM WM YCTAHOBKOW Ha JJIMHE
HAaXJIECTKH MOIEPEUHBIX CTEPIKHEMN;

- ¢ 3arubamMu Ha KOHUAX (KPIOKH, JIANIKU, IETIIN); TIPU 3TOM JUIS TJIaJIKUX CTepKHEH
MIPUMEHSIOT TOJBKO KPKOKHU U TIETIIH.

0) cBapHBIC M MEXaHUICCKHE CTHIKOBBIC COCTMHEHUS:
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- CO CBapKOM apMarypshl;

- C TIPUMEHEHHWEM CHCIHATbHBIX MEXAaHWYECKUX YCTPOUCTB (CTBHIKH C
OTpeCcCOBaHHBIMU My(pTamu, pe3bOOBBIMH My(pTaMU U JIp.).

Cteiku apMmaTypbl BHaXJeCcTKy (0€3 CBapKu) MPUMEHSIOT TIPH CTHIKOBAHHUH
CTEpKHEH ¢ AuamMeTpoM paboueit apmatypsl He 6osee 40 MM.

CTbIKM pacTSHYTOW WM CXATOW apMaTypbl AOJKHBI UMETh JIJIMHY IEpernycka

(HaxJIECTKH) HE MEHEe 3HaUCHUs JUTUHEI ||, onpeenseMoro mo gpopmyiie

Acal (3.5)

ef

=a- IO,an

[Tpu coemuHeHNH apMaTypbl MEPHUOIUIECKOrO MPOoGUiIs ¢ MPSIMBIMU KOHIIAMH, a
TaK)Ke€ TJIAJKUX CTEP)KHEW ¢ KPIOKaMM WJIM METISIMU 0€3 JOMOJHUTENbHBIX aHKEPYIOIINX
YCTPOUCTB KOA((UIMEHT 0 Il pacTAHYTOM apMaTypbl IPUHUMAIOT paBHbIM 1,2, a mis
cxaroit apmatypsl — 0,9. [Ipu 3TOM J0JIAKHBI OBITH COOIIOEHBI CIEAYIOIIUE YCIOBHUS:

- OTHOCHUTEJIBHOE KOJMYECTBO CTHIKYEMOW B OJTHOM PAaCYETHOM CEYEHHUH 3JIEMEHTA
pabouel pacTAHyTOM apMaTypbl IEPUOIUYECKOr0 Mpoduiid JOKHO ObITh HE Oosee 50%,
IJIaJKOM apMaTyphl (C KprOKaMu WK NETIIIMU) — He Oosee 25%;

- ycuiue, BOCIPUHHMAEMOE BCEU ITONEPEYHOM apMaTypoH, IOCTABIECHHOM B
npenenax CTblKa, JODKHO OBITh HE MEHEE IOJOBHHBI YCHIIMS, BOCHPUHUMAEMOTO
CTBIKYEMOM B OJTHOM PAaCYETHOM CEUEHUU DJIEMEHTA PACTIHYTOU pabouei apMaTypoi;

- pacCTOsSIHUE MEXKIY CTBIKYEMbIMU PA0OUYMMHU CTEPKHSMU apMaTypbl HE JOJIKHO
npeBbIaTh 4ds;

- pacCTOSIHUE MEXKJy COCEJHUMHU CThIKAMU BHAaxJeCTKy (IO IIMpUHE
’KeJIe300€ TOHHOT'O dJIEMEHTA) JOKHO OBITh He MeHee 2ds u He MeHnee 30 MM.

B kaudecTBe OJHOrO pPACUETHOIO CEYEHHs 3JIEMEHTA, PACcCMaTPUBAEMOTO JUIS
OMpeaeNeH!s] OTHOCUTEIbHOIO KOJIMYECTBAa CTHIKYEMOW apMarypbl B OJHOM CEYEHHH,
NPUHUMAIOT YYaCTOK 3JICMEHTA BJOJb CThIKYeMOW apMmarypsl jumHon 1,3 | . CuuTaercs,
YTO CTBIKA apMaTypbl PacIlOJIOKEHBl B OJHOM PAaCUYETHOM CEYEHHH, €CIU LIEHTPbI 3THX
CTBIKOB HaXOJATCS B MIpe/ieiax AJIUHBI 3TOTO y4acTKa.

JlomyckaeTcsi yBEIMYMBATh OTHOCHUTEIBHOE KOJMYECTBO CTBIKYEMOW B OJHOM

pacyeTHOM CEYEeHHH »JieMeHTa paboueil pacTsHyTtoi apmarypsl a0 100%, npuHumas
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3HaueHue kodpduunenta o paBHeIM 2,0. IIpy OTHOCUTENTBHOM KOJMYECTBE CTHIKYEMOIl B
OJTHOM pPacYeTHOM CEYEHUHU apMaTypbl mepuoamdeckoro mnpodwist 6omee 50% 3HaueHUs
KO3 PUIIMEHTA 0 OTIPEAEISAIOT IO JTUHEHHON MHTEPIOJISALIUY.

[Tpu HanMUMK AOMOIHUTENBHBIX aHKEPYIOIIUX YCTPOHUCTB HA KOHIIAX CTBHIKYEMBIX
CTEp)KHEW (IpHBapKa MOMEPEYHOM apMaTyphl, 3aru0a KOHLOB CTBIKYEMBIX CTEp)KHEH
NEPUOANYECKOTO0 NPOodUis U Ap.) AJIMHA NEPENyCKa CTHIKYEMBIX CTEPKHEW MOXKET ObITh
yMeHbIlIeHa, HO He Oosee yem Ha 30%.

B mobom cinyuae QaxkTuueckas UIMHA IEeperycka JoJDKHa ObITh HE MeHee

0,401y 4n , HE MeHee 20ds 1 He MeHee 250 MM.

[Ipu coenuHeHUN apMaTypbl C KCIOJIB30BAHUEM CBapKH BBIOOP THUIIOB CBAPHOTO
COEIUMHEHUsI U CIOCOOOB CBApKHU MPOMU3BOAAT C YYETOM YCIOBUM 3KCILUTyaTalluu
KOHCTPYKIIMH, CBApUBAaEMOCTH CTald M TPEeOOBaHWIA MO TEXHOJOTHH HM3TOTOBJICHUS B
cootBercTBUM ¢ [[OCT 14098-2014.

[Ipu ucnonab30BaHUM ISl CTHIKOB apMaTypbl MEXaHHMYECKUX YCTPONCTB B BUJIE
MydpT (MypThl Ha pe3pOe, ompeccoBaHHble MY(PThI W T.J.) HecCyllas CHOCOOHOCTb
My(dTOBOTO COEIUHEHMs JIOJDKHA OBITh TaKOM K€, YTO U CTBIKYeMBIX CTEp>KHEU
(COOTBETCTBEHHO MPH PACTSIKCHUH WM CKATHH). KOHIIBI CTBIKYEMBIX CTEPIKHEH ClemyeT
3aBOJUTH HAa TPeOyeMYIO JUIMHY B My Ty, OIPEISISIEMYIO PACUETOM WJIH ONBITHBIM ITyTEM.

[Ipu ucnonp3oBaHuu My(PT Ha pe3pOe MODKHA OBITH obecredeHa TpeOyemas
3aTspKKa My(QT [J1s IMKBUIALNMU JT0(Ta B pe3boe.

I'nymule cmeporcnu

[Ipy npuMeHeHMH THYTOM apmarypbl (OTrHOBI, 3aruObl KOHILOB CTEpKHEH)
MUHUMAJIBHBI JUaMeTp 3aruba OTIAENbHOTO CTEP)KHA JOJDKEH OBITh TaKUM, YTOOBI
n30exKaTh pa3pylIeHUs] WM pacKalblBaHUS OCTOHA BHYTPU 3aruda apMaTypHOTO CTEPIKHS
U €T0 pa3pylleHus: B MecTe 3aruoa.

MuHUMAaJIBHBIN AraMeTp onpaBku d,, IS apMaTypbl IPUHUMAIOT B 3aBUCHMOCTH
OT AraMeTpa cTepkHs dsHe MeHee:

- ISl TJIQJIKAX CTEPKHEN

don = 2,50, npu ds < 20 MM;

77



don = 4ds npu s> 20 MM;

- JUISL CTEPIKHEN TIEPUOTUIECKOTO MPODUIIS

don = 5ds nipu ds < 20 mMm;

don = 8ds mipu s> 20 MM.

JluamMeTp OIpaBKH MOXKET OBITh TaKXKe YCTAHOBJACH B COOTBETCTBHH C

TCXHHYCCKHNMH YCIIOBHUAMH HaA KOHKpGTHLIﬁ B apMaTypHI.

3.1.2 Ilnockue (0eckanuTeJbHbIC) IVIMTHI IEPEKPBITHIA.

[Ipu BBIOOpPE KOHCTPYKTHBHOTO PEIICHHS ONUPAHUS IUTMTHI Ha KOJOHHBI 0e3
KanuTeled HEOO0XOJUMO MPEeAyCMOTPETh YCUJICHUE JOMOJHUTEIbHBIM apMHUPOBAHUEM
OTIOPHBIX YYACTKOB IUTUTHI C LI€JIbIO TMOBBIIICHUS €€ COMPOTUBJICHUS MPOJABIMBAHUIO TIPU
AKCIUTYyaTallMOHHBIX Harpy3kax. [IIWTHBIE CHUCTEMBI 3TOrO THUNA NOAPA3ACISIOT Ha
PETYJISIPHBIE U HEPETYJISIPHBIC B TIJIAHE.

K pecynsapuvim 6 nnamne OTHOCAT CHUCTEMBI, B KOTOPBIX OCH HECYIIHX CTEH U
LEHTPbI KOJOHH COBIAJAIOT COOTBETCTBEHHO C OPTOTOHAIBHBIMU OCSIMH M TOYKAMHU HX
MEPECEYEHNsS] B OPTOTOHAIBHOM MNPSIMOYTOJIbHOM CETKE IuIaHa JTaxen. 1 Takux
MEPEKPBITUI OJHA TPETh HIKHUX IPOJIETHBIX M HAJOMOPHBIX IMOJOC apMUPOBAHMS
JOJKHA MPOAOJIKATHCS IO HU3Y HEMPEPBIBHO.

Hns  mnepecynapuvix 6 niaane, T.e. HE OTHOCIIIMXCS K  PETYJISPHBIM,
KOHCTPYKTUBHBIX CHUCTEM PEKOMEHAYETCs C IeJbl0 YHU(DUKAIMA apMHUPOBAHUS
YCTAHABJIMBATh HWXHIOIO apMaTypy OJAMHAKOBOW MO BCEH IUIONIAAX pPaccMaTpUBAEMOU
KOHCTPYKIIUU B COOTBETCTBUHU C MAKCUMAJIbHBIMH 3HAYECHUSIMU YCUJIMH B MIPOJIETE TUIUTHI.

[Ipu >TOM OCHOBHYIO BEPXHIOIO apMaTypy IesiecooO0pa3HO MPUHUMATh TaKOU Ke,
KaK M HUXKHSS, a Y KOJIOHH U CTEH YCTaHABIIMBATH JOMOJIHUTEIbHYIO BEPXHIOIO apMaTypy,
KOTOpass B CyMME€ C OCHOBHOW [OJDKHAa BOCHPHUHUMATH YCUJIWS, PAa3BHBAIOIIMECS B
OTIOPHBIX 30HAX TUIUTHI.

[Ipu mnponerax Oonee 6 M peKOMEHAYeTCS YyCTaHaBIMBAaTh YacTh padboueit

apMaTypsbl IIJIOCKUX OCCKaNUTENbHBIX IIJIUT B BHJAC CBAPHLBIX IIPOJICTHBIX M HAAOIIOPHBIX
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HenpepbIBHBIX (10 30%) 1 KOPOTKHX KapKacoB B HAIKOJOHHBIX U MPOJIETHBIX MOJOCaX B
IBYX HaIpaBIIEHUSIX (CKPBIThIC Oankn) (prucyHoK 3.1).

[Ipy 5TOM HECKOIBKO KapKacoB, HETPEPHIBHBIX MU KOPOTKUX (HE MEHee JBYX),
JOJHKHBI OBITH TMPOITYIIEHBI CKBO3b TEJIO KOJIOHHBI.

JlJis cokpallieHus: pacxo/ia apMaTypbl MOKHO TaK)Ke€ PEKOMEHI0BaTh YCTAaHOBKY 10
BCEH IUIOIIAAM IUIMTHI HIDKHEH W BEpXHEH apMmaryphl, OTBEYAIOLIEH MUHHMAaJIbHOMY
NPOLEHTY apMHUpPOBaHUs, a Ha YydYacTKaxX, I/Ie€ JCHCTBYIOIIHME YCHIIMS MPEBBIIIAOT,
BOCIIPHHHUMAEMbIE 3TOM apMaTypoii, yCTaHABIMBATh JIOTIOJIHUTEIFHYIO apMaTypy.

Bepxusisi apmarypa B 30HE ONOPHI HA mUpHUHE, paBHOU b = h; + 4h, momkHa OBITH
pacmpezieiieHa ¢ 0oJiee YacThIM MIAaroM MPOJOJBHBIX M IOMEPEYHBIX cTepkHed a < hp/2
(pucynok 3.8, B).

[mTer 6€30a7I09HBIX OECKANUTENBHBIX MEPEKPHITHH B PUOIIOPHBIX 30HAX MOTYT
apMUPOBAThCSI  CHEIHUATBHBIMU  YHU(PHUIMPOBAHHBIMUA  U3ICITUSMH  3aBOJCKOTO
usrorosneHus. OHU MPEAOXPAHSIOT NEPEKPHITUS OT MPOIABIMBAHUS B 30HE ONMPAHUS Ha
KOJIOHHY U COUYETAIOT B ce0e BBHICOKYIO HAJIE)KHOCTh C MMPOCTOTON MPUMEHEHUSI.

B wactHOCTH, [UIs 5TOT0 UCHOJB3YIOT V-00pa3Hble apMaTypHbIe KapKachl-JIECEHKH,
KOTOpBIE TPOU3BOJATCS MPOMBINIICHHBIM CHOCOOOM B aCCOPTUMEHTE C pa3jIndHOM
BBICOTOM M ANMHOM 00KOBUH (pucyHOK 3.2). Takue kapkachl yCTaHABIMBAIOT B TUIUTAaX 11O
NepUMETPY 30H ONHUPAHUS HA KOJIOHHBI C 3alleTUICHHEM 32 IPOJOJIbHYIO apMaTypy KOJOHH
¥ 00pa3oBaHHMEM 3BE€3000pa3HON B TUIaHE KOH(UTYpAIMH MONEPEYHOr0 apMHPOBAHUS,
KaK TTOKa3aHo Ha pUCYHKe 3.3.

VYBenuueHue CeYeHHsI TOMEPEYHON apMaTypbl MOXET OBITh JTOCTUTHYTO
TPYNIOBBIM PACTOJIOKEHHUEM TaKUX JJIEMEHTOB B BHJE «eJIOYeK». | eomeTpuyeckue
napaMeTphl  KaXIOro OTIENBHOTO DJEMEHTa 3aBHCAT OT TOJIIMHBI IUIUTHl H

MHTEHCUBHOCTH MPOECKTHON HArpy3KH.
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G)orqosa‘sl/m AONONHUTENbHas
apmMaTypa
(nokasaHa ycrnoBHO)

KOMOHHbI

=

b

A I gg:gi

KonoHHa

K-2

Pucynok 3.1 — [IpuHniunuanbHas cxeMa pacriooKEeHUsI apMaTypbl TUTUTHI TEPEKPBITHS

Mecta cruba Takux apMaTypHBIX 3JIEMEHTOB JOJDKHBI OXBAThIBaTh CTEP)KHU
MPOJIOJIBHOM apMaTypbl KOJIOHH WJIU 3arTyOJIsIThCSl BHYTPbh CEUEHHS KOJIOHH KaK MUHUMYM
Ha 50 MM. OTH apMaTypHBIEC 3JIEMEHTBI PAa3MEIIAIOT MEXAY BEPXHUM W HUKHHUM CIOSIMHU
apMaTypbsl IPUONOPHOM 30HBI IUINTHI NEPEKpbITUA. OJHOBPEMEHHO OHU  CIIyXkaT
(¢ukcaTopaMyd MpU pacKIAIKe apMaTypHbIX CETOK W JIOMOJIHUTEIbHBIX CTEep>KHEU
apMUPOBAHMUSI IUINATHI.

Ha pucynke 3.4 mpuBezeH APyroi mpuMep apMHUPOBAHUS TUTUT OECKAUTEIbHBIX
MEPEKPHITU B 30HAX ONUPAHUS Ha KOJOHHBI, IJI€ HMCHOJB3YIOTCS YHHU(PUUIUPOBAHHBIC
CBapHbIE DJIEMEHThl HUHAYCTPUAJIBHOTO HW3TOTOBJIEHUS, TO3BOJSIOIIME H30€KaTh

IMpOJdaBJIMBAHUA IIJIMTHI ICPCKPBITHA.
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Pucynok 3.3 — CxeMbl pacCTaHOBKH M30THYTHIX KapKacoOB

Pucynox 3.4 — ApmatypHblii 37IeMEHT TMPOTUB MIPOJIABIIMBAHUS JIJIsI TPUOMIOPHBIX 30H
MJIOCKUX 0€30aTI0YHBIX MTEPEKPHITUI
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Hanexnas ankepoBKa monepeyHoOl apMaTypsl B BUI€ BEPTUKAIBHBIX apMaTyPHBIX
cTepkHer oOecreurBaeTCsl BBICAKEHHBIMH Ha WX KOHIAX IUIOCKMMHU TOJIOBKaMH, a
TOJIMIMHA 3alIUTHOTO CJI0S O€TOHA IIUTBI — MOHTaXHBIMH [I-00pa3HbIMH CKOOamu-
CTOMKAaMH C ITOJBI’KHBIMH INIACTMACCOBBLIMM HAKOHEUYHHKAMHM, MO3BOJISIOIIMMHA TOYHO
peryinupoBath 3TOT pa3mep. CKOOBbI-CTOMKHM Tak)kKe€ MOYKHO CMEIaTh M MOBOPAYMUBATh B
TOPU30HTAJILHOW TIJIOCKOCTH, OOEcTieunBas ONTHUMAJIbHOE PACIONOKECHHE apMaTypHBIX
2JIEMEHTOB.

Takue apmaTypHBIE OJJIEMEHTHI M3TOTOBISIOT B aCCOPTUMEHTE TabapUTHBIX
pa3MepoB ISl pa3HBIX TOJIIMH TUTAT. [Ipy MOHTaXke WX yCTaHABIMBAIOT MOCIJIE PACKIIAIKA

HUDKHEH apMaTypbl, KaK TOKa3aHO Ha pUCYHKe 3.5.

7l AUAJIIN
-
/4 )

Fo T

Pucynok 3.5 — IIpumMep paccTaHOBKM YHU(PUITUPOBAHHBIX CBAPHBIX 3JIEMEHTOB,

ITO3BOJIAIOIINC n30exaTh IMpOoaAaBJIMBaHUA HeperI)ITI/Iﬁ B HpPIOHOpHOI?I 30HC

3.1.3 I11uThI ¢ KANMUTEJIAMHU

Kamurenn (WM KanmuTeNnW C  HAJKAMUTEIbHBIMHA  TUIMTAMH)  MOBBIMIAIOT
COIIPOTHBIICHUE TPHUOTIOPHBIX CEYCHHUH IUIUTHl U3rHOAIOIIMM MOMEHTaM U TIOTIEPEYHBIM
CliIaM, a Takke 00eCredYrBalOT BO3MOXHOCTH TepepaclpepesieHus] YCHWINKA OT Omop B

MIPOJIET 3a CYET IIACTUYECKOTO Ae(hOPMHUPOBAHUS CEUCHUN B MIPEACIBHON CTaIHH.
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KpoMe »3TOro, kamurenu MO3BOJISIIOT IOBBICUTH ECTKOCTh MEPEKPBITUN IpHU
OKCIUTyaTAllMOHHBIX ~ HAarpy3kax, oOecrmeunBas  BBINIOJHEHHWE  TPeOOBaHWM  TIO
TPEHMIMHOCTONKOCTH M OTPAHUYEHUIO POTHO0B.

Hannmume kamuteneld B 0e30aI0YHBIX TMEPEKPBHITHAX IIO3BOJISET pacIoJiaraTh
BOJIM3U KOJIOHH OTBEPCTHUA MJI MPOIMYCKA BEPTUKAIBHBIX MHXKEHEPHBIX KOMMYHUKAIUI
ropazno Oosiee 0Oe30macHO, 4YeM B TMEPEKPHITUSAX B BHJAE IUIOCKUX IUIUT C
HETNOCPEACTBEHHBIM ONHMPAHUEM Ha KOJOHHBI. KOHCTpyKTHMBHas cxema HECYIIEro OCTOBA
3/1aHUsI C BKJIIOYEHUEM KarnuTesei 0osiee 3ppekTrBHA B YACTH COMPOTUBIICHUSI PA3BUTHUIO
MPOTPECCUPYIONIETO OOPYIIEHUSI KOHCTPYKUMI 3/1aHHMsI TPU CUJIOBBIX BO3JIEUCTBUAX
ABapPUNHOIO XapaKTepa.

Haubonee pacripocranHeHHbIMU (hOpMaMH KaruTeNed >KeIe300€TOHHBIX KOJOHH B
IrPaXIAHCKUX U MPOMBIIUICHHBIX 3aHUSAX SIBJSIOTCS MUpaMuaibHas U TIUTHAS (POPMBI.

BapuaHTbl cxem apMuUpoBaHUSI TUPAMUIATBHBIX KalTUTENEH MoKa3aHbl HA pUcyHke 3.0.

| 1 : ' war 100...150 mm
1 a ! 1 \ & / 1 e
| | VRS A | 4
- ] - RS -
| 1 e L NsH s | i F
e I I E I I S5 57 RO
1 1 | | { Ny 1 : H
- 2N o : - L 1t | i [
LAZ = NN T T
1 1 1 1 H
1 | 1 /Q Q‘ | HE X > !
1 ! I // \\ I 7 NI
______________ 1 z N I . —
/:(/ \ : [ - B s

Pucynok 3.6 — BapuanTsl cxem apMUpOBaHUs MUPAMUJATBHBIX KalluTeIeH
Bapuantel apMupoOBaHUS TEPEKPBITUS C NUPAMUIAIBHBIMU  KalUTEISIMUA

MPOWLTIOCTPUPOBAHBI Ha pUCYHKax 3.6 u 3.7, a-T, a ¢ TUIMTHBIMU KalUTEISIMA — Ha

pucynke 3.8, a, 0.
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[Tpu 607BIIOM YHMCIIE OJUHAKOBBIX YYAaCTKOB IUIUThI MEPEKPBITUS (pErysspHas B
IJIaHE KOHCTPYKTHBHAasi CHUCTEMA) B LEIIX HKOHOMHHM AapMaTypbl HNEPEKPBITHE
HOJpa3AeiIsAioT Ha IPOJIETHBIE U HAJ0MOPHBIE MOJIOCH! (PUCYHOK 3.7, B, T).

B cBapHbBIX ceTkax B KauecTBe pabO4YMX CTEp)KHEW NUaMeTpoM 5 MM U MeHee
CIEeayeT MPUMEHATh apMartypy kitacca B500.

B ob6eux nosiocax HUKHHE CTEPKHH JIOJKHBI OBITH MPOJJIEHBI OT OCH IPOJIETA B
KOKIyto cTropoHy He mMeHee uyeM Ha 0,351, Ilpm 3ToM B HAJOMOPHOM MOJOCE CTEP)KHU
JOJDKHBI OBITh 3aBECHBI 32 TpaHb KalUTENIel Ha JJIUMHY He MeHee yeM Ha 10 quamerpos
3TuX crepkHed. CTep)KHM BepxHEW apMaTypbl HaJOMOPHOW TOJOCHI JIOJDKHBI OBIThH

3aBeJICHBI 32 OCh PsiJia KOJIOHH B KaXKJIyI0 CTOPOHY TaKkke He MeHee ueM Ha 0,35].
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Pucynok 3.7 — CxeMbl apMupoBaHusi 6€30a09HBIX IEPEKPHITHIA ¢ TUPAMUIATHHBIMU

HaJKOJIOHHBIMHA KaIIUTCJIIAMM .

a — IpOoJICTHAasA apMartypa, COCTosAIasA U3 y3KUX CBApPHBIX CCTOK, 0 — TO KC, HAAOIIOPHAasA

apMmatypa; B — IpoJieTHasl apMaTypa, COCTOSIIAs U3 BA3aHBIX CETOK U OTACJIbHBIX

CTEpKHEH; 2 — TO K€, HaJIOMOpHas apMarypa
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Pucynox 3.8 — Cxembl apMupOBaHUs y4ACTKOB OMUPAHUS TUTUT MTEPEKPHITHH (TOKPHITHIA )
Ha KOJIOHHBI (ITUJIOHBI): @, 6 — C KalUTEIsIMU; 8 — O€3 KanuTeseu;

2 — OKOHYAaHHE CXKATBIX CTEPIKHEH 0113 CBOOOHOM MOBEPXHOCTH OETOHA
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3.1.4 ApmupoBaHue IUTUT MEPEKPbITUHII B MeCTaX 0TBEPCTHI

OtBepctusi 3HaunTeNbHBIX pa3zmepoB (300 MM u ©Oonee) B MOHOJMTHBIX
KEJIE300€TOHHBIX IJIUTaX JIOJDKHBI OKaWMIIITBCS JOIOJIHUTENBHOM apMaTypoul cC
CyMMapHbIM CE€YEHHUEM HE MEHee ceueHus pabodeil apMarypbl (TOro e HarlpaBIICHHUS),
KOTOpas TpedyeTcst o pacueTy IUIUTHI Kak cIiomHoi (puc. 3.9, a).

OtBepctuss 10 300 MM mnpu apMUPOBAHHMU CBapHBIMU CETKAMHM M KapKacamu
CHEeUUaIbHbIMH CTEPKHSAMU HE OKAUMIISIOT.

[Tpu apMupoBaHUM NEPEKPHITUS BSI3aHBIMM KapKacaMu BOKPYI TaKHWX OTBEPCTUH
YCTaHABJIMBAIOT I10 JBA JOMOJHATEIBLHBIX CTEPKHS ¢ mpoMexxyTkoM 50 mm (puc. 3.9, 6).

[Ipu apMupoOBaHUM IUTUT NEPEKPHITUN CBAPHBIMU CETKAMU OTBEPCTHSI Pa3MEPOM B

nonepeyHuke meHee 300 MM B apMaType peKOMEHIYETCS BbIPE3aTh IO MECTY.

a
‘ ) fet 3 481 6) J i d
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Pucynox 3.9 — ApmupoBanue IIMT B MECTaX OTBEPCTHI:
a, 6 — oTBepcTHUs MHUPUHON cooTBeTcTBeHHO OoJiee 300 u 10 300 mMm;
1 — cTepxHU apMaTyphI IUTUTHI;, 2 — CIICIIMAIBHBIC CTEP)KHUA apMaTyphl, OKAMMIISIOIITIC

OTBEPCTHUE
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3.1.5 ApmupoBaHue 10 CBOOOIHBIM KPasiM IJIMT NMePeKPbITHIA.

JlomomHUTEbHAS OKAWMIISIONIAs apMaTypa CIY>KHUT JIJIST BOCIIPUATHS BO3MOKHBIX
KpPaeBBIX HArpy30K, a TAKXKE YCHJIMNA OT TEMIIEPATYPHBIX U YCaJOUHBIX Je(opMarimid.

Tak kak Ha CBOOOJHBIX KpasiX IUTUT Pa3BUBAIOTCS M3THOAOIINE YCUITHS U TIPOTHOBI
OT paBHOMEPHO PacHpeeICHHON Harpy3Ku, 4acTo 00jee 3HaYUTEIbHbIC TI0 CPABHEHUIO C
nporn0aMyd B OCTAJBHBIX 30HAX, II€JIECOO0PAa3HO TPeayCMaTpUBaTh YCHUJICHHOE
apMHUPOBAHME KPAEBbIX 30H IUIUTHI, KaK MOKa3aHo Ha puc. 3.10 win ke HaIMInue KPaeBhIX
yTOJIIIEHUH (0ajoK).

[Ipu apmupoBaHWHM CBapHBIMH CETKaMH HEOOXOJMMa YCTaHOBKAa Ha KPAaeBBIX
y4acTKaxX IUIOCKUX IUIUT TIONEPEYHON apMmaTyphl B BuAe I[I-00pa3HBIX 3JIEMEHTOB
(MOMyXOMYTOB), OOECIEUYUBAIOIIUX BOCHPHUATHE KPYTAIIUX MOMEHTOB U HAJIEKHYIO

AHKEPOBKY KOHIIEBBIX Y4aCTKOB OCHOBHOM MPOJOJIBHOW apMaTyphl.

sy L
BapuaHT 1 ]

BapwaHTt 2 :

Pucynox 3.10 — JlomonHuTEeNbHAS KpacBas apMaTypa IIuT
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MMPUJIOKEHHUE 1. Ilpumepsl pacyera
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B npunoxeHun mpencraBieHbl IPUMEpPHl  pacuyeToB  0€30aJOYHBIX  IUIUT
IIEPEKPBITUS 10 MEPBOM M BTOPOM TPYIINAaM HNPENEIbHBIX COCTOSIHUM, & TaKXKE METOMbI
ONpENEICHUS] BHYTPEHHUX YCWIWN I JAJIbHEHIIMX PAcdeTOB METOJOM IIPENEIBHOIO
pPaBHOBECHS.

B kauecTBe mpumepa pa3paboTaHa MPOCTPAHCTBEHHAs] KapKacHas KOHCTPYKIUS
0e30a104HOro Kapkaca, ¢ pazMepamu MpoJjeTHOU sueriku 7,2x6 M. Kapkac npexacrasisier
co00OM  2-3TaXHOE S5-TPOJIETHOE BO  B3aWMHO-NIEPHEHAMKYJIAPHBIX  HANpPABICHHSIX
coopyxeHue ¢ obmmMm radapuroM B miane 36x30 m (LxB). Beicota staxka 3 m. Ilnuta
npunata Toaumaon 200 MM, konoHHB 400%x400 MMm.

JIns onpeneneHrs BHYTPEHHUX YCUIIMM PACCUMTAEM NPHUHATHIA KapKac METOIOM
KOHEUHbIX 1eMeHTOB (MKD) 1 MeToioM 3aMeHSI0OIMX paMm.

Pacyet MeTo10M 3aMEHSIONIMX paM MpeacTaBieH Ha cTp. 121.

MopnenupoBaHUE pPACUETHOM CXEMBlI HECYLIErO KapKaca Ha OCHOBE KOHEYHBIX
AJIEMEHTOB M PAacdeT BBIIIOJHEH C HCIOJB30BAaHUEM IPOrpaMMHOr0O Komiuiekca Jlupa-
CAIIP 2013 (ID 786986605), ceptuduiupoBaHHOro Ha TeppuTopu Poccuiickoit
Ddeneparuu (ceptudurat coorBeTcTBUSA Ne 0896386).

MopaenvpoBaHu€e BBITIOJHUM B JIMHEWHOW (yHnpyroil) 1 HEIMHEHHOW (HEynpyron)
MOCTAaHOBKaX 3aJayuH.

B kauecTBe pacyeTHOW MOJENM HCIIOIb30BaHA IMPOCTPAHCTBEHHAs CTEPIKHEBAs
MOJieJIb, B KOTOPOM KOJIOHHBI 3aJaHbl YHUBEPCAIbHBIMH IPOCTPAHCTBEHHBIMU
crepkHeBbiMU d5ieMeHTamu (KO tun 10), a jxene300eTOHHbIE TTUTHI TEPEKPHITUHN 3a1aHbI
YHUBEPCAIbHBIMH YETHIPEXYTOJbHBIMUA 37eMeHTaMu 00o0jouku (KD tunm 44) ¢ marom
TpUaHryJauoHHon cetku 0,2 m. Kpome Toro, MoaenmpoBaHWE 30H ONMUPAHUS TUIUATHI
NEPEKPBbITUSI Ha KOJIOHHBI BBIMOJIHEHO C IOMOIIbIO TaK Ha3bIBAEMbIX «AOCOIOTHO
wectkux Ten (AXKT)». Yuer Heynpyroil paboTsl ((usmyeckas HEIMHEWHOCTh) YUYTEH
KOCBEHHO, C IIOMOIIBI) TMOHMKEHHBIX 3HAUYEHHH MOAYJS YNPYTOCTH MaTEpHAIOB B
cootBercTBUU ¢ CII 52-103-2007. Mogyns ympyroctu minsg KD mnuT npuHumaeTcs
NOHMKEHHBIM ¢ KoaddunrienToM 0,3 (pu BeruuciieHud ycuiauil) u 0,2 (npu BeIYUCICHUU

MEePEMENICHH), YUYUTHIBAIOMIUM TOJIBYy4eCcTh O€TOHAa M Halu4yue TpemmH. Moayib
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YOPYroCTA MJiI BEPTUKAJIBHBIX JJIEMEHTOB MpUHUMaeTcs ¢ Koddpduuuentom 0,6,
YUUTBHIBAIOIINM TOJIBKO MOJI3y4eCTh OETOHA.

[Ipu MopenupoBaHUU HETMHEHHOM MOJETUM B KadecTBE paboO4yux auarpamm
MIPUHSATHl YIPOLICHHBIE JIBYXJIMHEHHBIC quarpaMmsbl 1o tuiy auarpamm [Ipanarns. [lpu
TOM TOYKAa JUarpaMMbl, COOTBETCTBYIOLIAs MaKCHUMAJIbHOM JedopManuyd apmarypbl
MOAHATA OTHOCHUTEJIBHO TOYKM IIEpPENoMa JBYXJIMHEWHOW AWarpaMmbl Ha BEJIWYHUHY,
00pa3yromyocs HaKJIOHOM BTOPO# BETBH AUarpaMMbl Ha yToJj, paBHbIN 1°. MoaenoBanme
30H OINUpPaHUs IJTUTHI MEPEKPHITUSL HA KOJIOHHBI BBIMOJHEHO 0€3 CO3/IaHus MPOEKIIUU Tella
KOJIOHHBI B CETKE KOHEYHBIX 3JIEMEHTOB IUIUTHI (CO3AaHUE «aOCOIIOTHO MECTKHUX Tell
(AKT)» He mnpeaycMOTpEHO caMUM pacyYeTHbIM KOMIUIEKCOM «JIupa» B pamkax
HEJTMHEWHOM 3a7a4M ).

V31bl OCHOBaHUWS KOJOHH IIEPBOTO 3Ta)ka 3aKPEIUIEHBI KECTKO IO BCEM O-TH
CTENEHSIM CBOOO/IbI.

B pesynprare BBIIOJHEHHS KOMIUJIEKCA PACyeTOB IIOJIYYEHBl YCUIIUA U
IIEPEMEILICHHS BO BCEX KOHCTPYKTUBHBIX 3JIEMEHTAX PACUECTHON CXEMBI.

Jlanee ObLT BBIMOJHEH KOMIUIEKC CTAaTHYECKUX PACUYETOB IO TEPBOM W BTOPOH
rpyniaM MNpeaenbHbIX COCTOSHUN, U MPOBEAEH aHAJIU3 HAINPSKEHHO-IEPOPMUPOBAHHOTO

COCTOSIHUA OJBJICMCHTOB IINIMTBI C TOYKHW 3PCHHUA BBIITOJIHCHUSA HeﬁCTBYIOHlHX HOPpM H

TpeOOBAHMIA.
Jns1 pacduera MOAENM COOPYKEHUS IPUHATHI CIICAYIOIIME HATPY3KHU:
Hopwmar. Pacuernoe
[TnorHocTh
3Ha4YeHHE 3HAYEHHE
Cocras TommuHa, M Marepuana ye
3 Harpy3Ku HarpysKu,
(xr/m”) ) )
(xr/m%) (xkr/™m%)
MoHnonutHas
1 0,20 2500,00 500,00 1,10 550.00
Kb nnura
2 ITomer 0,10 2000,00 200,00 1,30 260.00
3 [eperopoaku - - 65,00 1,30 84.50
CymmMmapHas
YNMAP 765,00 894,50
MOCTOSIHHAS
Bpemennas CIT20,13330,2011 200,00 1,20 240,00
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Hroro 965,00 1134,50

71200

71200

7200

200

36000

- 0,/ T\~ 00,/ N\ ™
= S 7 3 S p S
- 200 2007 200 2007 200 2007 200 2007
- 200 2007 0,/ ?zooN 200 2007
g g b=200m
- 200 2007 0,/ gzoo(“ 200 2007
- - 200 2007 0,/ szoo” 200 2007
- A

200

Pucynok I11 — Cxema pacmnoioskeHus: BEPTHKAIBHBIX U TOPU3OHTATBHBIX HECYIIIHX

OJICMCHTOB KapKaca
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Pucynox [12 — Koneuno-anementHas Mozeinb kapkaca (MKDJ). O6mwmii Bua

O

JUIst OLIEeHKH MPOYHOCTH, TPEUIMHOCTOMKOCTU U Ae(OPMATUBHOCTH KOHCTPYKUUN
KapKaca COOPYXXEHHs pacCMOTPEHbl HOPMAaTUBHBIE M PACYETHBIE COUYETAHMS HArpy3OK.
[IppyueM paccMOTpeHBl 1O  OTAEIBHOCTM HOPMATHBHBIE  KPAaTKOBPEMEHHBIE WU
HOPMAaTUBHBIE JJIUTEIbHBIE COUETAHUSA HArPY30K.

B pesynprare pacdyera KOHEYHO-DJIEMEHTHOM MOJIEIU IIOJYYHUM CIEAYIOLINE

W301M10J151 U3TH0A0IUX MOMEHTOB ((hparMeHT):
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Pucynoxk 113 — U3omosnst u3rubarmmx MOMEHTOB My OT MOJHBIX pACYETHBIX HArPy30K

PaccMoTpuM pacdeT MpoYHOCTH HOPMAJIBHOIO CEYEHHS IUIMTHI B 30HE ONUpPaHUs Ha
koJioHHy 1o ykazanusiM CII 63.13300.2012 nHa pelicTBUE MaKCUMAaJIbHOIO H3rHOAOLIErO
MOMEHTA.

Pacuer BBINOJHUM JIJIs1 OOPHOT'O Yy4YacTKa MEPEKPHITUS, PACTIOIOKEHHOIO B OCAX
2/b.

B kauecTtBe OCHOBHOI'O apMHUpPOBaHHUS IUIMTHI (110 BCEH IMJIOLIAAM IJIUTHI) MPUMEM
TOpHU30HTAILHOE apMUpoBaHue u3 apMarypsl kitacca ASO0C B BUe CTEpKHEN TUAMETPOM
12 MM ¢ marom 200 mm. Taxxe B paccMaTpHBaeMOil ONOPHOM 30HE YCTAaHOBUM
JIOTIOJTHUTEIIBHOE apMUpPOBaHWE M3 CTEpkKHEH auameTpom 25 MM ¢ marom 200 mwm,
KOTOpOE€ HEOOXOAMMO U3 pacyeTa MO BTOPOH TpyHme MpeneiabHbIX COCTOSHHM

(TpEIMUHOCTOMKOCTB ).
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Kiacc 6eTona no npouHoctu Ha cxxatue B25.

Hcxoouvie dannvle:.

3aIMTHBIN CIOM:

-as=3cm=3/100=0,03 m;

-as=3cm=3/100=0,03 m;

IIomaae HeHANpIraeMoi HanboJIee PACTIHYTOM IPOAOJILHONM apMAaTYpPBhI:
(CrepxxHeBas apMaTypa, AMaMeTpoM 12 Mm, 5 IIT. U TuaMeTpoM 25 MM, 5 IIT.):

- As=30,19 cmM 2=30,19 / 10000 = 0,00302 m 2;

[1nomaap HEHANIPSATaeMOM CKATOM MJIM HAMMEHEE PAacTIHYTOM NPOJIOJILHOM apMaTyphl:

(CrepxHeBas apmarypa, auameTpom 12 mwm; 5 mrt.):
-A's=57cm2=57/10000 = 0,00057 m Z;
Pa3mepnl ceueHus:

-h=20cm=20/100=0,2 m;
-b=100cm=100/100=1 m;

Yeunus:

-M=11,41cm=11,4/101,97162123 =0,1118 MH wm;
Pesyniomamul pacuema.

1) PacueTHOo€ conpoTuBiIcHNE OETOHA

Knacc 6etona - B25.

ITo Tabi. 6.7 Rpn = 18,5 MIla .

ITo Tabn. 6.7 Rptn = 1,55 MlIla .

ITo Tabim. 6.8 Rph = 14,5 MIla .

ITo Tabn. 6.8 Rpt = 1,05 MIla .

B=25.

2) Yyer 0cobeHHOCTEN padOTEI O€TOHA B KOHCTPYKIIMHU
gh1=1.

gh3=1.

gb4=1.

gb5=1.

mkp=1.

Rb=9gb19gb39db4gb5Rp = 1-1-1-1-14,5=14,5Mlla.
Rb=mkp gb19gb3gb4 gb5Rp = 1-1-1-1-1-14,5=14,5Mlla.
Rbt=9gb1 Rbt =1 - 1,05=1,05 MIla .

Rbt = mkp gb1 Rbt =1-1-1,05=1,05Mlla.

3) PacueTHble 3HAYEHUS] TPOYHOCTHBIX XaPAKTEPUCTUK apMaTypPhI
PacdeTHbIC 3HAYCHUS MPOYHOCTHBIX XapaKTEPUCTHUK apMaTypPhI
Knacc nenanpsraemoii npoaonsHoi apmatypsl - AS00.

Rs =435 MlIla.

Tx. gh1>=1:

Rsc =400 MI1a .

Rs=mkp Rs=1-435=435MIla.

Rsc = mkp Rsc =1 - 400 =400 MIla .

4) 3HaueHre MOAYJIs YIPYTOCTH apMaTyphl

Es =200000 MIIa .

5) OnpeneneHye 3Ha4YeHNs] HAYAJIBLHOTO MOJYJI YIIPYTOCTU OE€TOHA
ITo Tabn. 6.11 Ep = 30000 MIla .
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6) OnpeneneHye rpaHUYHON OTHOCUTEIBLHOMN BBICOTHI CYKATOM 30HBI

es, el = Rs/Es = 435/200000 = 0,00218 (dpopmyna (8.2); m. 8.1.6).

Tk . gh1>=1:

ep2 =0,0035.

7) Ilponomkenue pacuera no 11. 8.1.6

XR = 0,8/(1+es, el/eb2) =
=0,8/(1+0,00218/0,0035) = 0,49296 (dbopmymna (8.1); m. 8.1.6 ).

&) Pacuer n3rn0aeMoIx 3JIEMEHTOB

T.x. Rs As =435 - 0,00302 = 1,31327 MH > Rsc A's =400 - 0,00057 = 0,228 MH :

X = (Rs As-Rsc A's)/(Rb b ) =
= (435 - 0,00302-400 - 0,00057)/(14,5 - 1) =0,07485 m (bopmymna (8.5); m. 8.1).

ho = h-as =0,2-0,03=0,17 m .

X = x/ho = 0,07485/0,17 = 0,44029 .

T.x. x =0,44029 < = xR = 0,49296;

Mult=Rb b X (ho-0,5 X)+Rsc A's (ho-a's) =
=14,5-1-0,07485 - (0,17-0,5 - 0,07485)+400 - 0,00057 - (0,17-0,03) =0,17581 MH m
(popmyna (8.4); m. 8.1.9).

9) Ilponoinkenue pacuera no . 8.1.8

M=0,1118 MH m <=Mylt=0,17581 MH m (63,59138% oT npeae;ibHOro 3HAYEHUS) -
yCIIOBHUE BBIMOJIHEHO (hopmyna (8.3); m. 8.1.8).

VYcnoBue MNpPoOYHOCTH COOJIOMAETCS, OJIHAKO COTJIaCHO pe3yjbTaTaM pacuerta,
3HaYEHHE OTHOCUTEIILHOM BBICOTHI CkaToW 30HBI X=0,44 TpEBBIMIACT PEKOMEHIYEMOE
MakcUMaibHOE 3HadeHwe xmax pasHoe 0,7*xR=0,7*0,49=0,34 (cM. 1m.2.4 HacTOSILErO
ocoous).

Jlyist obecrieueHrs JOCTATOYHOTO JJIsl epepacipeiesieHus] YCUIU MIacTUYECKOTO
neopMUpoBaHUS apMaTyphl CIAEAYEeT YBEIWYUTh BBICOTY CEUCHHMS IUIUTHI U MOA00paTh
COOTBETCTBYIOIIIEE APMHUPOBAHHUE, MPU KOTOPBIX OTHOCUTENIbHASI BBHICOTA CXKATOW 30HBI
OeTOHa TUTUTHI HE TTPEBBICUT XMaX.

B Hamem mpuMepe BBICOTY CEYEHHS IUIMTHI YBEIMYMM ITyTeM BBEIACHHUS B
KOHCTPYKIIMIO Kapkaca KamuTenu. HazHauumMm B WUTOre CyMMapHYIO TOJIMUHY (TUUTa +
karurenb) 300 MM, pazmepom B miane 2,8%2,8M. ['opu3oHTaNbHBINA rabapuT Kanureau 2,8 M
NPUHAT UCXOJIS1 K3 HEOOXOMMOCTH 00€CTIeueHus TPEIIMHOCTOMKOCTH.

Torga CKOpPpEKTHpYEM KOHEYHO-3JIEMEHTHYI0 MOJENb KapKaca COOpPYKECHHUS,
n00aBUB B MOJICNIb KamUTelNb, JUISI TOTO YTOOBI MOJYYUTh HOBBIE 3HAUEHHUS W3THOAIONIUX

MOMCHTOB.
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Pucynok I[14 — Cxema kapkaca ¢ KanuTeIsIMu

B pe3ynprare pacyera KOHEYHO-3JIEMEHTHOM MOJICIIH MOJIYYUM CJIEAYIOLINE

W30I10J151 U3THOA0NTUX MOMEHTOB ((hparMeHT):
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Pucynoxk I15 — U3omosnst urubaromux MOMEHTOB My OT 1eHCTBUS MOTHBIX PACYETHBIX HATrPY30K,
Makc. HaJl KOJIOHHOH B ocsix 2/b— 15,2 1-M, MakcumyM B niposieTe B ocsix 1-2/b — 2,44 1-m
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Pucynoxk I16 — N3onons uzrubaromnmx MOMeHTOB My OT AeiCTBUS HOPMaTHUBHBIX

KPaTKOBPEMEHHBIX HAarpy30K, Makc. HaJl KOJOHHOH B ocsix 2/b - 13 1-M, Makc. B mpoJsieTe B 0CsAx
1-2/b-2,1 ™M
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Pucynok I17 — U3onons usrudaronmx MoMeHTOB My OT AeHCTBHSI HOPMAaTUBHBIX JTUTEIBHBIX
Harpy3ok, Makc. HaJl KoJIoHHOH B ocsix 2/b — 10,3 T-M, B iposiete B ocsax 1-2/b — 1,651'Mm

BbImonHuM pacdeT MpoYHOCTH HOPMAJIBHOTO CEYEHHUS IUTUTHI C KalUTENbI0 B 30HE
ornupanusi Ha KosoHHy no ykazanwsM CII 63.13300.2012 nHa neiicTBUE MaKCHMAaIbHOTO
U3rudaroIero MOMEHTa. PacyeT BBIMOJHUM JUIsl OMOPHOIO Y4YacTKa NEPEeKPBITHS,
pacmnoioxkeHHoro B ocsx 2/b.

B kauecTBe OCHOBHOrO apMHpOBaHMS IUIUTHI (IO BCEM IUIOMIAM IUTUTHI) MPUMEM
TOPU30HTAIBHOE apMupoBaHre u3 apmarypsl kiaacca ASO0C B Buze crepxkHen auamerpom 12
MM ¢ marom 200 mm. Taxke B paccMaTpuBaeMoOil OITIOPHOM 30HE YCTAaHOBUM JIOTIOJIHUTEIBHOE
apMUpPOBaHUE U3 CTepkHEN nuamerpoMm 16 mm ¢ marom 200 MM, KOTOpOE HEOOXOAUMO U U3
pacyera 1o BTOpoid rpynie NpeAeabHbIX COCTOSHUM.

Hcxoouvie oannvle:

3alUTHBIN CIOM:

-as=3cm=3/100=0,03 m;

-as=3cm=3/100=0,03 m;

[Tnomaas HeHanDpsAraeMoi HanboJiee pacTIHYTOM IIPOJIOJILHON apMaTyphI:
(CrepxxHeBas apmaTypa, AMaMeTpoM 12 Mm, 5 wt. u fuamerpoM 16 MM, 5 mrT.):
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-As=15,7cm 2=15,7/10000=0,00157 m ;

IImomanbk HEHaODpsiIraeMou CKaTOM MJIM HaMMEHEE PacTSIHYTOM IIPOJ0JILHOM apMaTyphl:
(CrepxHeBas apmarypa, auameTpom 12 mwm; 5 mrt.):

-A's=5,7cm 2=5,7/10000 = 0,00057 m Z;

Pa3mepnl ceueHus:

-h=30cm=30/100=0,3 m;

Yeunus:

-M=1521cMm=15,2/101,97162123 = 0,14906 MH w™m;

Pesynomamut pacuema.

1) PacueTHO€ conpoTuBiIcHHE OETOHA

Kitacc 6erona - B25.
ITo Tabn. 6.7 Rpn = 18,5 MIla .

ITo Tabin. 6.7 Rpbtn = 1,55 MIla .

ITo Tabn. 6.8 Rh = 14,5 MIla .

ITo Tabin. 6.8 Rpt = 1,05 MIla .

2) Yyet ocobeHHOCTEH pabOTHI 0€TOHA B KOHCTPYKIIMH

gh1=1.
gb3=1.
gh4=1.
gb5=1.
mkp=1.

Rb=0b19gb3gb4gb5Rp = 1-1-1-1-14,5=14,5Mlla.
Rb=mkp gb1 gb3 gb4 gb5Rp = 1-1-1-1-1-14,5=14,5MIla.
Rbt=0gb1 Rbt =1 -1,05=1,05 MIla.

Rbt =mkp gb1 Rbt =1-1-1,05=1,05 Mlla.

3) PacuerHble 3HaYEHNS IPOYHOCTHBIX XapaKTEPUCTUK apMaTyPbI
PacueTHEBIE 3HaUeHUS IPOYHOCTHEIX XapaKTEPUCTUK apMaTypEI

Krnacc nenanpsraemoii npoponsHoi apmatypsl - AS00.
Rs =435 MIla.

Tx.gh1>=1:

Rsc =400 MI1a .

Rskap Rs=1-435=435Mlla.

Rsc = mkp Rsc =1 - 400 = 400 MIla .

4) 3HaueHre MOIYJIS YOPYTOCTH apMaTyphl
Es=200000 MI1a .

5) Onpenenenre 3HaYCHMST HAYaJILHOTO MOJIYJISI YIIPYTOCTH OE€TOHA

ITo Ta6n. 6.11 Ep = 30000 MlIIa .

6) OnpenencHue rpaHUIHON OTHOCUTEIILHOM BBICOTHI CKATON 30HBI

es, el = Rs/Es = 435/200000 = 0,00218 (dhopmymna (8.2); m. 8.1.6 ).

Tx. gh1>=1:

ep2 =0,0035.

7) Ilpogomkenue pacuera 1o 11. 8.1.6

XR = 0,8/(1+es, el/ep2) = 0,8/(1+0,00218/0,0035) = 0,49296 (popmyna (8.1); m. 8.1.6 ).
8) PacueTt n3rn0aeMepIX 3J1€MESHTOB

T.x. Rs As=435-0,00157 = 0,68295 MH > Rsc A's =400 - 0,00057 = 0,228 MH
X = (Rs As-Rsc A's)/(Rb b ) =
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= (435 - 0,00157-400 - 0,00057)/(14,5 - 1) =0,03138 m (bopmymna (8.5); m. 8.1).
ho = h-as = 0,3-0,03=0,27 m .
X = x/hpo = 0,03138/0,27 = 0,11622 ~ xmin.
T.x. x=0,11622 < =xR = 0,49296; X >0 ™ :
Mult=Rb b x (ho-0,5 X)+Rsc A's (ho-a's) =
=14,5-1-0,03138 - (0,27-0,5 - 0,03138)+400 - 0,00057 - (0,27-0,03) =0,17043 MH M
(bopmyna (8.4); m. 8.1.9).
9) Ilpomoskenue pacuera mo 1. 8.1.8
M =0,14906 MH m <= Mylt=0,17043 MH wm (87,46113% oT npeae;ibHOT0 3HAYEHWSI)
- ycioBue BbinosiHeHo (popmyna (8.3); m. 8.1.8).

Pacuer mnokazan, 4To Npu NPUHATOM BbIcOTe ceyeHus ImMThl — 300 MM
apmupoBaHuM — 12 MM + 16 MM ¢ marom 200 MM BEIMYMHA OTHOCUTEIBLHOM BBICOTHI CKATOM
30HBI OETOHA COOTBETCTBYET HAIIUM PEKOMEHIAIWSIM IO yUETy TUIACTUYECKUX Jedopmarinii
(m. 2.4. mocoOusi) U TOBOPUT O PAIMOHAIBHOM HA3HAYEHUH OMOPHOTO CEUEHHS TUIATHI
MIEPEKPHITHS, B JAHHOM CITy4Yae PEIICHUH C KalTUTebIO.

PaccMmoTpuM aHaNIOTHMYHBIN pacyeT MpOJIETHOTO CEeYeHUs TUTUTHI (Y4acTok B ocsix 1-2/b):

Hcxoanpie JaHHBIC:

3alUTHBIN CIIOM:

-as=3cm=3/100=0,03 m;

-a's=3cm=3/100=0,03 Mm;

[Inomaae HeHanpsAracMoil HanboJiee pacTSIHYTOM IIPOJIOJILHON apMaTyphI:
(CrepxxueBast apmaTypa, AuameTpom 12 mm; 5 mr.):

-As=5,7cm 2 =5,7/10000 = 0,00057 m 2;

IImomanbs HEHaOpsIraeMou CKaTOM MJIM HauMEHEe PacTSIHYTOM IPOJ0JLHOM apMaTyphl:
(CrepxHeBas apmarypa, auameTpom 12 mm; 5 mir.):
-Ag=57cm2=15,7/10000=0,00057 m 2;

Pa3mepnl ceueHus:

-h=20cm=20/100=0,2 m;

Yennus:

-M=2,441cMm=2,44/101,97162123 = 0,02393 MH wm;

Pe3ynbmamel pacyema:

1) PacueTHO€E conpoTuBICHHE O€TOHA

Kinacc 6etona - B25.

beron - TsKENBIN.

ITo Tabin. 6.7 Rpbn = 18,5 MIla .

ITo Tabn. 6.7 Rbtn = 1,55 MIla .

ITo Tabin. 6.8 Rp = 14,5 MIla .

ITo Tab6n. 6.8 Rpt = 1,05 MIla .

2) Yuer ocobeHHOCTEN paboThl 0€TOHA B KOHCTPYKIIUH

agb1=1.
gb3=1.
gb4=1.
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gb5=1.
n’lkp =1.
Rb=9gb19gb3gb4gb5Rp =1-1-1-1-14,5=14,5MIla.
Rb = mkp gb1 gb3 gb4 gb5Rb =1-1-1-1-1-14,5=14,5MIla.
Rbt=9gb1 Rbt =1-1,05=1,05 MIla.
Rbt =mkp gbl Rbt =1 -1-1,05=1,05MlIla.
3) PacueTHbIEe 3HAYCHHUS IPOYHOCTHBIX XapaKTEPUCTUK apMaTyPhI
PacueTHBIC 3HAYCHHUS IPOYHOCTHBIX XapAKTEPUCTHK apMAaTYpPhI
Kracc nenanpsraemoii mpogonsHO apmatypsl - A500.
Rs =435 MlIla .
Tx. gh1>=1:
Rsc =400 MI1a .
Rs=mkp Rs=1-435=435MIla.
Rsc = mkp Rsc =1 - 400 = 400 MIla .
4) 3HaueHNE MOYJIS VIIPYTOCTH apMaTyphl
Es =200000 MI1a .
5) OnpenencHre 3HAYCHMUS HAYAILHOTO MOJIYJISL YIIPYTOCTH O€TOHA
ITo Ta6n. 6.11 Ep = 30000 MlIIa .
6) OnpenencHre rPaHUYHON OTHOCUTEIBHOMN BBICOTEI CYKATOM 30HBI
es, el = Rs/Es = 435/200000 = 0,00218 (popmyna (8.2); m. 8.1.6).
Tx. gh1>=1:
ep2 = 0,0035 .
7) Ilponoinkenue pacuera no 0. 8.1.6
XR = 0,8/(1+es, el/eb2) = 0,8/(1+0,00218/0,0035) = 0,49296 (dpopmyna (8.1); m. 8.1.6 ).
&) Pacuer n3rnd0aeMoIX 3JIEMEHTOB
T.x. Rs As=435 - 0,00057 = 0,24795 MH > Rsc A's=400 - 0=0 MH :
X = (Rs As-Rsc A's)/(Rb b ) =
= (435 - 0,00057)/(14,5 - 1)=0,0171 M (popmymna (8.5); m. 8.1).
ho = h-as =0,2-0,03=0,17 m..
X = x/ho =0,0171/0,17 = 0,10059 ~ xmin.
T.x. Xx=0,10059 < = xR =0,49296; x>0 ™ :
Mult =Rb b X (ho-0,5 x)+Rsc A’s (ho-a's) =
=14,5-1-0,0171 - (0,17-0,5 - 0,0171)+400 - 0 - (0,17-0,03) = 0,04003 MH ™ (dbopmyna (8.4);
m 8.1.9).
9) Ilpogomkenue pacuera mo 1. 8.1.8
M =0,02393 MH m <= Mylt = 0,04003 MH m (59,78016% oT npeae;ibHOIr0 3HAYEHHS)

— ycioBue BbINoHEHO (popmyia (8.3); m. 8.1.8).

3/1ech pacyeT TaKkKe IMOKa3ajl, 4YTO MPH BbICOTE ceueHus uThl 200 MM, HXKHUM U
BEPXHEM APMHUPOBAHUM CTEpXKHSAIMU guameTrpoM 12 mm ¢ marom 200 MM BenvuMHA
OTHOCHUTEITILHOM BBICOTBI CXKATOW 30HBI OETOHA X COOTBETCTBYET HAIIMM PEKOMEHIAIUSAM IO

y4eTy IUIaCTUUECKUX Ae(hopMaLil.
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Pacyer Ha nmpogaBjMBaHHWe ONOPHOM 30HBI IVIMTHI HA/l KOJJOHHOU

PaccMoTpuM pacyeT MIuThl NEPEKPBITUA C KAaNUTENbI0 HAa IMPOJABIMBAHUE HaJ
KOJIOHHOH B ocsix 2/b.

N3 pacyeTta KOHEUHO-IJIEMEHTHOW MOJEIN IIOJYyYEHbl pACUETHBIC YCHIINUA,

HCO6XOI[I/IMBIC AJI1 pacdcTa — IIPOAOJIbHBIC YCHUIINA U I/IBFI/I6aIOHII/Ie MOMCHTBI B KOJIOHHAX.
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Pucynox 118 — Dmropsl n3rubaromux MoMeHTOB My, OT 1eiiCTBHS NOJTHBIX PACYETHBIX HArPy30K.

PacuerHbIit n3rubaromuii MOMEHT Ha MpOJaBIMBaHUE HaJ KOJIOHHOMU B ocsix 2/b
My=2,51+059=3,11Mm
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Pucynoxk 119 — Dmropbl n3rudarommx MOMEHTOB M, OT IeHCTBHS ITOTHBIX PACYETHBIX HATPY30K.

PacderHpIii n3rubaronIuii MOMEHT Ha TIPOJIaBIMBaHUE HaJl KOJOHHOU B ocsax 2/b
M,=193+0,85=2,78 T'm
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kix pEnmaTEHO: Forme - 118638

Pucynoxk 1110 — Ontopsl npoonbHbIX yerinid N OT 1eHCTBUS MOJHBIX PACYETHBIX Harpy30K.
PacuetHoe mpoaBnuBaroiiee yCuiaus JJis INIUTHI HaJl KOJOHHOMU B ocax 2/b — 58 T.
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McxoHble JaHHBIE:
-ax=3cm=3/100=0,03 Mm;
-ay=3cm=3/100=0,03 m;
-bx=40cMm=40/100=04 m;
-by=40cm=40/100= 0,4 m;

Harpy3ka:
-F =581c=58/101,97162123 = 0,56879 MH;

Pa3Mephl ceueHusi:

-h=30cMm=30/100=0,3 m;

Ycunms B 1BYX HaIpaBJICHUSX:
-Mx=2,8tcmM=2,8/101,97162123 =0,02746 MH wm;
-My=3,11cm=3,1/101,97162123 = 0,0304 MH w;
Pesyrbmamul pacuema.

1) PacueTHOE compoTHBIECHUE OETOHA

Knacc 6eTona - B25.

beroH - TsoKENBII.

ITo Tabn. 6.7 Rpn = 18,5 MIla .

ITo Tabma. 6.7 Rptn = 1,55 MIla .

ITo Tabn. 6.8 Rp = 14,5 MIla .

ITo Tabma. 6.8 Rht = 1,05 MIla .

2) Yyer 0cobeHHOCTEN padOTEI O€TOHA B KOHCTPYKIIMHU

gh1=1.

gb3=1.

gh4=1.

gb5=1.

Rb=0b19b3gb4gb5Rp =1-1-1-1-14,5=14,5MlIla.

Rb=mkp gb1 gb3 gb4 gb5Rp =1-1-1-1-1-14,5=14,5MIla.

Rbt=gbl1 Rbt =1 - 1,05=1,05 MIla.

Rbt =mkp gbl1 Rbt =1 -1 1,05=1,05MIIa.

3) PacueT 51eMEHTOB 03 OIIEPEYHON apMaTyphl Ha IPOJABIMBAHUE IIPU ACHCTBHHU
COCPEAOTOUYCHHOMN CUJIbI M U3THOAIOIIEr0 MOMEHTA

hox = h-ax = 0,3-0,03 = 0,27 m .

hoy = h-ay = 0,3-0,03=0,27 m .

ho = 0,5 (hox+hoy) = 0,5 - (0,27+0,27) = 0,27 M.

Lx = bx+ho = 0,4+0,27 = 0,67 m .

Ly = by+ho = 0,4+0,27 = 0,67 m .

u=2(Lx+tLy)=2"(0,67+0,67) = 2,68 m .

Apb=uho=2,68 0,27 =0,7236 m 2 (bopmyna (8.89); m. 8.1.47).

Fb, ult = Rbt Ab = 1,05 - 0,7236 = 0,75978 MH (dopmyna (8.88); m. 8.1.47 ).

4) Pacyer 1 3aMKHYTOT'O IPSMOYTOJbHOTO KOHTYpa

Whx = Lx Ly+Ly 2/3=0,67 - 0,67+0,67 2/3=0,59853 m 2 .

Why = Lx Ly+Lx 2/3=0,67 - 0,67+0,67 2/3 =0,59853 m 2 .

5) Ilpu pacuere Ha IpOAABINBAHUE YUYUTHIBAETCS IMOJOBMHA 3aJaHHOIO M3rHOAOIIIETO
MOMEHTA, a APYI'YIO MOJIOBHHY VUHTBIBAIOT IPU PACUYETEe MO0 HOPMAJIBLHBLIM CEYCHUIM

Mx = Mx/2 = 0,02746/2 = 0,01373 MH m .
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My = My/2 = 0,0304/2 = 0,0152 MH m .

Mbx, ult = Rbt Whx hox = 1,05 - 0,59853 - 0,27 = 0,16968 MH wm (dopmyma (8.94); n. 8.1.49).
Mby, ult = Rbt Wby hoy = 1,05 - 0,59853 - 0,27 = 0,16968 MH ™ (popmyaa (8.94); 1. 8.1.49).
B coorBerctBum ¢ 1. 8.1.46 mpu 1eMCTBUN COCPEAOTOYEHHBIX MOMEHTOB U CHJIBI B

YCJIOBUSIX MPOYHOCTH cooTHomeHne M/Mylt nmpunumarot He 6omee F/Fylt.

T.x. Mx /Mpx, ult = 0,01373/0,16968 = 0,08092 <= 0,5 F /Fb, ult=0,5 -
0,56879/0,75978 = 0,37431 u My /Mpy, ult = 0,0152/0,16968 = 0,08958 < = 0,5 F /[Fp, ult = 0,5
- 0,56879/0,75978 = 0,37431 :

F /Fb, ult+Mx /Mbx, ult+My /Mpy, ult =
0,56879/0,75978+0,01373/0,16968+0,0152/0,16968 = 0,91912 <=1 (91,91163% oT
npeaeTbHOr0 3HAYEHHSI) — YCIIOBHE BBINIOIHEHO ((popmyia (8.95); m. 8.1.49) npeneabHoro
3HaYeHMsl) — YCJIOBHE BhINOIHEHO (popmyia (8.95); m. 8.1.49).

Pacuer IMEPEKPLITHUA 110 HAK/JIOHHBIM CCUCHHUAM

B 31aHusxX ¥ COOPYKEHUSIX TTUTHI MEPEKPHITUSI ONMUPAIOTCS KaK Ha KOJIOHHBI, TaK U
CTEHBI, B KAYECTBE KOTOPBIX BBICTYNAIOT Juadparmbl *KECTKOCTH, CTEHBI MAXT JU(TOB U
JIECTHUYHBIX KJIETOK, KOMMYHUKAITMOHHBIX IIAXT.

B »T0if CBSI3M BO3HUKAET HEOOXOIUMOCTH TMPOBEPKHU IUIMTHI MO HAKJIOHHBIM
ceyeHusiM. Kpome Toro, nmpoBepKy MO HAKIOHHOMY CEYEHHUIO TPEeOYIOT YYaCTKH TUIUTHI,
KOTOpBIE, 1O CyTH, TpaHC(HOpMUPYIOTCS B MoAoOue OalOYHBIX 3JIEMEHTOB, MOTOMY Kak
IPUOOPETAIOT KOHEYHYIO MIUPUHY. DTO, K IPUMEPY, YUACTKH MEX]Y OTBEPCTUIMH.

JUist mpuMepa pacCMOTPUM pacyeT MO HAKIOHHOMY CEYEHHI0 HEKOTOPOIo y4yacTKa

IIJIMTBI HIPIpPIHOﬁ OJIMH MCTP.

Hcxoonvle oannvie:.

3alUTHBIN CIIOM:

-as=3cm=3/100=0,03 m;

-as=3cm=3/100=0,03 m;

[Tnomaaps HeEHanDpsAracMoi HanboJiee pacTSIHYTOM IIPOJIOJILHON apMaTyphI:
(CrepxHeBast apmarypa, auameTpom 12 mwm; 5 mir.):
-As=57cm2=15,7/10000 = 0,00057 m 2;

IInomanb HeHapIraeMou CKaTOM MM HaMEHee PacTIHYTON IIPOJ0JILHON apMaTyphl:
(CreprxHeBast apmaTypa, AuameTpom 12 mm; 5 mrt.):
-A's=57cm2=57/10000 = 0,00057 m Z;

Pa3mephl ceueHus:

-h=20cMm=20/100=0,2 m;

Yeunus:

-M=31cMmM=3/101,97162123 =0,02942 MH wm;
-Q=3,6Tc=3,6/101,97162123 =0,0353 MH;

Pesynomamut pacuema.
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1) PacueTHOE COIPOTUBIICHHE OCTOHA
Knacc 6eTona - B25.

betoH - TsKENBIN.

ITo Tabn. 6.7 Rpn = 18,5 MIla .

ITo Tabin. 6.7 Rpbtn = 1,55 MIla .

ITo Tabn. 6.8 Rp = 14,5 Mlla .

ITo Tabn. 6.8 Rpt = 1,05 Mlla .

2) Ydyer ocoOeHHOCTEN PabOTHI OETOHA B KOHCTPVKIIUUA

gh1=1.
gb3=1.
gh4=1.
gb5=1.
mkp=1.

Rb=9gb19gb3gb4gb5Rp =1-1-1-1-14,5=14,5MlIla.

Rb=mkp gb19gb3 gb4 gb5Rp =1-1-1-1-1-14,5=14,5MIla.

Rbt=9gb1 Rbt =1-1,05=1,05 MIla .

Rbt =mkp gbl Rbt =1 -1-1,05=1,05MIla.

3) OnpeneneHue 3HAYCHHs] HAYAIbHOTO MOJYJISl YIIPYTOCTH OeTOHA

ITo Ta6a. 6.11 Ep = 30000 MIla .

4) PacueTHbIe 3HAYCHUS IPOYHOCTHBIX XapaKTEPUCTUK apMaTypPhl

PacueTHble 3HaUEHUSI TPOYHOCTHBIX XapaKTEPUCTUK apMaTyPhI

Knacc nenanpsraemoit mpoxonsHoit apmatypsl - A500.

Rs =435 MlIla .

Tx. gh1>=1:

Rsc =400 MI1a .

[Tonepeunas apmarypa - He pacCMaTpUBAETCS B JAHHOM pacuere.

Rs=mkp Rs=1-435=435MIla.

Rsc = mkp Rsc =1 - 400 =400 MIIa .

5) Pacuer xene300€TOHHBIX AIEMEHTOB 10 MOJ0CE MEKITY HAKIOHHBIMU CEUCHUSIMU

fb1=0,3.

ho = h-as = 0,2-0,03=0,17 m .

Ab = b h-A's-As =1 - 0,2-0,00057-0,00057 = 0,19886 m 2 .

fn=1.

Q=0,0353MH<=fnfh1 Rbbho=1-03-14,5-1-0,17=0,7395 MH (4,77403% ot
NpeaeTbHOT0 3HAYEHHS) — YCIIOBHE BHINOIHEHO (popmyina (8.55); 8.1.32).

6) PacyeT xene300€TOHHBIX JIEMEHTOB IO HAKJIOHHBIM CEYEHUSIM Ha JICHCTBHE
MONEPEYHBIX CUJI

fp2 = 1,5.
Pacuetr — mo CII 63.13330.2012.
Qb =fh2 Rbtbho 2/c = 1,5 - 1,05 - 1 - 0,17 2/0,34 = 0,13388 MH (dpopmya(8.57);m.8.1.33).
Qb=0,13388 MH>=10,5 Rpht bho=0,5-1,05-1-0,17=0,08925 MH (150,0056% ot
npeaebHOTr0 3HAYEHUsI) — YCIOBUE BBITIOIHEHO .
Qsw = 0 MH.
fn=1.
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Q=0,0353 MH <= fn (Qb+Qsw) =1 - (0,13388+0) = 0,13388 MH (26,36984% ot
npeaeJbHOI0 3HAYEHMS) — YCIIOBHE BhINOIHEHO (opmyina (8.56); 8.1.33).

7) Pacuer »ene300€TOHHBIX 31€MEHTOB 10 HAKJIOHHBIM CEUEHUSIM Ha JEHCTBHE
M3rUOaIIMX MOMEHTOB

a=as=0,03m.

a=as=003m.

ho =h-a=0,2-0,03=0,17 m .

Ns = Rs As =435 - 0,00057 = 0,24795 MH .

Msw=0MH M.

Zs=09h0=0,9"-0,17=0,153 m.

Ms = Ns Zs =0,24795 - 0,153 = 0,03794 MH m (popmyma (8.64); m. 8.1.35).

M = 0,02942 MH M < = Ms+Msw = 0,03794+0 = 0,03794 MH m (77,54349% ot

npeaeTbHOT0 3HAYEHMS) - YCIIOBUE BhIMOIHEHO (hopmyna (8.63); m. 8.1.35).

Pacuer no PACKPBLITHIO HOPDMAJbHBIX TPCIIIUH B OHOpHOﬁ 30HC HaAJQ KOJIOHHOM

PaCCMOTpI/IM pacucT HOPMAJIBbHOI'O CCUCHUS IIJIMTHI C KAIIMUTCIIBIO HA/l KOJIOHHOM B OCSIX

2/B.

Hcxoonwle oannvie.

3alUTHBIN CJIOM:

-as=3cm=3/100=0,03 m;

-a's=3cm=3/100=0,03 m;

IInomaaes HEHANpIraeMo# Han0oJIee PACTIHYTOM IPOJAOJILHONM apMAaTYpPhI:
(CrepxxHeBas apmaTypa, AuameTpom 12 mm, 5 wt. u 16 mm, 5 mwr.):

-As=15,7 cm 2 = 15,7/ 10000 = 0,00157 m 2;

Tlomnaae HeHANIPATAEMOM CKATOW MJIW HAUMEHEE PACTSIHYTON OPOJ0JILHON apMaTypHI:

(CrepxneBast apmatypa, uaMeTpom 12 Mm; 5 1mit.):
-A's=5,7cm2=57/10000=0,00057 m 2
Pa3mepnl ceueHus:

-h=30cm=30/100=0,3 m;

Yceunusg oT HOpMaTUBHOM Harpy3Ku:

-M| =10,31cM=10,3/101,97162123 =0,10101 MH wm;
-M =131cMm=13/101,97162123 = 0,12749 MH wm;
Pesyriomamul pacuema.

PacueTHO€E cOopOTHUBICHNE OCTOHA

Knacc 6erona - B25.

beron - TsKENBIN.

ITo Tabn. 6.7 Rpn = 18,5 MIla .

ITo Tabin. 6.7 Rptn = 1,55 MIla .

ITo Tabn. 6.8 Rp = 14,5 MIla .

ITo Tab6n. 6.8 Rpht = 1,05 MIla .

Yuet ocobeHHoCcTEN pabOThl OETOHA B KOHCTPYKIIUHU

gb1=1.
gh3=1.
gh4=1.
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gh5=1.
Rbn=9b1 gb3gb4 gb5Rbn =1-1-1-1-185=18,5MIla.
Rbtn =gbl1 Rbtn =1 - 1,55=1,55MIla.

3HayeHue MOJ1yJis YOPYTOCTH apMaTypbl
Es =200000 MITa .

PacueT 1o pacKphITHIO TPEIIUH

a=as=0,03m.

a=a's=0,03m.

ho=h-a=0,3-0,03=0,27 m .

OmnpeneneHue 3HAYSHUS HAYaIbHOTO MOJIYJISI YIPYTOCTH IIPU HEMPOAOLKUTSIHHOM
JICCTBUM HArpy3KHU

Ilo ta6u. 6.11 Ep = 30000 MI1a .
OnpenesieHrue XapakTEPUCTHK IIPUBENCHHOT0 CEUESHMS
as = Es/Ep = 200000/30000 = 6,66667 .
h'o = h-a's = 0,3-0,03 = 0,27 m .
A =bh=1-03=03m2,
St=bh2/2=1-0,32/2=0,045m3.
Ab =b h-A's-As =1 - 0,3-0,00057-0,00157 = 0,29786 m 2 .
Ared = as (As+A's)+Ab = 6,66667 - (0,00157+0,00057)+0,29786 = 0,31213 m 2.
St, red = (as-1) (As as+A's (h-a's))+b h 2/2 =
= (6,66667-1) - (0,00157 - 0,03+0,00057 - (0,3-0,03))+1 - 0,3 2/2 = 0,04614 m 3 .
Yo = St, red/Ared = 0,04614/0,31213 = 0,14782 m .
Yyt =Yyo =0,14782 m .
yc = h-yt = 0,3-0,14782 = 0,15218 m .
ys = Yo-as = 0,14782-0,03 = 0,11782 m .
y's = h-as-a's-ys = 0,3-0,03-0,03-0,11782 = 0,12218 m .
| =bh3/12+A (h/2-yt) 2=1-0,33/12+0,3 - (0,3/2-0,14782) 2=0,00225 m 4 .
Omnpenenenne MOMEHTa 00pa3oBaHUs TPEIIUH
Rb, ser = Rbn = 18,5 MIla .
Rbt, ser = Rbtn = 1,55 MIla .
Is = As (h-as-yc) 2= 0,00157 - (0,3-0,03-0,15218) 2 = 0,000021794 m 4 .
I's = A's (yc-a's) 2 =0,00057 - (0,15218-0,03) 2 = 0,000008509 m 4 .
IIpongoimkenne pacuera nmo m. 8.2.12
Ired = | +ls (as-1)+1's (as-1) = 0,00225+0,000021794 - (6,66667-1)+0,000008509 -
(6,66667-1) = 0,00242 m 4 (popmymna (8.125); m. 8.2.12).
Wred = Ired/yt = 0,00242/0,14782 = 0,01637 M3 (popmyua (8.123); . 8.2.12).
ex = Wred/Ared = 0,01637/0,31213 = 0,05245 M (popmyuna (8.124); 1. 8.2.12).
MowmeHT 00pa3oBaHuUs TPEIIUH ONMPEIETACTCS — C YIETOM HEYNPyTruX aedopmariuid.
Wpl =1,3 Wred =1,3 - 0,01637 = 0,02128 M3 (popmymna (8.122); m. 8.2.11).
Mecrc = Rbt, ser Wpl = 1,55 - 0,02128 = 0,03298 MH m (popmyna (8.121); m. 8.2.11).
1. IIpooonxcumenvHoe packpvimue mpeujur

IIpenenbHas MIMpUHA PACKPBITUS TPEIIMH IIPU IIPOJOJLKUTEIBHOM ACHCTBUM HArPY3KHU

Pacuet Ha packpbITHE TPELIMH BEAETCS U3 YCIOBUS - 00ECIIEUEHNS COXPAHHOCTH
apMaTyphl.
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acrc, ult=10,3 Mmm .
OHDCHCHCHI/IG SHAUYCHHU HAYAJIbHOI'O MOAVYJISA VIIPYI'OCTHU IIPHU IIPOAOJIKUTCIIHFHOM

NEHCTBUU HATPVY3KU
ITo ta6a. 6.11 Ep = 30000 MIla .

OTHOCHUTENBHAS BIAXXHOCTH BO3/1yXa OKpysxaromeil cpenst — 40—75%.
ITo Tabn. 6.12 fh, cr = 2,5.

Eb, t = Eb/(1+fb, cr) = 30000/(1+2,5) = 8571,42857 MIla (dbopmyna (6.3); . 6.1.15).
M| =M =0,10101 MH ™ .

JleiicTBIE OCTOSHHBIX U BPEMEHHBIX JUTUTEIbHBIX HArPY30K

M=M| =0,10101 MH m .

f3=1.

T.x. M=0,10101 MH m > Mcrc = 0,03298 MH ™ :

TpeOyetcs pacueT 1Mo pacKphITHIO TPEIHH.

fi=14.

(T.X. pacKpbITHE TPELIMH MPOIOIKUTEIHFHOR)

Ompenenenne XapaKTepPUCTUK NPUBEACHHOTO CCUCHHUS

as = Es/Ep = 200000/8571,429 = 23,33333 .

h'o = h-a's = 0,3-0,03 = 0,27 m .

A =bh=1-03=0,3Mm2.

St=bh2/2=1-0,32/2=0,045M3.

Ab =b h-A's-As =1 - 0,3-0,00057-0,00157 = 0,29786 m2 .

Ared = as (Ast+A's)+Ab = 23,33333 - (0,00157+0,00057)+0,29786 = 0,34779 M2 .

St, red = (as-1) (As as+A's (h-a's))+b h2/2 =
= (23,33333-1) - (0,00157 - 0,03+0,00057 - (0,3-0,03))+1 - 0,32/2 = 0,04949 M3 .

yo = St, red/Ared = 0,04949/0,34779 = 0,1423 m.

yt = Yyo = 0,1423 m.

yc = h-yt = 0,3-0,1423 = 0,1577 m.

ys = yo-as = 0,1423-0,03 = 0,1123 m.

y's = h-as-a's-ys = 0,3-0,03-0,03-0,1123 = 0,1277 m.

| =bh3/12+A (h/2-yt) 2=1-0,3 3/12+0,3 - (0,3/2-0,1423)2 = 0,00227 m4 .

Is = As (h-as-yc)2 = 0,00157 - (0,3-0,03-0,1577)2 = 0,0000198 m4 .

I's = A's (yc-a's) 2 = 0,00057 - (0,1577-0,03) 2 = 0,000009295 Mm% .

Ired = | +ls (as-1)+1's (as-1) = 0,00227+0,0000198 - (23,33333-1)+0,000009295 -
(23,33333-1) = 0,00292 m 4 (popmya (8.125); 1. 8.2.12).

Wred = Ired/yt = 0,00292/0,1423 = 0,02052 m3 (popmymna (8.123); 1. 8.2.12).

ex = Wred/Ared = 0,02052/0,34779 = 0,059 m (dpopmymna (8.124); r. 8.2.12).

OHDCI[GJ'IGHI/IG HIUPHUHBI PACKPBITHUA TPCIIIMH HOPMAJIBHBIX K HDOI[OJ'IBHOfI OCH DJICMCHTA

f2=0,5.

Omnpenenenue kodpduuuenra ys

Omnpeienenne HANIPSKEHUI B PACTAHYTOM apMaType
eb1, red = 0,0015 .
Rb, ser = Rbn = 18,5 MIla .
Eb, red = Rb, ser/eb1, red = 18,5/0,0015 = 12333,33333 MIla (bopmyna (8.131); m.8.2.16).
as1 = Es/Eb, red = 200000/12333,33 = 16,21622 (dbopmyna (8.130); m. 8.2.16 ).
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HanpspkeHus B pacTAHYTOW apMaType ONPeAeIIsioTcs Mpy as? = asl
[Tpu 3TOM npUHUMAETCS JUTsl K3THOAEMBIX JIEMEHTOB Y¢ = Xm — BbICOTA CKATOH 30HBI
OeToHa, onpeaensemas 1o 1. 8.2.28.
as2 = as1 = 16,21622 .
OmnpenencHue cpeaHer BEICOTRI CKATOM 30HBI JUII M3TH0AEMBIX DJIEMEHTOB
ho=h-a=0,3-0,03=0,27 m .
ms = As/(b ho) =0,00157/(1 - 0,27) = 0,00581 % .
CokaTtast apMartypa - UMeeTCsl.
m's = A's/(b ho) = 0,00057/(1 - 0,27) = 0,00211 .
xm = ho (; (Ms as2+m's as1) 2+2 (Ms as2+m's as1 a'/ho) -(Ms as2+M's as1)) =
=0,27 - (; (0,00581 - 16,21622+0,00211 - 16,21622) 242 . (0,00581 - 16,21622+0,00211 -
16,21622 - 0,03/0,27) -(0,00581 - 16,21622+0,00211 - 16,21622)) = 0,0898 m .
OnpenenneHne cpeaHel BLICOTRI CKaTOM 30HBI OETOHA

Pacuer Benercs mo npubamkeHHo#M dopmyie (8.154).

XM =Xm=0,0898 m. Yycm =Xm = 0,0898 m .

Is = As (h-as-ycm) 2 = 0,00157 - (0,3-0,03-0,0898) 2 = 0,000050981 m 4.

I's = A's (Yyem-a's) 2 = 0,00057 - (0,0898-0,03) 2 = 0,000002038 m 4 .

OnpejieneHre MOMEHTA HHEPIIMK CKATOW 30HBI OeTOHA

lp=bxm3/3=1"0,0898 3/3=0,000241384 m 4.

Apb=bxm=1"0,0898 =0,0898 m 2 .

Ired = Ib+ls as2+1's as1 = 0,000241384+0,000050981 - 16,21622+0,000002038 -
16,21622 = 0,0011 M 4 (popmyna (8.148); 1. 8.2.27 ).
Ared = Ap+As as2+A's as1 = 0,0898+0,00157 - 16,21622+0,00057 - 16,21622 =0,1245 m 2.

yc =Ycm = 0,0898 m .

ss = (M (ho-yc)/lred) as1 = (0,10101 - (0,27-0,0898)/0,0011) - 16,21622 = 268,33424
MlIla (dhopmyna (8.129); n1.8.2.16).

Hanpsxenus ss, crc onpenenstores npu M = Mcrc.
ss, crc = (Mcrc (ho-yc)/lIred) as1 = (0,03298 - (0,27-0,0898)/0,0011) - 16,21622 =87,61176
MlIla (dhopmyna (8.129); n. 8.2.18).

T.x. Ss = 268,3342 MIla > = sg, crc = 87,61176 MIla :
ys = 1-0,8 ss, crc/ss = 1-0,8 - 87,61176/268,3342 = 0,7388 (popmyna (8.137); m. 8.2.18).

Omnpenenenrie 0a30BOr0 PaCCTOSHUS MEKIY TPEITUHAMHU

Xt = h-xm =0,3-0,0898 = 0,2102 m .

Tk xt=0,2102mM>0,5h=0,5-0,3=0,15Mm:

xt=0,5h=0,5-0,3=0,15m.

Apt=bxt=1-0,15=0,15m 2.
Is = 0,5 (Abt/As) ds = 0,5 - (0,15/0,00157) - 16 =764,33121 mm (popmysa (8.136); m. 8.2.17).

T.x. Is=764,3312 Mm > 40 ds =40 - 16 = 640 MM :

Is=40ds=40 - 16 =640 mm .

T.x. Is > 400 mm : Is =400 MM .

acrc =f1 213 ys (ss/Es) Is=1,4-0,5-1-0,7388 - (268,3342/200000) - 400 = 0,27754
MM (popmyma (8.128); m. 8.2.15).

acrc = 0,27754 mm < = acrc, ult = 0,3 MM (92,51333% oT nmpenebLHOT0 3HAYEHUST) —
ycioBHe BbIOIHEHO (popmymna (8.118); m. 8.2).
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acrc, 1 =acrc = 0,27754 mm .
11. Henpooonscumenvnoe packpovimue mpeuwjut

HDCHGHLH&H I PHHA PACKPLITHUA TPCINMWH IIPHU HEIIPOAOJIKUTCIIHbHOM HeﬁCTBHH Harpy3kKu
acrc, ult=0,4 mm .

OnpeesieHrue 3HaUYEHNUS HAYAJITLHOTO MOV VIPVIOCTH IIPUA HETPOJIOKUTEIHLHOM
NEHCTBUU HATPVY3KU

ITo Ta6a. 6.11 Ep = 30000 MIla .

a) [eticmaue 6cex nazpy3ok

T.x. M = 0,12749 MH m > Mcrc = 0,03298 MH M :

Tpebyercs pacder o pacKphITHIO TPELIUH.

f1=1.

(T.K. pacKpbITHE TPEUTUH HEMPOIOHKUTEIHHOE)

Is = As (h-as-yc) 2 = 0,00157 - (0,3-0,03-0,15218) 2 = 0,000021794 m 4 .

I's = A's (yc-a's) 2 = 0,00057 - (0,15218-0,03) 2 = 0,000008509 m 4 .

Ired = | +Is (as-1)+I's (as-1) =
= 0,00225+0,000021794 - (6,66667-1)+0,000008509 - (6,66667-1) = 0,00242 m 4 (bopmyia
(8.125); 1. 8.2.12).

Wred = Ired/yt = 0,00242/0,14782 = 0,01637 m 3 (popmyna (8.123); 1. 8.2.12).

ex = Wred/Ared = 0,01637/0,1245 = 0,13149 m (¢popmyia (8.124); 1. 8.2.12).

OHDGI{GJ’IGHI/IC MIUPHUHBI PACKPBITHUA TPCIIIMH HOPMAJIbHBIX K HDOI[OHBHOﬁ OCH 3JIEMCHTA

f2=05.

Omnpenenenue kodpdunnenra ys

OnpeneneHne HAOPSDKEHUHM B pacTAHYTOM apMaType
eb1, red = 0,0015.

Rb, ser = Rbn = 18,5 MIla .

Eb, red = Rb, ser/ebl, red = 18,5/0,0015 = 12333,33333 MIla (dhopmymna (8.131); m. 8.2.16 ).
as1 = Es/Eb, red = 200000/12333,33 = 16,21622 (popmyna (8.130); m. 8.2.16 ).
HanpsixeHnst B pacTsiHyTOM apMaType ONpeaesstoTCs Ipy as2 = asl
[Tpu >TOM MpUHUMAETCS JUIS N3rH0AEMbIX 3JIEMEHTOB YC = Xm - BBICOTA C)KATOM 30HBI

OeToHa, onpenensiemMas 1o 1. 8.2.28.
as2 = as1 = 16,21622 .

OnpeneneHue cpeTHEH BBICOTHI C)KATON 30HBI Il M3rn0aeMBIX 3JIEMEHTOB
ho=h-a=0,3-0,03=0,27 m .

ms = As/(b ho) =0,00157/(1 - 0,27) = 0,00581 % .

m's = A's/(b hg) = 0,00057/(1 - 0,27) = 0,00211 .

Xm = ho (; (Ms as2+m's as1) 2+2 (ms as2+m'’s as1 a’/ho) -(Ms as2+m's as1)) =

=0,27 - (; (0,00581 - 16,21622+0,00211 - 16,21622) 242 (0,00581 - 16,21622+0,00211 -

16,21622 - 0,03/0,27) -(0,00581 - 16,21622+0,00211 - 16,21622)) = 0,0898 m .
OnpeaeneHne cpeIHCH BBICOTHI C)KaTOM 30HBI OCTOHA
Pacuer Benercs mo npubamkeHHo# dpopmyre (8.154).

XM =Xm=0,0898 m .
yem = Xm = 0,0898 m .

Is = As (h-as-ycm) 2 = 0,00157 - (0,3-0,03-0,0898) 2 = 0,000050981 m 4 .
I's = A's (ycm-a's) 2 = 0,00057 - (0,0898-0,03) 2 = 0,000002038 m 4 .

OHDCI[CJ'ICHI/IG MOMCHTA MHCPLUHUH C)KaToi 30HEI OETOHA
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lb=hxm3/3=1"0,0898 3/3=0,000241384 m 4.
Ab=bxm=1"0,0898 =0,0898 m 2.
Ired = lb+ls as2+I's as1 =
=0,000241384+0,000050981 - 16,21622+0,000002038 - 16,21622 = 0,0011 m 4 (bopmyma
(8.148); m. 8.2.27).
Ared = Ap+As as2+A's as1 = 0,0898+0,00157 - 16,21622+0,00057 - 16,21622 = 10,1245 m 2.
yc =Ycm = 0,0898 m .
ss = (M (ho-yc)/Ired) as1 =
=(0,12749 - (0,27-0,0898)/0,0011) - 16,21622 = 338,67867 MIla (popmyna (8.129); m.8.2.16).
Hanpsbxenus ss, crc onpenenstores npu M = Mcrc.
ss, crc = (Mcrc (ho-yc)/lred) as1 =
=(0,03298 - (0,27-0,0898)/0,0011) - 16,21622 = 87,61176 MIla (dpopmyna (8.129); m. 8.2.18).
T.x. ss = 338,6787 MlIla > = sg, crc = 87,61176 MIla :
ys = 1-0,8 ss, crc/ss = 1-0,8 - 87,61176/338,6787 = 0,79305 (dbopmyna (8.137); m. 8.2.18).
Ompenenenrie 0a30BOr0 PACCTOSIHUS MEKIY TPEUTUHAMHK
Xt = h-xm = 0,3-0,0898 = 0,2102 m .
Tk. xt=0,2102mM>0,5h=0,5-0,3=0,15m:
Xxt=0,5h=0,5-03=0,15m.
Abt=bxt=1-0,15=0,15m2.
Is = 0,5 (Abt/As) ds = 0,5 - (0,15/0,00157) - 16 =764,33121 mm (popmyaa (8.136); m. 8.2.17 ).
Tk ls=764,3312 MM >40ds=40 - 16 = 640 MM :
Is=40ds=40 - 16 =640 MM .
T.x. Is > 400 mm : Is =400 MM .
acrc = f1 f2 f3 ys (ss/Es) Is =
=1-0,5-1-0,79305 - (338,6787/200000) - 400 = 0,26859 mm (popmymna (8.128); n. 8.2.15).
acrc, 2 = acrc = 0,26859 mm .
0) Meticmaue noCmosiHHbIX U PEMEHHBIX OIUMENbHbIX HA2PY30K
M| =M| =0,10101 MH M.
JIelicTBHE IMOCTOSHHBIX ¥ BDEMEHHBIX JUIMTENLHBIX HAIPY30K
M=M|] =0,10101 MH m .
Tx.M=0,10101 MH m > Mcrc = 0,03298 MH m :
TpeOyeTtcs pacyeT 1Mo pacKpPhITHIO TPEIIUH.
f1=1.
(T.K. pacKpBITHE TPEIIMH HEMPOIODKUTEILHOE)
Is = As (h-as-yc)2 = 0,00157 - (0,3-0,03-0,15218)2 = 0,000021794 M4 .
I's = A's (yc-a's)2 = 0,00057 - (0,15218-0,03)2 = 0,000008509 Mm% .
Ired =1 +ls (as-1)+I's (as-1) = 0,00225+0,000021794 - (6,66667-1)+0,000008509 -
(6,66667-1) = 0,00242 v (bopmyna (8.125); n. 8.2.12).
Wred = lred/yt = 0,00242/0,14782 = 0,01637 M3 (bopmyna (8.123); m. 8.2.12).
ex = Wred/Ared = 0,01637/0,1245 = 0,13149 m (dhopmyna (8.124); . 8.2.12).
OrmpeielieHre MUPUHBI PACKPLITHS TPEIIUH HOPMAJIbHBIX K IPOI0JILHON OCH DJIIEMEHTA
f2=05.
Onpenenenue kodhhULKUEHTa ys
OmnpeneneHue HANPSHKEHUN B paCTIHYTON apMaType
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eb1, red = 0,0015 .
Rb, ser = Rbn = 18,5 MIla .

Eb, red = Rb, ser/ebl, red = 18,5/0,0015 = 12333,33333 MIla (popmyma (8.131); m. 8.2.16).
asl = Es/Eb, red = 200000/12333,33 = 16,21622 (popmymna (8.130); m. 8.2.16).
HampsokeHus B pacTAHYTOW apMaType ONPEAeIIsioTCs MpH as? = as]

[Tpu 3TOM HpUHUMAETCS JUTsl K3THOAEMBIX JIEMEHTOB Y = Xm — BbICOTA CKATOH 30HbBI

OeToHa, onpeaensemas 1o 1. 8.2.28.
as2 = as1 = 16,21622 .
OnpeneneHne cpeIHEH BBRICOTHI CKATON 30HBI U1l M3rn0aeMBIX 3JIEMEHTOB
ho=h-a=0,3-0,03=0,27 m .
ms = As/(b ho) =0,00157/(1 - 0,27) = 0,00581 % .
m's = A's/(b ho) = 0,00057/(1 - 0,27) = 0,00211 .
xm = ho (; (Ms as2+m's as1) 2+2 (s as2+m’s as1 a’ho) -(Ms as2+m's as1)) =
=0,27 - (; (0,00581 - 16,21622+0,00211 - 16,21622) 247 . (0,00581 - 16,21622+0,00211 -
16,21622 - 0,03/0,27) -(0,00581 - 16,21622+0,00211 - 16,21622)) = 0,0898 m .
OnpeneneHne cpeIHCH BBICOTHI C)KaTOM 30HBI OSTOHA
Pacuer Benercs mo npubamkeHHOM dopmyie (8.154).
XM =Xm=0,0898 m .
yem = Xm = 0,0898 m .
Is = As (h-as-ycm)2 = 0,00157 - (0,3-0,03-0,0898)2 = 0,000050981 m4 .
I's = A's (Yycm-a's)2 = 0,00057 - (0,0898-0,03)2 = 0,000002038 Mm% .
OnpeaeneHrue MOMEHTA MHEPIIUH CKATOW 30HBI O€TOHA
Ip =bxm3/3=1"-0,08983/3 = 0,000241384 m4 .
Ab=bxm=1"0,0898 =0,0898 M2 .
Ired = Ip+ls as2+l's as1 = 0,000241384+0,000050981 - 16,21622+0,000002038 -
16,21622 = 0,0011 m 4 (popmyua (8.148); 1. 8.2.27).
Ared = Ap+As as2+A's as1 = 0,0898+0,00157 - 16,21622+0,00057 - 16,21622 = 0,1245 m2 .
yc =Yycm = 0,0898 m .
ss = (M (ho-yc)/lIred) as1 = (0,10101 - (0,27-0,0898)/0,0011) - 16,21622 = 268,33424
MlIla (¢hopmyna (8.129); n1.8.2.16).
Hampsixenus ss, crc onpenenstores npu M = Mcrc.
ss, crc = (Mcrc (ho-yc)/lred) asl =
=(0,03298 - (0,27-0,0898)/0,0011) - 16,21622 = 87,61176 MIla (dpopmyna (8.129); m. 8.2.18).
T.k. ss = 268,3342 MIla > =ss, crc = 87,61176 MIla :
ys = 1-0,8 ss, crc/ss = 1-0,8 - 87,61176/268,3342 = 0,7388 (dpopmyna (8.137); n. 8.2.18 ).
Ompenenenrie 0a30BOr0 PACCTOSIHUS MEKIY TPEUIUHAMHU
Xt = h-xm = 0,3-0,0898 = 0,2102 ™M .
Tk xt=0,2102mM>05h=0,5-0,3=0,15Mm:
xt=0,5h=0,5-0,3=0,15m.
Abt=bxt=1:0,15=0,15m2.
Is = 0,5 (Abt/As) ds = 0,5 - (0,15/0,00157) - 16 =764,33121 mm (popmyna (8.136); m. 8.2.17 ).
T.x. Is=764,3312 Mm >40ds=40 - 16 = 640 mm™ :
Is=40ds=40 - 16 =640 m™m .
T.x. Is > 400 mMm : Is =400 mm .
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acrc =f1 213 ys(ss/Es) Is=1-0,5-1-0,7388 - (268,3342/200000) - 400 = 0,19825 mm
(bopmyma (8.128); m. 8.2.15).

acrc, 3 =acrc = 0,19825 mm .
acrc = acrc, 1+acrc, 2-acrc, 3 = 0,27754+0,26859-0,19825 = 0,34788 mm (dopmyna (8.120); m.
8.2).

acrc = 0,34788 mm < = acrc, ult = 0,4 MM (86,97% oT mpeaeIbHOr0 3HAYEHHUSI) — YCIIOBHE
BhINOIHEHO (hopmyia (8.118); 1. 8.2).
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B pe3ynbTaTe npoBeAeHHBIX PACUETOB U MPUHATOTO ApMHUPOBAHUS MOIYYUM CIIETYIOUTYIO
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CrnenyoomumM 3TarnoM pacuera PeKOMEHAYETCS BBIIOJHUTH pPacdyeT HETUHEHHOM
KOHEYHO-3JIEMEHTHOM MOJENH, C KaluTeNblo, C AapMHUPOBAaHUEM, NPHUHATBIM I10

pe3yibTaTaM pacuCTOB IIPUBCACHHLIX BBIIIIC.

I S S E— E— | 1L 1 10 10 )
-167 -146 -125 -104 835 626 -4.18 209 00266 00266 209 : 266
Hemaeitoe sarpysere | |
Hsomama sarpaaseradi o M _ oo Lo _
Emammmmpzmr(f“m)hq' ¥ ;
I I ‘
! 1
: i
: 1
| R
. o -
! L =+ .
. BE=E 1
; 3 = ;
? i 1
: i ;
! - 1
; g g e ;
! = 1
L ;
s 1
PR | .
. 1
. {
! 1
; ;
) 1
; ;
. 1
; ;
. 1
: §
! 1
: ;
: 1
; ;
. 1
; ;
, 1
; §
! 1
@emimeenie L0
! 1
; ;
! 1
; ;
. 1
; ;
! 1
: ;
! 1
; ;
: 1
; ;
. 1
; ;
i 1
: ;
! 1
: i
: 1
i ;
. 1
; ;
. 1
; ;
! 1
: ;
! 1
; ;
! 1
: ;
. 1
; ;
! 1
: {
! 1
] |
| [ i
e Dt e O,
Cx @ @ ®

Pucynoxk 1112 — M3onomns uzrubaronmx MomeHToB M, (B1oab nposiera 7,2 M) OT AeHCTBUS
MOJIHBIX PaCUYeTHBIX HAIPY30K,

MOMEHT HaJl KosioHHOH 2/b— 16,7 1-M, — B iponere 1-2/b — 2,661 M.

B pesynbpraTe pacuera noixy4uM KapTUHY YCHUJIMI C y4ETOM HEJIMHEHHOUW padoThlI.
Jlanee MOXXHO BBINOJHUTH IMOBEPOYHBIM PpPACYET HOPMAIBHOIO CEYEHUS IUIUTHI, Kak
OTMOPHOT0, TaK M MPOJETHOTO MO MNPOYHOCTH M TPELIIMHOCTOMKOCTH Ha JAelcTBUE
NOJIYYECHHBIX YCUIIUH.

PaccMmoTpum pacyeT NpoYHOCTH HOPMAJIBHOTO OMIOPHOTO CEYEHUS C KAlTUTENbIO.

Hcxoonwvle daunvie:.
[Imomanes HeHanpsraeMoil HanboJee pacTAIHYTON MPOJI0IBHON apMaTypPhL:
(CrepxHeBas apMarypa, AuameTpom 12 mwm, 5 mt. u auametpom 16 mm, 5 mrT.):

-As=15,7 cm 2=15,7/10000 = 0,00157 m 2;
[Inomaaps HEHANIPSATraeMOM CXKATOM MJIM HAMMEHEE PAaCTIHYTOM NPOJIOJILHOM apMaTyphl:
(CrepxHeBast apmarypa, auameTpom 12 mm; 5 mmir.):
-A's=5,7cm 2 =15,7/10000 = 0,00057 m 2;
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Pa3mepe! ceuenus:

-h=30cm=30/100=0,3 m;

Yeunus:

-M=16,71cMm=16,7/101,97162123 = 0,16377 MH wm;

Pesynemamul pacuema:.

8) PacueT n3rnbaeMbIX JIEMECHTOB

Ceuenue - MpsIMOYTOJIbHOE.

T.x. Rs As =435 -0,00157 = 0,68295 MH > Rsc A's =400 - 0,00057 = 0,228 MH :

X = (Rs As-Rsc A's)/(Rb b ) =
= (435 - 0,00157-400 - 0,00057)/(14,5 - 1)=0,03138 m (hopmymna (8.5); m. 8.1).

ho = h-as = 0,3-0,03 = 0,27 m .

x = x/ho = 0,03138/0,27 = 0,11622 .

T.x. x=0,11622 <= xR = 0,49296; X >0 ™ :

Mult = Rb b x (ho-0,5 X)*Rsc A's (ho-a's) =
=14,5-1-0,03138 - (0,27-0,5 - 0,03138)+400 - 0,00057 - (0,27-0,03) = 0,17043 MH m
(bopmyna (8.4); m. 8.1.9).

9) lIponomxenue pacyera mo 1. 8.1.8

M =0,16377 MH m < = Mylt = 0,17043 MH ™ (96,09224% oT npee,ibHOT0 3HAYEHUSI)
- ycioBue BoinosiHeHO (popmyina (8.3); m. 8.1.8).

B xauecTBe mocienHero sTana pacyeTa pacCMOTPHM pacueT JepopMaruii TTUTHI.

Pacuer HennHEWHOW MOAEM 3/1aHUS MMOKA3aJ CICAYIOIINN Pe3yIbTar:

L 11 1 =i ]
203 -6.14 526 -439 351 263 175 087 -0.000653 0.000653 00653
Hemagiawe sarpyeiae |

I j 5 j 1 j ami
Pucynoxk I113 — Mo3anka BepTHKAIBHBIX MIEPEMEIICHUH OT ACHUCTBUS NTUTEIBHBIX

Harpy30K
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MeTtoa 3aMeHSAIOIIUX paM

Pacuer MeTomoM 3aMEHSIOMUX paM TPOU3BEACH I OCECKAMMTEIbHOTO
nepekpeiTisi.  PacueT  kene300€TOHHBIX ~ MOHOJHUTHBIX ~ KapKacoB C  IUIOCKUMH
MEPEKPBITUSIMU ~ TIPOU3BEJICH METOJOM 3aMEHSIONIMX paM  COTVIACHO  YKa3aHUsIM
Pexomenmanmii 1O MPOEKTHPOBAHUIO JKEIE300€TOHHBIX MOHOJIUTHBIX KapKacoB C
miockumu nepekpeitusimu //HUMXKB, Mocksa, 1993r.

3aMmeHsIOMME paMbl  00pa3ylOTCs B JBYX B3aWMHO IEPICHIUKYIISIPHBIX
HaIpPaBICHUSAX ITyTEM PAacCeUCHUs KapKaca BEPTUKAITBHBIMH TUIOCKOCTSIMH, TPOXOISITIMH
napayieIbHO OCSIM  KOJIOHH 4Yepe3 CEepeAuHBl CMEXKHBIX IONEPEYHBIX IPOJICTOB
(BHYTpEHHUX W KpalHWX). B pe3ynbrare 3aMeHSIONMEe paMbl TOJYYarOTCS B BUIEC psla
KOJIOHH, COCJAMHEHHBIX YCIOBHBIMU PHUTEISIMU, COCTOSIIMMHU W3 TOJIOCHI IIUPUHOM,
PaBHOM PaCCTOSHUIO MEXKIY CEPeIMHAMH JIBYX MOMEPEUHBIX MPOJIETOB, MPUMBIKAIONINX K

COOTBETCTBYIOIIEMY Psily KOJOHH (prcyHOK [114).

i

)
H - - — T| - m I
|
| |
|
|

- - - J[ . o S
|
. | [~ 57
. | N
| 8
- =t
N D4 ._\\ ‘s
.-/ :5\-, ."/Aq\\, 7
\/ L/

Pucynok I114. Pa3pe3ka minThl Ha 3aMEHSIONIME PAMBbl
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Omnpenenenue yCuIni, AEHCTBYIONIMX B 3JIEMEHTAX 3aMEHSIONINX paM IMPOU3BOIUTCSA 10
OOLIMM IpaBUJIaM pacyeTa paM Kak yIpyTruX CUCTEM.

[IpomonpHBIE W TONEPEYHBIE 3AMEHSIOIINE PaMbl PACCUUTHIBAIOTCA HE3aBUCHUMO
Ipyr OT napyra. Pacuer 3aMeHSIONMX paM MPOU3BOJUTCS KAK CHUCTEMBI C YKECTKHUMU
y3JIaMH B MECTaX COCAUHEHHUSI KOJIOHH C YCIOBHBIMU PUTEIISIMU.

XKectkocTn mpu U3rude KOJOHH U YCJIOBHBIX PUTENEH NIl pacdeTa 3aMEHSIONINX
paM onpeaensoTcs Kak Uisl yIpyrux OeTOHHBIX JIEMEHTOB 0€3 TPEIIHH.

VY c0BHBIN pUTEIb 3aMEHSIOIIEH paMbl JOJIKEH ObITh PACCUUTAH:

MO0 MPOYHOCTU U PACKPBITUIO TPEUIMH B OMOPHBIX (MPOXOMSIIMX IO TPaHSIM KOJOHH) U
MPOJIETHBIX (PACTIOJIOKEHHBIX B MPOJIETE) HOPMAJIBHBIX CEUCHUSX;

® [0 IPOYHOCTHU B IIPUOITIOPHBIX HAKJIIOHHBIX CEUEHUSIX;

® 10 MPOYHOCTHU MOMEPEUYHBIX OATOK B MPOCTPAHCTBEHHBIX CEUCHUSIX;

® [0 MPOYHOCTH y3Jia CONMPSIKEHUS PUTENS C KOJIOHHOM;

e 110 AedopMaIlusiM.

Pacuer ycioBHOro puresns 1o HOpMaJdbHBIM CEUEHUSIM Ha JIEWCTBHE HM3THOAOIINUX
MOMEHTOB IIPOU3BOJUTCS MO OOIIMM MpPaBUIaM pacyeTa Keae300€TOHHBIX KOHCTPYKIIHM C
YYETOM HUXKE CIEAYIOMMNX YKa3aHUM.

Pacnipenenennie n3rubaromuyx MOMEHTOB, TMOJIYYCHHBIX M3 pacyeTa 3aMEHSIONICH
pambl, MO MIMPUHE YCIOBHOTO PUTENs HA JABE HAJAKOJIOHHBIE M JABE CPEIHUE MOTYIOIOCHI

MPOU3BOUTCS yTeM YMHOKEHHUS OOIIMX MOMEHTOB Ha KO3 UIIMEHTHI pacipeneieHus

K,.

MowmenTsl B HaAKoIOHBIX (M,) u cpeaaux (M.) momymnonocax yCcIOBHOTO PUTEIs
omnpeaesitoTes no Gopmyiie:
M, (M) = M=K, »— 2
H( c] - P L3

IE, 1 + 12,2

7

rae M — MOMEHT, NOJy4YEeHHBIN U3 pacueTa 3aMEHSIOLIEH paMbl.
N3rubaroriyie MOMEHTHI B 3aMEHSIOLINX PaMax OINpeaeauM 1o GopMyiam:

MOMEHT Ha/Jl OIIOPOA:

_ gl

M. _=
oI 12
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MOMCHT B CEPCAUHEC IIPOJICTA:

_ gl

M _=
oI 24

[ 1; 155 — paccTOSHUA MEKIY OCIMH PACCMAaTPUBAEMOM 3aMEHSIOIIEH paMbl U

COCETHUMH C KaXJ0M €€ CTOPOHHI,

[ (1 nnu 2) — unpexc, yka3slBaloMi paccMaTpUBaeMoe paccTosiHue [y;

K, — KOB(b(I)I/IHI/IeHTBI pacipcaciicHus, OIpCaAc/ICMbIC B 3aBUCUMOCTHU OT BCIIMYUH

p

!
@, x_z H [3, Ipu 5TOM:
1

1, 7200

[, 6000
@ — KO3((PUUUEHT, paBHBI OTHOUIEHUIO JKECTKOCTEH Ha M3rud Oaykw,

paCHOHO)KeHHOﬁ MCXKAY KOJIOHHAMHU paCCManHBaeMOﬁ 3aM€HHIOm€ﬁ paMbl U ILIUTBI B

3TOM e mposiere (IpU OJUHAKOBOM OETOHE KOHCTPYKIUH ¢ — OTHOIIEHHE MOMEHTOB
MHEPIMH); TIOCKOJIBKY paccMaTpuBaeTcs 0e30a104Hoe nepekpeiTue, nouaraeM @ = 0;
B — ko3 durreHT, paBHBI OTHOIICHHIO JKECTKOCTH Ha KPYUYCHHE MOMEPEYHBIX

0aJoK, PaclOJOKEHHBIX MEXAYy KpalHMMHU KOJIOHHAMHU pPAacCMaTpUBaeMOW M COCEIHUX
paM, M 3KeCTKOCTM Ha WM3ru0 IUIMTHI B IPOJOJILHOM HaIlpaBI€HUH paccMaTpUBaeMOu

3aMEHSIOMCH pambl (IIPH  OJMHAKOBOM OETOHE B KOHCTPYKIMH 5 — COOTHOIIEHHUE

MOMEHTOB UHEPIINH).

Banku otcyTcTByIOT, KO3 duuueHT £ He yuacTByeT npu onpeaeneHuu K.

3HaueHue kod(pPuiueHTa pactpeeIeHusi COCTaBUT:
e 0.75— 114 HaJKOJIOHHOM MOJIOCHI;

e (.25 — s cpeaHel MOIOCH.
L1

1
L+, 2
Uroro:
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1
M. (M) = M=K, *;

M, =M =0,75+0,5 = 0,375 M;

M,=M=0,25%0,5=0,175M;

PC3YJIBTaTI>I OIIPpCACICHUA H3FH6&IOHIPIX YCI/IJII/Iﬁ B 3aMCHAKOIIHUX paMax

3daBHUCUMOCTH OT IIPOJICTA U HATI'PY3KH NPEACTABIICHLI B T36J’II/IHC:

M3rubaromme MOMEHTHI

B 3aMCHAIOIHUX paMax

1 rpymima npeaenbHbIX COCTOSTHAN

[Ipu pakTHUECKOH MUPUHE PaMBI Ha 1 M.II. ¢ yueToM K03 HUIIEHTOB

Han onopoii B nponere Han onopoit B nponere
[poner 7,2 14,710 7,355 5,52 1,29
I[Tponer 6,0 12,258 6,129 4,60 1,07

2 rpynna npeAebHbIX COCTOSHHUMA

ITponer 7,2 12,506 6,253 4,69 1,09

[Iposer 6,0 10,422 5,211 3,91 0,91

Hasnaunm apMupoBanue u3 pacyera o 1 u 2 rpynmam npeaeabHOro COCTOSHHUS.

HadkonoHHa s 30Ha

P 1000 P
7 i
@] ° ° O ° O ° O °
)
SRu i !
W
565 cm/ 307 cm7
50617 A500 5077+ 5825 A500

[lpo4ue y4acmku

W

565 M7/

PaBHOAEHCTBYIONTYIO pACTSHYTOM apMaTyphl ONpPEIeIUM Yepe3 (pakTuueckoe

conepxkanue apmatypsl ipu A500, R, ,, = R, .., = 400 MIIa;

N, =40=30,2=1208kH
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N,_,=RA, =40+565=226xH
BbICOTY CKaTOM 30HBI ONPEIETUM MCXO/A U3 ypaBHenus pasHosecus 2, X = 0;
R.A; = Rpbx; N; = N,

1208
"~ 1.45%100

N, 226
R,b  1.45+100

Xy = 8,33 cM

= 1.56 cM

X2_4

X —8'33—049
E_hﬂ_ 17

Benuuunsb! mieu BHYTpeHHGﬁ IMapbl CUI IIPHU 3TOM COCTABAIT:

7z, =17—0,5+8,33 = 12,84 cm
Zy_s =hg—0.5x =17 — 0,5 1,56 = 16,22 c™
HpGI[CJIBHLIﬁ MOMCHT CCUCHHA COCTABUT.

T
M = R.A Z = 44343 [E] £30,2+107% % 12,84+ 1072 = 17.18 T+ m

Ha IMUPHUHY I1I0JOCHI IMm OIIPpCACIINM H3FI/I6aIOHII/I€ MOMCHTBI 4YCPC3 YPABHCHUC

paBHOBECHUSI OTHOCUTEIFHO LIEHTpa TSHKECTU CHKATOW 30HBI OETOHA C MOMOIIBIO (opmy

M = N_Z,,roe Z, = hy — 0.5x:
Mg, =1208+12,84 = 15500 kH * cm
Mg, , =226+16,22 = 3666 kH + cM

OnpenenseM Ganounbiii MomenT My Kak COOTB. CyMMy MOMEHTOB OT Ganok 2, M = 0:

N
Mﬂ — q ;_3} 1 _ (ZMl = MEI+MEE +MEE +ME=L) = (155004‘3666* 3)
= 26498 kH*cm = 27028 kr > M
Harpy3ka:

BBIYHCIISIEM COOTHOLIEHUE KaK10ro MomeHTa M; k o6mieit Benmmunne M, :
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M, 15500 Mg, _ 3666
B1 — 0,58 E2-4

- - —0,14
M, 26498 M, 26498

OTU COOTHOIIEHUsI OTHYaloTcsi oT HopMaTuBHbIX [0.5-0.2-0.15-0.15] (omnopHsbie
MOMEHTHI 3aBBIIICHBI, a MIPOJICTHBIC 3aHMKCHBI);
[Ipu wu3Mmenenuu cooTHomeHuit M;/M, mnpOTHB HOPMATHBHBIX COOTHOIICHUI

U3MEHseTCd BeJMYMHA OaJoyHOr0O MOMEHTa B IIpefeiax IpojieTa OTAEIbHO B
HAJKOJIOHHOM IOJIOCE U MPOJIETHOM mosioce. OTCr0/1a MOYKHO NOJIYYHUTh APYTHE BEIMYHUHBI
Harpy30K Ha MOJIOCHL:

Qyven1 = 2 Hven2 = 2
’ Iy ’ 15

rae My, 1 My, onpenensrorcs u3 BeJIMYUH apMUPOBAHUS.

PACYETHbBIE HAT'PY3KH

IIpoJer 7,2 m

v Qurloli  1,135%6,0%7,2%7,2
°T g )

=4413TCc*M

M, =0,58+«M, =0,58+44,13 = 25,60
M, ,=014*M,=0,14+*4413=6,18
OrnpenensieM MOMEHTHI B 3aMEHSIOIINX Oaikax (MOJ0Chl UPUHON 1M):

25,60
Mg, = 3 = 8,03T*M

6,18
MEQ—‘L =T= 2_,06T*M
IIposaer 6,0 m
I,I2 1,135=7,2=6,0%6,0
M, — q*“; t_ - — 36,77 Tc*M

M. = 0,58+ M, = 0,58+ 36,77 = 21,33
M, o =014+ M, = 0,14+ 36,77 = 5,15

MOMEHTBI B 3aMEHSIOINX Oaakax (MOJIOCH! IUPUHON 1 M):
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21,33

5,15
3,6

=593T*M

ME&—B = == 1_,‘:1‘3T*M

HOPMATHBHBIE HAT'PY3KHN

IIpoJer 7,2 m
LIZ 0,965%6,0%72%7,2
M, — q*“; t_ - — 3752 TCc* M

M, =0,558+M, = 0,58 +37,52 = 21,76
M, ,=014+M, =0,14+37,52 =525

MoOMEHTBI B 3aMEHSIOINX Oaikax (IOJOCH IUPUHOMN 1 M):

21,76
1= =7,25T*M
5,25
MEQ—‘L = 3 == 1_,?5 T * M

IIpoJaert 6.0 M
qmlglf 0,965+7,2+6,0*6,0
Mo="g— = 8

= 3127 Tc*M

M, =0,58+M,=0,58+31,27 = 18,14
M, o =0,14+M, =0,14+3127 = 4,38

MoOMEHTBI B 3aMEHSIOIMMX Oaakax (IOJOCH! ITUPUHOMN 1 M):
18,14
B_ =
N 3,6

=504T*M

4,38

Y cnoBHBIE MOJIOCH IIMPUHOM 1M Harpy»eHbl HE TOJBKO BHEIIHEW HAarpy3Kou, HO U
AeiicTBMEM momepedyHbIX cwi Q OT cocegHUX OTPE3aHHBIX MOJO0C; MOJACYUTAEM
NOBBILICHHYIO BEJIMYMHY (yCi IJIs1 HaJKOJOHHOM IOJIOCHI, MOJb3YsCh U3MEHEHHBIMU (110

apMmarype) BeJlMunHaMu MoMeHToB Mon u Mp:
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Mﬂ,yc.rx = = +M np;

PACYETHBIE HAT'PY3KHU

IIpoJer 7,2 m

HaI[KOJIOHHaH I10JIOCA.

2
Moyen = 8,53 * 5+ 2,06 = 10,59

OTKyza
Moy *8 10,59+ 8
Qyen = 12 = 7.2 = 1,63 Tc* M. 1.

[Iponernas monoca:

Moyer = 2,06+ 2 = 4,12

| Myy*8 4128
Ger =72 T 792

= 0,64 TC* M.

IIpoJser 6,0 m

Hanxononnas monoca:

My ye, = 5,93+ 1,43 = 7,36

7,36*8

Qyen = 6.0° = 1,63 Tc* M.1I.

[Iponernas monoca:

Myyes = 1,43% 2 = 2,86

_2’86*8_{]54
Ayen = 60z TC * M.II.

HOPMATHUBHBIE HAT'PY3KHN

IIpoJer 7.2 m

Hanxosonnas nojoca:

My ger = 7,25+ 1,75 = 9,00
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9,00=8

Qyen = o7 T 1,39 Tc* M.

IIponernas nmonoca:

Myyer = 1,75+ 2= 3,50
Myyen*8  3,50+8
Qycn = B = 7 92 = 0,54 Tc* M.1L.
IIpoJjer 6,0 M
Hankxononnas nonoca:
Moy =5,04+1,22= 6,26
6,26 * 8
Qyen = 602 - 1,39 Tc* M. m.
[Iponernas nmomnoca:
Moyen=1,22%2 =244
2,44 =8
Qyen = ¢ o7 = 0,54 Tc* M.

Takum 00pazom, 15 pacyeTa NpOruo0B MPUHUMAEM CIEAYIOIINE 3HAUEHHS YCIOBHBIX

Harpy3okK.

En. usm. — tc*m.n. | Hagkononnas nonoca | Ilponetnas monoca | Cpen. Harpyska

Q yci. HopM. 1,39 0,54 0,965

Q ycu. pacu. 1,63 0,64 1,135

3HaueHUsl HArpy3Kd B HAJKOJOHHOW IOJOce B cpeaHeM Ha 156% Beilie, yem B
IposieTHOM noJioce. Ilonycymma Harpy3ok mposieTHOM U HAaJIKOJIOHHOM ITOJI0C BO3BPAILIAET
BEJIMYMHY HOPMATUBHOM Harpy3kH Ha MEPEKPBITHE B LIEJIOM; TPOBEPKA BBINOJIHEHA.

C ydyeToM TONPABKM COOTHOLIEHWUS ONOPHOW W MPOJIETHOM  apMaryphl

Agon _ 30,2 5 35 .
- = - = ,3 IMPOU3BOAUM ITOIIPAaBKY BCIIMYNH I/I3FI/I6aIOH_[I/IX MOMCHTOB:

AS_.F[F 5.-55
2
M _ QFE.-'I * I .
o 8 ¥

HOPMATHUBHBIE HAT'PY3KH
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IIpoaer 7.2 M
1,39=7,2+ 7,2
8

(0+535+«M,)
M,:.=ZM1= > + M, = [3,68 Mpp] = 9,01

7.2 _
My< =

=9.01, Torga

[Tomyunm

9,01
M?.E !
g 3.68

=245 TCc*M

M]?*=2.45+534=13.08Tc*mM

IIpoJieT 6 M
1,39«6=*6
M§®=——=6.26
8
6.26
6.0 _ _ .
M: 3t 1.17Tc*Mm

ME® =1.17+535=6.26 TC*M

PACUYETHBIE HAI'PY3KH

IIpoaer 7.2 M

1,63%7,2+7,2
MI2 = 5 = 10,56

vz _ 1056

" = 368 =2,87TCc*M

M2 =2,87+3,68 =1056Tc*M

IIpoJieT 6 M

1,63+6+6
Mg® = ———— =734

7.34
ME0 = 3e8= 2,00 TC* M

ME® = 2,00 = 3,68 = 7,36 TC * M

ITpu mmpune 100 cm u BeicoTe 20 cM BeTUYMHA MOMEHTA MHEPIUU JJIs1 OETOHHOTO

CEUEHHS BO BCEX MPOJIETAX PaBHA:
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bh? 100+ 20°

I, =— = — 66667 cm*

b =12 12 M

Koo uimenT npuBeIeHus apMaTyphl K OETOHY paBeH:
_E_21.10°

“TE, T306+10°

Hcnonb3yem ajist IpUBEEHHOTO ceueHus popMyiry

I

eg =1+ 1La=1Ia

rae
I, = As(ho — )%
I; = Ac(hy — a')?

IIpu 3TOM Y, — paccTosiHHE OT HauboJee CKaToro (BEpXHEro) BOJIOKHA OeToHa 110

HCHTpPaA TAKCCTH IMIPUBCACHHOI'O ITIOIICPCYHOT'O CCUCHUA HIPIpHHOﬁ IMm.

OnpenensieM LEHTP TKECTU CEUCHUN OTHOCUTEIIBHO BEPXHEU MIIOCKOCTH CEYEHHUS
B 100«20+*10+5+491+6,86+*3+5=+=1,13+6,86*3 _ 20622
Ye1 = 100*20+5+491%6,86+5+1,13* 6,86 ~ 2207

=934 cm

MOMEHT HHEPLIMU CEYEHUS C YIETOM BEPXHEN PACTAHYTOM 30HBI OTHOCUTEIBHO

LICHTPA TSKECTU, OTCTOALIETO OT BEPXHETO BOJIOKHA CCYEHMA HA ), ; = 9.34 cM:

bh?
ear1 =1+La=—+A.(y., —a')a

I

r 12
= 66667 +5*(491+ 1,13)* (9,34 — 3]2 *6.86= 066667+ 8327
= 74994 cm*

bh?
Ota BenmuuHa 6onee [, = —, Beero Ha 12,5%.

JI719 IpOIETHOTO CEYEHHUS TTOTyYaeM:
 100+20+10+5+1,13x6,86*3 20116
Yez = 10020+ 5+1,13* 6,86 © 2039

=987 cm

I

e

ear =1+ 1la=66667+5+1,13+ (9,87 — 3)** 6.86 = 68496 cm*

Yro Ha 2,7% OGonee [, = %.
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N3rubnyro sxecTkocTh onpezenseM 1o ¢opmyne D = Ep; 1.5, tae momynb

nedopmarii  OCTOHA TNPU MPOAOCKUTECIIEHOM JICWCTBHHM HArpy3Kd TIPH  BJIAKHOCTH
45-75% cocTaBuT:

E, 306 * 103:;_8?3 g8 K
1—|—¢Jb.cm_ 1425 cM?

Ebl =

BrruncisieM BeTMUMHBI JKECTKOCTEH ceueHnuH 0e3 TPCIINH.

OnOpHBIA VYACTOK IIpU mpoJiete 7,2 M

rc
D, =Ey,I 4, =87.3+10%x 74994 = 6,55 * 1{]9—2
CM

KI'C

D; = Epilraq, = 87.3 10° « 68496 = 5,98+ 10°—

OmnpenenseM U3ru0OarIUe MOMEHTHI, COOTBETCTBYIOLIUE TPEIIMHOCTOMKOCTH
ceuyeHui, o popmyiie
Rbt,nlr

Mc:'rc =R T’lw = =
ot Ehﬂ _.}Ic)

rae Ry, = 1,55 MIla = 15.8==

15.8+ 74994

M. = 17 —934) = 154687 krc* cMm = 1.547 T* M;

15.8+ 68496

cre2 =17 -987) 151786 krc*cm = 1.518 T+ M

Ha ocHoBanmu BemuuuH M,.. 1 MOMEHTOB COOTBETCTBYIOIIMX JJIMTEIHHO

JEHUCTBYIONTUX HArPYy30K onpesensieM K03 OUIMeHThI

M
—1-0. cre
Ps M

mn

=1 08154? 0,8675
Vs 934

=1- 081518—{]6386
Vs 3.36
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Boluucnsiem nmpuBeAeHHBIM  MOAyNb  Iedopmanuu  pacTSIHYTOM  apMmaTyphl,

OKpY KeHHOI 0eToHOM, 10 hopmyie Eg,..qg = Es /s

2.1+ 10° ] ,
Es.red.l = m =242+10°Krc+=cm
2.1+10° ] ,
Es.red.z = W =3.29+=10°Krc*=cm

ITo dopmyme 5.9 CII 52-101-2003 onpenemnsieM MpUBEAECHHBIN MOTYJIb AedhopMaIuu

IIpu JJINTCIIbHOM HCﬁCTBHH HAarpy3KHu:

£ B R, _ 148 6727 1{]41{1"(:
bred = o eq 0.0022 cm?

Jlasiee omnpesensieM BCIIOMOTaTeIbHbIC BETMUUHBI s 2 = E¢ 1 0q /Ep 1oq

_242-10°
F21 =g 7a7x108 070
3.29+ 106

— 48091;

%22 =0 797+10°

Boeruucnsiem ko3¢ GULMEHTH apMUPOBAHUS

AL 5+(4.91+1.13)

r s —0.0178
Hs1 = ph, 100+ 17

oA 53 033

K2 = ph T 10017

Jlns onpenenieHns BBICOTHI C)KaTOM 30HBI CEUSHMSI TIPE/IJIaraeTcs HCT0JIb30BaTh
CIeAYIONIYI0 GhOpMYITy:
— 2 _ :
Xm = hﬂ (\f@"’sas) + 2}15(13 #S{IS)'

Xppq = 17 (J({].DITS* 35.97)2+2+0.0178+35.97 —0.0178 = 35.9’?)
=11,22 cM;

Xpps =17 (\K({].D{]SS +4891)2 + 2+ 0.0033+ 48.91 — 0.0033 * 48.91) =7,30cM

OrmpeziernsieM MmjIe4o BHyTPEHHEH napel cuil o ¢popmyie 2 = hg — x,,, /3
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11,22

z, =17 — = 13.26 cM;

7,3
z, =17 — 3 = 14.57 cm;

Cormacao dopmyie 7.4.6. uz CII 52-101-2003 onpenensieM KECTKOCTh CEUCHHM C
Y4ETOM TPEIIHH 10 hopMmyJie:

D= Es.rsdAsZ Ehﬂ - xmj
D, =242+10°+=30,2+=13.26+ (17 —11,22) = 5.601 = 10° krc * cM?
D, =3.29+10°=5.65*14.57 (17— 7,3) = 2.627 = 10° krc* cm?

J1J1st paBHOMEPHO pacIpe/ielIeHHON Harpy3Ku Mporud mocepe/ivHe mpoJieTa paBeH

3 Q‘Id' o Mg 12
f = EE U IIpHU ACUCTBHUH OIIOPHOI'O MOMCHTA MDH f = H BCIIMYUHY KCCTKOCTH EI

3aMeHsieM BeauunHou D; ycioBHast HopmMaTuBHas Harpyska 1.39 1/wm;
B urore nonyyaem:

5 13.9+720* 13,08+ 10° * 7207
JlEEC_SI':%-'} 5.601+10° 16=5,601*10°

=8,68—7,57=1,11cm

Pacyer 1o pacKpbITHIO TPEIIUH ITPOU3BOANUM U3 YCIIOBUS

Aere = Aere.ult
rae ... — LIMPUHA PACKPBITHS TPELIUH OT ACUCTBUS BHEIIHEN HATPY3KH;
A ppequlr — OPEACIIbHAS INIUPUHA PACKPBITUS TPEIIUH.
3HAYCHUS O ppe qy1p TPUHUMACM U3 YCIIOBUSI COXPAHHOCTH apMaTyphl:

¢ 0,3MM — IPOJOJKATEIIBHOE PACKPBITHE;
e 0,4MM — HEIPOIOTKUTEIBHOE PACKPBITHE.

[Iupuny pacKpbITUS HOPMATBHBIX TPEIIMH OMPeaessieM 1o Gopmysie:

Os
Aore = P192 @3% E_ Is

3

rae [ = 1 — 6a3oBoe paccrostHre MEXTy CMEKHBIMA HOPMAJIbHBIMU TPCITUHAMHY,
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*1.2=31.13 cm

A, (20— 4.33) * 100
l.=05-2d =05+
s A, 30,2

Ho He 6ooinee 40d, = 40 * 12 = 480MM u He Gonee 40cm;
Y. = 1 — kosddurmenr, YUUTHIBAIOIIHI HEPAaBHOMEPHOE pacrpeneneHue

OTHOCUTEJBHBIX JehOopMallfil pacTIHYTOM apMaTypbl MEXKIY TPEIIUHAMY;

@; — K03G(ULIHUEHT,  YUYUTHIBAIOIIUNA  MPOJOJDKUTENLHOCTh  JICUCTBUSL  HArpy3KH,

IPUHUMAEMBbI paBHBIM:
e 1,0 — npu HENPOJOIHKUTEIBLHOM JEHCTBUM HAarpy3KH;
e 1,4 — npu npoJOIKUTENEHOM JACHCTBUU HArpy3KH;

@3 — K03(p(ULHUEHT, YYUTHIBAIOIINNA POPUIb MPOAOIBHON apMaTypbl, TPUHUMAEMBbIi

PaBHBIM:
e 0,5 — ansa apmMarypbl IEpUOAUIECKOTO IPOPHIIS;
e 0,8 — nns riagkon apmMaTyphl;

@3 — K03(h(UIMEHT, YYUTHIBAIOIINKN XapaKkTep HArpy>KeHUsl, IPUHUMAESMbIN

PaBHBIM:
e 1,0 — ns 371€MEHTOB M3ruOaeMbIX M BHELICHTPEHHO CXKATHIX;
e 1,2 — nus pacTAHYTBHIX DJICMEHTOB.

0 — HalpsDKEHUs B PaCTAHYTON apMaType, A0IyCKaeTCsa ONpPenessiaTh Mo GopMyIie:

M 1308000 _ 3373
Cz A, 12,84%302 cM?

Og

[[IuprHa NPOIOIKUTEIBHOTO PACKPBITUS TPELIUH COCTABHUT:
3373
2038736 —

Qe =14%05%1 1% +31,13 = 0.036cM = 0.36MM

[Tpu nonmycTrUMOM MUPUHE PACKPHITUS MPOJOJKUTENBHBIX TpelirH 0,4 MM K03 puueHT

WCIIOJIB30BaHUs 10 2 TpynIe NpeaeabHOro cocTosiHus cocTaBuT 0,9.
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B Tabnuie Hybke MpeAcTaBieHbl PEe3yJIbTAThl ONPEICTICHUs] BHYTPEHHUX YCUIIUN

MCTOJOM KOHCYHBLIX JJIEMCHTOB MW MCTOJOM JSKBHBAJCHTHBIX paM IJIid KapkKaca C

0e30a7109HBIM MEPEKPBHITHEM C STUEHKOU 7,2%X6 M.

Merton onpeaeieHust

I rpynmna npenenbHbIX COCTOSHUI

II rpynmna npeaenbHbIX COCTOSTHUM

BHYTPEHHHX YCHIIHI Yeunus ot Yeunus ot Yeunus ot Yeunus ot
pacyeTHbIX pacyeTHbIX HOPMATHUBHBIX | HOPMAaTHBHBIX
Harpy3ok Harpy3ok Harpy3ok Harpy3ok
(mpomner) (oropa) (poser) (omopa)
[Iponer B Hanpasnennu X : L = 7200
1) Pacuer xoHCTpYyKITMHN 193
0€30a7109HOTO MEePEKPHITHS Q= ———
0e3 KanuTenel B yrpyroiu B -110 T B B
(JIuHEeNHO) TOCTaHOBKE
METOJIOM KOHEYHBIX Mx = 3,18 T M Mx = —11,4 M Mx = 2,71 M Mx = —9,55 M
AJIEMEHTOB
ITponer B HanpaBnenun Y : L = 6000
Oy -17.7
- " To1 1 - -
My =253 'm My =-9,31 'm My =2,16 7'M My =-7,92 1M
[Iponer B HanpaBnennu X: L = 7200
2) Pacuer KOHCTpyKUUU a1
6€30a104HOT0 MEePEKPBITHUS C Qx= :
Kanurensimu (2,8%2,8M) B B -le2 T B B
ynpyroi (JIMHEeHHOIA)
II0CTAHOBKE METOZIOM Mx=2441m | Mx =-152 1M Mx=2,081tM | Mx =-13,0T'™m
KOHEUYHBIX JIEMEHTOB
ITponer B HampaBieHuu Y: L = 6000
S
- 170 1 - -
My =1821M My =-12,0 T'm My =1,551M My =-10,2 7'M
3) Pacuer KOHCTpyKIIUU
636 [Iponet B HanpaBnenuu X: L = 7200
€30aJ109HOT0 TIEPEKPHITHS C
kanuTensiMu(2,8x2,8M) B —286
HEYNpyrou (HEIMHENWHOI) _ Ox= 192 T _ _
MIOCTAaHOBKE METOZOM
KOHEUYHBIX JIEMEHTOB
Mx =2,66 T'M Mx =-16,7 T'M Mx=2311M™ Mx =-14,51'M
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[Iponer B HampaBnennu Y : L = 6000
e 2226
- Y Tlog 1 - -
My = 2,04 T'm My =-15,1 T'm My =177 1M My =-13,1 ™M
4) Pacyer KOHCTPYKIUH o
6e36AT0UHOT0 EPEKPHITHS [Iponer B Hampasnennu X : L = 7200
METOJIOM 3KBUBAJICHTHBIX pam
3 Qx=245T 3 Qx =-20.84T
Mx =4,12 t'™m Mx =-10,59 T'm Mx=351M Mx =-9,0 M
[Iponer B HanpaBnenuu Y: L = 6000
_ Qy=245T1 B Qy=-20,84T
My = 2,86 T'M My =-7351M™ My =243 1M My =-6,25 1M

HpHMeanHH K MCTOAY KOHCYHBIX 3JICMCHTOB!

1. Jna Qx u QY Hax yepToit 3HaYeHUsI OTHECEHBI K 1 M.II. IIUPUHBI IUTUTHI, IO YePTOH —

OTHCCCHHBIC K KOHTYPY IIPpOAaBJIMBAHUS;

2. 3HaueHus U3rudarIIMX MOMEHTOB OTHECEHBI K | M.II. IIIMPUHBI ILTATHI.
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MNPUJIOKEHHUE 2. Ilpumepsl NPaKTHYECKOT0 KOHCTPYMPOBAHUS APMUPOBAHNS

0€302710YHBIX NEePEeKPHITHH
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[-00pasHas demanb aHKepobku

Y3en ycmpoucmba nepenada nNAUM NEPekpsmus

wae 200 Apmamypa pado4as MN-08pa3nag demanb QHKepobKU
[lemanb MOHMAXHAS hHEl'ﬂDEHHEl] dUNKUY waz 200
waz 1000x1000 Apramupa padoyas
Omm.bepxa waz 200
NAUMbI ﬁ 3'; | Omm.bepxa
OmM. N —— S NAUMb!
s T ER Y
I ' S Omm. Hu3a
s L < / / = . @ NAUM
= \ lENQ b MOHMOXHOA
Tepr waz 0001000
04BN Ny
ym
waz 200
Y3en UEHIDOUUHE]G NPUMBIKAHUA NAUMbBI NEPeKPbimUA K CMeHe (bﬂD.ﬂ
“'J\f'._' [-00pa3xas demanb aHKepobku
waz 200
, Omm.bepxa
1 = nAUMB
[lemanb KoHCMpYKMUBHAS — —
waz 600x600 [ \ / L = OmM. Huza
\ — , A 4 nAUMB
=
\_Padoyuu \V -
/ o ApMamypa pado4as
Apmamypa padoyas waz 200

waz 200

.__J\[___

Y3en ycmpoucmba npuMbIKaHUS NAUMb nepexpuimus K cmeHe(Bap.2)

Apmamypa padoyas /

waz 200

[lemans KoHcmpykmubHAA

[-00pa3Has demanb aHKepobku

waz 600x600

<1

Apmamypa padoyas

waz 200
Omm.bepxa
= NAUMLI
JR
ﬁ‘i N \ / L s OmM. Hu3a
1 J NAUMLI
A | | | AJ 1T I7 NN
- =
~_ Padoyuwu

waz 200



TunoBule y3nbl o0pamaerus ombepcmuu

(meHa

— f
.
ApMamypa P A
odpamneHust
! = [-00pa3Has 0emanb OHKEpodKU
8, 1 [ cbazams ¢ padoyel apamypod
:::;tg, /

Apmamypa padoyas

[
o 200
' Apramypa o e Omm.bepxa
a a 0dpamneHus = p—
g /L] - =I T T
5 / <\\> = Omm. Husg
AI : Q\k’“ nAUM
A 50|, [ S
d.t > [-00pa3Hag 0emanb GHKEPodKU
= waz 200
T Lan = Lan
T~ =
! ’I Y [-00pa3Has demans aHkepobku
N cbazamb ¢ padoyeu apamypou
- pMamypa padoyas
N L 0 ApMamypa pad
50 100 ApMamypa o K ZUHmMIhEEXﬂ
O 00pamMneHus nAuM
OcHoBHas u dodopHas apMamupa nAUME! UCAOBHO He NOKA3AH. [ / <)1\> R %
ApMamypa L, 500, 400 <
oBpaMeHUS 7 7 1-0dpa3Hag demans aHkepobku
= = wae 200
- - —|  [l-00pa3Has demanb aHKepobku
R -1 / cbasams ¢ padoyed apamypol
/
/
=Sl
a a
——&—
1 [-00pa3Has 0emanb OHKEPOdKU
LI cbasams ¢ padoyeu apamypou
R4
'I.E B Apmamypa
=L Iz oBpamMAeHUR | 10 0 50 0 =
— Lan Lan —
ﬁ'l e
100 50 50 100 =
OcHobHast u dodopHas apmamupa naumsl YcnobHo He noka3aHa. Tn 3 300 o S




TunoBble Y3l odpamaeHus ombepcmuu

KoHul omozHymb b demo
cmeHbl Bbepx wa Lan (meHa

ApMamypa

Lan

oBpamneHus

gr r 100
1

-0 Apmamypa padoyas
wae 200

—

il Apmamypa
N
R = Omm.bepxa
| —_ % odpamaeHus ;L UM
a a V ' ‘

250

/ <\2 OmM. HU3Q
: g nAUMY

501, LI00

S

[-00pa3Hag demanb aHKepobKu

\) ¢
LI
| By
I
®
I w— S
Lan

N 50 100

OcHoBHas u dodopHas apMamypa nAums YcnobHo He nokasaHa.

waz 200

3-0 ApMamypa padoyad
wae 2[]8

mm.bepxa

Apmamypa 5
0dpaMneHus nAUMY

[

/ <I\> =2 Omm. Husa
‘ - naumy

[amm)

[-00pa3Has 0emanb aHKepobKu

odpaMAeHust

Lan

[ ]
=

-~

e IN_A
AV

waz 200

[-00pa3Has 0emans aHKepobku

N

P
&

cba3amb ¢ padoyeu apamypou

/

y

/

N/

[-00pa3Has 0emans aHkepobku

cbazams ¢ padoyeu apamypou

Lan

Lan




Y3en UEmDOl_JEth KOHCONBHOZO0 NPUMBIKGHUA NAUMbI NEPEKPHIMUA K CMeHe
[lemanb MOHMAXHAH

UmMﬁfiJOUUX1UOO [-00pa3Hag demanb aHkepobku
-ﬁﬁaﬁail- b | waz 200
Omm.Hu3w 3 p——
nume | S jl \\ / i
I
< V il Padoyuu
Apmamypa padoyas wob
waz 200 [-00pa3Hag demanb aHkepobku
30 waz 200
65
- AR Lo
Apmamypa pabdoyad 422221"”//’ // ) "% i
waz 200 . . * ~
Omm. Hu3a / \Y = S Omm. Husa
nAuMmb - = e naums
v 14 |
Padoyuu 25 2 -
wob N ﬂ =
i~ = [lemanb MOHMAXHAA
W waz 1000x1000
f %0 [-00pa3Hag demanb aHkepobku
flemanb koHCMpUKMUBHAA waz 200
wae 600x600 1 AV I Xomum
30 waz 200

Y3en ycmpoucmba KoHCONLHO20 NPUMBIKOHUS NAUMLI NEPeKPLMUS K NAUME NepeKpbimus

['udpownoHKa
[-00pa3Has dema/b aHkepobku [-00pa3Hasg demab aHkepobku
Apvamypa padouast Wz 200 wae 200

waz 200 30 65 llemans MOHMAXHAS
wae 10[]l]x1[]00 Omm.Bepxa
K NAUMmbl

N
AN | N
f N

— \\ \ — OmM. HU3Q
¥ — o B . NAUMbI

A \\l

300
300

% -J a OmM. HU3a < S
/

J KOHCONU
= 5 L)\ ApMamypa padosas
waz 200
300 250
Xomym 0UUHKOBaHHaA nonoca t=15MmM

waz 200 ¢ 2padumobol cMa3kol



Apmamypa padoyas

flemans packnadku Kapkacob Ha npodabnubarue

Kapkac K-1 /\/ Kapkac K-1

Kapkac K-1

_LA

Kapkac K-1

Apmamypa padoyas

waz 200

L 120x5=600 120 \,120 120x5=600 L
4 A A A 4
1. Kapkacs ycmaHobums Mexay HuxHeu u bepxteu
(pMAMUPHLIX CEMOK.
2. OcHobHas u dodopHas apmamypa naumbl Ycnobro He
NOKA3QHa.
A-A
0 Kapkac K-1
wae 200 N 2 \ 2 < Omm.Bepxa
. 7ﬂ‘ 7F’L nAUMs!
% =
— . . =K1
¥ == o . o  —  — % =} g 0mM.HU3ﬂ
o Omw. Hu3a h - nAum
20 / Kanumenu 50
L L
KoHCmpyxkmubHa 4 /
apMamypa N
flemans ycmpoucmba kapkacod Ha npodabaubaxue des kanumeny
50 50
= Omm.bepxa
/_ /_ NAUMbI
B I
| : |
- Omw. Hu30
Kapkac K-2 AU

Kapkac Ha npodabnubaHue

(bapka no FOCT 14098-91 ®10 A500C
H1-Pu . .
010 AS00C A N
3100300 ||, 50

350




50

Y3en ycmpoucmba meprobemabok

a

00

50

1 B 7 7
i A T L 50 T
A /‘ ApMamypa padoyas
I waz 200
Xomym . Ommbepxa
| =+ _[nnumsl
2 | T At s
g = ;
L0 250 00 40 |  10mmHuse
= [1-00pa3Has demasb aHkepobku /W 50 nAums!
a cbasamsb ¢ padoyed apamypod 200130

OcHobHast apMamypa naumsl YcnoBHo He nokasaHa.

[ -00pa3HbiU Bbinyck 7

Y3en ycmpoucmba b naume nepekpeimus
[ -00pa3HblX bbinyckob nod bepmukanbHL e KOHCMPUKLUU

60

KoHmyp bepmukansHou

KOHCMPYKUUU \

Lan

NAuMmbI

Omm.bepxa o J

N\

waz 200

I
\ [lemans MoHMAXHAA OmM. Huza m[\
Apmamypa padoyas o~

waz 1000x1000 nAumy

Y3en ycmpoucmba b naume nepekpsimugs
[1-00dpa3Hblx bbinyckob nod bepmukanbHble KOHCMPUKLUU

KOHCMPYKUUU

200
45 45
KoHmyp bepmukansHou TJ\’—T
1-00pa3Hblu bbinyck \

= Omm.bepxa

|‘ ~ | NAums

| |
~ D
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o naumy

waz 200




dpazMeHm naumsl nepexpeimust. Onanydka.
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dpazMeHm naumbl nepekpeimus. (xeMa pacnonoxeHus mepmobknadblwe.
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bpazmeHm naumLl nepekpsimus. HuxHee apmupebaHue.
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bpazmeHm naumsl nepekpsimus. Bepxree apmupobarue.
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flemanu apmupobarusg naumsl nepekpsimus. Ceverus 1-1,2-2, a-a.
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flemans packnadku kapkacod Ha npodabaubarue. lemanu 1, 2.
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flemans packnadku kapkacod Ha npodabaubanue. emans , [lemanu 3, &, 5, 6.
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