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BBEJIEHUE

B yuebGHOM nocoOuu coaepkaTcsi OCHOBHBIE MOJIOKEHUSI U PEKOMEHIALINU 110
IIPOEKTUPOBAHMIO M PACUYETY I10 NEPBOM IPYyNIE NPEAEIBbHBIX COCTOSHUM Pa3IMYHBIX
BUJIOB YCHJICHHUSI M3rHMOaeMbIX M CXKAThIX K€I€300€TOHHBIX AJIEMEHTOB, BBIIIOJHEH-
HBIX METOJIOM HapallluBaHUsl CEYEHUI C UCIOJIb30BAHUEM KEI€300€TOHHBIX U CTallb-
HBIX KOHCTPYKIIHUM.

[Tocobue cocToUT M3 MATH pa3[eNoB, CIUCKA JUTEPATYpbl U YETBHIPEX MPUIIO-
KeHUH. B nepBbIX IBYyX paszenax pacKpbIBAIOTCs COACPKaHHUE CaMOr0 METOJa YCHU-
JICHUS HapalluBaHUEM CEUYCHHUH C HCIIOJIb30BaHHMEM 000iM, pyOaliek, 0JHOCTOPOH-
HUX U JIBYXCTOPOHHUX HaOETOHOK, a TaKXe TPeOOBaHMsI 110 TEXHOJOTUU U YCIOBUSAM
MPOM3BOJICTBA PaldOT MPH YCUJICHUH. B mMocnenyrommx — u3J10)KeHbl pacyETHBIN af-
napar ¥ KOHCTPYMPOBAaHHUE 3JIEMEHTOB YCHUJIEHUSA. OTH Pa3lesibl COIPOBOKIAIOTCS
YUCJIICHHBIMU TPUMEpPaMU, MO3BOJSIOIMMU Oosiee rI1yOOKO PacKphiTh COJEp KaHHUE
Tembl. Bee paszziensl moapoOHO UIUTFOCTPUPOBAHBI.

IIpuBeneHHble MaTepuaibl OA3UPYIOTCS HA MOJOKEHUSAX, 3aJI0KEHHBIX B pe-
KOMEHJAIHUAX 10 NPOECKTUPOBAHUIO YCUJICHUS JKEJI€300€TOHHBIX KOHCTPYKIMM 31a-
HAW U COOPYXEHHUU PEKOHCTPYUPYEMBIX IPEANPUITUNA, KOTOPBIE aJalTUPOBAHBI K
TpeOOBaHUSIM HOBBIX HOpMAaTUBHBIX TOKyMeHTOB —CHull 52-01-2003 «beroHHbIE U
&Kene300€TOHHble KOHCTpYKUUU. OcHoBHble mnonoxeHus», CII  52-101-2003
«beToHHBIE U K€1e300€TOHHbIE KOHCTPYKIMM 0€3 MpeJBapUTEIbHOTO HANPSHKEHUS
apMaTypbl» U JIPYTMM HOPMAaTUBHBIM JOKYMEHTaM. B OTIOENbHBIX Ciiydasx, KOrjaa B
HOpMax WJIM PEKOMEHJALHUAX OTAEJIbHBIE BOIIPOCHI LIMPOKO HE PACKPBITHL, aBTOP PY-
KOBOZCTBOBAJICS IIPEUIECTBYOLIEH HOPMAaTUBHOW U CIIELUATIbHON JINTEPaTypPOil.

[Ipennaznaueno anst Gosee yrayOiaEHHOTO M3y4YeHHUS BOMPOCOB yCHIIE-
HUs KOHCTPYKIMM METOJOM HapallliBaHUs CEYEHUs B paMKax KypCOBOI'O U JUILIIOM-

HOT'0 MPOEKTUPOBAHUS U OPUEHTUPOBAHO HA PYYHOU PacUér.



1.0cHOBHBIE 1T0JI0KEHHUS O IMPOCKTHPOBAHUH YCHJICHUA CTPO-

UTEJbHBIX KOHCTPYKIIMH METOJ0M HAPAIIMBAHUS CeYEHUI

Ycunenune xene300eTOHHBIX M KAMEHHBIX KOHCTPYKIIHH BBITIOTHSETCS C IEBI0
YBEJIMYCHUS WJIM BOCCTAHOBJICHHUSI UX HECYIIEH CIIOCOOHOCTH, KOTOpasi ObLIa yTpaye-
Ha BCJEICTBHE M3HOCA B TPOIECCE JKCIUTyaTallMH, MEperpy3Kd, HEepaBHOMEPHOU
ocasku (GyHIaMEHTOB, HAJICTPOUKH U IPYTUX (HAaKTOPOB.

Haubomnee pacnpocTpaHeHHBIM M OJJHOBPEMEHHO HAaJICKHBIM METOJIOM YCHJIe-
HUS Je(PEKTHBIX KOHCTPYKLIMU SIBISETCS YCTPOMCTBO 000¥M, pyOaliek, 0JHOCTO-
POHHEIr0 WM JBYXCTOPOHHETO HapalMBaHUS C OJHOBPEMEHHBIM JIOMOJHUTEIbHBIM
apMHUPOBAHHEM, KOTOPOE MOJYYHJIO HIMPOKOE PACIPOCTPAHEHHE B Pa3HBIX CTpaHax
MUpA.

[Tpu poeKTUpOBaHNHU U pa3pabOTKe BApUAHTOB YCHIICHUS KEJIe300€TOHHBIX U
KaMEHHBIX KOHCTPYKIIMH HE0OXOIMMO PYKOBOACTBOBATHCA TpeOOBAaHHMEM TeX K€
HOPMaTUBHBIX TOKYMEHTOB, YTO M JUI1 IPOEKTUPOBAHUS BHOBb BO3BOJUMBIX 3aHUN
U COOPYIKEHUH.

Cornacao tpeboBanusim CHull 52-01-2003 u 'OCT 27751-88, Bce 3ampoek-
TUPOBaHHBIC KEJIE300€TOHHBIC M KAMEHHBIE KOHCTPYKIIMH JOJDKHBI 0071a1aTh 10CTa-
TOYHOU MPOYHOCTHIO M HAJIS)KHOCTHIO KaK MPU BO3BEICHUH, TaK U MPHU IKCIUTyaTaIlH
B HOPMAaJIbHBIX WM OCOOBIX YCJIOBHSX. DTH K€ TPeOOBaHUS OTHOCATCSA U K YCHUJICH-
HBIM KOHCTPYKIIHSIM.

be3onacHocTh, 0€30TKa3HOCTh W JOJITOBEYHOCTh YCHUJICHHBIX KOHCTPYKIIMA
o0ecrieunBaeTcs BBIMOJIHEHUEM OIPEAEICHHBIX TPeOOBaHUM, KOTOpBIE HPEIbSBIIS-
IOTCS K KOHCTPYKLHMSAM yCHJICHUS M MaTepuaiaM, U3 KOTOPHIX OHU BBHITIOJHEHBI; K
TEXHOJIOTMM M METOJaM MPOU3BOJCTBA pabOT B MPOLIECCE YCUIICHUS, a TaKKe K BO-
pocaM pacueTa ¥ KOHCTPYHUPOBAHUS SJIEMEHTOB YCHIICHHS M YCUIICHHBIX KOHCTPYKITHA.

[Ipexxae ueM paccMOTpeTh 3TU TPeOOBaHMS, OCTAHOBUMCS HA CAaMOM MOHSTHU

«HApAIIUBAHUE CCUCHUI.



1.1. OOmme cBeeHUA 0 CIIOCOOAX HAPALUBAHUSA CEYCHUI

Opnum u3 Haubosee pacnpoOCTPAHEHHBIX METO/IOB YCUJIEHUS! WM BOCCTAaHOB-
JIEHUS CTPOUTEIBHBIX KOHCTPYKUMM SIBISIETCS METOJ HapalllMBaHUs CEYEHUM C IO-
MOIIIBIO KE€JI€300€TOHHBIX, PACTBOPHBIX WJIM CTAJIbHBIX KOHCTpYyKiui. [lepBbie cBe-
neHust 00 ycrnemHoM BbinoHeHuu uHxeHepom B.K.CTpyBe ycuieHus CyiiecTByro-
MIMX KOHCTPYKIIMHA 3aMKHYTBIM CEYEHHEM W3 OETOHA U JIOMOJHUTEIHLHON apMaTyphl
otHOcATCA K 1919 rony. IIpumepHO B TO e BpeMs Hayajauch UCCIENOBAHUS 10 U3Y-
YEHUIO PaBHOMPOYHOCTH COCTUHEHUS Pa3HOBO3PACTHBIX 0B OeToHa. B 1938 romy
N.M.JIMTBUHOB NPEJIOKUT METOJI YCUIICHUS KEeIe300€TOHHBIX KOHCTPYKIUNA OJIHO-
CTOPOHHHMM HapallrBaHueM O€TOHOM c aoOaBiieHHMEM apMmaTypbl. B 1942 rony Oblna
omyOnrKoBaHa UHCTPYKIUS HapkomcTposi, B KOTOpoi OblT 0000IIEH U CHCTEMAaTH-
3UPOBAH OIBIT MO BOCCTAHOBJICHUIO W YCHJICHUIO >KEJIE€300€TOHHBIX KOHCTPYKIUH.
Bonbiolt Bkiag B pa3BUTHE TEOPUU U NMPAKTUKU YCUJICHHS] HECYLIUX KOHCTPYKIUN
BHecu A.A.I'Boznes, O.f.bepr, B.B.MuxaiinoB u apyrue ydyensie. OOmmMpHbIIA Ma-
TepHUall 10 0OOOLIEHUIO OIbITA BOCCTAHOBJICHUS U YCUJIEHUS] KOHCTPYKIMI U pacyeT-
HbIH anmapat npeactasui H.M. Onydpues [4].

VYcunenne HecylmUX KOHCTPYKLIMM METOJIOM HapalluBaHHs CEYEHUH MpPENro-
JaraeT MCHOJb30BaHHE YETBIPEX €€ pazHoBUAHOCTEeH. OIHUM U3 Haubojee pacnpo-
CTPaHEHHBIX CIOCOOOB YCHUJICHHSI CTEP>KHEBBIX CHUCTEM SIBIISIFOTCS 00OMMBI, Xapak-
TepHasi 0COOEHHOCTh KOTOPBIX — 3AMKHYTO€ CEYEHHE, OXBATHIBAIOIIECE yYCUINBAEMBI
AJIEMEHT CO BCEX 4eThIpeX CTOpOoH. OOOMMBI MOTYT OBITh Kak KeJIe300€TOHHBIMU U
PacTBOPHBIMHU, TaK U METAJUTMUYECKUMU. JlaHHBIN BUJ yCHIIeHHs OAJIOK, KOJIOHH, CTEH
WIM NPOCTEHKOB UCIOJIb3YETCS B Clydae, KOrja Mo TeM WJIM UHBIM PUYMHAM HEb3s
OPUMEHUTh MEHEE TPYAOEMKHH CIOocOO — OJIHOCTOPOHHEr0 WJIM IBYXCTOPOHHEro
HAPAIIMBAHMUSA U3rH0AEMbIX WM CXKATHIX 2JIEMEHTOB.

YerBepTas 1Mo MOpSAIKY, HO HE MO 3HAYUMOCTH Pa3HOBUIAHOCTh HAOETOHKU —
pyf0amika, KOTOpasl NpeacTaBisieT cOoOOW HEe 3aMKHYTYIO C OJHOM CTOPOHBI KOH-

cTpykino. OHU UCTIONB3YIOTCS B TOM Cilydae, KOrja BO3BEICHUI0 00OMMBI MpETsT-



CTBYIOT APYTHE KOHCTPYKIIMH, HATPUMED IUIUTHI MEPEKPHITUS I N3TH0AEMBIX dJIe-
MEHTOB WJIM IPUMBIKAIOIINE HECYIINE CTEHBI — JJIs1 KOJIOHH.

W3 nepedncieHHbIX pa3HOBUIHOCTEH HAOETOHOK HauboJee HaJIeHKHOM SBIIAET-
csl 000iMa, Tak Kak Oyiaroapsi 3aMKHYTOM KOHCTPYKITMM OHA HE TOJIBKO OXBATHIBAET
Oanky (puc. 1.1) unu xononny (puc. 1.2) mo BceMy nepumMerpy, HO U IJIOTHO 3aXkKH-
MAaeT AJIEMEHTHI 0JIaroIapsi MPOUCXOIAIIEH B OETOHE ycaake. DTO CBOMCTBO OOONMBI
OYCHb IIEHHO, T.K. OHA JIa)K€ MPU HEKAY€CTBEHHOM BBITIOJIHEHHH PA0O0T TapaHTUPYET
COBMECTHOCTh paOOThI CYIIECTBYIONIEH U YCUITUBAIOIIEH KOHCTPYKIIUH.

Pa3mepsl cedeHust a000ro Buaa HAOETOHOK ONPENENSAI0T pacueToM. TonuHy
Ce4YeHHs] 000MMBI MJIM HApALIMBAaHUS MMPUHUMAIOT TAK)KE€ B 3aBUCMMOCTH OT BEITUYH-
HBI 3aIIMTHOTrO cJiosi O€TOHA, a TaKXKe JuaMerpa pabodeil v MmonepeyHon apmaTyphl.
MunuManbsHas e€ BeIMYuHa 711 U3rH0aeMbIX JIEMEHTOB cocTaBisieT 60 MM, MaKkcu-

ManbHas — 00b14HO0 100120, HO He OoJee 250-300 MM.

B HaunOonblueil crenenr KOHCTPYKIHS 000MMBbI MPOSIBISET ce0sl TP YCUIICHUU
CKaTbIX AJIEMEHTOB, T.K. HAJIMYHWE 3aMKHYTOM IIONEPEYHOM apmaTypbl (XOMYTOB)
o0ecrieynBaeT BCECTOPOHHEE C)KaThe OETOHa CYIECTBYIOIIEH KOHCTPYKIIMHU, YBEIH-
gyuBas 3p¢ext 06oimbl. [Ipu ycTaHOBKE 3aMKHYTON apMaTypbl B BHJIE CIUPAIBHOM
oOMoTku auameTpoM 6 mm kimacca A240 (A-I) addext o6oiiMbl erie O6obIIe yBEIH-
ypBaeTCsa. MUHUMAIBHOE CEUCHUE 000MMBI B CXKATHIX dJIEMEHTaX cocTaBisieT 60 MM,
a MaKCUMAaJIbHOE, B 3aBUCUMOCTHU OT CTEIICHU YBEIUUYCHUS HECYIIEH CIOCOOHOCTH, HE
npeBbIlIaeT, Kak npaBuiio, 300 MM. B 3aBUCUMOCTH OT KOHCTPYKTHBHBIX OCOOEHHO-
CTell W MPUMEHAEMbIX MaTePUANIOB JJIsi YCWJICHUS KOJOHH HMCHOJB3YIOT HECKOJIBKO
TUNOB 000iM. OJHUM M3 THUIIOB XEJIE300€TOHHBIX OOOWM SIBIAIOTCS OOOMMBI C
0OBIYHOH TIPOJOJBLHOM U TOIMEPEYHON apMaTypoul 06e3 CBSI3M apMaTypbl OOOMMBI C
apMaTypoi yCuiIMBaeMoro aieMmenTa (puc. 1.2,a).

[Tnomane ceyeHust apMatypbl 0OOMMBI ONpeAessieTcss pacu€éToM, OJHAKO JTua-
METp CHKATbIX CTEP’KHEW JTOJKEH ObITh HE MeHee 16, a [uist pacTIHyThIX — 12 mm. B-
3aHas MONEpedYHas apMarypa NPUHUMAETCsS IHaMETpPOM HE MeHee 6, a cBapHas —

EMM.



Puc. 1.1 Koncrpykuusi 000iiMbl Ha Hepa3pe3HOil 0ajiKke peOPUCTOro MePeKPbLITHS:
a) — oOmuii B KOHCTPYKIIMKM 000MMEI; 0) — ceueHre 0aaku YCHICHHOM 000MMOI; B) — YCTAaHOBKA XOMYTOB IIPH IIIAXMaTHOM

NOpAJIKE MPOOMBKH OTBEPCTHUI B IUIMTE MEPEKPBITUS; 1 — ycunuBaemas 0anka; 2 — o0oiima; 3 — minMrTa nepeKpbIThs;

4 — mpoOUTHIE B MIUTE OTBEPCTUSA IS MIPOITyCKAa XOMYTOB, 0OOWMBI U JUIsi OETOHUPOBAHUS MTOCIIEIHEH; 5 — MPOOUTHIE B TUIUTE
OTBEPCTHUSI JIJIsl IPOITYCKAa XOMYTOB U OTOTHYTBIX CTEPAKHEH, HCIOIb3YEMbIX TAK)Ke MPU OETOHUPOBAHUU OOONMBI;

6 — npojoJbHAsA HaJoTIOpHas paboyasi apMaTypa 000iMBI; 7 — BEpXHAS MOHTa)XKHasi apMaTypa 000MMBI J1Jisl yCTAHOBIIEHUS XO-
MYTOB; 8 — KOCbI€, OTOTHYTbI€ CTEP>KHU; 9 — HUKHUE OOKOBBIE pabouune cTep>kHU 000MMbI; 10 — HIDKHUE cpeHue paboune
cTep>kHU 000UMBI; 11 — XOoMyThl 000MBI; 12 — rHE3/I0 IS KPIOKa CPEIHUX HUKHUX CTepkHEeH; 13 — HaOeToHKa HaJ| TUIUTON

B ToJIIE 1oJa; 14 — ypoBeHb mona
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Puc. 1.2. BapuaHTbl yCHJIEeHUS 7Kej1€300e TOHHBIX KOJIOHH: a) — YCUJICHUE KOJIOHHBI OOBIYHOM KeIe300€TOHHON 000HMMOM
0) — ycujieHHe KOJIOHHBI 000HMMOM CO CITMpaIbHON apMaTypoi B) — YCHIJICHHE KOJOHHBI JKeJIe300€TOHHON pyOaIkoi

1— ycunuBaemasi KoyioHHa; 2 — o0oiima; 3 — TpojI0JibHAs apMaTypa 000WMbI; 4 — TOMNepedHast apMarypa 000MMBI;

5 — cnupaneHas apmatypa; 6 — pyOarka; 7 — paboyas apmatypa pyoOamku; 8 — XoMyTsl; 9 — orpaxaaromias cteHa; 10 —
CBapKa BHAXJIECTKY XOMYTOB K apMaType KOJIOHHBI
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[ITar nonepeyHol apMaTypbl yCTAaHABIMBAETCS MUHUMAIbHBIM UCXOS U3 TPEX
yclloBUi: 15 nuaMeTpoB MpoaOiabHOM apMaTyphl; HE 0oJjiee TPEXKPATHOM TOJILIMHBI
o0oiimbl 1 HE 6osiee 200 M.

Pa3HOBUAHOCTBIO TAKOT'O YCHJICHHUS SIBIISIOTCS O00OWMBI C OOBIYHOM TPOJI0JIb-
HOM M NONEPEYHON apMaTypou B BHJI€ HENPEPBIBHBIX CIUPAIEH U3 IPOBOJIOKU JHUa-
METpOM He MeHee 6 MM, ycTaHaBiuBaeMon ¢ marom 40-100 MM u He Gonee 1/5 nua-
MeTpa sjipa 000MBbI, OXBaueHHOM criupabio (puc. 1.2,0). Ha npuonopHbIx yyacTkax
B Mpejiesiax JJIMHbI 30Hbl aHKEPOBKHU U BO3MOXHBIX MECTaX KOHIIEHTpAIMU HampsixKe-
HUU Iar cnupaieil He JoJKeH ObITh OoJiee 50 MM.

[Ipu cunbHOM MOBPEXKICHUN KOJIOHH, TIPUYMHAMU KOTOPOTO SBJISIETCS OTCIIOE-
HUE 3aIIUTHOTO CJI0sl OETOHA, KOPPO3Usl MeTallla, puznueckue AeeKThl — IEeIeco00-
Pa3HO MPOJOJBHYIO apMaTypy 00OWMBI IPUBAPHUBAThH C MOMOIIbIO KOPOTHIIIEH K Cy-
HIECTBYIOIIIEH apMaType nocie e€ TuaTeabHol ouncTky (puc. 1.3,1,1).

[Ipu moBpeXaeHNUN KOJIOHH JIOKAIBHO YCTPAUBAIOT MECTHBIE 000MMBI, KOTOPHIE
JIOJ>KHBI BBIXOJIUTH 32 MIPEJEIbI 3TOr0 ydyacTka Ha JyinHy He MeHee: 400 MM; yJBOEH-
HOTO 3HA4YEHUs OOJBIIETO pa3Mepa CEUEHUS; MATH TOJIUH 000NMBI WU JJTMHBI aH-
KepoBKkH (puc. 1.3,3).

Hapsiny ¢ xene300eTOHHBIMU MOKHO UCIOJIB30BaTh METAUTMIECKUE OOOUMBEI,
COCTOSIIIINE U3 CTAJIbHBIX YTOJKOB, KOTOPBIE YCTAHABIMBAIOT 110 TPAaHSIM KOJIOHH, CO-
€IMHUTENIbHBIX TUIAHOK M YHOPHBIX JETaled U3 YroJIKOB-KOPOTHIIICH U JIUCTOBOTO
meraiia (puc. 1.4).

Mertannuueckre 000iMbI pEKOMEHIYETCSl IPUMEHATh MPU OFPAHUYEHHBIX T'a-
OapuTax MOMENIEHUN B MECTaX MPOBOJAUMOTO YCUJICHUS WU KOTJIa YCUJICHHE HYKHO
BBITIOJIHUTH B Kparuaiiiue cpoku. [Ipu 3ToM 0053aTeTbHBIMU YCIOBUSIMU SIBJISTFOTCSL:
IJIOTHOE NMPUMBIKAHUE METAJUNIMYECKUX YTOJIKOB K I'PAHSAM KOJIOHHBI; UX BEPTHUKAJb-
HOCTb; IUIOTHOE MPUMBIKAHUE TOPLIOB BEPTUKAJIBHBIX YTOJKOB K YIIOPHBIM JCTANSIM,

IPUBApPEHHBIM K apMaType OaoOK WM 3aKJIaaHbIM AeTaisaM. [lociennee nocturaercs

11
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Puc. 1.3. Iera;u 1 BUABI KOHCTPYKIUHA YCUJICHHS METOA0OM HAPALUBAHUSA CEYCHUA

a

Q—perand npuKpénteddsa no-
UOJIHHTENBHOR apMaTypw no-
cpeacTBoM  oTru6os; 6—T0
e, TNOCPejCTBOM  KOPOTHI-
wed; 6—NeTanH BepPTHKAJb-
HBIX 5/JeMeHTOB JJA NpPHKper-
JIeHHS JAOMOJHHTeNbHOR  ap-
MAaTypH, 2—MeTaAH HAKJIOH-
HBIX SNEMEHTOB JJs  TIpH-
KperJIeHHs JONMOMHHUTENLHOH
apMaTypel; O-—YCHJeHHe 'Ha-
6eTOHKOR NpPH YCTAHOBKe HO-
TOMHATENLHOK apMaTypel Ha
KOPOTHIMAxX; e—YyCH/IeHHe Ha-
pamKBaHHeM ¢  YCTaHOBKOH
AOMOMHHTE1bHOH apMaTypust
Ha ~ OoTrH6ax H  XOMYTax;
#—TO e, NPH HAJHUYHH OIOp
8 BHIE KOJOHH; 3—YCHJIEHHE
KOJIOHH HapamUBAHHEM IpH
3HAYHTENBHOM YBeJHIEHHH
rPYSONOALEMHOCTH; U~TO XKe,
npH He6oNbIIOM YBeJTHUeHHH
rpy3ONONbeMHOCTH; K—OJIHO-
CTODOHHee YCHJEHHe KOJIOH-
HBl KOHCOJMBLHOIO BHICTYNMA H
MONKPaHOBOH 6GaJKH ToOCpex-
CTBOM OXHOCTODOHHEro - Ha-
PalUHBAHHA
I'*—KOpOThIH; 2—BEePTHKAJb-
Hble  JABYCDE3HHE XOMYTHI;
J—BepTHKAaNbHEE KDIOUKH;
4—HaKJNOHHBIE  JBYXCPesHHE;.
S—HaK/IOHHHE KPIOuUKH; 66—
CyllecTBYIOmMAan apMaTypa
YCHJIHBaeMbIX SJIeMeHTOR,
7—npHBapeHHble OTrHOH; &§—
DOMONHHTENbHAA  apMaTypa;
9—npHBapKa; 10—pomonuu-
TeJbHBIe pafouHe CTEPXKHH
¢ otrubamu; II—TpexcpesHule
XOMyTH; [2—paBoume pomoa-
HUTEJbHBE CTePXHH C MpH-
BapeHHBIMH OTrHGaMu BOGJHIH
omnop; /3—MONONHUTENbHBEIE Pa-
Gouue CTEP}KHH C NPHBADEH-
HBIMH OTrHGaMH B npoJeTe;
I4—pONONHHTENbHEIE XOMYTh
B KOJIOHHax; IS—npHBapkKa,
OCYyIIecTBNIfEMAR HA MOHTAaXe.



Puc.1.4. YcujieHue KOJOHHBI METALJIHYECKOMH
0001iMoOii:
1 — ycunuBaemasi KOJIOHHA; 2 — CTOMKHU-YTOJIKH;
3 — COCIMHUTEIbHBIC TUIaHKH,
4 — NOoAKJAJIKY; 5 — 3aU€KaHKa [IEMEHTHBIM PaCTBOPOM
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Puc.1.5. IIpucnoco0/ieHue 1yl BKIOYEHHUS B padoTy
METAJJINYECKOH 000iMbI KOJIOHHBI

1 — ycunmBaemasi KOJIOHHA; 2 — 000iimMa; 3 — CTOJIUK;
4 — MEeTAININYECKUN BUHT; 5 — raika; 6 — ynopHsbIi dJie-
MEHT; 7 — pUrelib; 8 — TMHAMOMETp; 9 — nmpoknagka
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C MOMOILBIO CHENUATBHBIX MPUCIIOCOOTIEHUH, OJIMH U3 BAPUAHTOB KOTOPOIO MpHBE-
JIeH Ha puc. 1.5.

D¢ hekTuBHOCTh PabOThl METAJUIMYECKONH O0ONMBI PE3KO TMOBBIIIAETCS TPHU
YCTPOMCTBE MPEAHANPSIKEHHBIX IUIAHOK, KOTOPOE OCYLIECTBISETCS NOCPEACTBOM UX
HarpeBa nepej NpuBapKoil K yroiky. DPGeKTUBHOCTh 3TOT0 METOa JOCTUIaeTCs 3a
c4eT 00KaThs KOJOHHBI METAJUIMYECKUMU MOosicaMu, 00pa30BaHHBIMU U3 IIPUBAPEH-
HBIX IUIAHOK MPH WX OCTHIBAaHUHU.

HaunGonbmuit 3Qdekt n Han€KHOCTh NMPU YCUIIEHUU KOJIOHH JIOCTUTAETCs MPU
UCIIOJIb30BAaHUU MpPEAHANPSIKEHHBIX METANIMYECKUX PaclopoK, KOTOpbIE I LIEH-
TPaJIbHO-CKATBIX KOJIOHH (ITOCIIE 3aBEPIICHUs padoT 10 YCUJICHHIO) MPEBPAIAIOTCS B
[peIHANpPSKEHHYI0, TENEeph YK€ B BEPTUKAIBHOM HampaBiieHHH, o0oiimMy. BHelen-
TPEHHO — CKAThl€ KOJIOHHBI YCWJIMBAKOTCS OJHO WJIH JIBYXCTOPOHHUMH PaclopKamu U
paboTaloT co CTOPOHBI cxaToro OeroHa. bornee mMoApoOHO ITOT BOMPOC U3JIOKEH B
pasznene S.

Py0amiku, KaK 3J€MEHT YCUJICHMsI M3rM0aeMbIX U CXKAThIX AJIEMEHTOB, PEKO-
MEHJYeTCsl IPUMEHSATh B TE€X K€ clydasx, 4yTo U oOoitmMa. OgHAKO B OTIMYHE OT
000iM UX dYallle MCTIOJB3YIOT NMPHU YCUJIEHUHW MOHOJIUTHBIX OAlOK pEeOpHUCTHIX Tepe-
KpbITUH, (puc. 1.6).

KoHncrpykuus pyOamku anaiorndyia oooiMam. OHU apMUPYOTCS IPOAOJIbHON
U TIOTIEpeYHOM apMaTypoi. YacTh monepeuHoi apMatrypsl 0anok siBisieTcs: paboyeii, a
Ipyrasi — KOHCTPYKTUBHOM. B KOJIOHHaX 3Ta apmarypa sBJISIETCS KOHCTPYKTHUBHOM.
Pabouas apmarypa onpeznensieTcst 1o pacyéTy ¥ yCTaHaBIIMBAETCS B PACTAHYTOU 30HE
yCWJIMBAEMBIX OalIOK, 1100 paboTaeT Ha CKaThe — B KOJIOHHAX.

[Tonepeunas apmarypa pyOallek BBIIOJHIETCS B BUJIE OTIACIbHBIX CTEPHKHEH
WIA OTKPBITBIX XoMyToB. Eciu nmocneanue no pacuéry He TpeOyroTCs,, TO OHU yCTa-
HaBJIUBAIOTCSI KOHCTPYKTUBHO C MAKCUMAJIbHO JIOMYCTUMBIM IIArOM C YYE€TOM BBICO-
Thl 0AJIOK COIIACHO JEHCTBYIOIIUM HOPMAM.

JUis CKaThIX 3JIEMEHTOB 0CO00€ BHUMAHUE HEOOXOIMMO YAESATh aHKEPOBKE

[OMEPEYHON apMarypbl IO KOHLAM IONEPEYHOro ceyeHus pyodamek. XOMYThI
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Puc. 1.7. KoHcTpyKIus yCHIeHUS KOJOHHBI
ABYXCTOPOHHHM HAPAIIUBAHHEM CEYCHMS:

l—ycunuBaemMast KOJIOHHA; 2—0AHOCTOPOHHEE Hapa-
NIMBaHKE, 3—apMaTypa KOJOHHBI; 4—100aBoYHas pa-
Oouas apmMaTypa; S—COeIUHUTEIbHBIC CTEPKHU Ha
CBapke

%
V87
A

3 4

Puc. 1.6. Ycuiienune MOHOJIUTHOM
0aJIKH KeJs1e300eTOHHOI py0dam-
KOM:

1 — ycunuBaemast 6anka; 2 — pybamika; 3 — pabodas apmaTypa pyOariku;
4 — MOHTa)XHasi apMarypa pyOoalku; 5 — XOMyThl; 6 — HACEUKa;
7 — CTsIKKA

(GBOOBO)

0)

4 2
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Puc. 1.8. Ycunenue cO0pHBIX
ILUTUT € IYCTOTAMMU:

a) — BCKPBITHE CBEpXYy C YyCTa-
HOBKOIl Kapkaca; 0) — TO ke ¢
OETOHMPOBAHUEM CBEPXY C MPO-
THUBOYCAJI0YHOM CETKOW;

| — ycunuBaemas nmra;2 — ap-
Martypa;3 — 0ETOH yCUJICHUS;

4 — mpoTUBOyCaqO4YHAs CETKA



00s3aTeIbHO IPUBAPHUBAIOT K apMaType yCHUIMBAaeMO# KoJIOHHBIL. [Ipu ycuiennu mo-
HOJIUTHBIX 0aJI0K peOPUCTHIX MEPEKPHITUI XOMYThI BEIBOIST Yepe3 MPOCBEPIICHHbBIE B
IUIUTE OTBEPCTHSI U AHKEPYIOT C MOMOILUBIO MPOJOJbHBIX ApMATypHbBIX CTEpIKHEM,
YKJIaJIbIBAEMBIX BJIOJIb OJIOK (puc. 1.2,B).

Ycuwiienne 0QHO- WM IBYXCTOPOHHUM HApPAIIMBAHUEM 3aKJIIOYAETCS B yBE-
AUYEHUU pabodero ceyeHus Mo BBICOTE (CBEpPXY, CHU3Y WM OJHOBPEMEHHO C JIBYX
CTOpPOH) JMOO0 (aHAJIOTUYHO) MO HIMPUHE YCHUIMBAEMON KOHCTPYKIIMH. DTOT METOJ
MPUMEHHUM Kak JJIsI MOHOJIUTHBIX, TaK U JUIsl COOPHBIX KOHCTpYKUuii (puc. 1.7—-1.9).

Bocnpustue kacaTenbHbIX HANPSDKEHUN, JEMCTBYIOIIUMX B IJIOCKOCTH KOHTAK-
Ta CTAporo M HOBOTO OETOHA B IUIMTAaX, 00ECIEYUBACTCS MPU TOJIIMHE HAOETOHKU
710 30 MM, BBIIIOJIHEHHOM HAcC€4KO JTMOO B COBOKYIMHOCTH C KOHCTPYKTUBHBIMU Me-
paMU B BUJIE «IIPUCTPEIEHHON» CETKHU U3 MPOBOJIOKU AUAMETpoM 1,5-2 MM ¢ gueii-
kot 40—70 mm. [Ipu Gombiieit TonmuHe HAOETOHKM YCTaHABIUBACTCS KOHCTPYKTHUB-
Hasl apMaTypHas CeTKa.

B Gankax mpu 1r060M crioco0e HapaluBaHus MPUKPEIIICHUE JOTTOJTHUTEIIbHON
paboueil apMaTyphl K CyIIeCTBYIOIIEH (¢ orojieHHbIM Ha 0,5 nuamerpa 3alUTHBIM
ci0eM OeTOHA) OCYIIECTBISIETCS HA CBApKE C MCIOJIb30BAaHUEM CHEIHAIbHBIX CTalb-
HBIX JleTajiell [uaMeTpoM He MeHee 10 MM.

[Tpu manoit Tonmune Hapamubanus (30—80 MM) UCTIONB3YIOT KOPOTHIIIH JUa-
metrpoMm 10—40 mm u gnunoi 50—200 MM, YTO MO3BOJISIET IPUBAPUTH HOBYIO apMarty-
Py HENOCPEACTBEHHO OKOJIO CYUIECTBYIOLIEH C MUHUMAJbHBIM 3a30poM. B ciyuae
HEOOXOIMMOCTH 3HAYMTENIBHOIO yBeJIW4YeHUs! BbICOThl HapamuBaHus (100300 mm),
IPUMEHSIIOT TPUBAPECHHbIC BEPTUKAIBHBIE M HAKJIOHHBIE JBYXCPE3HBIE XOMYTHI,
KPIOUKH M OTTUOBbI. KOHCTpYKIMS pa3iudHbIX AeTallel, UX JUAaMETPbl U OTIEIbHBIC
BapUAHTHI YCUJICHUS M3TH0AEMBIX U CKATHIX DJIEMEHTOB MIPUBEJICHBI HA puc. 1.3.

Koportslliiu B pactsiHyTol 30He pazMmemiatroT Ha paccrostnuu 200-1000 mm, a B
ckatoil — Ha pacctossHuu He 6oee 500 mm u He 6onee 20 TuaMETPOB MPOAOIBHOU
apMarypsl. 3aKOHOMEPHOCTb Pa3MEILEHUs XOMYTOB U JIPYTUX JETaJIeH B paCTIHYTOM

U CKaTol 30HaX OajloK aHaJOrMYHa M JIOJDKHA COOTBETCTBOBATH TPEOOBAHUSIM
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Puc 1.9. KoHcTpyKkumMu ycuIeHUs IUIUT peOpHCTHIX NePEeKPbITHII HAPAIIMBAHNEM U 00oiiMamMu:

a) — YCUJICHUE TUTUTHI HapaluBaHueM; 0) — yculieHne COOPHBIX IUIUT HapalluBaHUEM; B) — YCUJICHUE TJTUTHI HapallluBaHUEM
CHU3Y; T') — YCWJIEHHE NEPEKPBITHSI, OMUPAIOLIETOCs HAa METaNIMYecKKe OaaKu; 1) — yCUIIEHHE OMTOPHOIO MepeceyeHus 0anok;
l—cymecTByoas KOHCTPYKLHUS; 2—Ha0ETOHKA yCUIIEHUS; 3—IOMOJIHUTENbHAS apMaTypa KOHCTPYKIIMM YCUIICHUS;
4—KOpOTHILIN JJIs1 IPUBAPKU JOTIOJHUTEIBLHONU apMaTypbl; S—CKOJIOThIA OETOH /1JIsl OTOJICHUS! apMaTyphbl ITUTHL;
6—IOMOJTHUTENIBHBIE XOMYThI; 7—HaJO0IMOPHAs JOIOJIHUTENbHAA apMaTypa; 8—CBApHOW MIOB; 9—XOMYThI U3 IIOJIOCOBOM CTaju;
10—o6oiima; 11—cymecTByomas apMarypa, yCUIuBaeMoi KOHCTPYKIMH; 12—0TBepCTHs MPOOUTHIE B IITUTE ISl MPOITYCKa
XOMYTOB ¥ OETOHUPOBaHUS 000NMBI METAIIMYECKUX OaJIOK.
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JNEUCTBYIOIIMX HOPMATUBHBIX JOKYMEHTOB.
bonee moapoOHO BOMPOCHI KOHCTPYHUPOBAHMS JJIEMEHTOB YCHICHHS IS
HamboJiee PaclpOCTPAHEHHBIX BHJIOB KOHCTPYKIMH M METOIOB CHUJIOBOTO BO3JCH-

CTBUs PACCMOTPCHBI HMKC B COOTBCTCTBYIOIINX pa3jiciiax.

1.2.Martepuanbl, HCNOJb3yeMble IPH YCHJIEHHH KOHCTPYKIMH

OpHMM U3 OCHOBHBIX (PaKTOPOB HAAEKHOM pabOThl YCHUIIEHHBIX KOHCTPYKLIUN
ABJIIETCS 00ECIIEYeHNE COBMECTHOM pabOThl yCHJIMBAEMOI0 M yCHJIMBAIOLIETrO 3Jiie-
MEHTOB. B mepByIo ouepens 3T0 qocTUraercs 00ecrnedeHneM HaIeKHOTO CHETUICHUS
MEX]ly CTapblM U HOBBIM OETOHOM, KOTOPOE MOXET KO0JeOaThCs, COIVIACHO INpOBe-
JE€HHBIM HCCJIEAOBAHUAM, OT MOYTH IMOJHOW MPOYHOCTH MOHOJUTHOTO O€TOoHa [0
40% ot He€. Bo MHOTOM 3TO 3aBUCHUT OT NPUMEHSIEMBIX MaT€PUAIOB U TEXHOJIOTNYe-
cKHuX (pakTOpOB.

1.2.1.beton ycmienusi. Kinacc 6eToHa ycuneHus A0KEH NPUHUMAThCS BbILIE,
yeM OJKalIii yCIOBHBIN KJlacc cyliecTByroiero 6etona. Ho B mobom cinydae He
Hke B15 mis HamzeMHbIx KOHCTpYKIuid U B12,5 — nna dynnamento. PactBop mist
3aJI€JIKK OTBEPCTUH, 3aLIUTHON IITYKATypKH U T.II. IPUHUMAETCS HE HUKe Mapku 150.

Jlns OeToHa M pacTBopa JOJDKEH MCHOJIb30BaThCS HOPMAJIbHBIA MOPTIAHALE-
MeHT Mapku He Hike 400. DTo CBSI3aHO € TeM, UTO OBICTPOTBEPACIOIINE LIEMEHTHI, B
OCOOEHHOCTH TJIMHO3EMUCTBIE, MOKA3bIBAIOT MOHMKEHHYI0 10 50% Npo4yHOCTh 1O
KOHTAKTy IOBEPXHOCTEH, T.K. 00JaAat0T MOBBILIEHHON ycaakoi. [Ipu Heobxonumo-
CTH OBICTPOTO CXBATHIBAaHUS M TBEPACHHUS PEKOMEHIYETCS TOT K€ LIEMEHT B COBO-
KYITHOCTH C TeMIIepaTypHOil 00paboTKoi O0eToHa MPH MSATKOM PEXUME MOBBIIICHUS
TEeMIIEpATyphl, cocTasisitomemM 5-10° C B gac.

[Ipumenenne OBICTPOTBEPACIOMIUX IEMEHTOB MM J00ABOK — YCKOpHUTENEH
TBEPJIEHUS JOIyCKAETCs TOJIBKO IPU COOTBETCTBYIOLIEM MOJ0O0PE COCTABOB, KOTOPHIE
00€ecreynBaT yCaJKy, HE MPEBBIIIAIONIYIO ISl OOBIYHBIX OETOHOB €CTECTBEHHOIO

TBEPACHUS.
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KpynHocTth 3anoinHuTenss U ya1000yKJIaapIBA€MOCTh OETOHHON CMECH JOJIKHBI
YBSI3BIBATHCS C TOJIMHONW 000HWMBI, pyOaIlKi WM OJTHOCTOPOHHETO HapaIluBaHU.

MaxkcumanbHasi KPyNHOCTb 3aloJIHUTe el 17151 OETOHA YCUJICHUS IPUHUMA-
eTcs U3 cieayromux ycnoBuid. [Ipu BuOpupoBanuu 6eToHa yCUJIEHUSI KPYITHOCTD 3a-
MOJIHUTENISL HE JOJDKHA MpeBbImaTh 20 MM Mpu ToJuHe HaOeToHKU Oonee 120 Mm

(32 MCKJIIOYEHHEM MACCHBHBIX KOHCTPYKIMHK) B 5--10 MM — mpu TonmmHE 000WM
75—120 mMm. [Ipu TOpKpEeTUPOBAHUM KPYIMHOCTH 3aMOJIHUTENSI IPUHUMAETCS COTJIac-

HO NACHOPTHBIX JaHHBIX MCIOJIb3YEMOI0 000pyAoBaHus, HO He Oonee §8-10 mm. Ilpu
TOJIIMHE TIOJIOCTH MOJUIMBA BBICOTOM 10 50 MM — He 6osee 5 mMm. [Ipu yactom pac-
MOJIO)KEHUHM apMaTyphl TOIMYCKAETCs MPUMEHATh LIEMEHTHO-IIECYaHblii OETOH ¢ Mpo-
€KTHOU MPOYHOCTHIO C MOJIyJIEM KPYITHOCTH IeCKa HE HUXe 2,2—2,5.

Yano6oykiiaabpiBaeMocTh OCTOHHON CMECH 3aBUCUT OT TOJIIMHBI HAOETOHKHU U
nojoxkeHusi 6eronupoBanus. Ilpu Tommuue GeToHHMpyeMoro snemeHTa 10 120 mMm
ocajJika KOHyca IpuHMMaeTcsi He MeHee 6-8 cMm; ot 120 no 200 — ot 5-6 cm g0 2-3;
npu TosuuHe 6osiee 200 MM 1 Hanmmuuu BUOpoOynaBel — 1-3 cMm. [l moBBIILIEHUS
y1000YyKIIaIbIBAEMOCTH KECTKOTO OETOHA PEKOMEHIYETCsS NMPUMEHSTH IlacTuduKa-
TOPBI IPU HAIMYHUK MOA00PA COCTABOB C LIEJIbIO YMEHbIIEHUS ycaaku. [Ipu ucnomns-
30BaHMM JIMTBIX — CYNEPIUIACTU(PUIIMPOBAHHBIX CMECEH oOcaJlka KOHyca OeToHa
JIOJKHA coCcTaBIITE 16-20 cM.

OueHpb BaKEH M TEMIIEPATYPHBIN pexuM. [Ipu ycriieHun KOHCTPYKUHN B 3UM-
HEe BpeMsl, YCUIMBAEMbIE KOHCTPYKIMU U OETOH YCWICHHS JODKHBI HMETh TEMIIEpa-
Typy He meHee 15° C.

1.2.2.ApmatypHas cTajb U npokat. J[Jisi apMUpOBaHUS FJIEMEHTOB YCUICHUSA
PEKOMEHyeTCsl MPUMEHATh padouyto apmarypy kiaccoB A240 (A-I), A300 (A-II) u
A400 (A-III) mo T'OCT 5781-82(2005), T.e. MATKyl CTajlb. PekoMeHAyeMyro
CII [10] B xauecTBe paboueill apMaTypbl IPEUMYILECTBEHHO cTajb KiaccoB A500 u
B500 na Hamr B3MJIsi] MOKHO MPUMEHSTH JIMIb B CIy4ae YCUIIEHUSI KOHCTPYKLHM, 13-

TOTOBJICHHBIX C MCIOJb30BaHUMEM pabouell apMaTypol yKa3aHHBIX KJaccoB. B KOH-
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CTPYKLMSIX, IPEIHa3HAYEHHBIX JIJIs1 pa0OThl B arpeCCUBHBIX CPEllax, *KeaaTelIbHO HC-
noJjib30BaTh ctamm AT-IVK; AT-VCK 1 AT-VIK.

JIJist U3rOTOBICHUS METAUIMYECKUX KOHCTPYKIUN ycuiieHus (CTalibHbIe 000M-
MBI, MpPEIHANPSKEHHbIE PACIOPKH) PEKOMEHAYETCS NMPUMEHSTh NMPOKAT U3 CTaleu
kiacca C235 mapok BCr-3I'nc; BCt-3nc; BCt-3knm mo I'OCT 380-71%*,8 Tom umcie
cTaynb JUCTOBYIO ropsuyekaranyto rno 'OCT 19903-74%*, cranb npoKaTHYIO YroJIKO-
Byto 1o I'OCT 8509-86 u I'OCT 8510-86; mBemrtepsl o 'OCT 8240-89; 60aTel 1
raiiku HopMasibHOM TouHOCTH 110 'OCT 1759.0-87 u I'OCT 1759.5-87%*; miaitosl 1o
I'OCT 18123-82%*,

1.3. TexHoJs10rusi ¥ yCJIOBHSI IPOU3BOACTBA PadoT
NPH YCUJIEHUN HAPAIMBAHUEM

B oGecnieuennn HaeXKHOCTH COBMECTHOM pabOThI CTaporo M HOBOrO OETOHOB,
B TOM YHCJIE CUEIJICHUS, BAXKHYIO POJIb UTPAIOT TEXHOJOTUYECKHe (haKTOPhI, CBSA3AH-
HbI€ C BBINOJIHEHUEM CBApOYHBIX padoT, mpouecca OETOHUPOBAHUS, B TOM YHUCIE
yZ100CTBO BBINOJIHEHHUS, a TaK)Ke TPEOOBAHUN TEXHOJOTUU U YCIIOBUM MPOU3BOICTBA
paborT.

1.3.1.CBapoynbie padoOTHI IPU YCUJIEHUHU >KEJIE300€TOHHBIX KOHCTPYKLIMIA
HeoOX0aMMO BBINTOJIHATE B coorBercTtBuUU ¢ 'OCT 10922-75, CHull III-18-75 u
CHulI 3.03.01-87. He gomyckaeTcs mpou3BOACTBO CBAPOUYHBIX PabOT (COCIUHEHUH)
IpU HAIPSDKEHUSAX B apMaType yCHIIMBAeMOro siemMeHTa Oonee 85% ot mpenena Te-
KydecTH 0e3 MPUHATHS Mep IO pa3rpy3Ke WK BPEMEHHOMY YCUJICHUIO.

[Ipy HWCHOAB30BAHMM CBApHBIX COEAUHEHUH, JeTadd (KOPOTHIIIU, XOMYTHI,
KPIOYKH, CKOOBI U JIp.), IpUBapUBaeMble K CYIIECTBYIOIIEH apMaType, BO n30exaHue
MOJIPE30B U NEPEKOrOB apMaTyphbl pEKOMEHIYETCSl U3rOTaBIMBaTh U3 CTalu Kilacca
A240 (Al) nuamerpom 10 — 16 mm. Ilpu 3TOM nepednciaeHHbIE I€Talu, COCIUHSIO-
IIME HAa CBAPKE CYLIECTBYIOUIYIO U JOMNOJHHUTEIBHYIO apMarypy, AOJKHBI pacroJa-
raTbCsi «B pa3z0exKy» (B IIaXMAaTHOM MOPSJKE), a PACCTOSIHUE MEXKIY HUMH JOJIKHO

COCTaBIIAATh HE MeHee 20 TMaMeTPOB CYIIECTBYIOLIEH apMaTyphl.
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Kopotbimm B 3aBucuMocTtu oT ux pasmepa (ot 10 1o 40 MM), ycTaHaBIMBaIOT

o jiuhe ¢ nrarom 200=1000 mm.

s cHokeHus fedopMaliii yCHUINBAaeMbIX KOHCTPYKIMNA MPUBAPKY JTOMOJIHU-
TEJIbHOW apMaTypbl K CYILIECTBYIOLIEH C MOMOILIBI) KOPOTHILIEH PEKOMEHAYETCS BbI-
MOJIHATH CUMMETPUYHO B HAIMPABJICHUU OT OHOp (MEHEE HArpy>KEHHBIX YYacCTKOB) K
0oJee Harpy>KEeHHBIM.

[TpuBapky ck00 M XOMyTOB HEOOXOIUMO BECTH OT M30THYTOW YacCTH K KOHITY
CTEp>XKHA ¢ 0Os3aTeNbHBIM 3aruiaBlieHHEeM Kparepa mBa. CedeHHe CBapHBIX IIIBOB
JOJDKHO ObITh MUHHUMAJIBHBIM BO M30€XKaHHE KOHIIEHTpaluu HanpsbkeHui. Lleneco-
oOpa3Hee YBEJMYUTH JIJTMHY 1IBa BMECTO €ro TONIMHBL. CBapKy B OJUH OPOXOJ] MPHU
BbICOTE KaTeTa mBa K¢< 3 MM OCYIIECTBIISIFOT AJIEKTpPOJaMu Turna 342 nuaMeTpom
2,5 MM.

IIpy BBINIOJTHEHUM CBAapHBIX COCIMHEHUW NOJ HArpy3KOM MPHU OTPULATEIBHON
TeMIlepaType Wi HAJIMYUU TMHAMUYECKOW HArpy3KH IIBbI ¢ KaTeToM k< 6 MM BbI-
MOJIHSIOT 3a JBa MPOXO0Ja, a npu OojblieM KateTe — 3a Tpu. [lpu ycuneHuun koH-
CTPYKLIMH, ITOJHOCTBIO Pa3rPYyKEHHBIX OT BPEMEHHBIX HArpy30K, JOIYCKAeTCsl CBAp-
HBIE LIBBI C KATETOM 4—6 MM BBINIOJHATH B OAMH MPOXO/, IPUMEHSIS SJIEKTPObI Jra-
MeTpoM 4—6 MM.

[Ipu ycTpoiicTBE MHOTI'OCJIOWHBIX IIBOB IEPEJ HAJIOKEHHEM Ka)KIOro IOcie-
JYIOIIETO CJIOS CAEAYET YCTPAUBATh MEPEPHIB ISl OCTBIBAHUS MPEABIAYIIETO CIOS 10
temrneparypsl Hke 100°C. JIByXCTOpOHHHE MHOTOCJIOMHBIC IIBBI HAKJIAJIBIBAOT
CUMMETPHUYHO CJIOSIMU TTOOUEPETHO C KaXIOW CTOPOHBI, CTPOro coOJIt0/1asi TemMIepa-
TYPHBIN PEKUAM.

B cranbHBIX KOHCTPYKLUMSIX YCUJIEHUS CBApHbIC IIBbI HAKJIAJBIBAIOTCS CUM-
METPUYHO OTHOCHUTEJILHO HEHUTPAJIbHBIX OCEH CBAPUBAEMBIX 3Je€MEHTOB. Karter miBa
YBSI3BIBAETCS C TOJILLMHOM JETaJICH.

1.3.2. TexHoJi0rus yKJIaJAKu 0eTOHA

VYcunenre METo0M HapalllMBaHUSI CEYEHHUM CBOJUTCS K YKIIaJIKe HOBOTO Oe-

TOHAa COOTBCTCTBYIOHICTO COCTABAa M INIACTHUYHOCTH Ha YHUCTYIO IMCPOXOBATYIO IIO-
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BEPXHOCTh CTaporo OeToHa ¢ 00s3aTeIbHBIM BUOpHpOBaHUEM. Bua uiu xapakrep
LIEPOXOBATOCTU ITOBEPXHOCTH OIPEIEIAETCS B KaXKIOM KOHKPETHOM Cily4ac B 3aBU-
CUMOCTH OT BO3pacTa M TEXHHUYECKOT'O COCTOSHUS OETOHA M CaMOll KOHCTPYKIIHMH.
IIpu OTHOCHUTENBEHO MOJIOJOM OETOHE MOJIYYUTh IEPOXOBATYIO MOBEPXHOCTh MOKHO,
€CJIM THIATENbHO 00paboTaTh MeTauIMuecKuMH meTkamu. OIHako B OOJBITMHCTBE
CIIy4aeB Ha YCHUJIMBAEMYIO MOBEPXHOCTb HAHOCHUTCS Haceyka ¢ MOMOIIbI0 nepdopa-
TOpa, CHAOXKEHHOI'0 CHEeNUaJbHBIMU Hacagkamu. IIpu Haceuke BCIO NOBEPXHOCTb
HEO0OXOIMMO OYUCTUTH OT BEPXHEH TUICHKU IEMEHTHOT'O MOJIOKA, & Ha Ka)J/JI0M KBaJl-
PaTHOM JeLMMeTpe JOIKHO OCTAaThCs HE MEHee TPEX PAKOBHMH IUIOMApi0 2-3 cM’
riryouHoit 10-15 mm.

B nomomip Haceuke [y oOecrieyeHus: COBMECTHOM pabOThl CTapOro U HOBOTO
OCTOHOB MPUMEHSIOT PA3JIMYHbIE KOHCTPYKTUBHBIE MEPOIPUSATHS, HAPUMEpP MpH-
CTpEJIMBAaHHE CETOK WJIM YCTaHOBKAa B BBICBEPJICHHBIE OTBEPCTHUSI CKOO, KOPOTHIIIECH
Ha DIIOKCUJIHOM KIJIEE.

YcuirBaeMylo MOBEPXHOCTh I0OCJIE HACEYKH O05A3aTeIbHO OOECHbLIMBAIOT
CKaTbIM BO3JYXOM M MPOMBIBAIOT CUJILHOM CTpyed BOJbI U3 OpaHjcrioiTa. YKa3zaH-
Hble pabOThl HYXKHO MpPOBOAUTH 3a 1—-1,5 yaca g0 ykiaaku HOBOro OETOHA, YTOOBI
yCWJIMBAaEMbI€ TTIOBEPXHOCTH OBLIN BJIAKHBIMHU, HO HE MOKPBIMHU M 0€3 JTy>KHIl BOJIBI B
Haceuke. [lociennee MoBbIIAET BOJOLEMEHTHOE OTHOIIEHUE YKJIaJIbIBAEMOIo OeTo-
HAa ¥ CHWKAET MPOYHOCTH CLEIUICHHUS.

1.3.3.MeToabI BbINOJHEHHS PadoT

OnHUM U3 OCHOBHBIX YCJIOBUI BBIOOpPA TOIO MJIM MHOT'O CIIOCO0A YCUIIEHUS SIB-
JSIETCSl HaJTM4Ke CBOOOHON padoueil 30HbI BOKPYT yCHJIMBAEMOTO JJIEMEHTa, HEOO-
XOJIMMOM NI YCTaHOBKM MOAMOCTEH Wiu pabouei miomniaaku. B 3aBucumMoctd OT
BUJ1a KOHCTPYKIIMU 1 BBICOTHI ATaka IIMPUHA paboyeld 30HbI COCTaBIsIeT 1-2 M.

Koudurypauus napanmBanus cedyeHUM BbIOMPAETCS C YYETOM BO3MOKHOCTH
WCIIOJIb30BaHUSI CBAPHBIX CETOK M KapKacOB 3aBOJICKOTO HM3rOTOBJIIEHUS M OKOHYa-

TCJIbHO IIPUHHUMACTCA B 3dBUCHUMOCTH OT IIPUHATOI'O MCTOAA 6CTOHI/IpOBaHI/I$I.
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[Ipu ycrpoiictBe 000iiM 711 TOPSIMOYTOJBHBIX CaMOCTOSITENbHBIX OajoK
YKJIaJIKy TOBapHOro OE€TOHA BEAyT CBEPXY C HUCIIOJIb30BAHUEM 3apaHee MOATrOTOBJICH-
HOM rOpU3OHTANILHOM OManyOKu Ha Bech 3JieMeHT. OOOWMBI KOJIOHH yCTPauWBaIOT 1O
aHasoruu ¢ oboitmMamu 0anoK, OJHAKO OETOHHUPOBAHUE BBIMOIHSIOT O BHICOTE IIH-
TOB TiepecTaBHOM omanyOku. Kak mpaBuio, BeicoTa mura cocrtasisger 0,6-0,8 M, a
IIPU JUTBIX CMecsIX — A0 1,5 M.

B HekoTopbIX ciayyasx O0OWMBI OETOHUPYIOT C HCIOJIb30BAaHHUEM TOPKpPET-
6erona. Hanecenne 6eToHa TOPKpETUPOBAHUEM MPOU3BOJUTCS Kak MpaBuio B 0e3-
OmaTy0OOYHOM BapuaHTEe CIOSMU TOMMMHONU 10 15 MMm. [lpm 3TOoM oOmmias TommuHa
000MMBI MOXET OBITh YMEHBIIIEHA JI0 CBOETO MUHUMAJIHLHOTO KOHCTPYKTUBHOTO 3HA-
yeHus — 30 mm.

B ToM ciyuae, korza 6anka BXOJUT B COCTaB PEOPUCTOrO MEPEKPHITHSI, paOOThI
0 YCTPONCTBY OOOWMBI YCHOXHSIOTCS. JIydmmii BapuaHT 0OOWMBI MOIYYarOT MPH
OJIHOBPEMEHHOM yCWJICHUH TUIUTHI. O0O0MMBI B 3TOM Cilyyae OETOHHPYIOT Yepe3 Mpo-
OuThIe TIO TpaHu OAJOK B MIAXMATHOM Mopsiake orBepctus ceueHueM 200x200 mm ¢
paccrosiarem 10 700 MM (cMm. puc. 1.1,B u 1.9) Ho He meHee 500MM. DTH ke OTBEp-
CTHUS MCIOJB3YIOT JJI YCTAHOBKM MolepeyHoi apmartypsl. [Ipu yctpoiicTBe 000iiMBbI
TOJIbKO JJ1s peOpa Oanku, HeTOCPEACTBEHHO HaJ OaJIKOW Ha IUTUTE JIejatoT HaO0eTOH-
Ky C YKIIOHOM B 00€ CTOpOHbI OT O0anku (1o3. 13 Ha puc.1.1). [Ipu Hanuuuu nomna 3to
nemnaercs B ero toyme. OJHOBPEMEHHO BIOJIb OaJKH MEXIY OTBEPCTUSIMU JI€TAIOTCA
00pO3/bl AJI1 YCTAHOBKH HAJIOMOPHOM MPOIOJIHHON apMaTyphl, K KOTOPOM 3aKperuis-
IOTCSI 1 XOMYThl. AHKEPOBKa HaJONOPHON apMaTypbl OCYIIECTBIISIETCS KPIOUKAMH,
3arHyTHIMH Ha €€ TOPIIax, JJIsi KOTOPBIX TAKKE BRIPYOArOT THE3A.

beronupoBanue pydamek B Oajikax peOpUCTOro MEPEKPBHITHS Jydlle BCETo
IPOU3BOJIUTH C UCIIOJIB30BAHUEM ITHEBMOHACOCOB M JIMTOM cMecu OeToHa JInbo Top-
KpetupoBaHueM. [Ipu orpaHuueHHBIX 00beMax YCWJICHHS WIM KOTJa MEXaHU3UPO-
BaHHas yKJIaJKa HeTpueMieMa, 0ETOHUPOBAaHUE OCYLIECTBISETCS 00Jiee TPYI0EMKUM

PYYHBIM CIIOCOOOM C MCITOJIb30BaHUEM CIICIIHATBHBIX SIIHKOB (puc. 1.10).
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B sToM ciydae Bepx kopoba onaimyOKud HE JOXOIUT A0 HU3A TUTUTHI MEPEKPhI-
g Ha 100—150 mMm. BeToHupoBaHue MPOU3BOAMUTCS Y4aCTKAMH IOCPEICTBOM Iepe-
CTaBHBIX TPEXCTOPOHHUX SIIHUKOB C TOJIKATENAMHU (CBOEOOPa3HBIMU MOPUIHIAMU). DTH
AMUKA OOKOBBIMU CTOPOHAMH OINHUPAIOTCS HA BEPTHKAIbHBIE CTEHKM OMATyOKH, a
JHUILIEM - Ha IEPECTABHBIE ITOJCTaBKH.

[Tocne HamonHEeHUs sMIMKAa OETOHOM, €ro YCTaHaBIMBAIOT B paboyee Mojoxe-
HUE U C TTOMOIIBIO TOJKATENsI OCBOOOXKIAIOT OT OETOHA, 3amojHssl pyoamky. OaHo-
BPEMEHHO IIPOUCXOAUT ITOBEPXHOCTHOE BUOPUPOBAHKE KOPOOa JINOO ¢ MPUMEHEHUEM
[IJIAHFOBOro BUOpatopa. beToH ykiaaplBalOT MapajulesIbHO C JIBYX CTOPOH KOopoba ¢
MIOCJIEI0BATENIbHBIM IIEPEMEIIEHUEM BJI0JIb OAJIKH.

[Ipu otcyrcTBHM OOOpYJIOBaHUSI HAa MEPEKPHITUM OETOHUPOBAHME pyOallex
MO>KHO BBITIOJTHATH MO0 QHAJIOTHH C YCTPOUCTBOM O0OOWM — 4yepe3 MpOOUTHIC B ITUIUTE
OTBEPCTHSI.

[Ipu yctpoiicTBe pydaiiek oco0oe BHUMAHHE HY>KHO YAENATh aHKEPOBKE IO-
HepeyHol apMaTyphl IO KOHIIAM HOMEPEYHOro ceueHus pyobaiek. Ecnu ycunuparoT-
Cs1 KOJIOHHBI, TO XOMYTBI IPUBAPUBAIOT K IIPOJIOJIBHON apMaType yCHIMBAEMOIO dJIe-
meHTa. [Ipu ycuneHnrn MOHONUTHBIX OalloK PEOPUCTBHIX MEPEKPHITHIA — XOMYTHI BbI-
BOJSITCS Yepe3 MPOCBEPJIEHHBIE B IUNINTE OTBEPCTHS U AHKEPYIOT C IIOMOLIBIO JOIIOJ-
HUTEJBbHBIX MPOJOJIBHBIX CTEPKHEN apMaTypbl nuameTrpoM 8—10 mMm. luamerp Bsi3a-
HBIX XOMYTOB JIOJDKEH OBITh HE MEHEE 6, a CBapHbIX — HE MeHee 8 MM. [Ipu ycuienun
COOpHBIX KOHCTPYKIMI JaMaMeTp IMONEPEeYHOM apMaTypbl OOBIYHO YBEIUYUBAIOT
Ha 2 MM.

Kak u mpu ycrpoiictBe 000iiM, pyOaIikiu MOXKHO YCTaHAaBIMBAaTh TOJBKO Ha
NOBPEXKICHHBIX YYaCTKaX C aHAJIOTMYHBIMU KOHCTPYKTUBHBIMHU TPEOOBAaHUSIMHU.

YcTpoiictBo Ha0eTOHOK cBepXy Oanok wiu mauT (puc. 1.9 u 1.10) He TpeOyer
0COOBIX KOMMEHTApPUEB U BBIMOJIHIETCS 10 MOATNOTOBICHHON NOBEPXHOCTU C BUOpHU
poBanueM. TonimuHa HaOETOHOK YCWJIEHMSI CBEpXY JOJKHA ObITh HE MeHee 35 MM

IIPH UCITOJIH30BAaHUU OOBIYHOTO OETOHA U 25 — IIPU TOPKPETUPOBAHUH.
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Puc. 1.10. beronupoBaHue 000iiMbl, pyOalieK WM HAPALIMBAHUN NIPH yCHJIe-

HMH 7KeJ1e300eTOHHBIX 3JIEMEHTOB:

a) — OeToHUpoBaHUE OOOMMBI OaKM PEOPUCTOTO MEPEKPBITHS Yepe3 OTBEPCTHUS B
uTe; 0) — 6eTOHUpPOBaHKUE PyOAIIeK ¢ TOMOIIBIO SIIUKOB; B) — OETOHUpPOBaHHUE 00-
KOBOT'O HapalllMBaHUs KOJIOHHBI C TIOMOUIBIO SIIIUKA MONEPEMEHHO C JIBYX CTOPOH;

r) — onayryoKa Juisi 0€TOHMPOBAHUS HapaIIUBaHUs OAJIKM CHU3Y C TTIOMOIIHI0 OOKOBBIX
BOPOHOK; 1) — OETOHMPOBAHNE HUKHETO HApaIIMBaHUs OAJIKU TIPU MTOMOIIHN AIIHUKA
1 — 3a30p MeXay OOKOBBIMH T'paHsSMHU Oalku W KOpoOOM omnanyOku uisi pyOaiiku;

2 — mpoOuThIe OTBEPCTUS B IUIUTE IS TMPOIMYCKa XOMYTOB M YKJIAAKU OETOHA;
3 — KOHITBI XOMYTOB; 4 — KOpoO omanayOKu; 5 — BHOBb YCTaHABJIMBAaeMas MPOI0IbHAS
apmarypa; 6 — 3arpy3o4Has O0KOBasi BOPOHKaA Ul YKJIagKu OeToHa; 7 — pedpa xKecT-

KOCTH KOp0OOB omanyOKku; 8 —3a30p AJIs BBIMYCKAa BO3/yXa U KOHTPOJIS 3aIOTHEHNUS;
9 — CYILIECTBYIOIIAS apmarypa YCUJIMBAEMOM KOHCTPYKIIUY;
10 — nHabGeronka ycunenus; 11 — ycTynsl B MECTax BOPOHOK, KOTOPbIE€ CKAJIbIBAIOTCS
nocyie CHATHS onanyOku;12 — mpuBapeHHble; 13 — sImMK A OETOHUPOBAHMS;
14 — nmoacraBka; 15 — BeITAJIKKUBATENIL OETOHA U3 AIIMKA ;16 — IITHIKOBKA

25



[Ipn ycuieHMM Hepa3pe3HbIX IUIMT YCTAaHABIMBAIOT JONOJHUTEIBHYIO HANO0-
HOPHYIO apMaTypy, a MpoJeTHas octaeTcst 0e3 usmeHenus. [Ipu aTom TonmuHa Habe-
TOHKM HPUHHUMAETCS TaKOM, 4TOObI MPOJIETHOM apMaTypbl ObUIO AOCTATOYHO (IIpH
OJIHOBPEMEHHOM YBEJIMYEHHHM BBICOTBI CEUYEHUsS) JUIsI BOCHPHITHS BO3POCIIEH
Harpy3Kku. TOT METOJ1 UCIIOJIB3YIOT U JJIsl yCUJICHUS] COOPHBIX ILIUT, IIpeBpalas ux B
HEPA3PE3HBIE.

Ecin ycTpoiicTBO HaOETOHOK CBEpXy HE MpPEICTaBISETCS BO3MOXKHBIM (IIpU
HaJIMYUK 00OPYZOBAaHUSA), TO HCIOJIB3YIOT MEHEE YIOOHBIN CIIOCOO HapallliBaHUS
IMT cHU3Yy. Kak mpaBumio, Takoe yCHUIIEHHWE BBINOJHSIOT C IOMOIIBIO MOTOJIOYHOTO
TOpKpeTupoBaHus. [Ipn HEBO3ZMOXKHOCTH KCIOJIb30BATh 3TOT METOJI, OETOHUPOBAHHE
[OCJI€ YCTAaHOBKHM ONAIyOKHU OCYIIECTBIISIETCS Yepe3 MPOOUTHIE B IJIUTE OTBEPCTHS,
PacmoJIOKEHHBIC B IMMAXMaTHOM Topsike ¢ maroM He 6onee 800 mm. TommuHy HUAXK-
HEell HaO0EeTOHKMU IUIUT HY>KHO BbIOHpaTh TaKoW, YTOOBI KOJIMUYECTBO HAJONOPHOW ap-
MaTyphbl OBLJIO TOCTATOYHBIM MIPHU BO3pocileld paboueit BbicoTe TUIUTHI. [Ipu 3TOM MU-
HUMaJIbHas TOJIIIMHA HaOETOHKH B 3TOM cilydae cocTaBiisieT 60 MM mpu 00s13aTeb-
HOM BUOPHUPOBAHUH.

YcTaHOBKA JOMOJHUATEIBHOW PACYETHOM apMaTypbl BBIMOJHSIETCSA IPU ITOMO-
I KOPOTBILIEH, NMPUBAPEHHBIX K CYLIECTBYIOIIEH apMaType, WIM KPIOYKOB, yCTa-
HABJINBAEMBIX HA NEPECEUEHNUN CTEPKHEN CETKH. [ OCylecTBICHHS 3TOr0, B M-
TE CHH3y MPOOMBAIOT TOIEpeuHble O0OpO31bl C OrOJCHHEM apMaTyphl. PaccrosHue
MEX]Ly ITUMH 00po3/1aMu JT0JKHO ObITh B npeaenax 500-700 mM. [JononHurenpHble
060p0311bI MPOOMBAIOT TAK)KE BJAOJb TJIABHBIX M BTOPOCTENEHHBIX 0ajlOK C OJHOBpE-
MEHHBIM BCKPBITHEM CYILECTBYIOIIEH apMaTypbl, K KOTOPOW NPUBAPUBAKOT KOHIIBI
JOIIOJTHUTEIIBHON apMaTyphbl.

[Ipy HapamuBaHnu 0aJ0K CHU3Y (CO CTOPOHBI PACTSIHYTOM 30HBI) U UCIOJIb-
30BaHUU TOPKPETOETOHA HAOETOHKY BBINOJIHAIOT HPSIMOYTOJIBHOIO O4YepTaHus 0e3
YCTaHOBKM onanyOku. ToJlmHa HAOETOHKU B 3TOM Clly4ae JIOJKHA ObITh HE MEHee

50 mM.
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[Ipu GonbiioM ko3hdULIMEHTE YCUIEHUS] MOHOJIUTHBIX 0alloK, MMEIOLIUX, KaK
IPaBUIIO, TOCTATOUYHO OOJBIIYIO HIMPUHY, HAOETOHKA OCYILIECTBIISIETCS C YCTAHOBKOU
IPsIMOYTOJIbHOM onaiyOku. J{iist ykiaaku 6eToHa B onanyOKe yCTpauBaloT OOKOBBIE
BOPOHKH, PaCIoONO0XKeHHbIe ¢ marom 1—1,5 M. Bepx 3TUX BOPOHOK IOJKEH pacmnoiia-
raThCsl BBINIEC HUKHEH PACTSIHYTOM rpaHu ycuimBaemon Oaiku. B mectax mpumbika-
HUSl ONAITyOKH K OOKOBBIM IMOBEPXHOCTAM OallOK MPEAyCMaTPUBAIOTCS IIEIN LIUPU-
HOM 10—15 MM mns Beirycka Bozayxa (mo3. 1 Ha puc.1.10) HamuibiBer 6eTona mocie
CHSITUSL ONATyOKH U Habopa UM MTPOYHOCTH — yAAJISIOT.

Jlsist cOOpHBIX 6aTOK, 0COOCHHO TaBPOBOTO MPO(HIIsL, HApaIIUBaHUE CHU3Y pe-
KOMEH/IyeTCsI BBITIOJIHATH C yHmupeHuem pebdpa. [lpu 3ToOM HOKHBI BBIMOTHATHCA
CIEAYIOIIUE COOTHOIICHUS: IIMPUHA PacTAHYTOW mojku by > (b+150) Mm; BbicoTa
nosiku hy > 100 mm; v hy > 1/3by. YTimb1 HakITOHA BepXHEH TpaHn HAOETOHKH JTOJIK-
Hbl OBITH HE MeHee 15° NI KOHCTPYKIMW BHYTPU MOMEIICHUN U 45° — i KOH-
CTPYKIIMI Ha OTKPBITOM BO3JIyXe€.

OnHo- U ABYXCTOPOHHEE HapallMBaHHE KOJIOHH MPAKTUYECKU HUYEM HE OTIH-
yaeTcst oT ycusieHus 6anok. Takoe HapalMBaHHe MOKHO BBITIOJIHATH KaK Ha BCIO BbI-
COTY KOJIOHHBI, TaK M Ha OT/IeIbHBIC Hanbonee nedexTHrie yaacTku. [Ipu HeGompmx
HaOETOHKaX COMpsDKEHHE 00aBOYHOW M CYIIECTBYIOUIEH apMaTypbl BBIIOJIHAETCS
Ha KOpOThIIax, a Npu TojimuHe HadeTtoHku 100 MM 1 OoJbIIe — HA XOMYyTax, NpUBa-
PEHHBIX K OrOJIEHHOM apMaType yCUIMBAEMbIX KOJIOHH.

[Ipu BeIMOTHEHWN HAOETOHOK B OajKax M KOJIOHHAX CJIEYET BBINOIHAThH pac-
YeT Ha JIEUCTBUE KACATEIbHBIX YCHIHM 10 MJIOCKOCTH CPALIUBAaHUS CTApOro U HOBOT'O
06eToHa. DTO BBI3BAHO TEM, YTO CYIIECTBEHHO YMEHbBIIAETCS KOHTAKTHAsl MOBEpX-
HOCTb M OTCYTCTBYET OOXHUMAIOIIMNA ycaaouHbli 3pdext. OnHako Hanuuue npuBa-
PEHHOM NONEPEYHOW apMaTyphl SBJSIETCA AOCTATOYHOM TAPAHTHEN NMPOYHOCTH IO
30HE KOHTAKTA.

[Ipucnocobnenue s HapaluMBaHUs 0aJOK CHU3Y MOXHO C yCIEXOM HMCIOJIb-
30Bath npu ycuseHuu kojaonH (ceuenue II-11 na puc. 1.10). B atom cnydae onanyOka

YCTAaHABJIMBACTCA HAa BCHO BBICOTY KOJIOHHBI, a4 3aIrpy304YHbBIC BOPOHKHU U3T'OTABJIUBAIOT

27



C OJHOW WJIM ABYX CTOPOH yJOOHBIM AJi 3arpy3ku OeroHa ykioHoM. llIupuna Bopo-
HOK COOTBETCTBYET HIMpPUHE ONaIyOKHu. 3arpy3ka OeTOHa B BEpPXHEH TPETU KOJIOHHBI

OCYHICCTBIIACTCA C ITIOMOIIBIO YK€ U3BCCTHBIX 110 YCHIICHHIO 0ajok SITHUKOB.

1.3.4.Y4eT TpeOOBaHMI1 TEXHOJOTHU U YCJIOBHUIl MPOU3BOJACTBA PadoOT Mpu
NPOCKTHPOBAHUM YCHJICHUS

Bb160p KOHCTPYKIMI yCHIIEHUS TOJIKEH B 00513aTEIBHOM MOPSJIKE YBSI3bIBATH-
csi ¢ TpeOOBAaHUSAMHU TEXHOJIOI'MM BBINOJHEHUS pabOT U YCIOBUSMHU, B KOTOPBIX 3TH
pabOThI BBIMOJIHSIOT.

Texnonornyeckue TpeOOBaHUS YCTAHABIMBAIOT COOTBETCTBHUE KOHCTPYKLMN
ycuiieHus (1o TOJIIMHE U KOH(UTypaluu HaOETOHOK, BUY apMaTyphbl U JAp. (akTo-
pBI) MapamMeTpaM IMPUMEHSEMOIl OCHACTKH, 000PYIOBaHUA U MHCTPYMEHTA. Y CJIOBHS
IPOU3BOJCTBA PA0OT ONPEAEISAIOT B TOM UUCIIE BO3MOKHOCTb IPUMEHEHUS TOT0 WIH
MHOTO Croco0a yCWIIEHHsI, KOTOpbIE CBSI3aHbl B MEPBYIO OYEpPE/lb C HAJIIMYUEM CBO-
00HOM 30HBI BOKPYT YCHUIMBAEMOTO 3JI€MEHTA WM KOHCTPYKIIHH.

Kongurypauuto HapamuBaHuil 1:000ro Buja BEIOMPAIOT C YYETOM BO3MOYKHO-
CTU NPUMEHEHHUS W3JIEJIUN 3aBOACKOTO HM3rOTOBJIEHUS NPU OJHOBPEMEHHOM Yy4ETe
IPOCTOTHI KOHCTPYKLUH.

Pa3mepsl 000¥iM, pyOailiek ¥ HapallMBaHUN pPEKOMEHAYETCs YBSA3bIBaTh HE
TOJIBKO ¢ TPeOOBAaHUSIMHU pacueTa U KOHCTPYHUPOBAHUS, HO M C MPUHATHIM METOJOM
OETOHUPOBAHUS U OCHACTKHU.

OcHOBHBIC U3 ITHUX TPEOOBAHUM CJIeqYIOLIHeE:

—IpU YCWICHUU IUIUT CBEPXY TOJIIMHA HAOETOHOK JOJKHA OBITh HE MEeHee 35 MM
npu OETOHUPOBAHUM C BUOPUPOBAHUEM U 25 MM — IIPU TOPKPETUPOBAHUY;

—TOJIIIIMHA HAOETOHOK MPHU YCWICHUU IJIUT CHU3Y JOJDKHA ObITh HE MeHee 60 u
35 MM COOTBETCTBEHHO IpHU OETOHUPOBAHUM C BUOPUPOBAHUEM U TOPKPETHPOBAHUU.
beroHupoBaHue B mepBOM cllydae BBINOJIHAETCA Yepe3 NPOOUThIE B IUTUTAX TEXHOJIO-

rHYecKHe OKHA, 0 YeM OBLIO CKa3aHo BeIe B 11. 1.3.3.;
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—MUHUMaJbHAs TOJIIMHA O0OWM MpPHU YCUJIECHUU KOJIOHH IO KOHCTPYKTHBHBIM
TpeboBanusM npuHUMaeTcss 60 MM. OJIHaKO MPU UCTIOIB30BAHUH TIIyOMHHBIX BHOpa-
TOPOB, TOJIIMHA CTEHKU J0DKHA ObITh HE MeHee 80 MM IpU BBICOTE LIUTOB ONaIyO-

ku 0,6+-0,8 m u 130 MM — ipu BbIcOTE IIMTOB 1,2 M;

—MpU HCIIOJIb30BAHUU HAPY>KHOTO BUOPUPOBAHMSA U JIUTBIX OETOHHBIX CMeEcei
TOJIIIIMHA CTEHOK 000MM IPUHUMAETCSl HE MEHee 75 MM IpU BBICOTE LIMTOB ONAIYO-
xu 1,5 M u OoJree;

—MpU TOPKPETUPOBAHWM MHUHHMAaJbHAsl TOJIIMHA CJOS OOOWMBI JJii KOJIOHH
JIOJKHA OBITH HE MeHee 50 MM;

—MpU YCUJICHUH METAINTMYECKUX KOHCTPYKIUN M3 MPOKATHBIX Mpoduieil myrem
OETOHMPOBAHUS TOJIIKHA 3aLIUTHOIO €105 OETOHA MpUHUMAETCs He MeHee 50 MM.

[Ipn npoexkTHpoBaHUM YCHUJIEHUS HEOOXOJMMO YUYWUTHIBATh U PE3YJIbTaThl

HaTYpHOro 00cJe10BaHusl, 8 UMEHHO:

—B CJIy4ae 3HAYNTEIbHBIX OTKJIOHEHHMHM apMaTypbl B KOHCTPYKLUSAX OT CBOErO
MIPOEKTHOTO MOJIOKEHUS COCAUHHUTENbHBIC ETANN CleAyeT NMpuHUMaTh ['-00pa3noii
(GopMBI C MOCIEIYIONIMM BTOPBIM 3ariOOM MO MECTy M MpUBapKe JeTallel K Cylie-
cTBytouieil apmatype. Ilpu 3TOM nuaMeTp COeAMHUTENbHBIX JeTalel JAO0HKEH ObITh
He Ooitee 12 MmM;

—B 1I€JIIX BBIIIOJIHEHUS YCUJIEHUSI 110 MPOEKTY COEIUHUTENbHbIE JeTalu (OTIUOBI,
KOPOTBIIIM U JIp.) PEKOMEHJYETCS MPOEKTUPOBATh C YYETOM KOMIIEHCALUU HMMEI0-
IIMXCA OTKJIOHEHHM, T.€. IPEILyCMaTpPUBATh CTHIKM BHAXJIECTKY MJIM C HAKIAJKAMHM.
Bo u3bexanue nepekocoB apMaTypbl COEUHUTENbHBIE I€TANIM PUHUMAIOTCS U3 ap-
maTypsl knacca A240 nmuamerpom He MeHee 10 mm. Mx dopma momkna ObITH mpo-
CTOM, MO3BOJISIOLIEH HCIIONb30BaTh TMOOYHBIE aBTOMATHI;

—JIETaNN YCUJICHHUsI, OXBAThIBAIOIIUE CYILECTBYIOUIME JIEMEHTBI, TPUHUMAIOT 1O
MaKCHUMaJIbHBIM pa3MepaM CEYEHUS ITHX IEMEHTOB.

[Ipu ucnonb30BaHUM CTAJIBHBIX KOHCTPYKLUMH yCHJIeHUs (B HalleM cllydae
IPEIHANPSKEHHBIX PACIOPOK), UX MPOEKTHPYIOT C YYETOM BO3MOYKHOCTH 3aBOJCKO-

I'O HM3TO0TOBJICHH:A, ITOJIHOCTBIO IIOATOTOBJIICHHBIMH K MOHTAXY. KenareapHo npeay-
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CMaTpHBaTh BHITTOJIHEHHE KOHTPOJIBHOW COOpPKH Ha 3aBojie-u3roroBurene. [Ipu Hamm-
YUY 3HAYNUTEJIBHBIX OTKJIOHCHUH pa3MepOB IO BBICOTE, BBISIBJICHHBIX B IIporiecce 00-
CJICIOBaHUS, METAJUTMYCCKUE KOHCTPYKIIUU YCHIICHHS TIPOSKTHPYIOT CO CMEIIaeMbl-
MU ormopamu. Pollb cMeNaemMbIX OMOp OTBOJIUTCS YCTAaHOBOYHBIM OONTaM, AHAMETP
KOTOPBIX JIOJDKEH OBITh PAacCUMTaH Ha BOCIPUITHE MOHTAaKHBIX YCHIMH HE MEHEe
Tpex ToHH (30 kH.).

[ToMUMO BBIIIIEU3IIOKEHHOTO TP TPOCKTUPOBAHUM YCHJICHUS HEOOXOIUMO
YYHUTHIBATh OOIICTIPUHSATHIC MPaBUjIa IO BONPOCAM YHH(PHUKAIUKA Pa3MEPOB CCUCHHUS
AJIEMEHTOB YCUJICHUS U TIOJIOKEHHS O momyckax. [lociemnne — mpu MCOIB30BaHAH
TOPKPETOSTOHA HE JOJDKHBI OBITh OTPUIIATCIIBHBIMH, a TIOJIOKUTEIbHAS UX BEIUIMHA
JIOJKHA YKa3bIBaThCS HA pa0OUYNX YepTeKax.

Bbonee noapoOHO paccMaTrpruBaeMblie BOIIPOCH IPUBEAECHBI B pazjene 4 [7].

1.3.5.1IpermyiecTBa U HEAOCTATKH METO/1a HAPANIUBAHUSA CEYCHHUH
PaccMoTpeHHBIE B HAcTOSALIEM pas3jelie KOHCTPYKLUMM YCHJIEHUS B BHJE
o0oiiM, pyOalek, OJHO- WA JBYXCTOPOHHEIrO HapalluBaHUs O0JaJar0T LEIbIM psi-
JIOM MPEUMYILECTB, KOTOPHIE B PAJIE CIIydaeB HEBO3MOXKHO IIPEB30MTH, HECMOTPS Ha
NOSIBJIEHUE COBPEMEHHBIX METOJIOB YCWIICHHS C HCIIOJIb30BAHUEM KOMIIO3UTHBIX Ma-
TEpPUAIOB. DTU MPEUMYIEeCTBA CIEAYIOIINE:

—JOCTUKEHUE 3HAYUTEIBHOrO 3P QeKTa Mo YBEIUYEHUIO HECYLIEH CIOCOOHOCTU
YCWJICHHBIX KOHCTPYKIUNA MPU OTHOCUTEIHLHO MAaJIOM PacxXojie MaTepuasoB, YTO CBU-
JETENBCTBYET 00 SKOHOMUYHOCTH JAHHOTO METOJIa YCUIICHHUS;

—BO3MOXHOCTh MCIIOJIb30BaHUSI HApPALIUBAaHUS CEUYEHHUI HE TOJIBKO IS yBEIUYe-
HUSl HECYIIEeW CMOCOOHOCTH KOHCTPYKUMU MPU MPOBENCHUHM PEKOHCTPYKLHUHU, HO U
UCIIPABJICHUS JOIMYLIEHHBIX MPU MPOEKTUPOBAHUU WJIM WU3TOTOBJIEHHM OLIMOOK, YTO
CBUJIETEIBCTBYET 00 €ro YHUBEPCAIbHOCTH;

—BBIIIENIEPEYNCIICHHbIE KOHCTPYKIIMHM YCUJIEHUS, BBIIIOJIHEHHbIE U3 O€TOHA U J0-

MOJIHUTETILHON apMaTypbl, 00J1a/1al0T OPraHUYeCKOW UACHTUYHOCTBHIO C CYIIECTBYIO-
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MMM KEJIE300€TOHHBIMA KOHCTPYKITUSIMH, COXpPaHss OCHOBHOE, OYEHb Ba)KHOE,
CBOMCTBO KeJIe300€TOHA — €r0 MOHOJUTHOCTH;

—OTHOCUTEJILHO HEOOJIbIIOE YBEIMYECHHE Pa3MEpPOB CEUEHHUS KOHCTPYKIUN IMpu
BBICOKOM KOA(DPUITMEHTE YCUIICHUS U HE3HAUYNTEIILHOM YMEHBIIICHUU TadapuTOB TI0-
MeweHui. [Ipu 3ToM He cTpagaer 3CTeTUYHasi CTOPOHA BOIPOCA, T.K. BHEIIHUM BUJL
YCWJICHHBIX KOHCTPYKIIMH MaJIO YeM OTJIMYACTCS OT IIEPBOHAYATIBLHOTO;

HecMoTpst Ha 1ienblii psil BaXKHBIX MPEUMYIIECTB METO/a HapalluBaHUs Ce-

YEHUH, OH UMEET U CYIIECTBEHHbIC HE0CTATKH:

—CJIO)KHOCTh TPOBEIEHUS PabOT, OCOOEHHO B CTECHEHHBIX YCIOBHUAX, KOTOpas
MPOSBIISIETCS B OOJIBIION TPYAOEMKOCTH, MHOTOCIIBHOCTH, OOJIBIIUM 00BEMOM MO/~
TOTOBUTEILHBIX paboT (YCTAaHOBKA JIECOB WJIU IMOJAMOCTEH; BCKPBITHE apMaTyphl Cy-
MIECTBYIONINX KOHCTPYKIIMH; KakK MPaBWJIO, TOTOJIOYHBIC IIBHI TP BBITTOJHCHUH
CBapHBIX paboT), 0ETOHUPOBAHUHM OTHOCUTEIILHO TOHKUX KOHCTPYKIIHIA;

—He0OX0IMMOCTh TIIATEIHLHOTO TMPOBEACHHS BCEX BHJIOB padOT KaK Ha CTaauu
MOJITOTOBKHM, TaK M HA CTAJUU BBHINOJHEHUS PaboT (MO yCTAaHOBKE W 3aKPEIJICHUIO
JOTIOJTHUTENBHON apMaTyphbl, a TAKXKE NMPU caMOM OCTOHHPOBAHUMU), UTO TPEOYeT y3-
KOCTICIUATN3UPOBAHHON KBATM(PHUKAIMA W TPAMOTHOTO M HAJEKHOTO KOHTPOJS 32
BBITIOJIHEHHUEM PalboT;

—HEBO3MOYXHOCTh MPOBEJICHUS PabOT M0 YCHUIICHUIO KOHCTPYKITUH 0€3 OCTAaHOBKHU
JIEHCTBYIOMIETO MTPOU3BOACTBA, UTO CKA3hIBACTCS HA SKOHOMUYECKON A (DEKTUBHOCTH

IPEANPUATHS.

2. OCHOBHbBIE MOJIOKCHMS M0 PACYETY YCUICHUS

KeJI1e300eTOHHBIX KOHCTPYKIIUI.

Cornacno CII 52-01-2003 BoccTaHOBJIEHUE U YCHIIEHHE CTPOUTEIbHBIX KOH-
CTPYKIIMI HEOOXOIMMO BBHITIOJIHATH Ha OCHOBE PE3yJIbTATOB KOHTYPHOIro o0cieoBa-
HUS, MTOBEPOYHOTO pacdeTa, a TaKkKe pacuera U KOHCTPYMPOBAHUS YCHIMBAEMbBIX

KOHCTPYKLIHH.
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PykoBonctBysce pasgenom 3[7] NpUMEHUTENBHO K YCHUJIEHUIO KOHCTPYKIIMI
METOJIOM HapalllMBAHMS CEYEHUN, MOYKHO BBIJIEIUTH CIEAYIOIIME PAaCUETHBIE MOJIO-
KEHUS.

VYcuneHHble KOHCTPYKUHUH PACCUUTHIBAIOT MO JIBYM IpyIIIIaM MPEAENIbHbIX CO-
CTOSIHH, @ UMEHHO — T10 HECYyIIel CIOCOOHOCTH WJIM HEMPUTOJHOCTH K JaTbHEHIIIeH
JKCIUTyaTallii U HOPMaJIbHOM HKCILTyaTalllK, OCYIIECTBISIOT B COOTBETCTBUU C OblI-
TOBBIMU W TEXHOJIOTMYECKUMHU TpeOOBaHUAMHU (MU 1O J1e(OPMUPOBAHHOCTH, Tpe-
IMIMHOCTOMKOCTH M INUPHUHE PACKPBITHS TpeuiuH). VckimoueHne cocTaBisioT 00bId-
HbIe KOHCTPYKLWH, YCUJICHHE KOTOPBIX BBIMIOJHEHO BCJEACTBUE HANMMYUS ACPEKTOB.
JUIsL TAKMX KOHCTPYKLMI pacdeT BBIIOJHSAIOT TOJIBKO IO MPEAEIIBHBIM COCTOSHUSAM
IIEPBOU I'PYIIIIHI.

Pacuér KOHCTpYyKUMI yCUIIEHUS IPOU3BOJUTCS B COOTBETCTBHH C YKa3aHHUSIMHU
Y TIOJIOKEHUSIMU JISHCTBYIOIUX HOPMATHUBHBIX JIOKYMEHTOB (cM. 1.11. [9-13] B criucke
UCIIOJIb3yEMOU JIMTEPATypbl) U PEKOMEHAALMH 110 MPOEKTUPOBAHUIO YCUIICHUS ...[7]
B MPEANOJI0KEHUH, YTO YCHIIEHHAs: KOHCTPYKIMS paboTaeT Kak €MHOE MOHOJUTHOE
nenoe. Bce KOHCTPYKTUBHBIE TPEOOBaHUS, OTHOCSIIMECS K BHOBb MPOEKTUPYEMBIM
KOHCTPYKIMSIM, CIPABEUIMBBI U K KOHCTPYKLUSAM YCUJIEHUS (€CIH 3TO CHELHUAIbHO
HE OTOBOPEHO B BBIIIE YKa3aHHBIX PEKOMEHALUSAX ).

HopmartuBHbIE M pacueTHblE 3HAUYEHHUS NPOYHOCTH OETOHA U apMaTypbl IS
AJIEMEHTOB ycwieHusi npuHuMaroT cornacHo [10]. Ilpu 3Tom pacyeTHble CONMPOTUB-
JeHusi 0ETOHAa U apMaTypbl TOJDKHBI YYUTHIBATh KOA(POUIIMEHTHI YCIOBHM PaOOTHI Yy,
Y Ysi COTJIACHO JEMCTBYIOIIETO CBOJIA ITPABUIL.

JUIs ycUIIMBaeMoro 3J1IeMEHTa yKa3aHHbIE XapaKTEPUCTUKU IPUHUMAIOT 110 pe-
3yJbTaTaM HaTypHOro OOCJE€I0BaHMS KOHCTPYKIMH C YYETOM CTaTUCTHYECKOU
HAJICKHOCTU PE3ylbTaTOB o0OCHeoBaHUS U KOI((UIMEHTOB HAACKHOCTH TIO
n..1.47-1.49 [7].

Ecnu B yCUJIEHHOM 3JIEMEHTE MCIOJIb30BaM OETOHBI M apMaTypy pas3HbIX
KJIaCCOB, TO B pacyeTe Ka)Ablid BUJ OETOHA U apMaTypbl BBOJSAT CO CBOMMHU pacyeT-

HBIMH XapaKTCPUCTUKAMMH. HpI/I 9TOM HOCHTP TAKCCTH YCHUIICHHOI'O 3JICMCHTA U CTa-
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TUYECKHE MOMEHTBI PEKOMEHYETCS ONPEIEISITh, IPUBO/IS BCE PACUETHBIE CEUEHUS K
OeTOHY U apMaType OJIHOTO Kiacca.

VYcunenue KOHCTPYKIMH >Kele300€TOHHBIMU 00oWMaMu, pyOaiikamu, Hapa-
[IMBAaHUEM PEKOMEH]IyETCS BBIIIOJIHATH [IPU HAarpy3ke, He npesbimaromein 65% ot eé
pacuétHoro 3HaueHus. Ecim 3TO ycioBUE HEBBIIIOIHUMO (T.€. Harpy3ka >65%), npu
ONpEJEICHUHN PACUETHBIX XapaKTEPUCTUK O€TOHA U apMaTypbl MPUHUMAIOT JAOIMOJIHH-
TeabHbIe KO3 HUITUEHTHI YCI0BUN paboThI vy, = 0,8 U vy =0,8. Ilpu Harpyske, npe-
BhIaronieit 80% ot npeaenbHOro 3HaYeHUs, CBapHble pabOThHl HAa apMaType 3ampe-
IICHBI.

[Ipu ycuneHuHn NpUOMOPHBIX YYAaCTKOB OaJOK HA MOIMEPEUHYI CUIY HEoOXo-
JUMO YUYUTHIBATh HAJUYKME TPELIMH B HAKIIOHHOM CEYEHHUH BBEJIECHUEM JIONOJHUTEIb-
HBIX KOADOUITHEHTOB Yy = 0,75 U Yowr7 =0,85, yIUTHIBAIOIIIX COOTBETCTBEHHO pPa-
00Ty GeTOoHA M MpeAHANPKEHHBIX XOMYTOB. [Ipr 0OTCYyTCTBUM TpeluH B HAKIIOHHOM
CEYEHHUH yKa3aHHbIE KO3 (ULHUEHTHI paBHbI €IUHULIE.

[Ipu ycuneHuM cxaTbIX MKeJIe300€TOHHBIX 3JEMEHTOB NpeIHANPSKEHHBIMU
pacnopkamMu BBOJUTCS JIOMOJHUTENbHBIA KOd(PPUIUEHT ycinoBuil paboThl Ygs=0,9,
YUUTBIBAIOIINN CHUKEHUE PACYETHBIX CONMPOTUBICHUN POKATHOMN CTAJIH.

[Ipu moBpexaeHUM IUIOIIAIU CEUYEHHUsl YCUIIMBAEMOTO 3JIEMEHTa WK padoueit
apmatypsl Ha 50% u 6osee, HeCcylIyto ClIOCOOHOCTh CYIIECTBYIONIUX KOHCTPYKIUH B
pacu€rax HE YUMTBHIBAIOT U BCS HArpy3Ka MepeaaeTcsl Ha 3JeMeHThl ycuieHus. 1lo-
Ia/1b CEYCHUS MOMEePEYHON apMaTyphl (Kak U MPOAOJIbHOMN) ONPEIETSIOT 0 PE3YIib-
TaTaM o0cie0BaHusl.

[Ipyn HanMuuM CIIEOB KOPPO3UHM apMaTypbl U3 BBICOKOIIPOYHOM ITPOBOJIOKH,
KOHCTPYKIIMIO CJIEyeT YCUJIMBATh Ha MOJIHYIO Harpy3Kky, 0e3 yuera paboThl 3TOil ap-
MaTyphl.

[Ipu mpuBapke K CyLIECTBYIOLIEH apMaType AETAJIEd YCUIIEHUS WU JOTMOJIHHU-
TEJIbHBIX CTEP)KHEU, €€ pPACUETHOE CEUEHHE JNOJDKHO CHMXKAThbCs Ha 25% B CBS3U C

BO3MOZKHBIM IICPCIKOI'OM.
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[TpoYHOCTH YCHIICHHBIX KOHCTPYKIIMA HY)KHO PACCUYUTBHIBATH 1T HOPMAIBHBIX
Y HAKJIOHHBIX CEYCHUH, a TAaK)Ke Ha JIEWCTBHE HArpy30K, BHI3BIBAIOIINX MECTHOE CMSI-
THE, NPOJABIMBAHUE U OTPHIB.

[Ipu ucnonb30BaHUM KOMILJIEKCHOTO yCUJieHHs (0€TOH U METaJl), pacyeT yCHU-
JICHHOW KOHCTPYKIIMM JTOJDKEH MPOU3BOAUTHCS C yU4E€TOM TOJATIMBOCTH Y3JIOB CO-
PSDKCHMS, KOTOpasi IPUHUMACTCS PaBHOM:

- PY METAJUIMYECKHUX yropax Ha OETOH uepe3 cioi pacTBopa — 1-5 Mm/y3ern;

- IIPH COIIPAKCHUUN MCTaJlJIa C ITIOMOIIbIO 00JNTOB — lMM/ySGJ'I.

3. IlpoekTupoBaHue U pacyeT U3rudaeMbIX xKej1e300eTOH-
HBIX 3JIEMEHTOB, YCHJICHHbIX 000MIMaMHu, py0alikaMu U

HapalmuuBaHUEM

3.1. PacyeT ycu/ieHHs 3JIeMEHTOB NPSMOYT0JILHOI0 POpHIs
10 HOPMAJIbHBIM CEeYEeHUSAM

PexoMenaanmu mo nmpoeKTUPOBAHUIO YCUIICHUS KEI€300€TOHHBIX KOHCTPYKIUH
IpPEOoaraloT roTOBbIE pacdyeTHbIe (OPMYJIbl, KOTOpble 0a3UPYIOTCS HA PEIICHUU
KJIACCUYECKUX YPAaBHEHUU PABHOBECHUS BHEUIHUX W BHYTPEHHHX CHJI U YUUTHIBAIOT
BECh CIIEKTP M3MEHEHHUs [MapaMeTPOB YCHIMBAEMOI'0 CEUYEHHMS: IPOYHOCTHBIE XapaK-
TEPUCTUKU MATEPUAJIOB; PA3IMYHbIE BUAblI HAPAIIUBAHUSA, a TAKXKE pa3IUdHble Bapu-
aHTBI apMUpOBaHUs. Bee 3To M03BOJsSET HAa3BaTh TaHHBIA METOJI YHUBEPCAIbHBIM.

Bwmecre ¢ Tem, popma nosaun OTENIbHBIX PACYETHBIX (POPMYII HA CTAIUU OIpe-
JEJICHHs TUIOIIAAM JIONOJIHUTEIBHOM paboueid apMaTypbl Kak Obl IpeArnojaraer
HaJM4ME 3apaHee BBINOJHEHHOIO pacuera, T.K. B 3TUX (opMyiax HUCIONb3YIOT MpH-
BE/ICHHBIE XapaKTEPUCTUKU YCUJIEHHOTO CeueHHsl (B YaCTHOCTH h(..), KOTOpBIE 110
Hayaja pacyera IUIOIIan AOMOJHUTENBHON paboueil apMaTypbl HE U3BECTHBI.

JInst ycTpaHeHus 3TOro HECOOTBETCTBUS HUYKE BBITIONHEH aHanu3 Gopmyisl (12)
[7] ¢ nenbro yrouHeHus BXOJAIIMX B He€ koaddunmrentoB A u B npu onpeneneHun

IUIOIAAN JTOTIOJTHUTENIbHOM pabodeil apmaTypsl A,y B epBoM npubnmxenuu. Cre-
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JaHO ATO HA CaMOM IMPOCTOM TPUMEpE — AIEMEHTE MPSIMOYTOIBHOTO CEYCHUS, yCH-
JICHHOM HapalliBaHUEM CHU3Y IIPU OTCYTCTBUU apMaTyphl B CKaTOW 30HE OETOHA.

VYuuteiBas, 4TO peub UIET O BHECEHUU U3MEHEHUN B pacyeTHbIE (POPMYJIbI, Clie-
JaeM 3TO MOAPOOHO.

3.1.1 AHaau3 cymecTBYIOUIUX METOA0B pacyeTa

[Tpu poBeeHNH aHaAIKM3a BHITIOJIHEHO COMOCTABIEHUE PacueTHBIX (POpMyII, TIO-
JTY4YEHHBIX U3 YpaBHEHUI paBHOBECHUS NIpeiaraeMbixX B [7] U ypaBHEHHUSIX paBHOBE-
CHsl, COCTABJICHHBIX JUIsl YCWJIMBAEMbIX M YCUJIEHHBIX KOHCTpyKUMi. [Ipu permenun
ATOW 3aJauM 3a/JaeMCsl TOJNIIMHONW HAOETOHKM d U PacCTOSTHUEM MEXIy LIEHTpaMH

TSKECTH CYILECTBYIOIIEH (A ) U JONONHUTENBHOU (A, ) apMaTyphl 4, :
- YpaBHEHHUS PAaBHOBECHs BCEX CHJI Ha TOPU3OHTAIBHYI) OCh COOTBETCTBEHHO
JUIs1 CYLIECTBYIOIIEr0 ¥ YCHJIEHHOTO ceueHus MpuMyT BUI: Ry'b'x =R A (3.1)

sad >
- TO K€, ypaBHEHUE PABHOBECHS II0 M3rHOAIOIIEMY MOMEHTY OTHOCUTEIBHO
LEHTpa CoKaTus OeToHa: M =R A (hy-0,5x)
(3.3)
M, ,=RA(hy05x)+R_,A,,(h,+a, 0,5x) . (3.4)
ITockonpKy Hac MHTEpECYET ILIONIAb JOIOJHUTENIBHON PACTAHYTOM apMaTyphbl,

IIPUMEM YCIIOBHE, 4TO BenuunHa R =R, u onpenenum us BoipakeHus (3.2) Bbl-

sad »

COTy cxkatoii 30Hb1 6eTona: X = R (A4, + 4,,,)/ R,D (3.5)

B Boipakenuu (3.4) mpocyMMHpYEM BCE YIICHBI C BEJIMUUHOM X, PEBAPUTENb-

HO PacKpbIB CKOOKH, U IPUPABHAEM K HYIIIO.
M_RAh RA,,(hy+a,)+05Rx(A4, +A4,,)=0, (3.6)

[ToncraBum B BeipakeHue (3.6) 3HaueHue X U3 BeipaxkeHus (3.5) u crpynnupyem
BCE CJlaraeMble, Kacarolluecs IUIOIIAIA CeYEHUs JOTIOTHUTEIBHON paboyeil apMary-

pel A 4.

(MiRs As hO )RbbiRs Asad (hO + aO )Rbb + O’Ssz (A9 + Asad )2 = O . (37)
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BOSBGI[SI B KBaJpaT BBIPAXKCHUC B CKOOKax u3 MMOCJICAHETO Cl1aracMoro, ImoJay4umM

KBaJIpaTHOE YpaBHEHUE 00IIIET0 BUIA, a Pa3JIe/IMB BCE CllaraeMble Ha BEJTUYUHY

O,SRS2 , OyZileM UMEeTh NMPUBEJIEHHOE KBAJIPATHOE YpaBHEHUE TUIA!

2
Asad

+ad,,, +b=0, (3.8)

05R’A2,—R.A, (hy+a)Rb+0,5R>A., +RA A, +(M-R Ah)=0;

_ AuwR (hy +a)R,B 0,5R>A; | R2A A, L (M-RAR)RD _

A2
v 0,5R? 0,5R> 0,5R> 0,5R?

[IpoBens nanpHelIMEe TPeO0OPA30BAHUS, TTOTYUHM:

Ay [RARb( +a)] o (M RARRD _

A2+
ad 0,5R, 0,5R’

(3.9)

YuuteiBasi, 4To K03()PHUIHEHTHI a U b npuBeaeHHOTO ypaBHeHUS (3.8) ABISAIOTCS

HC YHnCJlaMHU, a BBIPAXKCHUAMHU, 3aMCHUM UX COOTBCTCTBCHHO Ha A u B u 3anuiiem ux

sHauenus: A =[R, A R,b(h, +a,)]/0,5R ; (3.10)
B = (MadiRsAshO )Rbb / O’Ssz + A?z . (31 1)
®dopmyia (3.8) oOKOHYATEIBHO IpUMET BUI A., + A+ A, +B=0. (3.12)

Bripaxenue (12) [7] kak BUAHO U3 BBIIOJHEHHOTO aHAJIM3a MOJIyYeHa U3 BbIpa-
xenus (3.12) u umeer Bug A, —A/2-\A*/4-B.

[Ipu Gomnee CIOXHBIX BapHaHTaX yCHJICHHS, KOTJa MPUMEHSIOT Pa3HbIC KJIaCChI
O0eToHa 1 apMaTyphl ¥ pa3HbIe BUABI HapammBaHus, kKodhdunueHTs! A u B momydaem
aHAJIOTUYHBIM 00pazoM. OHaKO OHU OYAYT UMETh 00Jiee CIOKHYIO CTPYKTYPY.

CpaBnuBas BeipakeHus (3.10) u (3.11), Buaum, 4T0 U3MEHEHHUE Pa3MEPOB yCH-
JICHHOTO CEYEeHHS KacaeTcsl TOJbko Koddduimenta A, a B koddpduiuent B Bxomasr
W3BECTHBIC UJIM MIPUHSATHIC JIJIs1 BBHIMIOJIHEHUs pacueTa AaHHble. OTMETUM, MPU 3TOM,

10 B Hammx BeIpaxkeHusx (3.10) u (3.11) mpu pacuére B mepBoM MPHOTUKEHUU OT-
CyTCTBYeT BeanuuHa f,,,, , U HanmMIo HepaBeHcTBo A, < My, < (h, +a,) .

VY4uThIBas U3JI0)KEHHOE, IIPU ONPENEICHUH IUIOIAAU apMaTypsl A,y B IEPBOM
npubmmkennn B gopmyrax (13) u (15) [7] Bmecto Ay,.y HEOOGXOMMMO MPUHUMATH
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senmuuny (4, +a,), a B popmynax (14) u (16) [7] — h() , T.€. PacCTOsIHAE OT LIEHTpa

TSKECTH apMaTyphl CYLIECTBYIOIIETO CEUYEHUs 10 Haubojee ylajleHHON CKaTou rpa-
HU YCWJIEHHOT'O CEYEHUSI.

HpI/IBCILGHHYIO pa6011y}0 BBICOTY HOJIA YCHIJIICHHOI'O CCUCHUA MOKHO IIPUMCHATD,

HauyMHAs PAcueT BO BTOPOM MpHOIMKeHuH, T.K. umes A, u A, , nerko Haiitu u

BEJINYMHY h()red . OnHako ecnu pabodasi BHICOTA YCHUJIEHHOI'O CEUEHHS IMpeBapH-

TCJIIBHO OIIPCACIICTCA HUCXOAd M3 IIPHUHIOUIIA OIITHMAJIIBHOT'O IIPOCKTHUPOBAHUSA II0

onm

bopmyne h,,, = \/M el R.b mpu Bemuunbe &7 =0,3-0,4, To pacuera miomagu

JOTIOTHUTEIbHON apMatypbl 4, B MepBOM MNPHOJMKEHUH, KaK MPABUIIO, ObIBACT

JOCTAaTO4YHO.

3.1.2. PacyeT NpPOYHOCTH 3JIEMEHTOB NMPAMOYTI0JbHOI0 NPOophuJis,
YCHJIEHHBIX 000iiMOM

KenezobeToHHble M3rHOaeMble SJIEMEHTHI, YCUIIMBAEMbIE KEJI€300€TOHHBIMU
o0OoitmMamu, pyOalikamu, IByX- WIH OJHOCTOPOHHUM HapalluBaHUEM, PACCUNTHIBAIOT
1o 00IIeMy CIy4yaro Kak MOHOJIUTHBIE KOHCTPYKIIMH MPHU J10001 popMme cedeHusl.

PacuéTHas cxema Juis 00IIero cirydasi pacueTra MpOYHOCTH HOPMaJbHBIX cede-
HUH TIPSIMOYTOJILHOTO TTPO( IS, YyCUIEHHOTO 000MMOM, TIpeicTaBlieH Ha puc. 3.1.

Pacuer HOpMaJIbHBIX CEUEHHUM YCUIIEHHBIX M3rH0aeMbIX KOHCTPYKIUU, UMEIO-
IMX JBOMHYIO apMarypy B YCHUJIMBAEMOW M YCWIMBAIOLIECH YaCTSIX CEYEHHUs], COriiac-
HO peKOMeHJauuii [7], Aomyckaercs Nporu3BOAUTh B 3aBUCUMOCTH OT COOTHOLLICHHI
OTHOCHUTENIbHOM BBICOTHI C)KaTOM 30HBI OeTOHA &, ompenensieMol U3 COOTBETCTBYIO-
IIMX YCJIOBUH PaBHOBECHS U €0 TPAHUYHOTO 3HaUYCHUS &g, OMpeaensieMoro mno ¢op-
myie (6.11) CI152-101-2003 [10].

IIpu & < &g — mpeAesbHOE COCTOSTHUE 3JIEMEHTa HACTYIAeT OJHOBPEMEHHO C
JNOCTUKEHUEM B PACTSIHYTOM apMaType pacyeTHOrO CONpOTUBIIEHUS. OTHOCHUTENIbHAS
BBICOTA C3KaTOU 30HbI OeTOHA &, onpenensercs no popmyie: & = X/h red, (3.13)

IJ€ X — BBICOTA CXKaTOM 30HBI OETOHA;
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Puc. 3.1. PacyerHas cxeMa M 3II0PbI HANIPAKEHUI B HOPMAJIBHOM K IIPOA0JIb-
HOM OCH ce4eHHs U3rudaemMoro 3JjeMeHTa, yCHIEHHOr0 000iMoi

(o0mmit ciayvain)

h, red — PACCTOSIHUE OT CKATOM TpaHU OE€TOHA /10 OOILIEro HEHTPA TAKECTH PaCTIHYTOM
apMaTypsl Ag U JOTOTHUTEIBHON apMaTyphl Agyg.

[Ipu onpenenenuu & u Eg, KOraa B CKATOM 30HE PACIOJ0KEH YCHIIMBAEMBIA U
yCWJIMBAIOUIMI OETOH pa3HOro Kjacca, B pacyeTax cjieayeT NPUHUMAaTh pacyeTHOE
conpoTtuBieHue 6etoHa Ry, 6osee HU3KOro Kiacca.

3nauenue h,q onpenensercs no popmyne: hyeg=hotareq , (3.14)
h, — paccrosiHue OT CKaToi IpaHu YCUIIEHHOTO 3JIEMEHTA JI0 LIEHTpa TAKECTH pacTsi-
HYTOW apMaTyphbl YCUIMBAEMOTO DJIEMEHTA,

Ared — PACCTOSTHUE OT IIEHTPA TSHKECTU PACTAHYTOM apMaTypbl YCUIMBAEMOTO AJIEMEH-
Ta (Ag) 10 00IIEro LEHTpa TAKECTH BCel pacTIHYTOM apMatypbl (AgtAg.q)-

[Ipu pa3nmuyHBIX 3HAYEHUSX PACUYETHOTO COMPOTHUBIICHUS PACTIHYTOW U CKa-
TOM apMaTypsl ycuiuBaeMoro snemenTa (Rg u Ry) n apmarypsl yeunenust (Rsaq R cad)
MIOJIOKCHUE MX OT HEHTPA TSKECTH areq OMPEACIACTCS ¢ YUSTOM MPUBEACHHOW ILIO-
1311 CEUCHUS PACTAHYTON (Agreq) M CKATOU (As red) APMATYPBL:

As,red:As+As,ad'Rs,ad/ Rs 5 (3 1 5)

A’ s,red:A’ S+A’ s,ad'Rsc,ad/Rsc; (3 1 6)
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Ared™ [Rs,ad'As,ad(ho,ad'ho)]/ [RS'AS+Rs,ad'As,ad] . (317)
B stux dopmynax:
Asu Ay’ — oAb pacTIHYTOM U CKATOM apMaTypbl B YCHIIMBAEMOM 3JIEMEHTOB;
Agad M A’ q— TIIIOIIAB PACTSIHYTOM M CKATOW apMaTypbl B YCHIIMBAIOIIEM 3JIEMEHTE;
Rs 1 R4 — pacdueTHOE CONPOTUBIIEHUE PACTAHYTOM apMaTyphbl YCUIUBAEMOTO U YCHU-
JIUBAIOIIETO YJIEMEHTOB;
Rsc ¥ Ry 24 — pacyeTHOE CONPOTUBIICHUE CKATOW apMaTypbl YCUIMBAEMOIO U YCUIIU-
BAIOIIETO AJICMCHTOB;
h, . — paccTosiHue OT CKATOW TpaHH YCUJICHHOTO 3JIEMEHTA JI0 LIEHTPa TSHKECTH pac-
TSIHYTOW apMaTypbl YCUIMBAIOIIETO 3JIEMEHTA.
[Ipu E<&gr, BenmuuuHa & onpenensiercs ¢ yuetom Gopmysl (3.14)
E.;:(Rs°As,red'Rsc'A’s,red)/Rb'b'ho,red ) (3 Nl 8)
rae b — mupuHa yCUICHHOTO AJIEMEHTa
R}, — pacuetHOe compoTuBieHNe O€TOHA, IPUHUMAEMOe paBHbIM R, ninu Ry, .4 B 3aBu-
CHMOCTH OT KJ1acca 0€TOHa, IOIaJaloIIero B CKaTylo 30Hy O€TOHa.
Pacuer npoyHoCTH OaJIKH, YCHMIICHHON 000HMOM, TPOU3BOIUTCS U3 YCIOBUS:
Mad,ult:Rb,redbx(ho,red'oa5 X)+RSCA, s,red(ho,red'a ,)9 (3 1 9)
I7€ a’ — PacCTOSHHUE OT CXKAaTOM T'paHW OeTOHA YCHJICHHOTO dJIEMEHTA JI0 CXKATOH ap-
MaTypsl yCuJIeHus A’ g ;
Ry red — NPUBENEHHOE PACUETHOE COMPOTHUBIIEHHE OETOHA CHKATOM 30HBI YCHUIIEHHOTO
JJICMCHTA, Rb,red:(RbAb+Rb,adAb,ad)/ Ab,tot- (3 20)
B dopmyne (3.20) Ap o =AptApag — CyMMapHas IUIOIIAAb 3JIEMEHTa CEUCHUs
CKaToi 30HBI OETOHA YCHJIICHHOTO 3JIEMEHTA; A}, — IUIOMIAb CCUCHUS CXKATOM 30HBI
0EeTOHa YCHUJIMBAEMOI'O 3JIEMEHTA; Ay ,q — IUIOLIAJb CEYEHUS CXKAaTOMl 30HBI OETOHA
YCWJIMBAIOIIETO JJIEMEHTA; X — TOJIHAS BBICOTA CXKATOM 30HBI OETOHA YCHUICHHOTO
3JIEMEHTa X=X|1X; ; (3.21)
X| — YaCTh BBICOTHI CKaTOM 30HBI O€TOHA, HAXO/IAMIASCA B YCUJIUBAEMOM 3JIEMEHTE;

X —44aCTb BBICOThHI C)KaToM 30HBI B YCUINBAIOIICM 3JICMCHTC.

Ap=[b-(byaatbrag) X1, (3.22)
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I€ by, brag — upuHa 000iMBI HapamuBanus. llpu HapamuBanum OeroHa 0e3
000MMBI by ,q=b; ,¢=0, TOrHA: A} 26=b"X-Ap. (3.23)

Ecnmm B pesyibpTaTe pacuera OKaKeTCs, YTO BBICOTa CXKATOW 30HBI OeTOHA
HaXOJUTCA TOJBKO B OETOHE YCHUJICHHMS, TO BMECTO Ry .q MPUHUMAETCS BETUYMHA

Ry..d ¥ yTOUHSIETCS HOBasl BBICOTA C)KAaTOM 30HBI O€TOHA

X=(RsAs red-RieA s ret)/Rb act reaD- (3.24)
KonudecTBo 1OMOTHUTENHHOM PACTAHYTOM apMaTypbl HAXOAUTCS o popmye:

Asa= -AR-VAY4-B | (3.25)
rae kodpounueHtsl A u B onpenenstoTcst U3 BhIpaxKeHUM:
A=[RSAS-RSCA’s,red-Rb,redb(hﬁao)]/ 0,5R 245 (3.26)
B={2[M+(RyA s reaa -RsAsho)] Rp redb[ReA-R A s rea] }/R s - (3.27)

[Ipu oTcyrcTBUM cxatoil apMatypsl A’s U A’g,q B YCUIIMBAEMOM M yCUIIMBAIO-
IIeM SJIEMEHTAX, WIH KOIJa OHH B pacueTe He YUMThIBAIOTCA (IpH X<2a ), Ko pu-
UUEeHTHI A 1 B onpenensiroTcs u3 BhIpaKEHUM:

A=[RA; - Ry reab(hota,)1/0,5R; oq ; (3.28)

B=[2(M-R;Ah,) Ry redb+R*A% /R g . (3.29)
BricoTa cxxaroit 30061 OeTOHA onpeenseTcs mo Gopmyre:

x=(RsAs+Rs,adAs,ad)/Rb,redb. (3.30)
[TomyyeHHast BbICOTa CKATOW 30HBI OETOHA HE JOJIKHA MPEBBIIIATH CBOEH TPAaHUYHOM
BEIMYUHBI U3 POpMYIIBL: X< Xp=Erh, red -

Koraa miomanb pacTsHyTol apMarypbl MpUHATA OOJIbIIE PACYETHOU MO KOH-
CTPYKTUBHBIM COOOpaKEHUsAM, I X>Ephyeq , BBICOTA CXKATOM 30HBI OETOHA X

OIIPCACIIACTCA N3 BBIPAKCHUA:

X:[Gs,adAs,ad_‘_GsAs'RscA’s,red]/Rb,redb 5 (3 3 1)
6:=[(0,2+&r)R,J/[0,2+E+0,356,,/Ry(1-E/Er)]; (3.32)
Gs,ad:[(052+aR)RS,ad]/[092+§+Oa3 50sp/l{s,ad( 1 'E;/&R)] 5 (3 3 3)

IIE Oy — NPEABAPUTENBHOE HANIPSUKEHUE B HANIPATAEMON apMaType, ONpeesieMoe

10 JICUCTBYIOIUM HOPMaM.

40



Ecnu npegnanpspkeHHas apMarypa OTCyTCTBYET, TPEThE ciaraeMoe B (hopmy-

nax (3.32) u (3.33) — oTCyTCTBYET, TOT/1A:

o0s=[(0,2+ER)R]/(0,2+E) (3.32a)

05.2d=[(0,2+Er)Rs 20]/(0,2+E). (3.33a)
3naveHus kodppunreHToB A u B B hopmyite (3.25) onpeaensirorcst U3 BeIpaKEHUMN:
A=(0AR A ¢ red-Rp reabho rea)/0,564 4a ; (3.34)
B=[2(M+RA e -G5A5ho red)Rp reabH(0sA-RcA s 1ea)?)/ 075.ad - (3.35)

[Ipu ycunenun Oanok U IUIMT TOJBKO HapalllMBaHUEM CBEpPXY, BBICOTY Hapa-
MIUBAHUS X, ONPEACISIOT U3 YCIOBHS, YTOOBI MPU YBEIUYCHHOM MOMEHTE, KOJUYe-

CTBO MMEIOIIEHCS B PACTSHYTON 30HE apMaTypbl ObUIO JOCTATOYHBIM:

X,=M/R A¢-h,+0,5%, (3.36)
npu 3ToM:  X=R(A¢/Ry reqb. (3.37)
B dopmyine (3.37) 3HaueHus Ry .4 cI€AyET NPUHUMATB:

pH X<X, R red=Rb.ad 3

IpU X>X, Ry eq OTIpenensiercs no ¢popmyie (3.20).

[Ipu ycuneHun Oajok WIM IUTMT HapallMBaHUEM TOJBKO CHU3Y, KOTJa Hapa-
IUBAaHUE CBEPXY HEBO3MOXKHO, 3HaueHus kodddurmento A u B B popmyine (3.25)

onpeneNstoT u3 Beipaxkenuit (3.28) u (3.29)

IIpumeuanus: 1)cxxaras apmaTypa yUUThIBa€TCA TOJIBKO B Cilydae, Koraa x>2a';
2) ¢opmynsl (3.26) — (3.28) cnpaBenuBBI MPU pacdyéTe B MEPBOM NPHUOIMKCHUH.
[Tpu BTOpOM M mocnenyomux npudbnmxeHusx snayeHus (hyta,) B popmynax (3.26)
1 (3.28) 3aMeHSIOTCS Ha BEIMUYUHY h,q TIO popMmyiie (3.14), a B popmynax (3.27) u
(3.29) HeoOx01MMO 3aMEHUTH Ha hy = hg req .

Paccmotpum Hanbosnee mpocThie ciayyau pacuera HEeCyIIed CIOCOOHOCTH H3-
rubaeMbIX AJIEMEHTOB, YCUJIEHHBIX OJHOCTOPOHHMM WJIM JIBYyXCTOPOHHUM Hapauu-

BaHHUECM.
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3.1.3. Ilpumepsbl pacyéra yCHJIEHHS 3JIEMEHTOB NPAMOYI0JIbHOI0 NPOPHJIsA

Ipumep 3.1.1 (puc. 3.2). Pacuér ycuneHus mimThl peOPUCTOrO MEPEKPHITHUS
HapauBaHueMm cBepxy. [laHo: xene3o0eToHHas miauTa ToamuHon h = 8 cM. beton
yCHWJIMBaeMoro anemMeHTa kiacca B15 (mo Tabmn. I1.1.1, R b= 7.7 MIla). beton ycurne-
Husa kimacca B20 (Rp,g = 10.5 MIla). Ha 1 moroHHsli MeTp IUIMTHI yCTaHOBJIEHO
TO8A240 (mo tabm. I1.2.1, I1.2.3, A =3.52cm?; R =215 MIla). Tpebyercs onpee-

JIATh TOJIIHAHY HApAIIUBAHUS TUIUTHI, TP BO3pOocIIEM MOMEHTE M= 7.5 kH-M.

b=100 cm

2
Puc. 3.2. PacyerHas cxeMa yCH/ICHUA

| |
<SS S S S S S d IUIATHI HAPAUIMBAHHEM CBEpXY:

h =6.6 cM 1- yCuiinBacMasd IJInTa,

| @ & 0 0 0 o o a=l4cm 2 — Ha0eToHKa

1
As=352 em?
CornacHo TpeboBanusM HOPM [5,10], ToammAA 3aIUTHOTO CJI0sT O€TOHA TIPH

h< 100 mm, a b=10 MM, ToTHa a=a, +0.5d = 1.4 cm.

CormacHO YCIOBHSM CTaHIAPTU3AUH (PUKCATOPOB TOJOKECHUS apMaTypHl,
BEJIMYHMHA 3aITUTHOTO CJIOS OETOHA JTOJDKHA OBITH KpaTHa S MM. (IIpu nposederuu pe-
KOHCMPYKYUU 8Ce XapaKkmepucmuky ceyeHusi NPUHUMAOMcs CO2llACHO Mamepuaiam

HamypHo2o obcredosanus[8]). Bricora pabodero ceuenus ho= 6,6 cwm.

[TpoBepsieM HeCyIIyIO CITIOCOOHOCTh CYIIECTBYIOIIETO CEYCHMS:
x=R As/ R yb=215-(100)-3.52 / 7,7-(100) - 100= 0,983 cm;
Moult = R ,bx(h 0 — 0,5x)=7,7- (100) - 100 - 1.03 - (6,6-0.5 - 0,983)=
=4,7-10° H'em <M 4= 7,5 kHm.
Koaddumuent ycunenus K= 1,6.
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Ucnonb3ys popmyiny (3.36), onpezensgeM TOJUMHY HapaliuBaHUs MauThl. Tak

kak x= 0,983 cm <d.,;,= 3 oM, npuHUMaeM BenUIuHY Ry= Ry,q.

Xo=d=M,q / RsAs—hg + RiAg / 2Rpgb =

=7,5-10°/215 - (100) - 3,52 — 6,6 + 215 - (100) - 3,52 /2 - 10,5 - (100) - 100=
=991 - 6,6 + 0,36 = 3,67 cm. [Ipunumaem d= 4 cm.

Hecymast cnocoOHOCTh YCUIEHHOTO CEUEHHUS:

Mgt = R Ag (ho+ d — 0,5x) =215 - (100) - 3,52 - (6,6 + 4 — 0,36) =7,75 - 10° kH"Mm,
YTO MPEBBIIIAET BO3POCIINH MOCIE PEKOHCTPYKIIMU MOMEHT M,q = 7,5 kH M.
Hecymas cnocoOHOCTh JOCTaTOYHA.

Mepornpusitis mo 00eCIEYSHHUIO CLETUICHUS «CTaporo» M «HOBOT0» OeTOoHa B
YCUJICHHOM TMEPEKPBHITUH TIpuBeieHbI B pasnene 1.3.2. TonmuHa Ha0eTOHKHU B HaIlEM
Clly4ae COCTaBIIIET MEHEE 5 CM, ClIeOBaTEIbHO, YCUJICHUE BBIMOJIHAIOT 0€3 MpHMe-
HeHUsI KOHCTPYKTUBHBIX ceToK (1o 'OCT 8478-81) yknaapiBaeMbIX Ha CYIIECTBYIO-
niee nepekpoitue. [Ipu Manoit npoyHoOCTH OeTOoHA 11eJ1IeCO00pa3HO MPUMEHSIThH TPOTH-
BOYCAJIOYHYIO CETKY.

IMpumeuanne. B npumepe 3.1.1 1 Bo Bcex NMOCIEAYIONINX, pACUETHBIE COMPO-
TUBJICHUS OE€TOHA W apMaryphl, ykazaHHele B MIla, mpuBoasarcs Kk pa3MepHOCTH
H/cM® mocpencTBoM yMHOKeHHs ux Ha koodduupent (100), creruanbHo yKka3aHHOM
B CKOOKax, 1Jis yao0cTBa CoKpalieHus nudp mpu pacuerax.

Ipumep 3.1.2 (puc. 3.3). Pacu€r ycuneHus n3rubaeMoro sjiemMeHTa NpsMo-
yTOJBHOTO Npouiis HapaluBaHueM cHu3y. JlaHo: pazmepsl ceueHus: yCuiinBaeMoro
anemenTa h = 90 cm, b = 40 cm. beron ycmnmBaemoro anementa kiacca B30
(Ry = 15,5 MIIa). hy= 84 cM, ho= 99 cM, a= 6 cM, a =3 cM, du= 4 cM, a= 15 cm.
ApmaTypa ycuiamBaeMoro u ycuiausaromero 3meMeHToB kinacca A400 (R =355 Mlla,
R¢= Rgq = 355 MIla). A, = 22,81 oM’ (6022), A’ = 3,39 oM’ (3012). Koadpdunuen-
Thl ycwiienus ceuenuss K=1,45. TpeOyeTcs onpeaenuTs miomaab JONOIHUTEILHOM
pacTAHYTOU apMaTypsbl Ag,g, €CIIM U3BECTHO, UTO YCUJIEHHE Oanku OyaeT IpOBOIUTh-

csi 0e3 pasrpyKeHus 3JIEMEHTa, OJJHAKO Harpy3ka Ha YCHUJIMBAEMbIN JIEMEHT HE TIpe-
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BbIaeT 65% ot pazpymaronieit. CrnenoBarenbHO, KOADPUIUEHTH YCIOBUS pabOThI
0eToHa U apMaTyphl PUHATHI PaBHBIMU €JTUHULIC.
B nepBom npuOamkeHUH BEIMUYUHON @) 3aJjaeMcs U3 yA00CTBa MPOU3BOICTBA
min __
paboTt. [Ipu IBYyXpsIAHOM PacnoyIOKEHUH apMaTypsl @y = 15 cm.
Pabouas BeicoTa ceuenus h,=h —a=90—-6 =84 cm, rae a = a, + 0.5d, +

+V1/2=22++22/2 + 50/2 = 58 mm (cM. Tab6n. [1.3.2 ). [Ilpunumaem a = 6 cm.

3212 Alll

LN

|

Z7

328AI 3
war 25 Ié
s Puc.3.3. P
6022 Alll ® N g uc.3.3. Pacyernas cxe-
I Ma YCHJICHUS JIEMEHTOB
K
<

IRE

NpsAMOYIoJILHOT0 nmpo-

a8 red

6

3075%
h

hored—

h 0ad =99

buias  HapamuBaHUeEM

a

CHM3Y.

a ad

b=40

OTHOCHTENbHAS BBICOTA CKATOW 30HBI O€TOHA
& =(RsAq - RycA’5)/Rpbhy =[355(22,81 — 3,39)] / 15,5 - 40 -84=0,132< £=0,53,
riae g onpenensiercs o Gopmyie (6.11)[10];
‘fR =0,8/(1+ R /700)=0,8/(1+355/700)=0,53;

T.K. E< & j, pacTaHyTas apMaTypa paboTaeT C MOJIHBIM PACUETHBIM COMTPOTUBIICHUEM
npu &= 0,132 x = Ehy=0,132-84= 11,1 cM > 2a’=6 cwm.

Cikaras apmaTypa yYUTHIBAE€TCS B pacueTe.

Hecyas cmocoOHOCTh CYIIECTBYIONIETO CEYEHUS:
Moue = Rpbx(ho -0,5%) + ReA’((ho-a’) = 15,5(100) - 40 - 11,1(84 - 0,5 - 11,1)+
+355(100) - 3,39(84-3) = 539,9 - 10°+97,5 - 10°=637,4 - 10° H-cm.
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Benuunna MoMeHTa, AEMCTBYIONIETO Ha OAJKy MOCIIE MPOBEACHHS PEKOHCTPYKIIUU
Mad = Mou K= 637,4 - 10°1,45 = 924,2 -10° H-cm.

[1nomans TOMOJHUTEIBLHOM PACTSIHYTOM apMaTypbl ompenesnseM no ¢opmyse
(3.25), B xoTOpO# ¢ yuéToM HepaBeHCTBa &S & g , Koo duimeHnt A u B onpenensem
u3 BeIpakeHwuit (3.26) u (3.27).

A= [RAs — RycAy’red — R reab(ho + @0)]/ 0,5R 4.

BBuay oTcyTCTBUS HapallMBaHUSI CBEPXY, BENHUMHA A’ o¢= A’g ; a 3HAUCHUE
Rprea= Rp.

A=[355(100) - 22,81 —355(100) - 3,39 — 15,5(100) - 40 - (84 + 15)] /0,5 - 355(100)=
=-307 cM? ;

B=2[M,4 + (Ryc A’req @ — RsAs hp)] Rpreab / R g + [RAGR A gred] /R =

=2+ {924,2 - 10° + [355(100) - 3,39 - 3 —355(100) - 22,81 - 84] - 15,5(100) - 40+
+[355(100) - 22,81-355(100) - 3,391°}/[355(100)]*=

=2436,8 cM” +377,2 cMm’=2814,0 cM’,

A _A AV
sad— 21\l 2

C yueToM BO3MOXKHOTO OCJIa0JIeHUsI CEUeHUS TPEX CTEPKHEH apMaTyphl U3

2

—Bz—(_3207j—\/(_3207j 2814 =153.5-144=945 cm2.

IIECTH MpU cBapke Ha 25%, Tpebyemast IIoma/ib JONOJHUTEIBHOM paboueit apmary-

pel ALY = A

sad

i FAA L =A, =945 +0,25-2281/2 =123 cm>.
[IpuHUMaeM B KauecTBE JIOMOJHUATENBHOM apMaTypsl SA18 A400.

Awd = 12,72 oM’ . ®akTHueckas pacueTHas IUIOMAAb ApMATYPhl YCHIICHHS
AR — A AA L =12,72-2,85=9,87 cM.

JIOMOTHUTENBHYIO apMaTypy KpemsT K pabodeil apMaType Ha CBapKe ¢ UCIOJIb-
30BaHUEM JIByXCPE3HBIX BEPTUKAJIBbHBIX XOMYTOB U BEPTUKAIBHBIX KPIOUKOB
D10A240 (cMm. o3.2 u 3 Ha puc. 1.3).

IIpumep 3.1.3. IIpoBepka Hecyliel CTOCOOHOCTH YCHJIEHHON HapalliBaHUEM

CHU3Y Oayiku mpsiMoyroJibHOrO npoduis. Jano: ang yciaoBuii, cpopMynrpOBaHHBIX

B ipumepe 3.1.2, onpeaenuTb HECYIIYI0 CIOCOOHOCTh YCUIIEHHOTO CEUECHHUS.
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Pacuer BbINOJIHSIEM C UCTIOIB30BAHUEM MPUBEACHHBIX XapaKTEPUCTUK yCUIICH-
HOTO ceueHHUs 1o popMyam:
-(3.15): Ageq =22,8149,87-355/355=32,68 oM’
-(3.16) HaxoauM A’eq. [Ipy OTCYTCTBUM HAOETOHKHU B CKATOU 30HE A’geq = A'y;

355(100)-9,87 (99 —84)

red ~ 355(100)-22.81+355(100)-9.87 o™

- (3.17) BBIYUCHSEM Qyeq: @

- (3.14) onpenensiem: h =84+4,53=88,53¢cm™m;

Ored
- (3.18) u (3.20) BbiuncasieMm 3HaUYC€HUS & U Ryeq. YUUTHIBAS OTCYTCTBUE HAOCTOHKU B
CKaToi 30HE, MPUHUMAaEM BeIUYUHY Ryeq = Ry, , @ Benmmuuny g mpuHUMAaeM 110 aHa-

joruu ¢ npumepom 3.1.2

£ 355(100)-32,68 —355(100)-3,39
15,5(100)-40-88,53

= 0,189 <&, =0,53.

BricoTa cxxatoit 30HbI OeTOHA X =& - hored =0,189-88,53=16,77 >2a'=6cMm.

CrnenoBatelbHO, CKAaTyI0 apMaTypy YUYUTBIBAEM B pacyeTe.

-Hecymas crmocoOHOCTh yCHIIEHHOTO cedeHusi coriacHo popmyiie (3.19)

M, g = 15:5(100)-40-16,77(88,53-0,5-16,77) +355(100)-3,39-(88,53 - 3) =

~833.3-10° +102,9-10° =936,2-10° Heom>M_ —9242-10° H-cm.

d
Hecymast cmocoOHOCTh YCHIIEHHOTO CEYEHUS JOCTATOYHA JUIsl BOCIIPUATUS YBEJU-
YEHHOI0 MOMEHTA.

Ipumep 3.1.4 (puc. 3.4). Pacuér ycunenus u3ru0aeMoro 3JIeMEHTa MPsSMO-
YTOJIBHOTO NPO(HIIA IBYXCTOPOHHUM HapamuBaHueM. JlaHo: pa3mepbl ceYeHus yCcu-
nuBaemoro anementa h; =60cm; b=30cm; OETOH yCHJIMBAEMOIO AJIEMEHTA Kjacca
B25 (R =13,0MIIa); hy, =55cm;a=5¢cwm; a'=3cwm. ApMartypa yCHJIMBAEMOIO dJie-
meHTa knacca A300 B pactaHyrou 30He U A240 — cxkarou, A =15,71 cm? (5020) ¢
pacrojIoXeHUEM B OJMH P, A'S:2,36CM2 (3010); R, =270MIIa;R . =215MIla.
[Tocne nmpoBeneHHON PEKOHCTPYKIIMM MOMEHT Ha 0ajky BO3pocC B 2,3 pasza U COCTaB-

nsier M,y = 660xkH M. TpeOyercs onpenenuTs miouaas JOMOJIHUTEIBHON CKaTON U
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pacTsHyTON apMaTypbl A u A,y ¥ yTOUYHUTH €€ pacu€éToOM BO BTOPOM MPHOIIHIKE-

Huu. Harpyska Ha Oanky npH yCUJeHUHM He mnpesbimaer 65% oT npenenbHol Benu-
YUHBI.

[TpyHuMaeM BapuaHT ycuJieHUs! OalKu JBYXCTOPOHHEH HAaOETOHKOW u3 OeToHa
knacca B30 (R4 =15,5MIlIa) u apmaryps! knacca A400.

OmnpenenseM mpenBapuTelIbHbIe rabapuThl yCUJIEHHOTO ceueHus 0e3 yuera pa-
00T C)KaToi apMaTyphl U3 YCIIOBUS ONITUMAJIBHOIO IPOEKTUPOBAHMS, TPUHUMASL OT-

HOCHUTEJIBLHYIO BBICOTY CXaTol 30HbI OeToHa & B mipeaenax 0,3+ 0,4. [Ipu
£ =0,353nauenue o,,=0,289 (Tabn.I1.3.1). Pabouas BbicOTa yCHIEHHOI'O CEYEHUS

Oanku h,y npu cyuecTByoLEH HIMpPUHE:

hgaa = Mg /02 R b =1/66010° /0,28913(100) 30 = 76,5¢Mm .

Asaa=7
3916 A400
K R x5y Puc.3.4.Pacuernasn
et goE W
. | - cxeMa yCHJIEHHSI JJle-
o
496A240 H\A=236 F MEHT2a MPAMOYI0JIbLHO-
wiar 20 ?:E 3910 A240 8 ~ S
. N YN IR ro npopuiasg IABYXCTO-
3 A=157 S| M) § 2
< _|>®20 A300 = POHHUM  HapamuBa-
L cHe dl By 'L HHEM.
E I E I njf L L \\‘ \ﬂ; . rh?
1 ] H
-C:N ~._.__‘___..‘.-‘-.- .‘- I"Bl
b:30 ‘-.-.-.-""“-:'L"_;___‘ Asan‘ - .?

[Tpunumaem BbicoTy ycuieHHoro cedenus h,;=80cM. B 3Tom ciayuae cymmap-

Has BbIcoTa HabeToHKH cocTtaBUT h,y—h; =80-60=20cm. TonmuHy HapalMBaHHUN
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X, U h, COOTBETCTBEHHO B CXKaTOW M PACTAHYTOW 30HAX MPUHUMAEM OJUHAKOBOU U

paBHoM 10cMm.

B cxaroil 30H€ NONOJHUTENBHYIO apMarypy MNPUHUMAEM KOHCTPYKTHUBHO W3

'

3 016 A400( a;d =3cm), A, =6,03cm>. PactsnyTyto apmaTypy NpUuHUMaeM TOTO Ke

sad

k1acca guameTpom 20-25 mm. Crie1oBaTeNbHO, BENUYUHA d,y=4CM. Y CHICHHE OallKh

IIPEANOJIAraeTCs BBINOJIHUTH NP YPOBHE HArpy3KH, HE MpeBbiaromieit 65% ot pas-
pymatomeid. CrenoBaresibHO, KO3(PGUIIMEHTHI YCIOBUM pabOThl O€TOHA U apMaTypbl
NPUHUMAEM PABHBIMU €IUHUIIC.

[Tnomans 1ONOJIHUTENBHON pacTsaHyTOM paboyeil apMaTypbl B IepBOM ITPHOIIH-
xKeHuu ompezenseM no Gopmye (3.25), a koapdunuentsl A u B, Bxoasmue B HeE,
no ¢opmynam (3.26) u (3.27). CoOTBETCTBEHHO, YUUTHIBAsI, YTO B 3TU (POPMYJIBI BXO-

JST MPUBEACHHBIC 3HAUYCHUS TUIONIAN CHKATOW apMaTypbl U MPOYHOCTH OETOHA, Be-
TUYUHY A (.4 onpenensieM no ¢popmyie (3.16), a npeaBaputenbHoe 3Ha4eHUE Ry q—
UCXO/ISI U3 MOJIOKEHUSI HEUTPpAIIbHOM OCU. YUUTHIBAsI, YTO MOJIHAS IUIOMIAAL paboueit

PaCTSHYTOU apMaTypbl OTCYTCTBYET, BBICOTY CXATOW 30HBI OETOHA OIMpeeNsieM OIo-

CPEIOBAHHO Y€pe3 BEAUUMHY O, , IpuHUMasg Ry ., =Ry .

A, =A +A4,R, /R, =236+603355/215=12,2cm’;
M, ;R A q(hgg-a)  66010°-215(100)12,2 (76-3) 0908
oy = = =V, 5
m R, bh{ 4 13(100)-30°76°

OTtHOCHUTENBHAS BHICOTA CKATOM 30HBI OCTOHEI

E=1-4/1-2a, =1-4/1-2'0,208 = 0,236,uT0 MeEHBIIE MNPUHITOIO pPAHEE OITHU-

MaJIbHOTO 3HaueHUs yKkazaHHoro koddduimenrta. [loaToMy, Bes pacTsHyTas apMary-

pa OyzeT paboTaTh C IOJHBIM PACUETHBIM CONPOTHBICHHUEM.
Beicora cxkatoil 30HbI OeTOHa X = Eh(y,g =0,23676=17,9cm > 2a'=23 = 6¢cMm.

CJ'IGI[OB&TCJIBHO, CXKartasg apMaTtypa YUYUTBIBACTCA BO BCCX IMOCIICAYIOIIUX PaACUC-

Tax. I[&J'ICC oTMCYacM, T.K. HﬁﬁTpaHBHaﬂ OCb YCTKO IPOXOAUT B YCHUIIMBACMOM CCYC-
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HMH, TO U npennonoxkenue R, ., =R, B nmepsom npubnmxenun — BepHO. DTO XK€

3HAYEHUE MBI MOJICTaBIIsIEM B OPMYIIbI onpeaeneHus KodphuuneHTos A u B:

C[RARGA g Riyegb(hy +a9)]  [270(100)15,71-215(100)12,2
0,5R 0,5355(100)

_13(100)30(66 +10)] _ |45 o, 2
0,5355(100) ’ ’

' ' 2
B= 2{1\/Iad + [RscAsredaad RsAshO]}Rbredb + [RSAS_RscAsred] _
= 5 5 =
R Rsad

sad

~2{66010° +[215(100)12,2:3-270(100)'15,71:66]}13(100)30 .\
[355(100)]°

270(100)15,71-215(100)12,21?
+ (27000015, (2 y12.2] =2422,2¢m”.
[355(100)]

PacueTHnas miomaas A0MOIHUTEIbHON paboyeil apMaTyphl:

Agy = A/2—VA2/4-B = (-153/2)-+/153,52 /1 4-2422,2 = 76,75-58,9 = 17,86cm>

YTouHsileM ceueHHue MOMOIHUTEIBHOW padouell apMaTyphl BO BTOPOM HpUOIH-
KEHUM C y4ETOM IMPHUBEACHHOIO 3HAYEHMsI BBICOTHI paboyero ceueHus hored ¥ mpod-
HOCTH CaToro 6eToHa Rbred, ucnionb3ys Beipaxkenus (3.14); (3.17); (3.20)-(3.24)

PaccTostHue oT eHTpa TSHKECTH CYHIECTBYIOIIEH pabodeit apMaTypsl 10 00IIero

LIEHTpPA TSHKECTU BCEHM pacTAHYTOM apMaTyphl.

) _ R Aga(hoag-ho)  355(100)17,86°(76-66) 599y
™ RUA TR Ay 277(100)15,71+355(100)17.86

(mpuHuMaeMm a,.q=6,0cm).

HpI/IBG,Z[CHHaH BbBICOTa pa6oqer0 CCUCHMU

hOred = hO + ared =66+6=T72cMm.
HpI/IBeI[eHHOC 3HAYCHUC PACUCTHOI'O COIIPOTHBJICHUA OEeTOHAa CKATOM 30HBI ycCu-

JICHHOTO JIEMEHTA OpPEeeIsieM C YYETOM ILIOIIAIN JOTIOJHUTENBHON pabouel apma-

TYpbl, OJTYYEHHOH IIPH NEPBOM MPUOIUKEHUU.
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Agg =A, + A gR /R, =1571+17,86355/270=39,19cm>;

sred sad

Ry i =R A, + Ry Apg 1/ Abtot;
Ay =bx; =30(x-10); A4 = Abtot—Ab =30x-30(x-10)= 300cm> ;
Abtot =30(x-10) +300=30x;

_ 13(100)30(x-10) +15,5(100) 300 _
bred — 30X -

(13+—)100— BbIcOTa C>KkaTOM 30HBI Oe-
X

RsAsred_RscA
1{bredb

sred _ 270(100)39,19-215(100)'12,2

=18,48cm?;

TOHA. X =

(100)(13 + 2)(5)-30

5 2
[g.a3) " 14350100 H en’.

YTounenHoe 3HaueHue korxdpdunuentoB A u B mis hopmysl (3.25):

4 [270000)-1571-215(100) 12.2-1435(100)-30. 72 _ o o
0,5-355(100) ’

_ 2{660-10° +[215(100)-12,2-3-270(100) - 15,71-72]3 -14,35(100)-30

B
[355(100)]?

, [270(100)-15,71-215(100) - 12,217
[355(100)]

= 2474 4+ 20,8 = 2495¢cm*

Pacuernas Iiomanab ,Z[OHOHHI/ITCJII)HOﬁ apMaTypsbl:

Ay, = AI2—\ A 14-B = (-165,5/2)-/165,5% /4-2495 = 82,75-65,97 = 16,8’

YTO MEHbILE IUIOIAAM apMaTyphl NPU pacuy€re B MEPBOM MPUOIMKEHUU BCEro Ha
1,06 cv’

C yyeToM BO3MOXKHOTO ocnabieHust Ha 25% cedeHus CTEPKHS, K KOTOPbIM MPH-
BApUBAIOTCSI XOMYTBI WIM KOPOTBIIIH, ONPEAEIAEeM IUIOMAAb YTPAYEHHOTO CEYCHHUS
apMatypsl. [Ipy Hanuuuy B CyIIECTBYIOIIEM CEUEHUU OalIKM MATH pabOuuX CTEpXK-
HEH, TOMOJHUTENBHYIO apMaTypy Kpenum ¢ nomoipto [1-o0pa3HbIXx XOMyTOB U BEp-
TUKaJbHBIX KPHOYKOB. Takum oOpa3oM, OCIa0leHHI0 MOJBEPraloTCs TPU CTEPIKHSL.
IIpupalenue maomany AOMOJIHUTEIBHON apMaTyphl
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AA 4 =0,25A,3/5=0,2515,713/5= 2,36cM? .
[lomnas miomanb MOTMOJHUTENBHOW paboyeil apMaTypbl B OTOM Clydae

ol = Asg + A4, =168+2.36 =19,16cn’.

sad

[IpuauMaem B KadecTBE JOMOJHUTENbHON apMmaTypsl S22 A400. C mmomaasio
Aﬁg‘gf =19,0cm? . Ceuenue XOMYTOB U KPIOYKOB (CM. 1103. 2 u 3 Ha puc.l.3) npuHuma-

em D10 A240.

3.2. Pacyer NpOYHOCTH HOPMAJIBHBIX CEYCHHUH IJIEMEHTOB TABPOBOI0 nNpoguis,
YCHJICHHBIX JIBYXCTOPOHHHM HapalmuBaHHEM

DneMeHTHl TaBpOBOTO MPO(UIIs, UMEIOIINE PAa3BUTYIO CHKATYIO 30HY, YCUIIU-
BAlOTCSl, KaK MPAaBWJIO, TOJIBKO HApAIMBAHWEM CHU3Y, PEXKE IBYXCTOPOHHUM. Jljis
MOHOJIUTHBIX KOHCTPYKIMM MpHU HEOOXOIMMOCTH YCWUJICHHsI Ha IOINEPEUHYIO CUITY
UCIIOIB3YIOT 000MMBI UK PYyOaIlKy.

Pacuer TaBpoBBIX 0aJIOK, YCHIIEHHBIX IBYXCTOPOHHUM HapalMBaHUEM C JIBOIi-
HOM apMaTypoil B yCHJIMBAEMOM U YCUJIMBAIOIIEM OE€TOHE (T.€. MMEIOIIUX MOJIKY B
ckaToil 30HE) mpu 3HaueHUU E<Er, MPOU3BOJUTCS B 3aBUCUMOCTU OT TOJIOKECHHS

TPaHULIbI CKATOU 30HBI.

3.2.1. I'panuua c:kaToii 30HBI MPOXOAUT B Mpexeaax moaku (x<h ;) (mepBslii ciy-
Yaii pacueta).

OOmuii cnydaid pacyeTra MPOYHOCTH HOPMAJIbHBIX CEYEHUH AIIEMEHTOB TaBpO-
BOTO MpOo(uiis, YCUJICHHBIX ABYXCTOPOHHUM HapalluBaHUEM, IJii TEPBOTrO Ciydas,
IIPEJICTaBIICH Ha puc. 3.5.

[Ipu xsh’f JIOJKHO COOJTIOZIaThCS YCIIOBHUE:

RSAs,redSRb,redb’fh’f’i_ RscA,s,red- (33 8)
Pacyer npousBoauTCs Kak AJs MPSIMOYTOJIBHOIO CEYEHMs ¢ IIMpHUHON b=b's B cooT-

BETCTBUU C BbllIENIpuBeAeHHBIMU (hopmynamu (3.13) — (3.37)
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1 b'r
N o Puc.3.5. PacueTHas cxema
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g ol BOr'0 MPOoQuJisi MO MePBOMY
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NN cayvaro (x<h y)
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3.2.2. I'panuua c:xkatoii 30HbI 6eTOHa MPOXoaAUT B pedpe (x>h'y) (BTOpOH ciyyait
pacuera). PacueTHas cxema npusejieHa Ha puc.3.6.

Ycnosue (3.38) aiist aToro cirydasi He COOJIFOAAETCH.

A's,ad
| o |
Ty
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Pacuer no BTOpoMy ciy4aro MpOU3BOJUTCS U3 YCIOBHUSL:
M<R1ebX (o rea-0,5%) TR zeah £ (b +-b)(horea-0,5h )+R A s sea(horea-a ). (3.39)
BricoTa c:xatoit 30HbI O€TOHA X, OTPEJEISIETCS U3 YCIOBUS:
X=[RyAq red-Ro reah (b -b)-RecA’S red]/Rp reab (3.40)
e Agred 4 A'S,red omnpeaenstorcs no gopmynam (3.15) u (3.16), a Ry, eq — 10 popmyne
(3.20). IIpu oTcyTcTBUM HAOETOHKHU CBEPXY, BEMUYHUHA Ry, 1o¢=Ry.
[1nomane AOMOMHUTEIBHON PACTSIHYTOM apMaTyphl Ag,q onpenensercs no gopmyie
(3.25), B koTOpO# 3HaueHUs1 A U B paccunthiBaror:
A= {RARA rea-Rosea[b(hotao)th (b -b)]} /0,5R a5 (3.41)
B={[ReARuA g red] HRo reah (b +b)] *} /R o™+
+2Ry,reab[M-RsAsho reatRocA  red@ +Rp reah A(b +-b) /Ry o -
52



- [ZRb,redh’{RsAS' RscA’s,red) (b’f‘b)]/l{s,ad2 . (342)

Pacuer TaBpOBBIX OalOK, YCUJIEHHBIX OJHOCTOPOHHUM HapalluBaHUEM CKa-
TOW TOJIKK C JIBOMHOM apMaTypod B YCHIIMBAEMOM JJIEMEHTE U OJWUHOYHOM apmary-
PO B yCHIIMBAIOIIEM O€TOHE, TOHKCH MPOU3BOIUTHCS B 3aBUCHMOCTH OT TIOJIOKCHUS
TPaHUIIBI CKATOW 30HBI OETOHA B COOTBETCTBUU C BBINIEYKa3aHHBIMU (OpMYyJIamMu, C
3aMEHOMU IIOIAIU A req HA As.

Pacuer 6anok TaBpoBOTrO Mpoduis, YCHICHHBIX OJHOCTOPOHHUM HapaluBa-
HUEM pacTAHYTOro pedpa ¢ JIBOWHON apMaTypod B yCHJIMBAE€MOM DJIEMEHTE U OJH-
HOYHOM apMaTypou B YCUJIMBAIOIIEM CEUYCHUU, TAK K€ MMPOU3BOJAUTCS B 3aBUCUMOCTH
OT TOJIOKEHUSI TPAHUIIBI CKATOW 30HBI B COOTBETCTBUU ¢ (popmynamu (3.38) — (3.42),
HO C 3aMEHOM A’S,red Ha A’S. [Ipu BBICOTE CXKATOM 30HBI OETOHA X§2a’, ckaras apma-
Typa B BbipaxkeHUusix (3.41) u (3.42) — He yUUTHIBACTCH.

IIpumeuanmne. bonee moapoOHO MOCIENOBATEILHOCTh pacyeTa H3rudAeMbIX
3JIEMEHTOB Pa3JIMYHOI0 MPOQUIIS O HOPMAJIBLHBIM CEYEHUSAM MPU PA3TUYHBIX BUIAX

HapallMBaHUS U apMUPOBAHMUS, IPUBEAECH B IPUMEpPAX.

3.2.3. Illpumepsnl pacuéTa yCuJIeHUs 3JIeMEHTOB TABPOBOT0 NPOophuJif

Mpumep 3.2.1 (puc. 3.7). Pacu€r ycuienus snemMeHTa TaBpOBOTO Mpoduis
HapaliMBaHueM CHU3Y ([JIsl Cilydas, KOT/1a HeUTpaibHas OCh IIPU BO3POCIIEM MOMEH-
Te mepecekaeT pedpo). Jano: Pasmepsl ceduenus ycmmmBaemMoro snementa: h=80 cwm;
b= 30 cm; h's =12 cm; b’y =80 cM. beton ycunuBaemoro sneMmeHTa kiacca B30
(Rb=15,5 MIla). htg = 73.5eM ; hgeqe=88,5 cM; a=7.5 cM; a'=3 ¢M ; a,¢= 4,5 cm
ao= 15 cM. Apmatypa ycunuBaeMoro 3jeMeHnTa kiacca A300 s pacTSsHyTOM 30HBI
(6@28)  Rs=270 MIla. A= 36,95 cm”. Toxe — A240 — s cxxatoit 30ubl (5812),
R,= 215 MIla, A’= 5,65 oM. Apwmartypa ycunenus kiacca A400, Ry.,.= 355 Mlla.
Koadpunment ycunenust K= 2. TpeOyetcs onpenenuTs Miomaab AONOIHUTEIbHON
PaACTSHYTOM apMaTypbl Ag,g, €CITH U3BECTHO, YTO HArpy3Ka Ha YCUJIMBAEMbBINA SJIEMEHT
He TpeBbiaeT 65 % ot pazpymaromei BenuuuHbl. KoadduimenTts ycnosuii pado-

Thl, KaK ¥ B ipumepe 3.1.3 npuHrMMaeM paBHbIMH €IMHULIE.
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Tax xak paboyast apMaTypa pacronoxeHa B 2 psiia, BETUYUHOHN a( 3aaeMcsl U3
ycioBus yao0cTBa O€TOHUPOBAaHUS M MpUuHUMaeM a,=15cm. Tlpu Hamuyum TOopKper-
0eTOHa 3HA4YeHHE @y MOXXHO YMEHbLIUTH 10 10 cM, a B Ka4ecTBE 311EMEHTOB Kperuie-
HUS JOTOJTHUTEIBHON apMaTypbl HCIOIb30BATh KOPOTHIIIN AUAMETPOM 32 — 36MM.

OmnpenensieM HECYIIYIO CIIOCOOHOCTh YCHUIIMBAEMOTO DJIEMEHTA:

pabouas BeicoTa ceueHust h,=h —a =80—-7,5=73,5 cm,
rae a=ay,+ 0,5d, + 0,5V, (cm. tabm. I1. 3.2).

[Tpu di= 28 mm, V= 60 MM, no arasioruu ¢ npumepom 3.1.2

a=30+0.5-28 + 0.5:60 = 74 mMm, npuHuMaem a = 7,5 cM;

npu otcyTcTBuM Tad. [1. 3.2 BenuuuHy V| MOXKHO ONpEeAETUTh TaK:

Vi=0,5-dy + A+ 0,5 - dg, T1e d; , — IMameTpsl apMaTypbl COOTBETCTBEHHO MIEPBOTO
¥ BTOpPOTO psAaoB, a A — 3a30p Mexay crepxkHIMu: A > dg, A> 2,5 mm. [pu dg=
28mMm, Vi=0.5- 28 + 28 + 0.5 - 28= 56 mm. Okpyrisis A0 BEIWYUHBL, KPATHOM 5 MM B
OOJBIIYI0 CTOPOHY, TONy4YrM V= 60 MMm;

- MOJIOKEHUE HEUTPATIbHOM OCH MOJYYUM MPHU CPABHEHUU YCHUIIHSI, BOCIIPUHU-
MaeMOT0 PacTSIHyTOM apMarypord N, U yCWIMs, BOCHPUHUMAEMOIrO CKAaTOM MOJIKOU
N’pt BMECTE C paCIIOJIOKEHHOM B HEH cxkaToil apmatypoit N’

N&=R A, =270(100) - 36,95=997,7 - 10° H;
N’p= Rpb's h's=15,5(100) - 80 - 12= 1488 - 10’ H;
N’= R A’ =215(100) - 5,65 =121,5 - 10° H;
Ng=997,7 kH << (N’ys+ N’5) = (1488 + 121,5) xH.
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CrnepnoBatenbHO, CkaTast 30Ha O€TOHA PACIOIO0KEHA B MPEAEIax BICOTHI MOJIKH
x<h's. UmeeM 1-i1 ciydaii pacuyeta. BricoTa cxaToii 30HbI O€TOHA

x= (Ry Ay — RgA’g) / Rpb's=[355(100) - 36,95 — 215(100)5,65]/ 15,5(100)= 7,7 cm =
2a’ = 6cM, cKatast apMaTypa YUYUTHIBAECTCS B PACUETE

Mou= Rpb's x(hg — 0,5%) + R A’ (hg — a’)=

=15,5(100) - 80 - 7,7 - (73,5—-0,5 - 7,7) + 215(100) - 5,65 - (73,5 - 3)=

=750,6 - 10° Hem= 750,6 kHwm.

BenuunHa MoOMeHTa, AEMCTBYIOLIETO Ha OaNKy MOCIE PEKOHCTPYKIIHUH,
M.i=Mou K =750,6-2,0= 1501,2 xHwm;

MOJIOKEHHE HEUTPaATIbHON OCH MPU YBEJIMUCHHOM MOMEHTE MOTYYUM MPU
CPaBHEHUU JCHCTBYIOIIETO0 MOMEHTA C MOMEHTOM, BOCIPHUHUMAEMBIM MOIKON M ¢
M’p= Ry, b’ h's (hy-0.5 h's) + Ry A’ (hg — @)=
=15,5(100) - 80 - 12 - (73,5—-0,5 - 12) + 215(100) - 5,65 - (73,5 - 3)=
=1090 - 10 ° H-cm < My = 1501,2 -10 > H-em.

[Ipu Bo3pociieM B 2 pa3a MOMEHTE HEUTpaibHas OCh EpeMeCTUiIach B pedpo,
CJIeIoBaTeNbHO, X * h'y, MeeM 2-ii ciyuaii pacuera. PaboTy anemeHTa TaBpOBOTO
npoduis pazdbuBaeM Ha paboTy pedpa 1 CBECOB.

[Inomans TONOJIHUTENBHON paboueil apMaTypsl Ag,g oripeaensieM o Gopmyrie
(3.25). Breipaxxenus st pacuetroB koddduimenTos A u B npuHuMaem B 3aBUCUMO-
CTH OT COOTHOILLUEHHUSI OTHOCUTEJIbHOM BBICOTBI CKATOUW 30HBI O€TOHA U €r0 TPaHUYHO-
ro 3HaueHus &g o dopmyse (6.11)[10]. IIpu pasnom knacce apmatypsl As u Asad
pu onpeeeHnu Eg UCTIONb3YeM pacUETHOE COMPOTHUBIICHUE apMaTyphl CYIIECTBY-

IOIeH OaKH. §R =0,8/(1+ Rs /700)=0,8/(1+270/700)=0,577 .

[Ipu x> h's Benmuuuny & onpeaensieM yepe3 KodIPOUITUEHT Oy, :

0= [Mag — Ry, (b's - b) 's (hy — 0,5h'p) — RieA’ (g — @”) ]/ Rybhy’=

=[1501,2-10° — 15,5(100) - (80 - 30) - 12 - (73,5—0,5 - 12) —

—215(100) - 5,65 - (73,5 -3)] / 15,5(100) - 30 - 73,5%= 0.314. Benuuuny & onpeerns-

em 1o tab:. [1.3.1, ucnonp3ys IMHEHHYIO HHTEPIIOJISIIHIO, JIMOO0 10 (hopmye:
&=1—1-2a, =1-41-2:0,314 =1-0.61 =0,39;
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E=0.39 < & =0.577, cnenoBarensHO, Kod(purmentsl A u B onpenensem mo dhop-
mynam (3.41) u (3.42). Ilpu oTCyTCTBHMU HAOETOHKHU CBEPXY B YKa3aHHBIX (popMysax
npuHUMaeM Ry..s= Ry; A'ges= A

_270(100)-36,95 — 215(100) - 5,65 —15,5(100) - [30 - (73,5 +15) +12(80 — 30)]
0,5-355(100)

A =-2349cm’;
270(100) -36,95 —215(100) -5,65 ' + [15,5(100) -12-(80 —30) |

B= [ ] +
[355(100) |

2-15,5(100)30-[1501,2-105 ~270(100)36,9573,5+215(1005,653+15,5(100y1 22 -(80—30)}
+ —

2
[355(100)}
~2:15,5(100)-12-[270(100) 36,95 —2215(100)-5,65]-(80—30) 6519 3cm? -
[355(100)]

"2 2
A= -A2- [2) = B=-(-234,92)— [ 222 _65193 = 117,45 — 85,3= 32,15 cM>
2. 2

C y4eToM BO3MOKHOTO OCJIa0JIeHHs] CEUeHUsI apMaTyphbl IIPU CBapHBIX paboTax Ha

25%, Tpebyemasi TII0Ia b TOMOJHUTEIBLHON paboueil apMaTyphl A;Z‘;r =A ,+M,
AT =32,15 +0.25 - 36,95/2= 32,15 + 4,62 = 36,77 oM’

[punnmaenm (3B32+2@28) A400 ¢ paconokeHHeM B OTHH A, Aqi=36,45 cM’.
dakTryecKas pacyeTHas IIoNab ApMaTypbl YCUIICHUS MIPU IPOBEPKE MPOYHOCTU
AL = 47 A4, = 36,45 —4,62= 31,83 cM’.
Kpemnnenue n1onogHATENBHON apMaTypbl A,y K CYLIECTBYIOLIEH pabouyel apMarype
O0asiki A BBITMOJHSETCS Ha CBApKe C MCMIOJIB30BAHMEM BEPTHKAJIBHBIX XOMYTOB H
BEPTUKAIBHBIX KPIOUKOB auaMeTpoM 12 MM knacca A240, T.e. IO aHAJOTUH C IIPH-
mepom 3.1.2 (cm. puc. 1.3).

IMpumeuanne. [lpu onpeneneHuu MWIOHAAN JOMOTHUTENBHOU apMaTyphl Agyg
JUIA BJIEMEHTOB TaBPOBOTO MPOdUIs, paboTarOMMX U MPU BO3POCIIEH HArpy3Ke TaK-
KE TI0 TIePBOMY cllydaro, T.e. ipu X< h'y, koaddunmentst A u B B popmyne (3.25)

BBIYUCIISIOTCS U3 BeIpakeHui (3.26) u (3.27), npunumas 3uauenue b = b'y. [Ipu sTom
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CIpaBEeAJIUBBI U Apyrue (HOpMyJibl, OTHOCAIIUECA K pacyeTy OaloK MPSMOYTOJIBHOTO
CEYeHUs.

IMpumep 3.2.2. IIpoBepka HecyIel CIOCOOHOCTH YCUIIEHHON OalKh TaBPOBO-
ro npoduist. lano: 1 ycinoBuid, chopmympoBaHHBIX B ipumepe 3.2.1, onpeaenursb
HECYUIYIO CIOCOOHOCTh YCUJIEHHOTO CEYEHHUS.

[IpuBeneHHbIE XapaKTEPUCTUKU YCUIIEHHOTO CeUeHus 1o hopmyIie:

- (3.15): Age= 36,95 + 31,83 - 355/ 270=78.8 cM’;

- (3.16) onpenensiem A’sred. I1pu oTCyTCTBUU HAOETOHKH CBEPXY A’eg=A’s;

355(100)-31,83-(88,5—73,5)

-(3.17): areq=
( ): rea 270(100)-36,95+355(100)-31,83

=7,97 cm;

- (3.14): hyreq = 75,5 + 7,97 = 81,5 cm.
ITo ananoruu ¢ npumepom 3.2.1, Ry.¢=Ry, a Bemuuuna Eg=0.577, omnpenenenHas TaM
xe. Hecylyro cnocOOHOCTh YCUIIEHHOTO CEYECHHs TABPOBOTO MPOQUIISI BEIYUCIISIEM C
ucnonb3oBanueM popmy (3.40) u (3.39):

- BBICOTA CKAaTOH 30HBI OETOHA:

- 270(100)- 78,8 —15,5(100) -12- (80 ~30) ~ 215(100) - 5.65
15,5(100) - 30

=0,577 - 81,5 =47 cwm;

Maqure = 15,5(100) - 30 - 23,15 - (81,5 - 0,5 - 23,15) +

+15,5(100) - 12 - (80 - 30)( 81,5 — 0,5 - 12) +215(100) - 5,65 - (81,5 - 3) =
=1550,2 - 10° H-em >M,=1501,2 - 10° H-em.

=23I5<XRp = F:,R : hOred =

Hecymiast cnocoOHOCTh YCUIIEHHOTO CeUeHHUs 0OecTieueHa.

Ipumep 3.2.3 (puc 3.8). Pacuér ycuiieHus u3ru6aeMoro 3jieMeHTa TaBpOBO-
ro npouis IByXCTOPOHHUM HapalluBaHHEM (IS cliydas, KOT/a MpU BO3POCHICH
Harpyske HelTpaibHasi OCh IOCJe YCHUIICHUS U3 pedpa MOJHUMAETCS B MOJIKY).

JlaHo: pa3Mmepsl cedeHust ycunuBaemoro sneMenta: h;=100 cm; b=50 cwm;
h;=10cm; by =120cm. beron ycuiuBaemoro »s1eMeHTa kinacca Bl1S
(R, =7,7MIla). ApMarypa yCHIMBAaeMOro 3JE€MEHTa B PacTAHYTOM 30HE Kiacca

A300 ycranoBieHa B aBa psanga (8025), a B cxkaroit — kimacca A240 (6010).
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A= 39,27cm?; A= 39,27cm?; a =3cm”. Tlonka B yCHIMBAEGMOM 3JEMEHTE IO-

Jy4nsia MHOTOUYHCIICHHbIC (PU3UYECKUE MMOBPEKICHHS B BUEC CKOJIOB U HAPYIICHUS
3amuTHOTO cliosi OetoHa. [locie mpoBeneHHsT PEKOHCTPYKIIMU HArpy3ka Ha Oanky
BO3poca 6oiee, ueM B 1,5 paza u coctaBisier 1550,5 kH/Mm. Tpebyercs onpenenursb
IJIOIIAJb JOTIOJHUTEIBHON PACTHYTOM apMaTypbl, €CIM U3BECTHO, UTO HArpy3ka
Ha YCUJIMBAEMBIM 2JIEMEHT HE MpEeBbIMIAcT 65% OT pa3pylliaroieH.

VYuuthiBas pu3ndeckue NOBPEKICHUS CXKATOM MOJIKH, TPUHUMAEM BapHaHT

ycusieHHs OaJKu JIByXCTOPOHHEH pyOamkoil n3 6erona kiacca B 20 (R,4=10,5

MIla) n apmarypsl kimacca A400 (R, =R, =355MIla). Cxaryro apmarypy B

HAOETOHKE MPUHUMAEM KOHCTPYKTUBHO U3 4 12 (Asad:4,520M2 ). Tonmuny
HaOETOHKU B CKAaTOM 30HE X,IPUHHMAaeM B IPOLECCe KOHCTPYUPOBAHHUS OOIIETO

CEYEHUs, a B PACTAHYTOM 30HE IOJYyYHM B IIPOLIECCE pacyeTa, IPUHSIB PACCTOSHUE

MEKIY LIEHTPaMU TSKECTU PacTSIHYTOM apMmatypel A, U A4 - dy=15 cM, ucxons

U3 y1o0cTBa OETOHUPOBAHHUS.
VTouHsIeM BBICOTY PabOYero CeueHHs CYMISCTBYIOIICH OalKu MpH JIBYX-

PAOHOM pACMOJIOKEHUH apMarypbl. [0 aHanorum ¢ mopsiAKOM pacuéra mnpumepa
3.21 6ynem umers: hy =h-a=100-6,25=93,75cm, rne a = a, + 0,5d, +0,5V,.

ITpu d =25MM, paccTosiHME MEXAY CTEPKHIMU CYIIECTBYIOLIEH apMaTypsl
V,=50 MM (cm. Tabxn. I1.3.2), a BenuumHa 3aLIUTHOrO CiI0s O€TOHA a,=25 MM.
a=25+0,5250,550=62,5MmMm.

Ycunue, BOCIPUHUMAEMOE PACTAHYTOM apMaTypou

N, =R A, =270(100) 39,27 = 1060,310°H ;

Yceunue, BOCIpUHUMAEMOE C)KaTOM apMaTypou

N, =R A, =215(100)4,71=101,310°H.

Ycunue, BocipuHIMaeMoe OETOHOM CKaTOW MOJIKU, OTIPEACIIIEM C YIETOM

pa3Mepa CBeCOB, BBOJAUMBIX B pacuer. [Ipu oTHOmIEHNH h'f /h=10/120=0,083<0.,1,

IIMpUHA CBECOB, BBOAMMAsI B pacueT, He JoJikHa ObITh 6osee 3hy =310=30cm.
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Puc. 3.8. PacueTHasi cxemMa yCWJIEHHMS 3JIeMEHTa TaBPOBOro Npopuiis

ABYXCTOPOHHHMM HapauiuBaHueM (x Sh‘f)
PacyerHas  mumpuHa  IOJIKH b'f =b+ 6h'f =50+ 630=110cm<120cMm.
[Tpuanmaem b'f=1 10cm.
Ny =Ry bs hy =7,7(100)12010 =92410°H .
Tak kak N, =1060,3xH > N,; + N_ =924 +101,3=10253xH , To Benuunua
x>h}, rpaHMIIa CXKATO 30HBI IPOXOIUT B pedpe.

BricoTa cxxartoit 3001 OeToHa 0 hopmyiie (6.18) [2]

_ RA-Ry (b b)hy R A, 270(100)39,27-7,7(100) (110-50)10-215(100) 4,71
Ryb 7,7(100) 50
=12,71cm>h; =10cm.

X

Hecymast ciocoOHOCTh CylIecTBYIOIIEH OanKu
M, =R bx(h,”0,5x)+ R, (b}‘b)h} (hy~ O,Sh}») + RSCA; (ho—a') =
=7,7(100)'5012,71(93,75-0,512,71) + 7,7(100) (110-50)'10(93,75-0,510) +

+215(100)'4,17(93,75-3) = (427,65 + 410 +91,9)10° =929,610° Hem < M, =

=1550,5xH M, He06X0IMMO BBHITIOTHUTh YCUJICHUE.
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VYuutsiBast Hanuure 1e(EeKTOB B CYIIECTBYIOIIEH MOJIKE, OKOHYATEIbHO MPH-
HUMaeM BapHaHT yCWICHHs OaJIKU JIByXCTOPOHHUM HapaliuBaHueM. ApMHpOBaHUE
CKATON 30HBI NMPHUHATO BhIIE. J[OTMIOJHUTENBHYIO apMaTtypy B PAacTSHYTOH 30HE,

npeanonoxurensio P25 A400, pacrioaraem B OAUH Psijl.
Bemnmuuna a4 +0,5d,4 =25+ 0,525=37,5mm. [Ipunumaem a,;=4,0cm.
TonmuHa HAOCTOHKHU B pacTsHyTOU 30HE COCTaBUT:
h, =ay-a+a,y=15-6,25+4,0=12,75cm. Jlna ynpouieHuss pacdyera IpUHUMAaeM
h, =13 c¢m u o0myro BeicoTy Ganku h,y =120 cm. TonmuHa HaGETOHKU B CHKAaTOU

30HE B 3TOM CIIyya€ COCTaBUT X, =h,4~h;~-h, =120-100-13=7,0cmM, a pabouas

BBICOTA YCWJIEHHOTO ceueHus hg,y =h,4-a,4 =120-4=116cm. Ha aTom koHCTpYH-
POBaHHME PACUYETHOIO YCWJIEHHOTO CEYEHMS 3aKOHYEHO, IMPUCTYNAeM K OIpenesie-
HUIO JOIOJIHUTENBHON PACTAHYTOM apMmarypsl Ipu xeuctsun M, =1550,5kH M.

VYKa3aHHBI pacyeT HAYMHAEM C OIPEICIICHUS MOJIOKECHUS TPAHUIbI CKATOW 30HBI
0eTOHA B YCWJICHHOM CEYEHWUU M MPOBEPKH BBHITIOJHEHUS KOHCTPYKTHUBHBIX TpeOO-
BaHUU.

- [llupuna cBecoB, BBOJUMAsI B pacyeT IIPU BBICOTE YCUJICHHOM MOJIKU
hy =x, +h;; =7+10=17cm.
OTtHoleHNe h'fad /h=17/120=0,142>0,1. Ilpu maHHOM COOTHOIIEHUH

IIMPUHA CBECOB /ISl KOHCOJIBLHOM MOJIKU AOJKHA OBbITh He Oonee 6h, =617=102 u

He 0oJsiee BEJIUUUHBI (b'f‘b)/ 2=(120-50)/2 =30cMm. B namem ciyuae mpuHUMaeM
b'f =120cm, T.e. pakTHUECKUI (KOHCTPYKTUBHBIN) pa3Mep UpHHbI 0JKH. [Tono-
YKEHUE HEUTPAIILHOM OCH II0JIy4aeM IIPH conocTaBiaeHud M, 4 u M'bfad.

M'bfad - Rbredb'f h'fad (hOadf OaSh’f) t RscadA:sred (hoadfa;ld) .

B nepBom npubmmxenun npunumaem Ry .4 =Ry =7,7Mlla, a Benuunny
Al

— A = 2 .
sred = Agaq = 4,52¢M”, T.K. BBICOTA CIKATOM 30HBI HEU3BECTHA.
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Miafad =7,7(100)12017(116-0,517) +355(100) 4,52(116-3) = (1688,6 + 181,3)'10° =
=1869,9xkHM>M,_ 4 =1550,5xkH'M, cnenoBarenbHo, BelIMYMHA X < h'fad. Pacuer
BBITIOJIHAEM KakK JIJISl DJIEMEHTOB MPSAMOYTOJIBHOTO TPO(HI, MpUHUMAsS b'f =b.
ITpu sToM OyneT BeINONHATHCA ycioBue & <&y . [lopsanok pacuera mpuHUMaeM 1o

aHanoruu ¢ npumepom 3.2.1.

IIpuBeneHHas IUIOMIAb CEYEHHUSI CKATOM apMaTyphbl:

Asred =

A +A 4R 4/R, =471+452355/215=12,17cm>.

BricoTy ckaToil 30HBI OoNpeaessaeM, UCIOIb3ys 3HAaYeHUsl o, U & IS ycio-

- MRy Ageq(hgq-a)  1550,510°215(100)12,17(116-3)
Ry,oqbshig 7,7(100)120116°

E=1-4/1-2a, =1-4/1-20,1=0,105;x =&h(,qy =0,105116=12,25cm. D10 GOBILE,

4eM X,, HO MEHbIIIE, YeM CymMMa X, +2a =7 +23=13cm, cilenoBaTenbHO, CKATAs

BUsAX <hg.o, 0,1;

apMaTypa yCHUJIMBAEMOro 3JE€MEHTa He ydacTByeT B pabore. [loaTomy B nmanbHeil-

A...R. =R

IIMX pacyeTax BEIWYMHA A sad» Rge scad »

sred = a 3HayeHue Ry, 4B IEpBOM

NpUOIMKEHUHU NIPUHUMAEM PaBHBIM Ry, T.e. paBHBIM IIPOYHOCTH OETOHA YCUIIMBa-

emoro aneMmenta. Omnpezaensem kodgduiinentsl A u B B hopmyne (3.25).

A _ {RsAsiR A‘ 7Rbredb} (hO + aO)} _

sc* sred
0,5R_,
_ {270(100)'39,27-355(100) 4,52-7,7(100)120(100,75 +15) _ ,
0,5355(100) -331.85em”;
B _ 2<{Mad + [Rxc‘AA'vred.aLRs.Ax'hO]}Rbred.b"f + [RS‘AS_RSC.A;red ]2 —
[Rsad ] [Rsad ]2
B 2{1550,510° +[355(100) 4,52:3-270(100) 39,27100,75]} 7,7(100) 120 N
[355(100)]

| [2700 00)'39,27-215(100) 4,52]°

> =7144,3cm”.
[355(100)]

[1nomane AOMONMHUTENBHON padodeil apMaTypbl
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Ayy= A/2-VA2/4-B= (-55185/2)55185*/4-71443 =2759-2627=132cr.
YLII/ITI)IBaH, qTO HOBTOpHBIfI pacucT 14T MUHUMAJIbHOC YMCHBIIICHHUC TLIOIIAAN
JOTIOJIHUTENBHOM pabouelt apMatypsl (mpumep 3.1.4), npunumaem A = 13,2cm?

10 pacueTy B IEPBOM MPUOIMKEHUH.

OmnpenensieM ocnabieHUE CEYEHMs] CYLIECTBYIOLIEH apMarypbl MpU MpH-
Bapke xomyToB. HecMoTps Ha T0, uTO [1-00pa3Hblii XOMyT MOXKET OXBaTuTh A0 4
CTEp>KHE, MpUHUMaeM deTbipexcpesnbie [1-00pa3Hbie XOMyThl U3-3a OOJIBIION HIH-
puHbI pedpa Oanku. TakuM 00pa3oM, OCIA0ICHHUIO TTOIBEPTAIOTCS YETHIPE CTEPIKHS
IuamMeTpoM 25 MM repBoro psijga Oanku. [Ipupamienue momaan 10NnoJIHATEILHOM

pacTsHYTOM apMaTypsbl:
AA; =0,25A,4/8=0,2539,274/8=491 cm”.
[Tonnas niomanb JONOJHUTEIBHON pabouell apMaTypbl COCTABHT:
ABT = A  +AA,  =13,2+4,91=181lcm>.

[IpuHrMaeM B KauecTBe JOMOJHUTENBHON pabdoueit apmarypsl 5 K22 A400

fact

C IUIOIIAABI0 A g

=19cm?. [T-o0pa3Hble XOMYThI, KaK/Iblil U3 KOTOPBIX OXBaThIBa-

et 1o 3 crepxkHs, npuHuMaem P10 A-240 u ycTaHaBIMBaEeM B IAXMaTHOM MOPSIKE

(3a UCKITIOUEHNE TPHUOIOPHBIX) ¢ maroMm He 6omee 500 MM u He Oonee S, , KOTO-

max ?

pBIil ONpeNIeNsAeTCS IPU PACUETE HA MOMEPEUHYIO CUILY.

IIpumep 3.2.4. Pacuer ycuneHnus u3ru0aeMoro 3j1eMeHTa TaBpoBOro npodu-
JIs1 IByXCTOPOHHUM HapalllMBaHUEM (CiIy4aid, KOr/a cxaTas 30Ha B YCHJICHHOM ceye-
HUU HaxoauTcs B peope). Jdano: nis ycnoBuii, chpopMyIMpoBaHHBIX B ipumepe 3.2.3
OTIPENIENUTh IUIONMIAb JOMOJTHUTEIBHON pabodeil apMaTyphbl, €CIM MOMEHT IOCIe
MPOBEICHUS PEKOHCTPYKIIUU COCTaBIACT M,3=2140 k1 M.

[Ipy BBIMOJHEHUH ATOTO pacueTa OCTABJISEM B CHUJIE BCE paHEe MPUHATHIC
KOHCTPYKTHUBHBIE TpeOOBaHWA M PACUETHBIC IOJOKEHUS, Ha KOTOPBIE MBI Oyaem
CChUIAThCS B JaHHOM nipumepe. KoHIeHTprpyeM BHUMaHHUE Ha TOM, YTO, BO-TIEPBBIX,
MOMEHT, BOCIIPUHUMAEMbII Oankoi 10 ycuieHus, My, coctaBusier 929,6 kH-m. D10

B 2,3 pa3a MCHbIIC, YEM 3HAYCHHUC BO3POCIICIO MOMCHTA. BO-BTOpLIX, MOMCHT, BOC-
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MPUHUMAEMBIN CKATOM TOJKOW MPU MPUHATHIX pazMepax cedeHus, M'yqnq=1869,9
kH'M, 4TO Tak)ke MEHbIIIe JeHCTBYIOMEero MoMeHTa. [loatomy pacuer ycuneHnus Oy-
JIEM BBITIOJHATH JJI YCJIOBHUS, KOTJIa C)KaTasl 30Ha O0€TOHA MPOXOJUT MO pedpy ycH-
JIEHHOM OaJKHu.

N3 paHee BBIIOJIHEHHOTO IIpuMepa pacuéra 3.2.3 npuBeaeHHas IUIOMIAb CxKa-
TOM apMaTyphl A’ geq=12,17 cm’. Tak Kak MIomanb pacTSHYTOH apMaTypbl JUIs yCH-
JICHHOTO CEUYEHHUs OTCYTCTBYET, JJIsi HAXOXKJEHUS BBICOTHI C)KaTOW 30HBI OeToHa X
UCIIOIb3YEeM  OTHOCHTEJIbHBIE  XapaKTepUCTHUKH O, U & I  YCIOBHS
M, = R,(B ~b)I , (h, ~05h ;) =R A, (B, —a)

Rbbhozad -

x>h’ f o=

~2140-10° —7,7(100)(120—-50)1 7(116—0,5-17) —215(100) - 12,1 7(116-3)
7,7(100)50-116

=0,166;

=1-+/1-2a, =1—4/1-2-0,166 -0,182.

OtHocuTenbHast BbicoTa cCxatod 30HBI &=0,182<rpaHnyHON BETUYHHBI
Er=0,577 (mpumep 3.2.3), cie10BaTENbHO, BCS pacTIHyTask apMaTypa Oynet padoTarh

C ITOJIHBIM paCUYCTHBIM COIIPOTHUBIICHUCM.

BricoTa cxaton 30HbI X=§-hmd =0,182-116=21,1 cm. Tak kak cxkaras 30Ha
IPOXOJIUT TIO Pedpy, TO B pacueTe YUYUTHIBAEM BCIO CXKATyIO apMarypy, KoTopas 0y-
JeT paboTaTh C MOJIHBIM PacyeTHBIM CONpoTUBIeHHWEM. Ha nanHom sTame pacuyera,
COIIACHO PEKOMEHIaUsAM 1o n.3.1.2 npuHruMaeMm BeIU4nHy Ry.=Ry.

Jlist onpeneneHus TUIOMAAN TOTIOJHUTEILHON pabouell apMaTyphl HUCIIONb-
3yeM dopmyiy (3.25), B kotopoii 3HaueHust A u B onpezaensiem u3 Beipaxkenuit (3.41)
u (3.42)

A={RA Ry A'ea-Rprea[b(hotay)+h’d(b’s- b)]}/0,5R 4=
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~270(100) - 39,27 - 215(100) - 12,17 — 7,7(100)[50(100,75 +15) +17(120 - 50)] _
0,5-355(100)

-242.95=-243di *;

B: [Rs As - RscAsred ]2 + [Rbredhf '+(b'f _b)]2 n
[Rsad ]2
+ 2Rbredb[Mad _RsAsho +RscAsreda’+Rbred(h' f )2(bf '_b)] . 2Rbred‘h'f [RSAS _RscAsred(bf '_b)] _
[Rsad ] ? [Rsad ]2
_ [270(100)-39,27 - 215(100)12,17)" +[7,7(100)1 7120 - 50)"
[355(100)]?

. 2:7.7(100)50[2140- 10° —270(100)39,27 - 100,75+ 215(100)12,17 -3+ 7,7(100) - 17* (120 - 50)]
[355(100)]°

_2:7,7(100)17[270(100)39,27 ~ 215(100)12,17(120 =50)] _ 1 77 5475504358 9—0086.4 cnd’
[355(100)] ’ ’ ’ '

[Tnomaas JOMOMHUTENEHON paboydeit apMaTypbl

Aga=- A/2-N A% ] 4 — B =-(-243/2)- \/2432 /4-90864 =121,5-75,34=46,2 cMm
[Ipupamenue niuomany JOMOJIHUTEIIBHON PACTAHYTOM apMaTyphl 3a CUET €e
IOTEPH TIPH CBAPHBIX padoTax (o mpumepy 3.2.3) coctaBisieT AA,=4,91 cM’.

[TonHas mmomaab AOMOIHUTEILHON paboueil apMaTyphl:
2 o
AL =4, +M,,,=46,2+4,91=51,1 cm”. TlonydeHHON IIOMAAU COOTBETCTBYET ILIO-

manae (60928+3025) A400 (Agq=36,95+14,73=51,68 CMz), KOTOPYIO HEJIb3sl pa3Me-
CTUTh B OJuH pAx. IIpu pazMemenun apmMarypsl B [Ba psla U COXPAHEHUM PacCTOsI-
HUS @p=15 cM MeXIy HEHTPaMU TSDKECTH apMaTyphl Ag U Ay, , BBICOTY Oajku HEOO-
XOJIUMO YBEIIUYUTD HA daq1= Apaqt dsadT dsaqn=28128+28/2=70 mm. B sTom ciryuae
BbIcOTa Oanku cocrasisier 120+7=127 cm.

Bonee normyHo B 3TOM ciyyae YBEIMYEHMsI BBICOTHI OallkU HaIlpaBUTh Ha
OJTHOBPEMEHHOE YBEIMYEHHE d, 10 20 cM IIpU COXpaHEHUU OAHOPSATHOIO PaCIOJIO-
YKEHHUs1 JONOJHUTEIBHOW apMarypsl. 1Ipy 3TOM OJHOBpPEMEHHO ITONYyYHMM yMEHBIIIE-
HUS pacxojia CTajau Ha yCuJieHue OajKu.

[Ipunumaem h,;=125 cm. PaccTostHue OT ueHTpa TSKECTH JOTOTHUTEIbHON

apMaTypel 0 PACTSAHYTOW TPAHU: dui— apt0,5ds,¢=28+28/2=42 mm. [lpuHumaem
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a,=4,5 cM; hy,q=125-4,5=120,5 cMm. IlepepacueTr OyaeM CBOAUTH K YTOYHEHUIO KO-
s dunrenta A B popmye (3.25)

_270(100) -39,27 — 215(100)12,17 — 7,7(100)[50(100,75 + 20) +17(120 — 50)]
0,5-355(100)

A

=-268,5cMm’;

Aqi=(-268,5/2) - /26857 /4-90864=134,5-93,5=39,8cM> 4" =39,8+4,91=44,7 c’.

i
[Tpunumaem (2032+5028) A400. ﬁsaafit =16,09+30,79=46,88 cm’.
IIpoBepsieM BO3MOKHOCTh Pa3MEILICHUSI apMaTypbl B OJUH psa. BHyTpeHHUN

pasmep Il-o0pazHoro xomyra by=b-2 ab=500-2-35=430 mm. CyMmMapHBIi THUaMETP
crepskHeit apmarypsl X d ,; =2-32+5-28=64+140=204 mm. CyMMapHbIif 3230p MeX-

Iy IMaMeTpamMu apMatyphl > A =430-204=226 mm.

[Tpu Hamuuuu 7 cTepxHe apMaTypsl OyleM UMETh 6 3a30pOB, CpeIaHssS Be-
JUYUHA KOTOPOro coctaBuUT A=226/6=37,7 mm>d=32Mm. Ciie1oBaTeIbHO, OJTHOPSI-
HOE PacroJIOKEHUE apMaTypbl BO3MOXKHO U OHO YJIOBJIETBOPSIET BCEM KOHCTPYKTHB-
HBIM TPEOOBAHUSIM.

Kpemnnenue AOMOMHUTENBHONW apMaTyphbl K CyllecTBYromie BoimoiHseM [1-
00pa3HbIM XOMYTOM Ha BCIO IIMPUHY OAJKU U BEPTUKAIBHBIMU KPIOYKAMH, KOTOPHIE
yCTaHAaBJIMBAEM B IIAXMATHOM MOPSAKE MO OTHomeHHI0 K [I-00pa3HeiM XOMyTam.
DNeMEeHThI KpeIuieHus: apMaTypsl BeinosaHseM D12A240 c marom e 6osee 500 MM u

He 0oJiee S;ax.

IMpumep 3.2.5. [IpoBepka HecyIieil crmOCOOHOCTH OAJIKU TaBpOBOTO Mpodu-
s, YCUJICHHOM IBYXCTOPOHHHMM HapallMBaHHEM (IUIsl Ciiydas, KorJa HelTpanbHas
och nepecekaeT pedpo Oanku). Jlano: 1 ycnoBui, chopMyIMpOBaHHBIX B IPUMEPE
3.2.3 ¢ yuetoM u3MeHeHU B mpumepe 3.2.4, ONpeAesuTh HECYUIYI0 CIOCOOHOCTb
YCWJIEHHOI'O CEYEHUS:

- IUIONIa b AOTOJHUTEIBHONU apMaTyphl, y4acTBYIOIIEH B paboTe Oanku
A =AL — AA = 46,88-4,91=41,97 cm?;
- MPUBEICHHAS TIJIOIA/b CEUCHUS PACTSIHYTON U CKATON apMaTyphbl COOTBET-
ctBeHHO 10 popmynam (3.15) u (3.166). Ageg=39,27+41,97-355/270=94,45 oM’
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A’Sred=4,71+4,52'355/215=12,17CM2 . PaccTtostHue OT LIeHTpa TSKECTU CYLIECTBYIO-
meit apMaTypsl A 10 OOIIETO MEHTPa THKECTH Agt+Ag.q- 110 hopmyte (3.17)
Ared— [R ) Asad (hoad - hO )]/Rs ) As +R ) Asad =

sad sad

=[355-41,97(125-100)]/[270-39,27 +355-41,97] =11,54 cm’;

- pabo4as BbICOTa YCHJIEHHOTO ceueHus 1o popmye (3.14)

horea=ho + a@;eq=100,75 +11,54 = 112,3 cmMm;

- MpUBEICHHAs MTPOYHOCTh C:KaToro 6eroHa no ¢opmyse (3.20) ¢ UCnob30-
BanueMm Qopmyn (3.21) — (3.23) u (3.37). [ocnenusas Gpopmyna UCTONb3yeTCsA A
oTpeJIelIeHHs BBICOTHI CKaTOM 30HBI O€TOHA

X = [ ReAgred — Rorea e’ (b -b)-RscA’greq]/Rorea™ b.

VYkazanHas ¢opMmyia Ha JaHHOM dTarle pacyeTa UCIOIb3YEeTCs IS onpe/e-
JICHUS MOJIOKEHUS HEUTPaTbHON OCH C LIENbI0 IPEIBAPUTEIBLHOTO ONPEIeNICHUs CITy-
yasi pacyeTa, a TakKe yuera pabOoThl C:KaTo apMaTypbl Ag U Ag,g, TOITOMY PUHUMA-
eM Ryeq =Ry

270(100) - 94,45 —7,7(100) - 17(120 — 50) — 215(100) - 12,17
X:
7,7(100) - 50

= 35,6 cM<xg=ERhOred=

=0,577- 112,3=64,8 cm, tne Er = 0,8/(1+ R, /700) =0,8/(1+270/700) = 0,577.

B namem ciyuae x=35,6>hy =17 cM. DTO 03HauaeT, YTO TrpaHUIIA CXKATOU
30HBI JICUCTBUTEILHO IepeceKaeT peOpo M BCS Cc)KaTasi apMaTypa ydacTByeT B pabore
6anku. Kpome Toro, HepaBeHCTBO X = 35,6<xg =64,8 CM CBUACTEIHCTBYET O TOM, UTO
BCSI pacTSHyTasl apMaTypa padoTaeT C MOJIHBIM PACUETHBIM COMPOTUBIECHUEM. Y TOY-
HUB BBIIIEU3JI0)KEHHOE, OIpe/ieNiieM IPUBEACHHOE 3HAaUYCHUE PACYETHOTO COMPOTHUB-
aeHus cxatoro 6eToHa Ryes=[ Ry AptRpad* Apadl/Abtot -

Jlst anemenToB TaBpoBoro mpodwiis mpu x>h’y 3HAUCHUS Ay , Apg U Apo
OTIPENICIIIOTCS U3 CICAYIONTUX BBIPAKCHUMN:

Aptor= ApTApad;

X=X Xp; X17X-X2 ;X070 n=7CM; Apad=b s "X2; Apioi=b X +(b’s—b) " h’;.

B stux dpopmynax:

X — TIOJHAs BBICOTA CXKATOM 30HBI OeTOHA, onpeensemas no gopmyre (3.40);
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X|— YacTh BBICOTHI CKaTOM 30HBI O€TOHA, HAXO/ISIASCA B YCUJIMBAEMOM DJIEMEHTE;
X, — TO €, B YCUJIMBAIOIIEM BJICMEHTE;

Ay, — muoniaae ceueHust 0eTOHa YCUITMBAEMOTO AJIEMEHTA,

Apag— TO K€, yCUIIMBAIOIIETO 3JIEMEHTA;

Ay — CYMMapHas IJI0IIAaIb CEUCHHS CXKATOM 30HBI OCTOHA.

[ToncraBmnsst YMCICHHBIE 3HAYCHUS, TOTYUUM:

Ay =50(x-7)+(120-50) - 10 = 50(x-7)+700 = 50x+350;

Abaa = 120- 7 = 840 cm’;

Apor = 50- x +(120-50) - 17 = 50x+1190.

g ynpoiienus pacdeToB BeJIMUUHY Ry..q onipenensiem B Mlla:

7,7[50x +350]+10,5(100) -840 _ 7,7-50x +2695+8820  7,7-50x +11515
[50x +1190] [50x +1190] [50x+1190] °

Rbred =

g onpenenenus 3HayeHUs! Ryeq B SBHOM BHJAE HAXOJIUM BBICOTY C)KATOH
30HBI OeToHa 1o popmysie (3.40). B aToM npumepe pacueTr BBIMOIHIEM MOAPOOHO, BO
n30exaHue omudoK.

__ 270(100)- 94,45 - 7,7(100) - (120 - 50) 17 ~ 215(100) - 12,17 _ 13720
(100)- R, ., -50 50R,

B utore 6ynem umerhb: SOR,- x = 13720. [ToacTaBuM B MOJIyYESHHOE BBIpaXKe-
Hue 3HayeHue Ryq , B HessBHOM Buae: S0x-[7,7-50x+11515]/[50x+1190] = 13720
un 50x[7,7- 50x+11515] = 13720[50x+1190]; cokpaTtuB Bc€ BbIpaxkeHue Ha 50,
OKOHYATEeIbHO OysieM uMmeTh: X[7,7- 50x +11515]=274,4[50x+1190].

JlanHO€ BBIpaKEHUE CBUIECTEIBCTBYET O TOM, YTO MpPH OINpPEACIICHUU IMpPUBE-
JIEHHOM BBICOTHI C)KAaTOM 30HBI OETOHA B 3JIEMEHTaX TaBpPOBOro mpoduisi ¢ HabeTOH-
KOM B CXKaToMl 30He A ciydas, korga x>h’y , He0OXoAUMO peniaTh KBaJApaTHoOe
ypaBHeHHE. B Hamem ciydae OHO MOJYYWJIOCH CIHEAYIOLINM: 385x*+11515x =
=13720x+326536 mmm 385x> — 2205x — 326536 = 0. [Tonenus BcE Ha 385, moaydyum
NpUBEICHHOE KBAAPATHOE ypaBHEHHE: X — 5,73x — 848,1 = 0. B GykBeHHOM BbIpa-

2
JKCHUHW OHO IIPUMCT BUA! X - ax—b = 0. Pemmas Cro, MoJIyuum CJIICAYIOIMMC 3HAUYCHHU X
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2 2
Xlz:311/“—+b=5’73i1/(5’73) +848,1
2727\ 4 2 4

x1=2,86+29,26=32,12cm>h’s= 17cm;
X, =2,86 —29,26 = - 26,4<0, 4ero B NpUHITUIIC HE MOXKET OBITh;
E=x/hgreq = 32,1/112,3 = 0,285 <€r = 0,577.
VYcnoBue BBITIONHSETCSA, CJIEIOBATEIbHO, CIPABEJIMBbI BCE PAHEE U3JIOKEH-

HBIC IIPCAIIOCHIIIKH. HpI/IBG,ZICHHaH IMPOYHOCTb OeTOHA Ha C)KaTHE

Rireq= 13720/50x =13720/50-32,12 = 8,54 MIla.

Hecymas crnocoOHOCTh yCHJIIEHHOTO ABYXCTOPOHHEH pyOalIKoW TaBpOBOIO
CCUCHUA .
Madutt = R red ‘b X(hored — 0,5X) + Ryrea(b’s — b)h’¢ * (horea— 0,5 h* )R Agrea(horea-a” )=
=8,54(100)50-32,1(112,3-0,5-32,1)+8,54(100)-(120-50) -17(112,3-0,5-17)+
+215(100) -12,17 (112,3 — 3)= 1319,3-10°+1054,8-10°+286-10°=2660,1-10° H-cm;
M,¢=2140-10° H-cM < Mygu = 2660,1-10° H-cm.

Hecymas cmoco6HOCTh 0OecmeueHa.

3.3. PacueT NpOYHOCTH HAKJIOHHBIX C€YeHU, YCHICHHBIX H3rn0aeMbIX
3JICMEHTOB HA MONEPEYHYI0 CHILY
3.3.1. O0uue cBeieHHs 10 YCHICHUIO 3JIEMEHTOB HA MONEPEYHYIO CHILY
Ycunenne HaKJIOHHBIX CEYEHUM U3TM0AEMBbIX 2JIEMEHTOB MOKET OBITh CBSI3aHO
KaK C YBEJIMYEHUEM Harpy3Kd B MPOIECCE PEKOHCTPYKIIMH, TaK U C HAIMYUEM Jedek-
TOB KOHCTPYKLUH, MOJIY4YEHHBIX B MPOLECCE IKCILTyaTallii. B 0CHOBHOM 3TO Kacaer-
Csl yCUJIEHUS HAa BOCIPUSTHE MOMEPEYHBIX CHIL
VYKa3zaHHOE YCHIJIEHHE OCYUIECTBIISIETCS C MCIOJIb30BAHUEM JIONOJIHUTEIBHOM I10-
NEPEYHON apMaTypbl, KOTOPYI0 MOKHO YCTaHaBJIMBAaTh KAK BHYTPH YCHJIMBAEMOIO
CEYEHUs, TaK U CHAPYKH.
[Ipu ycunenuun oOOWMOI MolepeyHas apMarypa YCTaHaBIMBAaeTCS B BHJE 3a-
MKHYTBIX XOMYTOB BHYTPHU camMoil o0oiimbl unu pyOamiku (puc 1.1; 1.6). Ecnu ycu-

JICHHUC BBIIIOJIHACTCA HapallIlUBAHUCM, TO IIPUMCHAIOT OTKPBITBIC XOMYTbI, KOTOPBIC HA
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CBapKe NPUKPEIUIIOT K KPEMEKHbIM YrojikaM. DTHU YrOJIKM B MOHOJIUTHBIX Oaykax
YCTaHABJIMBAIOTCS HEMOCPEICTBEHHO IOJI ITUTMTOW BOPHUTHIK K pedpy (puc. 3.10,0,
3.11,0) ¥ 3aKperuIsitOT C MOMOIIbIO MOTANHBIX MJIM OOBIYHBIX OOJTOB, KOTOPHIE TPU-
KpEIUISIIOT 4epe3 MPOCBEPJICHHBIE WM MPOOUTHIE B IUIUTE OTBEpCTHs. B cOOpHBIX
TaBPOBBIX M MPSIMOYTOJBHBIX OallkaX YCTaHABIMBAIOT KPETEKHBIE YTOJKH, OKaiiM-
JSIFOLME BEPXHIOKO MOJIKY.

[Tpu ycuneHuu ¢ nomolup0 HaOETOHOK, MOMEPEUHYI0 apMaTypy B BUAE MOJ0OC
(MJ1aHOK) YCTaHABIMBAIOT HA PACTBOPE B MPEIBAPUTEIHLHO MPOPE3aHHbIC HA TIIYOUHY
20+30 MM anma3zHOM MU0 WM 00po3.bl (IITPadbl) C OrOJIEHHEM OOKOBBIX MOBEPX-
HOCTeH TpononbHOM apmatypsl (puc. 3.11,B). [llupuna 60po3apl mpuHUMAETCS He-
CKOJIbKO OoJibllie, YeM IUIaHKHU. Eciau MCrnoap3yroTcs MON0Ckl, TO UX YCTaHABIUBAIOT
Ha SIOKCUIHOM KJiee, a MpHU YCWICHUU IIUPOKUMH IUIaHKAMHU MPUBAPUBAIOT K IMPO-
JOJIbHOM apMaType OOKOBbIMU IIBaMU. [Ipu HaJIMYUU MOJOK B HUX MPOOHUBAIOT OT-
BEPCTHUS 3aMoAIuIo ¢ 6opo3gamu B pedpe. M miaacTUHBI, KOTOpPbIE YCTaHABIMBAIOT
napayjieIbHO OOKOBBIM TpaHsM 0aloK, U MOJIOCHI, KOTOPBIE BBIXOAST TOPIIOM K OOKO-
BOM MOBEPXHOCTH, YCTAHABIMBAIOT MEXK/Y CYIIECTBYIOIIMMHU MOMEPEUHBIMU CTEPK-
HAMH WIH XOMYTaMH.

[lepeuncneHHbIe BbIIIE BAPUAHTHI YCUJIEHUSI MOKHO HAa3BaTh CKPBITHIM YCUJIEHU-
€M, T.K. IIOCJIEHNE HAXOAATCS B Telle OETOHA, a MPU HEOOXOAMMOCTH UX €Ile U TO-
KpBIBAIOT LIEMEHTHBIM PACTBOPOM B BUJE 3aJ€IKN OOPO3]1 MU CIUIOIIHOM IITYKATyp-
ku. B paboTy 3TH BUIBI MOMEPEUHON apMaTypbl BKIIOYAIOT C MOMOIIBIO CBapKU U
CUEIUIEHHS C OETOHOM.

[Ipu ycuiaeHur MOHOMHUTHBIX 0aJOK YacTO MCIOIB3YIOT U «OTKPBITHIE» XOMYThI
B Buje [1-00pa3ubix niam npsmMeix mmwiek (puc.3.9; 3.10,a) nocieqHue BKIIOYAIOTCS
B paboOTy C MOMOIMIbIO PE3bOOBOTO COCAMHEHUS OTKPBITHIX XOMYTOB WJIH IIMHJIEK
BBEpXY HaJ| MOJKOM (IJIUTOM) U 00s3aTENIbHON UX MPUBAPKON BHU3Y K yroJikaM, KO-
TOpPbIE OXBATHIBAIOT OAJKK MO BCeM yriam. [Ipu Hanuuuu MOJOK KpenexHbIe U

OKaWMJISIOIIME YTOJIKH COSAMHSIOT MEXIY COOO0M ¢ MOMOIIBIO MPUBAPEHHBIX CTEPK-
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Hel wiu 1utaHok. [Ipu manoi mupuHe 0ajloK BHU3Y BMECTO YTOJIKOB Ha PacTBOpE
yCTaHABJIMBAIOT IIBEJUIEPHI.
bonee 3¢ (pexkTUBHBIM METOJOM YCHIIEHHSI IPUOIMOPHBIX YYaCTKOB 0ajoK Ha Io-
NEPEUHYI0 CUJIy SBISICTCS  WCIOJB30BaHHEC MPEIHANPSKEHHBIX XOMYTOB
(puc.3.10,0, 3.11,a, — Ha mepBoO# cTpanuile 000Xk u puc. 3.11,6,8). Ilpu s3Tom me-
TOJIC Ha YCUJIMBAEMOM YYacTKE C JBYX CTOPOH YCTaHABIMBAIOT YETHOE KOJUYECTBO
MOTIEPEYHBIX CTEP)KHEH, KOTOPBIE 3aT€M IMOMapHO CTATHBAIOTCA, MPUOOpETast mpe-
BapUTEJIbHOE HANPSIKEHUE, U HAJIEKHO BKIIFOYAIOTCS B COBMECTHYIO paboTy € yCHIIH-
BaE€MBIM DJICMEHTOM.
[IpennanpsskeHre XOMYTOB OCYIIECTBIISIETCSI C TIOMOIIBIO CIIEIUATBHBIX CTSK-
HbIX 00JiTOB (1103. 2 Ha puc. 3.11,a,0,B) ¢ maitbamu-3axsatamu (1o3.3). [locie Hats-
KEHUSI XOMYTOB, OOJITHI OTPE3al0T, a TalKu — MpHUBapuBaT. HaTskeHne XOMyTOB
JOJIKHO OCYUIIECTBIISTHCS OJHOBPEMEHHO C JIByX CTOPOH OajKud B HECKOJBKO IpHe-

MOB, HAYMHAasl OT OMOPbI K CEPEIUHE.

21,2do

Puc.3.9. PacueTHasi cxema ycuJjieHUs 02JI0K 10 HAKJIOHHOMY CeYeHHI0 XOMYTaMM:

1 — ycunuBaemas 0anka; 2 — TONOJHUTEIbHBIE XOMYTHI B BUJIE TPEIHANPSKEHHBIX
IIMWIEK ¢ ralkamu; 3 — noJka (TInTa) nepekpoITs; 4 —yroyiku odOpamieHus pedpa
Oasiku (KpenéxHbIe); S — COeIMHUTEIbHBIC TIAHKH; 6 — COETMHUTEIbHBIE YTOJIKU
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Puc. 3.10. Bapuanrsl ycusnenue 0a-
JIOK HA BOCTIPUATHE MONEPeYHbIX
CHI:

a) — BEpTUKAJbHBIMU HAKJIaJHBIMHU
XOMyTaMmu: 1— ycunuBaemas 0ajka;
2— HaKJIaJHbIE XOMYThI U3 apMaTyp-
HOMU cTanu;3— nmoakiaaka;4— raika;
5— HWKHHE MPOKIIAJIKU U3 YTOJIKOB;
0) — mpeIBapUTEIILHO MPEABAPUTEIH-
HO HaIpPSKEHHBIMU XOMYTaMU:

1— ycunuBaemas 6ajnka;2— Kpemex-
HBIN 00JIT; 3— MoAKIIajaKa;4— COeTUHH-
TENbHBIC MJIAHKW;5— HAKIaJIKU U3
YTOJIKOB;

6— NpeaBapUTEIIbHO HANPSHKEHHbIC
XOMYTBI; 7— CTSI)KHOU OOJIT;

8— mraiiba-3axBar

VY CTaHOBJIEHHYIO MOIMEPEUHYI0 apMaTypy YCWICHHUS HEOOXOJMMO 3alluiaTh OT
KOPPO3HUH C MOMOIIBI0 MACIsSTHON KpacKu WJIW 3allUTHBIMU Jsakamu. [Ipu Oiamzkom
PaCIIOIOKEHUU ATON apMaTyphl K TOBEPXHOCTU OaJKU MOCIETHSSI TOKpPhIBAaeTCs Oe-

TOHOM JIUOO MITYKATypPKOM.

3.3.2. Pacuer ycujieHHs H3rudaeMbIX KOHCTPYKIIUI HA JAelcTBHE
NnonepeYHbIX CUII
Pacuer »71€MEHTOB yCUJIEHUS U3TMOaeMbIX KOHCTPYKIIMN Ha JCHCTBUE MOIIe-
PEUYHBIX CWJI B pEKOMEHAAIUsAX [7] He MPUBOJIUTCS, UMEET MECTO JIMIb CChLIKA Ha
.. 2.64; 2.65 o cnoco0ax yCUJIEHHUs HAKJIOHHBIX CEUYCHHM C TTOMOIIbIO BEPTUKATIb-
HBIX WJIM HAKJIOHHBIX HAKJIQJHBIX MPEIHANPSHKEHHBIX, MO0 OOBIYHBIX XOMYTOB. I1o-
ATOMY HMXKE H3JI0)KEHA METOJIMKA pacuera yCWIEHUs IpHU JICUCTBUU MONEPEUYHBIX

cuii, ocHoBaHHasi Ha pekoMenaanuax CII 52 - 101 — 2003 [10] ¢ yueTom npensioxe-

Hui [4] .
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Puc. 3.11. ¥YcuieHue 0aJJ0YHBIX 3JIEMEHTOB HA MONEPEeYHbIE CHIIbI.

a) —TI0CPEACTBOM IPEAHANPSIKEHHBIX CTep)KHEH Ha COOpHOI Oake;
0) —T0 ke, Ha MOHOJIMTHOM OaJjke;

B) —TIOCPEICTBOM TMOMNEPEUHBIX IJIAHOK (C ACTAISIMU),

l—nonepeyunbie CTePKHU; 2—CTHKHBIE 00THI;, 3—111aiiba-3axBaT; 4-Taiika;
5—yCWJIMBAaEMBbIH 3JIEMEHT; 6—pa3MaJIKOBAHHBIH LIBEIUIEP; 7—CIOW HEMEHTHOTO
pacTBopa; 8—OKauMJIIAIOIINE YTOJIKU; 9—COETMHUTENbHBIC CTEPKHU; 10—CBapHBIC IIBHI;
11-Bo3MOXkHBIE TpeIMHBL, 12—0Tpe3aeMsblil KoHel 00aTa; 13—1onepeyHble IaHKHY;
14—apmatypa ycunruBaemMon Oasiku; 15—ckosorasi MoOBepXHOCTh OETOHA B BUJIE OOPO3/IbI,
3ajieNibIBaeMasi IEMEHTHBIM PAcTBOPOM; 16—X0oMyThl ycunuBaemon Oanku; 17—yromaku
JUTS IPUKPETUICHUS TTOTIEPEYHBIX CTepyKHEH; 1 8—KkpenexxHbie 001ThI; 19-THe31a B mnTe
IS KpenEXHbIX 001TOB; 20—CII0M LIEMEHTHOTO pacTBOpA.

IIpumeuyanune. BapuaHT a) —yCuiieHHE paclIOpHON OAJIKM MPUBEAEH HA IEPBOM

CTpaHHUIIC 00JIOKKH.
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[IpoexkTupoBaHue yCHICHUS] U3rH0AeMbIX JIEMEHTOB M0 HAKJIOHHBIM cede-
HUSIM TIPOU3BOJIUTCS MO0 BEIMYMHE M30BITOYHOM MOTIEPEYHON CUIIBI C YUYETOM KOd(-
(ULIMEHTOB Yy, W, B MPUHIIAIIEC, HUYEM HE OTJINYAETCS OT OOBIYHOTO MPOSKTHUPOBA-
HUS NONEPEUYHON apMaTypbl. PacueT mpoUyHOCTH YCHIICHHBIX KOHCTPYKIIUMA BBITIOJIHS-
eTCsl TI0 00IIeMy CIIy4aro pacdyeTa ¢ yYeTOM BHJIa Harpy3Kd B MPEANOI0KEHUH, YTO
BCSI JIOTIOJIHUTEJIbHASI HArpy3Ka, (HE3aBUCUMO OT BHJAa HapaIlllMBaHUS CEYEHUs ) Tiepe-
JAeTCs TOJIBKO HA IOMOJIHUTENBHYIO MTOMEPEYHYIO apMaTypy.

Ycunennple n3rndaeMpie JIEMEHTHI PACCUMTHIBAIOTCS (KaK U BHOBB IPO-
EeKTUPYyEMbI€) MO HAKIOHHOMY CEYEHHUIO Ha JICMCTBUE TJIABHBIX CHKUMAIOIIUX CHUI,
JNEUCTBYIONIMX HAa HAKIIOHHYIO TMOJIOCY MEXIY HAaKIOHHBIMH TPEUIMHAMH W Ha JEH-
CTBHE MOTEPEUHBIX CUJI, PACTATUBAIOIIUX HAKIOHHOE CEUCHHUE.

Pacuér mo moJsioce MesK1y HAKJIOHHBIMHM CEYCHUAMU

[Ipo4HOCTh YCUIICHHOTO CEYEHUS 110 HAKJIOHHOM Tojioce OyaeT obecrnedeHa,
eciu BeinosiHsAeTcs yeiaoBue: Q,q < Q = @p3 Ry b-hyred (3.43)
rae Q.q — momepeuHas cuia, NEHCTBYIONIAs Ha YCHJIEHHYIO OalIKy IOCJE PEKOH-
CTPYKLHM;
Q — nonepeyHas cuia B HOpMaJIbHOM CEYEHUHU BJIEMEHTA;
Qp3 — KodhurreHT, npuHuMaeMbiit paBHbIM 0,3 1715 TSHKENIOro OEToHa,
hored — IpUBEIEHHAS paOoyYasi BRICOTA YCHIIEHHOTO ceueHus o gopmyiie (3.14)

Pac4yér mo HaKJIOHHBIM CEYECHUSAM HA e CTBHE MONMEePEeYHbIX CHII

PacdeT yCuaeHHOro HaKJIOHHOTO CEYEHUSI TPU JEUCTBUH MPOU3BOJIbHOM
HArpy3Ku npou3BoaAuTcs U3 yeloBUS: Qg < Q = Qpag + Qsw T Qswad »
(3.44)
rae: Q; Qp; Qsw — MONEPEUYHBIEC CUJIBI, AEUCTBYIOIINE B HAKJIOHHOM CEUYEHUU 10 YCH-
nenus. [TonHoe Ha3BaHUE ATUX CUJ IPUBENIEHO B 1. 6.2.34 [10];
Q.q — TonepeyHas cuia, ACHCTBYIOINIAs HA 3JIEMEHT MOCJE MPOBEICHUS PEKOHCTPYK-
IIUY WY YBEJIMYEHUs HATPY3KHU MPU 3aMeHe 000pyA0BaHUS;
Qpad — TIOTIEpPEYHAs CUJIa, BOCIIPUHUMAaeMass OETOHOM YCUJIEHHOTO HaKJIOHHOTO cede-

HUA HaJd KOHIOM HAKJIOHHOM TPCIOUHBI, KOTOPAsA BKIIIOUYACT B cebst pa60Ty caMoro
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OeTOHa, CHIIBI 3aIlCTUICHHUS B HAKJIOHHOHM TPEIIMHE W HareJlbHOE YCUJIUE MPOT0TBHOM
apMaTyphl Qbad: (Pswr6'(Pb2'Rbtb'hored/ C, (3 45)
IIPU 3TOM JIOJKHO BBITOJIHATHCS YCIOBHUE 0,5 Ry ‘b-hored < Qpad < 2,5:Ry¢ -b-hyred.(3.46)
B dbopmyne (3.45) ¢ momorpio KOdDPUITUEHTA Qg6 YIUTHIBAIOT HATMYUE TPEITUH B
HAKJIOHHOM CEYCHHUH Tepe]l YCHICHHEM dJieMeHTa. IIpu UX OTCYTCTBHM Qg = 1, @
IPY HATAYUH Py = 0,75; @y = 1,5 mi1st Tshxenoro 6eToHa.

C — mpoekIys HaKJIOHHOW TPEIIMHBI Ha MPOJOJBHYIO OCh Oajaku, paBHAs MPOJIETY
cpesa — a, T.e. PAaCCTOSHHMIO OT TOYKHM NMPWJIOKEHUsI Ha OajiKy OMOPHOM peakiuu 10
KOHIIa HAKJIOHHOW TPEIIUHBI (IO OCH MPUIIOKEHHSI COCPEAOTOUCHHONW HATPY3KH TIPH
OTCYTCTBUU HAKJIOHHOM TPEIIUHBI);

Qsw — TIOTIEpeYHas CWijia, BOCIIPUHUMAaeMas MOIMEePEYHON apMaTypold B HAKIOHHOM
CEUYEHUH, MEPECEUCHHON HAKIOHHOUN TpemnHOU, Qg = 0,75:q5w C, (3.47)
I€ (sw — YCWICHHE B CYIICCTBYIOIICH MOMEPEUHON apMarType Ha €AUHUILY JJIUHBI
anemenTa; C, — MPOSKIUs JUTMHBI HAauOOJIee HEBBITOAHOW HAKJIOHHOW TPEIIMHBI Ha
IIPOJIOIBLHYIO OCh dJIEMEHTa (paBHA PACCTOSHUIO OT TOYKH IEPECEUCHHS LICHTpA TH-
YKECTU MPOJI0JIFHON apMaTyphbl HAKJIOHHOW TPEIIMHOMN /10 €€ KOHIIA), KOTOpasi IPUHU-
maetcs paBHOU C, HO He 601ee  2hgred. Qsw = Row Aswisw - (3.48)
ITortepeunass apMarypa y4YHMTBIBAaeTCS B pacuere, €CId COONIOMAeTCs YCIOBHE
Jsw=> 0,25 Ry b, (3.49)
OpPU 3TOM HOPMBI pa3pellaloT HE BBINONHATH ycioBHue (3.49), eciii BBINOJIHSAETCA
ApYyroe — Qb = 6qsw'hored/C (350)
Qswad — TIOTIEPEYHAS CHJIA, BOCTIPUHUMAEMasl JIOMOJIHUTEILHON TOTIEpEeYHON apMaTy-
poii B yCWJIICHHOM HAaKJIOHHOM ceueHuH. llocienHsss IomKHA yCTaHaBJIMBATHCS Ha
paccTosiHUM HEe MeHee 1/4 mposeTa yCHUICHHOW Oajdkd W HE MEHEe PACCTOSHUS [0
IEPBOr0 COCPEAOTOYEHHOTO IPY3a, Qswad=Pswr7PswdswadCo, (3.51)
TA€ Qsw7 — KOIPOUIMEHT, YUUTHIBAIONIUN BIUSHUE HAKIOHHBIX TPEIIMH Ha paboTy
IpEIHANPSKEHHON MONEepeYHOl apMaTypbl YCUICHUS (Qsw; =0,85—mpu Hammuuu

TPEIIUH; Qgy7 =1,0 — IPU UX OTCYTCTBUN); Qg =0,75 — 1181 TSHKEIOT0 OETOHA.
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B gopmyne (3.51) Qswag "MHTEHCUBHOCTbH JOMOJIHUTENBHOTO MOMEPEYHOTO ap-
MUPOBaHUSI, Jswad=RswadAswad/Sswad- (3.52)
B dopmyne (3.52) Bce BXoasuIue B HE€ CUMBOJIbI COXPAHSIOT BHYTPEHHEE CO-
Jep>kaHre CUMBOJIOB (opMyItbl (3.48), HO OTHOCSTCS K JOTIOTHUTENBHOU — ad more-
peuHoii apmarype. B aToit ke ¢popMyie H0mKHBI cOOMoaaThCs 1Ba yenoBus — (3.49)
H YCIOBHE: Syad< Swmax=Rod A, /Qud. (3.53)
[ITar KOMOJHUTENBPHONW TOMEPEUYHOU apMaTypbl Sy,q HA MPUOMOPHOM YYacCTKE
HEOOXOMMO YBS3bIBATH TAKXKE C IOMYCTHUMBIM [IArOM MPOOUBAEMBIX B MOHOJIUTHBIX
IUTHTaX OTBEpCTHid (cM. pazzaen 1.3.3), yToObl HE pa3pyIIUTh CaMO MEPEKPHITHE.
[Tpu mpou3BOILHOM HArpy3Ke HOPMHI [S] MpeaaralT U Apyroi BapuaHT pacye-
Ta HAKJIOHHBIX CEUEHUI 0e3 yuera MpPOeKIUU HAKIOHHOTO cedeHus C, KOTOPBIi BbI-
noytHseTcs 1mo Gopmynam (6.70) — (6.72).
B nopmax, npenmecrByromux CHUII 52-01-2003, umen MecTto pacyer Ha IO-
NEPEYHYI0 CHIIy MpHU JIEUCTBUM PAaBHOMEPHO pacnpeaejieHHoil Harpy3ku [6, 11].

PacueT ycuiieHHOTO HaKJIOHHOTO CEYEHHUS B 3TOM CIIy4ae BBIMOJIHAETCS MO GopMyIie:

QSW,ba.d:2 \/¢b2 ) wswr6Rbtbh02red (qsw + qswad) . (3 54)

Bxoasmue B 3Ty dopmyny Ko3(p(UIHMEHTHl U BBIPAXKEHUS ONpPEACISIOTCS IO
TeM xe Gopmynam (3.45) — (3.53), uTo u npu pacuere OATOK, 3arPyKEHHBIX MPOU3-
BOJIbHOW HArpy3KOu.

Pacuer nonoaHUTENBEHOM MONEPEYHON apMaTypsl IPA NPOU3BOJIBLHOM HAIPY3-
Ke CBOJUTCS K ONpeesieHuIo Aeunnra Hecylied criocoOOHOCTH Ha MONEPEYHYI0 CH-
ay — Qgsw U3 dopmynsl (3.44); onpeneneHuro TpeOyeMOl UHTEHCUBHOCTH JOTOJHU-
TEIHHOTO TIOTMIEPEYHOTO APMHUPOBAHUA (swad—Qsw/C 10  opmyne (3.47), rae
h,<C<2h,; nanee omnpenensercs quaMeTp dgyaq U 1IAT JOMOJTHUTEIBHON MOMEPEeYHO
apMaTypbl Sy.4, UICTIOJIB3YS BhIpaxeHue (3.52)-(3.53)

[Ipu neicTBUM paBHOMEPHO PACIIPEICIICHHON HATrpy3KH ITOPSIOK pacyera ciie-

nytommil. 3 popmynel (3.54) onpenensiercs Tpedyemasi MHTEHCUBHOCTD MONIEPEUHO-

0 o o
ro apmupoBanue ¢ .. =(qewtqswad) (3.55) mpu Bospociuei monepeunoi cuie Q,g;
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3aTeM HaXOJUTCS TpeOyemasi HHTEHCUBHOCTh JIOMOJHUTEIHHOTO MOMEPEUYHOr0 apMu-
poBaHusi u3 Beipaxkenus (3.55); manee mo dopmynam (3.52), (3.53) onpenensror 1o
AQHAJIOTUU C BBIIICYKA3aHHBIM dyaq U Syad.

[IpoBepka HecyIieil CIOCOOHOCTH HAKJIOHHBIX CEUEHUU MO TOMEPEUYHOU CHIIe
npousBoautcs 1o dopmyrnam (3.44) u (3.54) cOOTBETCTBEHHO MPHU JACHCTBUU TPOU3-
BOJIBHONM ¥ PaBHOMEPHO pacIpeeieHHON Harpy3Kd IOCJ€ MpeaBAPUTEIBHOTO
HAXOXKJICHUS 3HAYCHUHN dgyad; Swad B Qswad.

bonee moapoOHO MOPSI0K pacueTa NpUBEACH B MPUMEpPax pacyeTa.

3.3.3. IIlpumepsnl pacyeTa yCHIEHHBIX H3rH0a€MBbIX 3JIEMEHTOB 10 HAKJIOHHBIM
CEeYCHHUSIM HA MONEePEYHYI0 CHILY

Ipumep 3.3.1. lna ycnoBuii, copmynupoBanusix B npumepe 3.1.2, TpeOyercs

ONPENENIUTh IIOMAAb JTOMOJIHUTENBHON MOMEPEYHON apMaTypbl, €€ Iar U IpoBe-

PUTH HECYIYIO CIIOCOOHOCTh YCHJIEHHOTO NPSMOYI0JbHOr0 ceueHus. M3BecTHoO,

4yTo Oajka 3arpykeHa NpPOU3BOJIbHON HAarpy3Koil M HaKJIOHHbIE TPEUIMHBI OTCYT-

CTBYIOT. Pacrionoxenue nonepeyHon apMarypbl IpUBEAEHO Ha puc. 3.3.

[IpuBonumM HepocTaronme xapakrepuctuku: Ry= 1.1 MIla, Ag,= 1.51cM? (308 A240),

Rgw= 170 MIla, mar nmornepedHoi apMaTypshl - Sy 1=25¢M , Y sur 6 =1.

OmnpenernseM HECYILyI0 CIOCOOHOCTh CYIIECTBYIOLIETO CEUEHUS, UCTIONb3Y s
BbIpakeHus (6.66)-(6.69) [10]. [Ipunumaem yciaoue Q,=Q,,=0.5Q. B aToM cnyuae:

ITPOCKIUA HaunoOoee HCBBII'OJHOI'O HAKJIOHHOI'O CCUCHUA

. . . 2 . . . 2
CO:\/% Ry, b-h, :\/2 LI190)- 40847 _ 5459 em > 2hy= 168 cm,
7. 1026,8

1€ Qew= Rsw * Agw / Swi= 170(100) -1,51 / 25=1026,8 H/cwm.
[Tpuaumaem Cy= 2hy= 168 cm.
[Tonepeunas cuia, BoCipruHUMaeMasi 0€TOHOM CKaTOM 30HbI HaJl KOHIIOM
HAKJIOHHOM TPEIIUHBI,
Qb= PpoRubhy” / Co=1,5 - 1,1(100) - 40 - 84>/ 168=1277.2 - 10° H.

ITonepeunas cuiia, BOCIIpUHUMAaeMas IornepeyHon apMaTypou,
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Quw=0,75qsw Co=0,75 - 1026,8 -168=129,4 - 10’ H.

Hecymas ciocoOHOCTh CyIIECTBYIOIETO CEUECHUS
Qou= Qp + Q= (277.2 + 129.4) - 10°=406,6 - 10° H.

Bennunna nomepeyHoi CuiThl, IEHCTBYIONMEH Ha OANIKy MTOCIE MPOBEACHUS pe-
KOHCTPYKIMHU Q,¢= QouiK=406,6 - 1,45=589,5 kH.

[Tonepeunas cuiia, nepegaBaeMasi Ha JONOJHUTENBHYIO ITONEPEYHYIO apMarTy-
PY Qswadi= Qad — Qourt = 589,5 — 406,6 = 182,9 kH.

TpeOyemMasi HUHTEHCUBHOCTD JOTIOJHUTEIHHOTO MONEPEYHOT0 apMUPOBAHUS
Qswai= Qswaa / Co=182,9 - 10° /0,75 - 168 = 1451,8 H/cm.

MuHUMaNBHOE T0ITyCTUMOE 3HAYEHHE (g
Qow™"= 0,25 - Ry, - b= 0,25 - 1,1(100) - 40 = 1100 H/cm.

B nanpHeiimem pacueTe mpuUHMMAaeM OOJblliee 3HAUCHHE, MPU 3TOM OJIKHBI
BBITIOJIHATBCS. U JIPyTHe KOHCTPYKTHBHBIE TpeOOBaHUS MO YCTAaHOBKE MOIMEPEYHON
apMaTypbl. Symax=R,bh;.,/Q,,. Ilo ycnoBusm npumepa 3.1.3 npuBegeHHAs BbICOTA
paGouero ceuenus h,,, =88,53 cM. Symu=1,1(100) - 40 - (88,53)* / 589,5 - 10°=
=58.5 cm; Sy ;= hyq/ 3= 103 /2= 51,5>30 cm.

[IpyHuMaeM 1ar JONOJHUTENBHOM ONEPEYHON apMaTyphl Sy.q=40 cM U onpenens-
€M IUIOIIA/Ib JIOTIOJIHUTEIBHOU MONIEPEYHOM apMaTyPBl.
Agwad= Qswad * Swad / Rewas= 1451,8 - 40 / 170(100) = 3,42 cm’.

[Inomanp ceueHuss OAHOTO AOTIOIHUTEIBHOIO CTEPKHSI.

Aswad™ Aswaa / 2= 3,42 / 2= 1,71 CMZ, 4TO COOTBETCTBYET Iuomanu D16A240.
Aswad=2,011 cM”.

JuameTp WMNUIbKA NPUHUMAIOT HA 2 MM OOJibllle, C YYETOM BHYTPEHHETO
nuameTpa pe3bobl. OKOHYATENHHO — JUAMETP IMIMUIBKH 18 MM.

@dakTruyeckas IUI0IaAb JONOJHUTEIBHOM MONEPEYHOM apMaTypbl B HOPMAJlb-
HOM CEUEHHHU Agyaq= 2 * 2,011 =4.022 CM2;

92 = Rwad * Agwad / Sac= 170(100) - 4,022 / 40=1709,35 H/cm.
ITonepeunas cuia, BOCIIpUHUMAEMas JONOJHUTEIBHON IIONIEPEYHON apMmary-

poit, Quwac™= GswadCo= 1709,35 - 168=287,2 - 10° H.
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Hecymas cnocoOHOCTh YCUIIEHHOTO CedeHMs Oalku MpSMOYTOIbHOro nmpodu-
JIs1 Ha TIONepeYHYI0 cuity o gopmyie (3.44):
Q adut= Qoutt + Qewad= 406,6 - 10° +287,2 - 10°=693,8 - 10° H > Q . = 589,5 - 10° H.

ITo mpw. I1.2.5 u I1 2.4 mogbupaem cederue yroyukon (1mo3. 4, 6 Ha puc. 3.9).
[Ipu nuamerpe mmuibku 18 MM, MHUHUMAaNbHBIA AUAMETP OTBEPCTHS B YIOJIKE
(mo3. 6) dj=19 MM, 9TO COOTBETCTBYET yroaky ceuenuem L 70x5 mm. OmHako mpen-
MOYTEHHE HEOOXOAMMO OTAaBaTh HepaBHOOOKOMY yrosiky L 70x45x5 ¢ orBepcTueM
B Oonbiiel nonke. JnuHa (1mo3. 6) nokHa MpeBbIaTh MUPUHY Oalkd Ha yABOCH-
HYIO TOJIIIMHY TOJKU YrojKa M BeJIHMuuHy, paBHyIo 4dy (cMm. puc. 3.9). Yronku (1mo3.
4) mpuHUMaeM TOTO e ce4eHHus, 4yTo U 103.6 jmmHoi (1/4)L+100mMm. Cedenue
CBapHBIX IBOB IS KPEIUICHUS MIMUJICK K YTOJKY, TOJDKHO OBITh PABHOMPOYHBIM CE-
yeHuto mnuiek. [103.5 MokHO puMeHsTh u3 ropsiuekatanbix nojioc mo 'OCT 103-
76* w3 npun.Il.2.6.

Ipumep 3.3.2. [{ns ycnoswuii, cpopmynupoBanHbix B mpumepe 3.2.1, Tpedyer-
CSl pacCUMTAaTh IUJIONIA/Ib IOMOJHUTEIHLHOM TONEPEYHON apMaTyphl, €€ 1ar 1 onpeze-
JUTH HECYILYIO CTOCOOHOCTh YCUJIEHHOTO AJIEMEHTa TaBPOBOro npoduis. U3BecTHo,
yTO OanKa 3arpyeHa paBHOMEPHO paCTpEeICICHHOW HAarpy3Koi U UMEET HaKJIOHHBIE
TpeluHbl. PacnonoxeHue nomnepeyHoi apMaTypbl IpUBEACHO Ha puc.3.7.

OnpenensieM Henmocraromme XapakTepucTuku:Ry=1,1 Mlla; Asw=2,36 oM’

(3010A240); Ry,=175 Mlla; Y g ¢ =1, 1mar momnepeuHoi apMaTypsl Sy,1=25 cM.

[TpoBepsieM HecyIIyl0 CIOCOOHOCTh OajJKH TaBPOBOTO MpOduUis Ha padoTy IO
cxkatoi mostoce 1o popmyie (3.43) Q=0,3R,bh,,,, =0,3 - 15,5(100)30 - 81,5=
=1136,9 - 10°’H> Q .4 = 828,5 - 10° H.

Hecymasi crmocoOHOCTh CYIIECTBYIOLIETO HAKJIOHHOTO CEYEHHUS Ha IOmeped-

HYIO cuiTy — 110 popmyiie (3.54), 63 yuéTa BeTHUHHBI Qswad IPH Mo,eq =Hy=73.5 cM

Q = 2VP0o R, 124, =/15-1-1,1- (100) 30- 73,5 - 1605=41425-10° H,

r/1e Gsw=Rsw Asw/Sw1=170-(100) -2,36/25=1605 H/cm.
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Benuunna nonepeyHoi cuiibl, TEUCTBYIOIEH Ha OaJIKy, TIOCJIe IPOBEACHUS pe-
koHCTpyKImH: Quq=QourK=414,3-10>2,0=828,5-10°H.

TpeOyeMass WHTEHCHUBHOCTb IOMEPEYHOIO0 ApPMUPOBAHUS TPHU BO3pOCIIEH
Harpy3ke o popmyie (3.54)
(GswHqswad) ™= Qad’/4¢y3 V6 Rubhored” = [828,5-10°1%/4-1,5-0,75- 1,1(100)-30-81,5° =
= 6961,0 H/cm, roe o npumepy 3.2.2 horea=81,5 cMm.

TpeOGyemast ”HTEHCUBHOCTH JOTOTHUTEIIBHOTO MTOMIEPEYHOTO aPMUPOBAHUS
Qswad T = 6961,0 — 1605 = 5356 H/cm’.

Hanee o ananoruu ¢ npumepom 3.3.1 OyiemM UMETh:
Qo™= 0,25:1,1(100)-30 = 825 H/CM. < Qwac=5356 H/cm;
Simax = 1+1,1(100)-30-81,5%/828,5-10° = 26,5 cM; 110 KOHCTPYKTHBHBIM COOOPaKCHUIM
Swi=h ¢rea/2 = 81,5/2 = 40,75 > 30cm.
C y4eToM KOHCTPYKTHBHBIX TpeOOBaHMH 10 miary mpuauMaem S;=30cwm;
Agwad = 5356:30/170(100) = 9,51 e,
dswad=9,51/2 = 4,75 cM*; uto cooTBeTCTBYET IUomamy @25A240; a.?™"=4,909 cm’.
[IpunuMaeM quamMeTp MINMUIBLKH PABHBIM 28 MM € YYETOM OCJIa0JIeHUS] CEUSHHS Pe3b-
6oit. BayTperHuii quametp pe3bosl d,= d-2MM=28-2= 26 MM, ag,"*"=nd*/4=5,31 cM’.
dakTruyecKas MIoaab IIMUIICK, BBOAUMAS B pacueT, Agyaq = 2°5,31=10,62 oM’

HMHTEHCUBHOCTD JOTOIHUTEIBHOTO ITOMIEPEYHOTO aPMUPOBAHUS
Qswad = 170(100)-10,62/30 = 6018 H/cm.

Hecy1mast cnoco6HOCTh YCUIIEHHOTO ceueHus 0aiKky TaBpOBOro Npoduis Ha
nonepevHyo cuiy mno gopmyse (3.54)
Qad ut = 241,5-0,75-1,1(100) -30-81,5%(1605+6018) = 2-433,5-10° H=

=867-10° H> Q.4 =828,5-10° H.

[Ipu auameTpe OTBEPCTUS B COEMHUTENBHOM yroyke (1mo3. 6., puc. 3.9) 30 mm
HE0OXOIMMO TIPUHUMATh HEPaBHOOOKWU yrosok 140x90x8, 4To HEKOHCTPYKTHBHO.
[TosTomy npunumMaem miactuHy cedeHneM 460x100x12 ¢ oTBepcTUAMHU IO OCH IIHU-
puHBl ceyeHus. [lanpHeilllee KOHCTPYUPOBAHUE YCUJIEHUS BBINOIHAETCS [0 aHAJIO-

ruu ¢ npumepom 3.3.1.

79



4. IIpoeKTHPOBAHUE M PACYET CIKATHIX JKeJTe300€eTOHHBIX
3JIEMEHTOB, YCHJICHHBIX 000/iMaMH, py0alliIKaMu U
HapallUBAHUEM

Bce cxxaTble 3J1EMEHTHI YCIOBHO Pa3AeIAOT Ha JIBE IPYIIIbI. DJIEMEHTHI, y KO-

TopbIX nnuHa / He mpeBbimaet 20h, a npogonbHas cuiia N MpUIoKeHa CO CIydailHbIM

SKCLIEHTPUCUTETOM €, , OTHOCAT K HEHTPAJbHO-CKATHIM. BennunHa €, nmpuHUMa-

ercs He meHee 1/600 nmuHBI J€MEHTa WX PACCTOSHUS MEXKIYy €ro CEUCHHUSIMU, 3a-
KperI€HHbIME OT cMmeteHust; 1/30 BeicoThl ceuenust; 10MM (1utst COOPHBIX Kene300e-

TOHHBIX G)JICMeHTOB).

DIeMEeHThI, padOTaIOIIMEe C PACYETHBIM DKCICHTPHUCUTETOM €, Ha3bIBAIOT
2

BHECHCHTPEHHO C/KATBIMH. K nnMm O(i)I/IHI/IaJ'IBHO OTHOCAT TAaKHEC, KOTOPBIC OJHOBPC-
MCHHO IIOJABCPIKCHBI I[GI?ICTBHIO IIPOAOJIBHBIX CXKHMAIOIIUX CHII N u 1/13r1/16a101uer0
MoMeHTa M n KOTOPBIC HC IMOAXOIAT IO cnyqaﬁ CXKAThbIX 3JICMCHTOB CO CJ'Iy‘IaI‘/JIHBIM

OKCHCHTPUCUTCTOM.

4.1. Pac4éT yCHJIeHUS CKATBIX JJIEMEHTOB CO CIAYYANHBIM IKCHEHTPHUCUTETOM

Haub6onee 3¢ dexTuBHBIM CIOCOOOM YCHUIICHHS LIEHTPAIbHO-CKATHIX KEJIe30-
OETOHHBIX AJIEMEHTOB SBJIETCS YCTPOMCTBO KEJIE300€TOHHBIX MM METAIITUNYECKUX

o0oiiM. Takoe ycunenue HauboJee paloHaIbHO 17151 KOJIOHH ¢ THOKOCTBIO A, <14 .

4.1.1. Kes1e300eTOHHBLIE 000MBI

CambIif IpOCTOM THI TaKoW 000MMBI — 000KiMa ¢ OOBIYHON MPOIOJIHHOM U TI0-
nepeyHoi apmatypoit (puc. 4.1). Pa3HOBUIHOCTBIO TakMX 000IM, Kak OTMEYEHO B
n.1.1, sBrnsgercst o6oiiMa ¢ 0OBIYHOM TTPOIOJILHON apMaTypor M MONIEPEUHON apMaTy-
poit B Buae cniupanu (puc. 4.2). OCHOBHBIM TpeOOBaHUEM 3/I€Ch SIBIIIETCS obOecreye-

HUE COBMECTHOM pabOTHI CTAPOTO M HOBOTO OETOHA.
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Hecymas cnocobHOCTh 0OBIYHON KOJOHHBI CO CIYyYalHBIM HKCIIEHTPUCUTETOM OIpe-
JENSIeTCA U3 YCIOBUS:

No=m- @ [Ry Ay TR " Aol 4.1)

Astot

= Puc.4.1.PacueTHasi cxemMa yCHJICHHUS

NPSAMOYTI0J1bHOM KOJTOHHBI
S MKej1e300eTOHHOM 000iMOii:
—tV s 1— ycunuBaemast KOJIOHHA;

Fo s I e 2 — oboiiMa yCHIIEHHS;

3 — npoAoabHas apMaTypa;

4 — nmonepeyHas apmarypa.

Asad

bad

rae m— Kod3()PUIUEHT yCcIoBUM pabOThI, 3aBUCSIINN OT CEUCHUS KOJOHHBI. [Ipu
h > 200 MM ko3 durment m = 1, npu Menbmux pazmepax m = 0,9; ¢ — koapduru-
€HT TMPOJOJIbHOTO  M3ruba, ompexaensemeii 1o  gopmyne  (3.98) [5]

=0, +2¢p, —¢,)a, <@, , TIe KOOPOUIUEHTH ¢, U ¢, IpUuHUMatoTcs mo tadm. [1.4.1

u [1.4.2(npwn.4). Koapounment «, =R, A /R, -4, ['uOkocts snmeMentTa A, =1,/h

s tot

MPUHUMAETCS IO MEHBIIIEMY U3 IByX Pa3MEPOB CEUECHUSI KOJIOHHBI.

JIyist KOJIOHH, YCUJICHHBIX O0OWMON M3-3a yBEIMUYEHUS HArpy3Kd MPH PEKOH-
CTPYKIIMU WM CHIKEHUU HecyIlel cnocooHocTH, popmyna (4.1) mpuHuMaeT BUA:
Na=k-No=m- ¢ [ Ry (Apt+ Apad) T Rse " (Asior T Asad) 1, (4.2)
r7e Ay 4q — TUIOMIAAL CEUEHUSI 000MMBIL; Ay o — TUTOIIAIb paboyelt apMaTypbl 00OUMBI.
YuuThIBasi, 4TO OCHOBHYIO JOJIIO BO3POCIIEH Harpy3ku BOCIPUHUMAET OCTOH 00O0M-
MBI, CEY€HUE JOTOJHUTEIILHOM apMaTypbl Ha3HavaroT B pazMepe 1 % ot ee mioniaau.
[Ipunumaem B popmyie (4.2) ycioBue, uTo Ag,q = 0,01+ Ay 4, (4.3)
MOJIYYUM BBIPAXKEHHE JIJIs1 ONPEACICHUS IIIOMAAN CEUCHUSI 000MMBI:

Abad: [Nad/q) 'Rb'Ab'Rsc'Astot]/(Rb+0301 'Rsc)- (44)
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BenuuuHa ¢ B 3TOM BBIpaK€HUU HAXOJUTCS MPU MUHUMAJIBHBIX 3HAYEHUSX TOJILIU-

HBI 0001MBI d=6CM 1J1 IPSAMOYTOJIHHBIX KOJOHH U d=7CM — JJIsl KBaIpaTHBIX KOJIOHH

CO CIIUPAJIbHOM apMaTypOU.

ba=b+t12cm;h y=h+12cMm. (4.5)
JIy1st mpsIMOYTONIBHOM KOJOHHHKI (puc. 4.1) momaas cedeHus: 00bIYHOM 000MMBI

B OYKBEHHOM BBIPQKEHHUH OyJE€T UMETh BUJ:

Apaa=2b-d+2h-d+4d-d=2d(b+h+2d). (4.6)

['pynmupys OyKBBI 3TOTO BBIpRXKEHUS U PEIIasi €r0 OTHOCUTEIBHO TOJIIUHBI 000HMBI

d, momy4um :

d(b+h+2d)—Apu/2=0 wm d*+(b+h)-d/2-Ap./4=0.B urore ume-

€M KJIAaCCMYECKOE KBAJIpaTHOE YpaBHEHUE, KOPHU KOTOPOTO:

d=—(b+h)/4+(1/4)-(b+h)’ +44,, . 4.7)

I[J'IH KBaI[paTHBIX KOJIOHH, YCI/IJ'ICHHBIX C HpHM@HeHI/ICM CﬂﬂpaﬂbHOﬁ apMaTy—
pol (puc.4.2). TommuHy OOOHMBI d, KaK PacCTOSHHE MEXIY YIJIOM KOJIOHHBI JI0
BHYTPEHHEW T'PaHM apMaTypbl CIIMPAIN MOYKHO OINPENECIUTh U3 CIEAYIOLIEro BbIpa-
wemns A, , =D’ /4—mD}/4=0,785(D> -D/) (4.8)

rae D, =1,41h — quameTp OKpY>KHOCTH, ONMCAHHON BOKPYT KBajpaTra U YHUC-
JIEHHO PAaBHBIM TMIIOTEHY3€ IPSAMOYIOJBHOTO TPEYrOJIbHUKA, D,,— Hapy>KHBIM Ha-

MeTp 000MMBI O€3 ydeTa 3alMuTHOTO cosi 6eToHa, D, +2d wim D =141h+2d

Puc.4.2. PacyeTHas cxeMa yCHJICHUS KOJIOH-
=70 Mm

L 3 HBI JKeJ1e300€TOHHOI 0001iMOi CO CIMPAJIb-
HOIl apMaTypoii:
1— ycunuBaemasi KOJIOHHA;

dx d

% A 2— oboiimMa ycuIieHus;

3— npooJibHAS TONOJHUTEIbHAS apMaTypa;

5 4— nomnepeyHas apMaTypa B BUIE CIIUPAIIH.
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Tpebyemas momanb ceueHus: 000itmMbl onpenensercs u3z hopmyisl (4.4). Iloxa-

CTaBUB B BbIpaxkeHue (4.8) conepkaHue 3HAYCHUN D, U D, , TIOJIYYUM BBIPAXKEHUE
AJIA OIIPCACIICHUS TOJINIHMHBL 000NMBI:
7(1,41h+2d ) 14— r(1,41h)° /4=A4, . (4.9)

[Tocne MuHUMAaIBHBIX MpeoOpa3oBaHuil Beipakenue (4.9) nmpuodbperaer popmy

KBaJIpaTHOTO ypPaBHEHUS

(1,417)* —4-1,41h-d +4d’ —(1,41h)* — 44, , /7=0.

CokpaTuB Bcé BEIpaXkeHHe Ha 4, Tonmyaum  d j +1,41hd, - A4,,, /7 =0, (4.10)

Tonmmsa oboiivt d, =141/ 2+ (L41h)> /4+ A,/ 7 @.11)

[onnas Tonumaa oboiimer d =(d,+2 cm)>7,0 cM.

TonmuHy 000MMBI OKPYIJIAIOT B OOJIBIIYIO CTOPOHY 10 BEJIIMYMHBI, KPaTHON
1 cm. dakTrueckue mwiomagd Ay ,q U Ag g OTIpeaenstoT 1o Gopmynam (4.6)u (4.3) u
OPUHUMAIOT C YYETOM KOHCTPYKTUBHBIX TpeOoBaHuit (cm.1. 1.1,tabm. I1. 4.3).

Hecyuyto criocoOHOCTh YCUIIEHHOTO CEYEHMs MpU pa3HbIX Kjaccax OeToHa U
apMaTyphl B YCUJIMBA€MOM M YCHJIMBAIOUIEM CEUYEHMSIX ONPENEISIOT U3 BBIPAKECHUS:
Nadurt = ¢ [ Ry Ap+ R Ao + Rpag " Apad TR sc,ad A s,ad ]9 (412)
rie Ryag M R .0 — COOTBETCTBEHHO pacuye€THOE COMPOTHUBIIEHHE OETOHA U apMaTyphbl
000MMBI.

4.1.2. Mera/uin4eckue 000iMbI

ITpy HEBO3MOXKHOCTM YBEJIWYHUTh CEUEHHE KOJIOHH WJIM MPHU CXKATBIX CpPOKax
IPOU3BOJCTBA PA0OT PEKOMEHAYIOT METAUIMYECKUE OOOWMBI M3 YETHIPEX YT'OJIKOB,
YCTaHaBIMBAEMBIX IO IPAHAM KOJOHH U COEUHUTENbHBIX IUIAHOK U3 ropsYeKaTaHbIX
M0JIOC WJIM KpyTJioH ctanu (puc. 4.3).

O¢dPexTUBHOCTD BKIIOUEHHS METAUIMYECKUX 000iM B PadOTy 3aBHUCHT OT
HaJIMYMs yHopa o TopuaM 0OOHMBI, TNIOTHOCTH MPUMBIKAHMS YTOJIKOB K TEIy KO-
JIOHHBI U TIPEIBAPUTETHLHOTO HANPSKEHUS NONEPEYHBIX MIaHOK. J{Jis mIOTHOrO Mpu-

MBIKaHHA YI'OJIKOB ITOBCPXHOCTDH OeToHa 10 I'paHsAM KOJIOHHBI TIIATCJIbHO BBIPABHHU-
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BalOT CO CKAJIBIBAHUEM HEPOBHOCTEW MpHU 00sA3aTEIbHOM 3a4€KAaHUBAHUU BCEX 3a30-
POB LIEMEHTHBIM PAaCTBOPOM IIOCJIE OKOHYATEIBbHOTO BBINOJHEHUS BCEX CBapHBIX pa-
00T.

[IpenBapuTenbHOE HAPSHKEHUE COETUHUTENBHBIX TUIAHOK OCYIIECTBIISETCS
TEPMHUUYECKUM CIIOCOOOM. J[J1s1 3TOM 11eNu BCe IIIaHKU € pacyeTHbIM Iarom | = S <
4014 (HO HE OoJlee MUHMMAJILHOM IIUPUHBI ceueHus U He 6osiee 500 Mmm) npensapu-
TEJIbHO MPUBAPUBAIOT OJTHUM KOHIIOM K yrosikam o0oiMsl. [locie yctanoBKH yToi-
KOB B IIPOEKTHOE MOJIOKEHHUE C UCIIOIb30BAaHUEM CTPYOLIMH KaXKIyIO IJIaHKY, HAuu-
Has CO CPEJHEN IO BBICOTE KOJOHHBI, PA30rPEBAIOT Ta30BOM TOPEIKOM A0 TEMIIEpaA-
Typsl 100 — 120 rpanycoB v puBapuBarOT BTOPHIM KOHIIOM K COCETHEMY YTOJIKY 110
3aMbIKaHUS UX 10 BceMy nepumeTtpy. [lomHoe 3aMbIkaHue MIaHOK MO JJIMHE KOJIOH-

HBI BBITITIOJIHAKOT CI/IMMeTpI/IIIHO, HaduHasi OT CepeI[I/IHLI K yHOpaM B HeperLITI/IH.
1 h

B E—
CBapHble LWBbI
F F
¥

d.

______“'"EE_‘

I
2 I
| T |
T
1 3| 5
c B L 4
Zo Zo

C
Zo Zo

Puc.4.3. PacyeTHas cxeMa yCHJICHUS KOJIOHH METAJJIMYECKOM 0001MOi:

1— ycunuBaemasi KOJIOHHA; 2— YroJKd oOpamMieHus; 3— MIaHKu 00OKWMBI U3 MOJIOCO-
BOW WJIM KPYIJION CTaIu

[Tpu ocTHIBaHMY TUTAHOK MIPOMCXOIUT 00KATUE TOMIEPEUHBIX CEUSHUH KOJIOH-
HBI, YTO TTOJIOKUTEIHHO CKa3bIBACTCS Ha €€ HECYIel CITOCOOHOCTH, OHAKO YD (HEKT
KOCBEHHOT'O apMUPOBAHUS MpU 3TOM He yBennuuBaercs. [lonHas coBmecTHast paboTa

&KeJ1e300€TOHHOTO AJIEMEHTA U METAJUIMYECKOW 000WMBI YUHUTHIBAETCS MIPU YCIOBUU
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00s13aTEeJIbHOTO YIopa BeTBEH 000MMBI B IEPEKPHITHUS U B CIydae UX MPUBAPKU K
OTIOPHBIM 3aKJIaJIHBIM JETaJSIM.

CeueHune yroyikoB IPU LEHTPAJIBbHOM CKAaTUH ONPENEIAETCA 110 aHAJIOTHH C Ce-
YEHUEM KeJIe300€TOHHOU 000MMBI U3 BHIPAXKEHUS:
Nad: m-o- [Rb ’ Ab +R sc A stot T (psR sc,ad * A s,ad ]a (413)
riae R g .q— pacueTHoe conmpoTHUBIIEHHE CTAU YTOJIKOB ycuiieHus kiacca C 38/23;
A §q— CEYCHHE YETBIPEX YTOJIKOB 000NMBI.
A s,ad — [Nad/(P -Ry - Ab - Ree - A s tot ] / Ps Rs,ad (414)

Jlanee 1o TuIOIaaM OJJHOTO YToJika 1Mo coptaMmenty (tabi. I1.2.4) mogbuparoT
HOMEp MPOQMIISI YTOJIKa U BBITTUCHIBAIOT BCE €0 XapakTepucTuku. Ha ocHoBe 3THX
JaHHBIX TI0 popMmyiie (4.14) BRIMOMHAIOT pacy€T HECyIIeH ClIOCOOHOCTH YCUIIEHHOTO
CEUEHUS, U Jlajiee — pacu€r 3JEMEHTOB KOHCTpYKIuu 00oitmel o CII [12] kak camo-
cTosITeNIbHON cucTeMbl. [Ipy 7TOM rHOKOCTH TPOIOJIBHBIX 3JIEMEHTOB TPUHUMAIOT C
Y4ETOM MX YNOPA B YCWJIMBAEMbIN SJIEMEHT B MECTaX PACIOJIOKEHUSI MOTIEPEUHBIX
m1aHoK. Pacuery Tak)ke Mojie’KaT caMoO CEUYEHHE IMIAHOK U yrioBbie mBHI. (Pacyer-
HbIe (OPMYJIBI U TIOPSAAOK pacyeTa cM. mpumep 4.1.3).

[Ipu OTCYTCTBMU KOHTAKTa MEXY *KEIe300€TOHHBIMU 3JIEMEHTAMH U METal-
JUYECKOM 000MMOI pacueT rmocieHel BeAyT Kak Il OOBIYHON CTaTbHON KOJOHHBI

cornacHo [12] (mpumep pacuera 5.1).

4.1.3. IIpumepsl pacyeTa HEHTPAJIbHO HATPYKEHHBIX KeJ1e300€ TOHHBIX KOJIOHH,
yCHJIEHHBIX 000iiMaMHu.

IMpumep 4.1.1. (cMm. puc. 4.1). Ycuenne xene300€TOHHONW KOJIOHHBI JKelle30-
OeToHHOI 000¥MOM. /laHo: kene300eToHHAs KoloHHA ceueHneM b-h = 40 cm. beton
YCUJIMBAEMOr0 U yCUIuBarouero sneMeHToB kiacca B 40 ( Ry, = 20 MIla). Apmarypa
YCHWIMBAEMOro U ycunuparomero 3iaemMeHToB kinacca A 400. Ry = R .4 = 365 Mlla,
Aot = 12,56 coM” (4020). Kosbdunment ycunenns K=1,45. TpeGyeTcs ompeaeantsb
cedyeHre 00ONMBI, TUIONIA/Ib JOMOJIHUTEILHON paboyeil apMaTyphl U TIPOBEPUTH HE-

CyIyro CIIOCOOHOCTh YCUWIICHHOTO CCUCHUA.
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OnpenensieM HeCyUIyl0 CHOCOOHOCTh CYIIECTBYIoLIero ceueHusd. [ns
YIOPOIIEHUS U COKpaIeHUs: 00beMa pacyeToB MpuHUMaeM B Gpopmyie (4.1) 3HaueHHE
kodppunmerTop m=1u ¢ =1.

Noue= 11+ [ 20(100) - 40 - 40 +355(100) - 12,56] =3646- 10° H = 3646 xH.

[IpomonbHast cwia, JEWCTBYIOMIas Ha KOJIOHHY TIOCNIE  MPOBEACHUS
peKOHCTPYKIUU: Nyg=k - No e = 1,45 - 3658,4 = 5287 kH.

[Tnomansb ce4YeHus 000NMBI o bopmyie (4.4)
4 = 5287-10° /1-20(100)40-40—355(100)12,56

[20(100)+0,01-355(100)]

=696,8cm’

Tonuuuaa 060itmMbl o popmyrie (4.7)

d =—(40+40)/4+(1/4)y/ (40 + 40)> +4-696,8 =3,96cm .

[IpuHuMaeM TONIUHY 000MMBI 10 KOHCTPYKTHUBHBIM cooOpaxeHusMm d = 6,0 cm.

[Tmomane JOTIOJTHUTEIIBHON apMarypsl u3 BBIPAKECHUSA (4.3)

4,4 =0,01-696,8 = 6,96cm” . Tak kak ceuennue YCUJIEHHOM KOJIOHHBI 52Xx52 cM, a

PAcCTOSIHUE MEXIY LEHTpaMU TsDKECTH BEPTUKAIBHOW apMarypbl paBHO 46 cM,
JolmycKaeTcsi yctaHoBKa 4 pabouux crepxHed. Ilpunumaem 4016  A400;
A% =8,04cm’

[IpoBepsieM Hecyllyl0 CIOCOOHOCTh YCHJIIEHHOTO CEYEHHUS KOJIOHHBI,
ucToib3ysi popmysl (4.6) u (4.12). dakTudeckas IOMAAL CCUCHHUS] 000MMBI
Aqad™'=2- 6-40 + 2:6:40 + 4-6:6 = 1104 cn”.

Nagut=1-[20(100) -40-40+20(100) -1104+355(100) -12,56+355(100) -8,04]=
=6139,3-10°H, uro > N,;=5287 xH.
Hecymias ciocoOGHOCTh YCHUIIEHHOTO CEUEeHUsI IOCTaTOYHA.

[IprHMMaeM CBapHYIO ONEPEUHYIO apMaTypy U3 cTanu kinacca A240 ¢ marom:
S=15d,=15-16 =240 mm;S =3 d =3-60 = 180 mM;S = 200 mM.

OkoHYaTENbHO NPUHUMAEM MONIEPEUHYI0 apMaTypy 08 A240 ¢ marom 150mm.

IMpumep 4.1.2. (cM. puc. 4.2). YcuieHne keae300eTOHHONW KOJIOHHBI JKelle30-

OCTOHHOUM 000¥MMOI cO CrupabHOM MorepeuyHol apmaTypoi. /JlaHo: 1o ycioBusM
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npumepa 4.1.1 onpenenuts miIonaas JOMOJHUTEIBHOM pabodeil apMaTypsl U Mpo-
BEPUTH HECYIYI0 CIOCOOHOCTh YCHUJIEHHOTO CEUEHHUS CO CIHPATBHOM MOMepeYHOn
apMaTypomu.

Tonmuaa mumHIApUYEcKoil 00oiitmMbl d; mo dopmyne (4.11) mpu Tpebyemoit

IJIONIAIM CeUeHUs 000MMBI Ap,i—6096,8 oM’

d, =-1,41 -4072 + \/(1,41 -40)* /4 + 696 ,8/3,14 = -28,2 + 31,80 = 3,69 i .
KoucrpyktuBno npunumaem d;,=5cm. Ilonmnas TonmuuHa oOOWMBI MpU 3alIUTHOM

ciioe OeToHa a,=2CcM d = d,;+ a,=5+2=Tcm.

[Tnomans cedeHus TOMOIHUTEIBLHON pabouelt apMatypsl U3 BbeipakeHus (4.3)
Asd=0,01-696,8=6,96 cm”.

Tpebyemoe konmuuecTBO pabounx crepkHel ¢ maroM He 6onee 400 MM 10
JUTMHE OKPY>KHOCTH

n="LA40 =zD, =x(1,41h +2d,)/40 =3,14(1,41- 40 + 2-5)/40 =5,21 mmr.

[TpuanmaeM 6 crepskHel. Mcxomst u3 TpeOyemMoi BeTUYUHBI TUTOMIAIN JOTIOJTHH-
TeIBHON pabodeii apMaTyphI Aq=6,96 cM”, MOXHO TIpHHSATS (3@ 14+3312)A400,

Agg=4,52+3,39=7,91 cM’. OHAKO 110 KOHCTPYKTUBHBIM COOOPAKEHUSIM IPUHUMAEM
6016 A400, AL =12,04 ev?;

[IpoBepsieM Hecyllyl0 CHOCOOHOCTb YCHUJIEHHOT'O CEUYEHMsI, MCIONb3Ys
dbopmyner  (4.8) u  (4.12). daxtuueckas IUIONAAL CEUCHHS  OOOWUMBI
A70,785(D? -D;) =0,785[(1,41h +2d_)* - (1,41h)* ] =
=0,785(1,41 -40 + 2-5)> - (1,41-40) > = 0,785(4409 -3181) = 964,0 cm>.
Nagu=1[20(100)-40-40+20(100)-964,0+355(100)12,56+355(100)-12,04]=
=6002,9-10°H=6002,9 KH>N,=5287 xH.

Hecymas cnocoOHOCTh yCUIIEHHOM KOJIOHHBI JOCTATOYHA.
[IpuHuMaeM cnimpanabHYIO MOMNEPEYHYI0 apMarypy ¥6 MM u3 cranu kiacca A240 ¢
marom u3 AByx ycnoBuii: 40<S<100 mm; S<0,2 D,=0,2-72,4=145 MM .

[Ipranmaem mar cnupanu 100 mwm.
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Ipumep 4.1.3 (cm. puc.4.3). YcunieHue xene300€TOHHON KOJOHHBI CTaIbHOM
oborimoit /laHo: u3 yclioBuid, copMyIHpoOBaHHbIX B Tipumepe 4.1.1, onpenenutsb
CEUYEHHE CTalbHOM OO0OWMBI M MPOBEPUTH HECYIIYIO CIIOCOOHOCTH YCHIJIEHHOIO
CEUCHHMUS.

[IpyHuMaeM BapuaHT YCWJICHHS KOJIOHHBI METAJNIMYECKOW 000MMON U3 cTaiu
kmacca C235 (Ry=Ry=225 MIlla) mapxku BCr3mc6 ¢ TepMOHaANpsSKEHHBIMH
COCAMHUTEIbHBIMUA IUIAHKAMH. YTOJKH YCTaHABIMBAEM Ha LEMEHTHO-IECYaAaHOM
pacTBOpe € IUIOTHBIM NPWIETAaHHEM K KOJIOHHE IO BCEW [JMHE. YTOJIOK MOKET
U3ru0aThCs TOJBKO HA yYACTKE MEXY TUIAHKAMU.

[Tnomans cedeHus: oO0ONMMBI M3 YEThIpeX YrojkoB mo dopmyne (4.13) mpu

Benuuube @ =@, =1
A, =[5287/1-20(100)-40-40-355(100)-12,56]/1-225(100)= 72,49 cM”
[Tormaap cedeHust OMHOTo yroika Ay, = 72,49/4=18,12 cm?. TTo ta6m. I1. 2.4

npunanmaem 4L 100x10. Xapaktepuctuk A g =19.24 cM*; A 0 =76,.96 oM’ ;
1,=3,07 cm: zy=2,83 cMm.
Pacrosinue Mexay ocsiMu TUTaHOK / pU MakCUMalbHOU THOKOCTH A=40.
/=40 1,=40-3,07 = 122,8 cM. [10 KOHCTPYKTHUBHBIM COOOpaXKEHUSIM IPUHUMAEM
[ =40 cm. dakTrueckas rTHOKOCTh BeTBH yroyika A = I/ i, = 40/3,07 = 13,03.
['mubkocTh BeTBU Tipu mupuHe miaHok d = 8 cm: [1=40 — 8=32; cm; A = [1/1; =
=32/3,07 = 10,4 1o Ttabn. I1. 4.4 npuaumaem ¢; = 0,988.
Hecymast cmocoOHOCTD Kene300€TOHHON KOJIOHHBI,YCUJICHHOM METaJTMYeCKOM
o0oiMoi
Nagure = 1+ 1[20(100) -40-40+355(100) -12,56 +0,988-225(100) -76,96] =
=5366,7 - 10° H> N,;=5287,1- 10° H. Hecymas coco6HOCTh 0OecmieueHa.
JlanmpHENIMi pacyeT CBOAUTCA K pacueTy YIJIOBBIX IIBOB, IPUKPEILISIOLINAX
TEPMOHAIPSKEHHBIE [JIAHKU, CEYEHUE KOTOPBIX MMPUHUMAETCSI KOHCTPYKTUBHO. Pac-

YCTHBIMH ABJIAIOTCA TOPU30HTAJILHBIC IBLI.
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KoHcTpykTMBHO mpuHMMaeM MIaHKy cedeHuem 80x8 mM. [[nmHa miaHOK mpu
CpeAHel TOJIIMHE IITYKaTypKu ¢ ABYX CTOPOH Mo 10 MM, TOJIIMHE MOJOK YroJika
t =10 MM U paccTOSIHUM OT FPaHU YTrOJKOB JI0 TOPLA IUIAHOK a = 20 MM COCTaBHUT:

d =hc+2-10 +2t-2a = 400+20+2-10 -2-:20 = 400 mm.

Jnuna ¢ganroBeix mBoB [, =b —a = 100 — 20 = 80 mm. CymmapHas pacueTHas JTu-
Ha YTJIOBBIX (DIAaHTOBBIX IBOB ) [,—1=2-8-1=15 cm.

Ceuenune yriaoBBIX IIBOB JIOJDKHO OBITH PABHOMPOYHBIM CEUEHUH TUIAHOK. Y CHIIME,
BOCIIPMHUMAEMOE IIAaHKaMU N, =R -y, - A, = R,y dt =215(100) -1-8-1 =172 10° H,
rae Ry = 215 MlIla — pacueTHO€E COITPOTUBIIEHUE METAJIJIA IIJIAHOK.

BricoTa kaTeTa yriioBBIX IIBOB IIPU PACYETHOM COMPOTUBIICHUHU YTIIOBOTO IIBA
no metamury mBa R, =180 MIIa nns snexkrponos tuna 9-42
k., =N/R_; A,,=R, B -ZlmZ 172-10° /180(100)-0,7-15=0,91#i > t, =81l
[Tpuaumaem k,=8MM u oOBapwBaeM IJIaHKY MO BceMy mepumertpy. [lomHas mimHa

YIJI0BOro mBa » lo=15+8=23 cm. Ycunue, BOCIPUHIMAEMOE YITIOBBIM IIBOM

N, =R, 7, ‘A, =180(100)-1-0,7-0,8-23=231,8-10° H>N, =172-10° H.

4.2. Pacuer ycujieHHsI BHELICHTPEHHO C:KaThIX 3JIEMEHTOB,
C PAaCYEeTHBIM IKCHEHTPUCUTETOM
4.2.1. Oco0eHHOCTH pacyeTa yCUJICHUSA

BHelleHTpeHHO cCKaTble 3JIEMEHTHI, YCWICHHbIe OOoOiMaMu, pyOalikaMu WIN
OIHO- M JIBYXCTOPOHHUM HapallMBaHHUEM, PACCUMUTHIBAIOTCA KaK MOHOJMTHBIE. [l
ATOrO MCTIONB3YIOT (KaK U MpU pacuere U3rudaeMbIX 3JIEMEHTOB , YCUJICHHBIX aHaJIo-
TUYHBIM 00pa30M) CIEIYIONINUE MPENOCHUIKH.

PacuerHbie compoTuBiieHHS OETOHA W apMaTyphl, PACIOJIOKEHHONW B CXKaTOMN

30HE, OMPENEIAIOTCS C YYETOM KO3(PUIIMEHTOB yCIOBUI pabOThl yKa3aHHBIX MaTe-

puajioB — Vi W YV, TPUHATBIX COTJIACHO JCUCTBYIOIIMM HOpMaM

[10].JlomtoMHUTENEHO BBOASATCS KOYPDUIIUCHTBI Y, U V., YIUTHIBAIOIINE OCOOCH-

HOCTH pabOThl YCWJICHHBIX KOHCTpYKUUU [4, 7]. B wacTHOCTH, IpU YCUJIICHUH BHE-
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LHEHTPEHHO CXKAThIX JIEMEHTOB IOJI HArpy3Kou, npeBblmaromen 65% e€ npeaenbHo-
ro 3HAa4YEeHMsI, pacueTHbIE CONPOTUBIECHUS apMaTypbl U O€TOHA MPUHUMAIOT C KO3(]-
¢unmentom 0,8. [To aHanoruu ¢ U3ruOaeMbIMU, JUJISl CKATBIX AJIEMEHTOB CIIpaBeIH-
BbI U JIpyrue pekoMeHgauuu (cm. m. 2 u 3.1.2), KoTopble KacarTcs: y4eTa BO3MOXK-
HOTO yMEHbILIEHUS IJIOAAN CeUeHUs OETOHA U apMaTyphl; 3HAUYEHUI HOPMAaTUBHBIX
U PACUETHBIX XapaKTEPUCTUK MATEPUAIOB JIJIsl YCHUIIMBAEMBIX U yCHIIMBAIOUIUX KOH-
CTPYKLUH, a TakKe y4éTa pa3IMuHbIX BUJIOB WIH KJIaCCOB OETOHA M apMaTyphbl, KOTO-
pbI€ AOJKHBI BBOJUTHCS CO CBOMMH PAaCUETHBIMHM CONpPOTUBICHUAMU. [Ipu paznuu-
HBIX XapaKTEPUCTUKAX MPUMEHSEMbBIX MATEPHAIOB LIEHTPHI TSHKECTH BCErO CEUEHHUS
WIN C)KaTOM 30HBI, a TAK)KE CTATUYECKHME MOMEHTHI OETOHA M apMaTypbl HY>KHO IMPH-
BOAUTH K CEYEHUSIM OJHOIO KJIacCa B COOTBETCTBUM C MPUHSATHIMU PACUETHBIMU CO-

ITPOTUBJICHUAMMU.

4.2.2. OcHOBHBIC pacYeTHBIE MOJIOKeHU S
[Tpu pacuere BHELIEHTPEHHO CXATbIX 3JIEMEHTOB HEOOXOAWMO YUUTHIBATH CITY-
YailHBI SKCLIEHTPUCHUTET €, , 3HAYECHMsI KOTOPOro YKa3aHbl B Ha4aJle pa3jena 4.
OceBoil HKCUEHTPUCUTET €0 YCWINBAEMBIX U YCHJIEHHBIX KOHCTPYKIUH Ompe-
JEJSIFOT KaK M [IPU HOBOM MPOEKTUPOBAHUM. /{151 31EMEHTOB CTaTUYECKU HEonpe/e-
JUMBIX KOHCTPYKLUI €ro BEIWYHMHA OIpPEAENAeTCS U3 CTATHCTHYECKOro pacyera |
NPUHUMAETCSl HE MeHee €, [ craTudecKku ONpeesIeHHbIX KOHCTPYKIUI €ro MpH-
HUMAIOT PAaBHBIM CYyMME Pacy€THOTO U CIIy4ailHOTO 3KCIEHTPUCHUTETOB, T.€. €o te,
JlomyckaeTcsl BBIINOJIHATh pacueT YCUJICHHBIX KOHCTPYKLUMH MO HexedopMUpo-
BAaHHOM CX€M€ M YUUTBIBATh BIUSHUE NPOruda KOHCTPYKLUNU YMHOXEHHUEM Hauyallb-
HOTO 3HAYEHHUsI OCEBOT0 3KCIICHTPUCHUTETAa Ha KOA(P(OUIMEHT 1), ONpEeaessieMbli 10

Toil ke ¢opmyne 6.23[10], 4To W I BHOBH NPOEKTHPYEMBIX KOHCTPYKITUH.
n=1/(1-N/N,) , (4.15)
rae N, — YCIOBHAsl KpUTHUYECKAs CUJIa, KOTOpasi ONPEAEIISIETCS U3 CAEAYIOIUX aall-

9 2 2
THPOBAHHBIX K YCUJIIEHHOMY CeUeHMIO BoIpaxkenuii: N . =7"D, /15 | (4.16)
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rjae lo — pacyeTHas JJIMHA KOJOHHBI 10 11.6.2.18 [10]; D,, — )K€CTKOCTh YCHUIIEHHOTO

’KeJIe300€TOHHOT'O CCUCHUS,

015
“ 9 (03+65)

Eb .]bad +O97Es ']sred . (417)

JKECTKOCTB 371EMEHTOB MPSIMOYTOJILHOTO CEYEHUS C apMaTypoOil, pacrooXKeH-
HOW y HamboJee CKaTol WITH PAacTIHYTOM (MEHee C)KaToil) rpaHeil, B HOpMax peKo-
MeHJIyeTcs onpeaensaTh o dhopmyiie (3.89) [5], onqHako sta hopmyna 1aéT HECKOIb-
Ko OombIime 3HadeHus: D, uem Boipakenue (4.17) wium (6.25) [10]. s ycuneHHbIX
3JIEMEHTOB yKa3aHHas (popMyiia UMeeT BH]T
'

00125 006 o Poss =l .
ng (093 + 5@) had ‘ ‘

Dad = Eb 'bad 'hjd[

B atux ¢popmynax npuHATHI clieayrone 0003HaYeHUs:
Ey, E;— COOTBETCTBEHHO MOJYJIH YIPYTOCTH /Il OETOHA U apMaTypbl yCHIUBAaeMOil
KOHCTPYKLUY;
_ 773

Lpaq=bl /12 — MOMEHT MHEPIUU TUIOIIAIA CeYeHUs] 0€TOHA OTHOCHUTENILHO LIEHTPa
TSYKECTH YCHIICHHOTO MONEPEYHOr0 CEYEHUS KOJIOHHBI.

L;eq — MOMEHT MHEPIMH IUIOIIAN CEYEHUS BCEW apMaTypbl OTHOCUTEIBHO OOLIETO
LIEHTPA TSKECTH YCWJICHHOTO ITONEPEYHOr0 ceYeHnss. MOMEHTOM MHEPLUH ApMAaTypPhl

OTHOCHUTEIFHO COOCTBEHHON OCH TIpeHeOperaeM BBHUY €r0 MAJIOCTH.

Isred - (Asred + A;red)(hOad - a;d)z /2 5 (4.1 9)

o =1+M; /M — k03P PuIMeHT, yUUTHIBAIOIIUN JUIUTETLHOCTh ICHUCTBUS HATPY3KH;

M; u M; | — MOMEHTHI OTHOCUTETHLHO IIEHTPa THKECTU Haubosee pacTIHYTOro WM
HauMEHee CXKAToro (MpU MOJHOCTBIO CKATOM CEUYEHHH) CTEP)KHS apMaTyphbl B yCH-

JCHHOM CCUYCHHUH, COOTBCTCTBCHHO OT I[GﬁCTBPI?I MOJTHOM Harpys3kKu v IHOCTOAHHBIX U

JUTMTENBHBIX HAarpy30K M ;=N,g(hoad- a;d )/2+Maq ; (4.20)

M, 1=N(hoad- @ g )/2+M; (4.21)

OTHOCHUTCJIbHOC 3HAYCHUC DKCHCHTPHUCUTETA HpOI[OJ'IBHOﬁ CHJIBI
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5, =(e,+e)/h=5"" =0,5. (4.22)
pua=(A,+A4' )E /bhE, . (4.23)

B dopmyne (4.23) BenuunHa o ONpeAenseTcs Mo IUIONaau apMaTypsl U Oe-
TOHA CYIIECTBYIOLIEI0 CEYECHMS U PACIIPOCTPAHSAETCSA HAa BECh YCUIICHHBIN 2JIEMEHT.

PacueTHoe 3HaueHHE OCEBOrO JKCIEHTPUCHUTETa C y4eToM KoddduimMeHrta 1
o gopmyie (4.15) ey = e +e,. (4.24)
['uOKOCTh YCHUIIEHHOTO CKAaTOro SJEMEHTa MPSIMOYTOJBHOTO MPOPMIsl B JIFOOOM
HaIpaBJICHUH HE JIOJDKHA MPEBBIATH: A= lo /h<58, B TOM uuncie ans KOJoHH Ap<35.

PacueT ycuiIeHHOro 3J1€eMEHTa BBINOJIHAETCSA KaK U JIJIl BHOBb IIPOEKTUPYEMO-
ro B 3aBUCUMOCTH OT BBICOTHI CXATOW 30HBI OeTOHA. [[1s1 YCUIIEHHBIX AJIEMEHTOB
TaK)K€ Pa3auyaroT ABa OCHOBHBIX ClIydas pacyeTa.

IlepBbIii — OonbIMe AKCIEHTPUCUTETHI — Koraa E=x/h,<&g.

Hanpsxkenust Bo Bcell pacTAHyTOU apMaTtype Ag U Agqg JOCTUTAKOT CBOETO pac-
YETHOTO CONpPOTUBIIEHUs. KpuTepuem aiis Takoro ciydasi MOXKET ObITh yCIIOBHE, KO-
raa e, 1>0,3 hy,q. B 3aBUCUMOCTH  OT COOTHOIIEHHS BETUYMHBI U3rHOAIOIIETO MO-
MEHTa U IPOJOJIbHOM CHJIBI, @ TAKXKE Pa3MEpPOB CEUECHMS YCUIIEHHOTO AJIEMEHTA, Be-
auarHa N TIpU MEPBOM cJydae pacyeTa MOXKET pacrojiaraThCs Kak 3a IMpeiesiaMu
CKaTOro CEUYEHHMsI, TaK U BHYTPHU HETO — MEXKIy apMaTtypoil. Biausinue sroro dakropa
Ha pacyeT CEYEeHUs U3JI0KEH B pasaene 5.4.

Bropoii — manbie 3kcueHTpucHuTeThl — Koraa E>Er. Kpurepuewm storo ciyyas
sABIsAeTCS yclIoBuE €, N<0,3 hy,q. [Ipu pacnionoxkeHnu npoaoabsHONM CUIIBI BHYTPH SI-
POBOro CE4YEeHMs] BCE YCUIIEHHOE ceueHue OyAeT CKaro, a €ClM 3a MpeaeslaMHu — Ya-
CTUYHO pacTsiHyTo. B 3THX ciayuasx apmaTtypa A OyJleT Ha3bIBaThCsl COOTBETCTBEHHO
MeHee cxkaToil (00bruHO Tipu €, N <0,15 hy,g ) WM yacTuuHO (c1abo0) paccTAHYTOM
npu 0,15hy,4< e, N< 0,3h,,q. Hanpsikenust B 310l apmaType Npu BTOPOM cjy4dae

pacyeTra He JIOCTUTAal0T CBOETO pacdeTHOro 3HauyeHus (os<R;) u ompenemnstorcs Mo

dbopmye:

_20=x/h)

o, ¢, 1T, (4.25)
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Bricoty cxxatoit 30HBI OeToHa B dopmyie (4.25) mns ciaydas, Korja X>Xr, B
HOpMax peKOMeHyeTcsi onpeaesaTsh mo ¢popmyne (3.101) [5]. B agantupoBaHHOM K
YCWJICHHOMY CEYEHHIO BapuaHTe yka3aHHas (opmyia npuBeneHa B pasuaene 4.2.5 u
20=x/hy)

1- f R

B HCKOTOPBIX CIIydadx HCJICCOO6pa3HO NpUMCHATbL CUMMCTPUYIHOC apMUPOBA-

MMEET BUJ Ogog = [ 1R, . (4.252)

HHE, KOTA Agq = A . YKa3aHHOE apMHUPOBAHUE MCIIONB3YIOT B TPEX CIydasx: KO-
r/1a Ha DJIEMEHT JCHCTBYIOT pa3HO3HAYHBIE MOMEHTHI, OTIUYAIOIINECST MEXIY COOOM
He Oozee yeM Ha 20%; korjaa nepepacxoj apMarypbl B CPaBHEHUU ¢ HECUMMETPHUY-
HBIM CEUCHHEM HE TpeBbIMaeT 5%; Mpu JOCTATOYHO HU3KOM OOIIEM MPOIEHTE ap-
MUpOBaHusl, He npeBblmaroeM 0,8%.

[ToxOop apMaTypsl B yCHIIMBAEMOM DJIEMEHTE 3aBHCHUT OT MHOTHX (DaKTOPOB,
BKJIIOYAs] HEU3BECTHOE 3HAYEHUE BEJIMYMHBI KPUTUYECKON CUIIBI Ng. [I03TOMY pac-
YET BBIMOJHACTCS METOJIOM IMOCIEI0BATEILHOTO MPUOIKEHUS 10 Pa3HUIIBI MEXKTY
IPEIBIAYIAM U TIOCIICYIONTUM pe3ysibTatraMu He 6oiee 5%.

Bun nHapammBaHusi ¥ €ro TOJIIMHY 0053aTE€NbHO 337al0T, OINpeAesssl JUIIb
IJIOIIA/Ib JIOMIOJTHUTEIBHOM (CKaTOM, pacTsaHyTOM MO0 000uX BUAOB) pabouelt ap-
MaTypsbl. [Ipy 3HaUUTETBHBIX KOA(DPHUIIMEHTaX YCHUICHHUSI U CHMMETPUYHOM apMUPO-
BaHUU MpPEANOoUYTUTEIbHEE 000Ma WM JBYXCTOpOHHSA HaberoHka. [lpum mepBom
cimydae pacuera (e, 1 > 0,3hyq) ¥ OTHOCHUTENHHO HEOONBIIOM KOA(DPUITUEHTE yCH-
JeHus OOBIYHO apMUPYIOT OJHOCTOPOHHEE HApaIllMBAHUE CO CTOPOHBI PACTSIHYTOU
apMaTyphl.

Jlnst BTOpOro cityyasi pacueta npu €, 1 < 0,3hgeq, 0c00eHHO KOTHA €, 1 <0,15 hypeq,
peKoMeHyeTcsl HAOETOHKA CO CTOPOHBI CKATOW apMaTyphl.

Pacuér 3HaunuTENbHO YIPOIIAETCS, €CIU MPU ONPEAEICHUN BEJIUYUHBI KPUTHU-
yeckoi cuiibl Ner v KoadduienTa 1 corsiacHo [3] Bocnosib3oBaThest Ta0m. 4.1 u 3a-
JaThCsl JUIs pacuéra B MEPBOM MPUOTMIKEHUH ONIPEACIEHHBIM UHTEPBAJIOM MPOIICHTA
apmupoBaust (AstA’s)100/Ab , COOTBETCTBYIOIINM YCHJIMBAEMOMY CEUCHUIO, U KO-

3¢ pUIIIEHTOM apMUPOBAHUS L .
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Tabnuua 4.1

3Havenns ko3 GpuureHTa APMUPOBAHNUS 4 TPHU onpeaeseHun N,

HHTepBasl MpOLEHTa apMUPOBAHUS B

Ha0ETOHKAX Koadurment apmupoBanus

_(4,+4,) YCHIIMBAEMOTO CEYECHUS

-100%

N
0

098 - 198 0,01
138 - 298 0,02
2,8-38 0,03

Ipumeyanue. YkazaHHas TabiuIa CrpaBeInBa MPU THOKOCTH yCHIUBAEMO-
ro aiemMenTa A, < 20.

[To mpunATOMYy KO3(DPUIIMEHTY apMUPOBAHUS BBIUYUCISAIOT MPEABAPHUTEIHLHBIC
pa3Mepbl ceueHus HaOeTOHOK, N U koddduuuent n. Eciu nomydenHas riomaib
JOTOTHUTENBHOU apMaTypbl ( AgqtA’sad) OYJET COOTBETCTBOBATH 3aIaHHOMY UHTEP-
BaJly apMHpPOBaHUs, a OOIIMNA MPOIEHT apMUPOBaHUS OyAeT OJM30K K CYIIECTBYIO-
mieMy, TO pacyeT CuMTaeTcsd 3aKOHYeHHbIM. Eciau ke 1Uiomans apmaTypsl
(AsHA’tAat A ) OKOKETCS B APYTOM MHTEPBAJIE — 3a/Ial0T HOBOE CeUeHHe Habe-
TOHKH U BBITIOJIHSIIOT IOBTOPHBIN PAcUET.

VYcuneHHsle cxaThle 3JE€MEHThl HE3aBUCMMO OT PE3YJIbTaTOB pacuéra Bceria
JOJKHBI UMETh CEYEHUS apMaTyphl Asad U A’sad HE HMKE MUHUMAJIBHO JIOMYCTUMBIX
3Ha4YCHUH, KOTOPBIC MPUBEACHBI B IpuiL. 4, Taou. I1. 4.3.

Hapsiny ¢ pacueToMm Ha neicTBUE U3rMOAOIIMX MOMEHTOB YCUJICHHbBIE BHEICH-
TPEHHO CKAThIE€ AJIEMEHTHI JIOJXKHBI PACCUUTHIBATHCS HA JEUCTBUE MOMEPEUYHBIX CHIL
Pacuer Takux 37€MEHTOB BBIMOJIHSAETCS aHAJOTUYHO PAacyeTy M3rMOAIONINX dJIeMEH-
TOB C YYETOM CJIEIYIOUIUX YKa3aHUM:

1) mpu otHoMmIeHNH N,q / Ny > 0,5 mpaBast yacTth BeipakeHus (3.43) ymMHOKaeT-

cs Ha ko3P hunmeHT ¢, = 2(1 — N/Ny), (4.26)
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rae Ny = 1,3RyA,4, HO HEe MeHee N,g ;
A,q — IIIOIIAIb TONIEPEYHOTO CEYEHUS YCHIIEHHOTO JJIEMEHTA,

2) 3HaY€HHE MONEPEUHON CHUIIbI, BOCTIPUHUMAaEeMONH OETOHOM B HAaKJIIOHHOM cCe-
geHuu Qy, a TakKe mpaBas 4acThb ycioBus (3.49) ymMmHOXKarOTCS HA KO HUITHESHT

Pn2 = 1+ 3Nog/Np, — 4(NL/Np)’. (4.27)
Bo Bcex ciydasx momnepeyHas apMaTypa B YCHJIMBAIOIIEM CEUYEHHUU JOJIKHA OTBE-
4aTh KOHCTPYKTHMBHBIM TpeOOBaHUSIM, MNPEIyCMOTpEHHBIMH HopMmamu (1. 8.3.13
[10]). [lsis BHOBb MPOEKTUPYEMBIX CHKATBHIX JIMHEHHBIX 3JIEMEHTOB B HOPMaX PEKO-
MEH/YETCs] IPUHUMATh KOHCTPYKLHUIO XOMYTOB (MJIM MONEPEYHBIX CTEPKHEN) TaKoM,
YTOOBI: MPOJIOJIbHBIE CTEPKHU (IO KpaiiHel Mepe, uepe3 OJMH) pacioiarajuch B Me-
cTax neperu0a, a camu neperudsl — Ha paccrosinue He Oosiee 400 MM MO MIMpPUHE
rpaHu KOJIOHHBI; TIpH IKpHUHE TpaHu He 6onee 400 MM U YuCie MPOAOIBHBIX CTEPXK-
Hel y 3To TpaHu He 0oJiee YeThIpeX, AOMYCKAETCSl OXBAT BCEX MPOJOJIbHBIX CTEPK-
HEU OJHUM XOMYTOM.

JUis yCUJIEHHBIX KOHCTPYKUUH 3TU TpeOOBaHUS B OOJBIIMHCTBE CIy4aeB HE
BBIITOJIHUMBI, T.K. CYLIECTBYIOIIUE BHELEHTPEHHO CXAThIE 3JIEMEHTBHI PEOKO UMEIOT
ceyenue meHple 400 MM. YIOBIIETBOPEHME BBINICYKAa3aHHBIX YCIOBHUM BO3MOXHO
TOJIBKO 3a CUET MPUMEHEHMsI BEPTUKAJIbHBIX WM HAKJIOHHBIX KPIOUKOB JINOO KOPO-
THIILIEH, KOTOPBIE AOJKHBI IMPHUBAPUBATHCS K OTOJEHHOM apMmaType CyUIECTBYIOUIUX
KoJIoHH. TpeboBaHus MO mary MonepeyHor apMaTyphl B JJIEMEHTaX YCHUJICHHS Ooee
KECTKHUE, YEM B ITPOEKTUPYEMBIX KOHCTPYKILIMSIX U OTOBOPEHBI B pazzaene 1.1.

4.2.3. ConocraBJjieHre CylIeCTBYIOIIMX METO0B pacuéra
PacueT ycuieHHBIX METOJOM HapalllMBaHUs CEUYEHUN BHELEHTPEHHO CHKATBIX dJIe-
MEHTOB MPSIMOYTOJILHOTO TPO(UIIS OCYLIECTBISETCS COTJACHO JNEUCTBYIOIKUM HOP-
MaM [10] n pekomMeHAalMsAM MO TPOEKTUPOBAHUIO yCwieHHs... [7].B mocnennux, a
Takke B [14] nmpuBoagTCs rOTOBbIE YHUBEpCAIbHbIE (HOPMYIIbI, KOTOPHIE OCHOBAHBI
Ha PElICHUH KBAJAPATHBIX YPABHEHHM, MOJYYEHHBIX P COBMECTHOM PEIICHUH OC-

HOBHBIX YPAaBHEHUM CTATUKHU.
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Ananmus dhopmyi (54) u (56); (55) u (57) [7] noka3biBaeT, 4TO KaK U B CiIydyae C
U3rH0aeMBIMH DJIEMEHTAMU , B HUX HCIIOJIB3YETCS NPHUBEACHHAs BBICOTa paboyero
CEYeHHMs, KOTopas HaM HE HM3BECTHA Jla Hayana pacuéra. [loatomy mpu pacuére B
nepsoM npuodam:xkeHun B popmynax (54) u (56) [7] 3nauenue fored 3aMEHEHO HA Be-
anauny (ho +ao), a B popmynax (55) u (57) BMecTo hored crieayeT npuHUMATH /o , T.€.
BBICOTY pab0OYero ce4eHus 3JIEMEHTA, KOTOpasl paBHAa PacCTOSHUIO OT LEHTpa TshKe-
CTH apMaTypbl CYIIECTBYIOIIETO CEUEHHUs J0 Hanbosee YIaJICHHOW CKAaTOW TpaHw,
T.€. C y4eTOM HaOETOHKHU B C’KAaTOM 30HE, €CJIU TaKoBasi uMeeT MecTo. OJTHOBPEMEHHO
HEOOXOMMO OTMETHUTH, uTO B dopmynax (56) u (57) npu onpeneneHun kodhdurm-
enra B mpononpHas cuina N B MOCJIEIHEM CllaraéMOM BO3BEIEHA B KBaApaT (O,SNZ),

YTO Ha HAIll B3TJIS] SBJISIETCSL oneyaTKon. B aToM MokHO yOeauThes, eciii B popmyJie

(4.29) BTopoe cmaraemoe R, -b-x(h,+a,—0,5x) 3amennTs Ha paBHOBENHKOE

R, -A4,,,(hy+a;,—0,5X) u noxcraButh B Hero 3HaueHHe X M3 BhIpaxeHus (4.31).

PackpbIB 3TH CKOOKH, YBUIUM, YTO MPOJI0JibHAs cujia N OyAeT UMETh TOJIbKO MEPBYIO
crenensb. [locnennee moareepxkaeHo npuMepamu pacuéra 4.2.1 n 4.2.3.

AHanu3 COBPEMEHHOI'0 PaCYeTHOIO anmapara Moka3blBaeT TaKkKe, 4YTO HaJIU4HUe ro-
TOBBIX ()OPMYJI HE JIa€T MOHUMAHUSI PabOThl YCUIIEHHOTO dJeMeHTa. [loaToMy HuUKe
(nm. 4.2.3 u 4.2.4) npennaratorcst 1Ba BapuaHta pacyeta. [lepBblii OCHOBaH Ha HC-
MOJIb30BaHUU  YPAaBHEHMI paBHOBECHUS BCEX BHEIIHUX W BHYTPEHHHX CHJI WU
(YCIIOBHO) KJIaCCHMYECKHIl METOJ, BTOPOM — COTJIacHO Mpe/jiaraéMbiM pPEeKOMEHa-
IUsAM. .. [7] (TakKe yCIIOBHO) Ha3BaH YHHUBEPCAJIbHbBIM.

[IpuBoMMBIE HMKE MPUMEPHI MPOCKTUPOBAHMS YCUJICHUS MOKA3bIBAIOT, UTO
IPU PYYHOM pacueTe U HAIMYUU OJHOCTOPOHHHX HAOETOHOK MEHEE TPYJA0E€MOK Tep-
BbIIl BapuaHT, Mpu O0Jee CIOKHBIX BApUAHTAX YCWJICHHS — BTOpoil. OTMETUM MpH
3TOM, YTO MEPBBIA METOJ pacuera MOMOXKET pa300paTbcs U € ONpPEAEIICHUEM IUIoNIa-
T TOTIOJTHUTEILHOM CXKATOW apMaTypbl, OCOOCHHO MPU HATMYUUA HAOETOHKHU TOJIBKO
CO CTOPOHBI CKaToM 30HBI OeToHa. [IpsiMoro oTBeTa Ha 3TOT BOMPOC B PEKOMEHAA-

MUSIX HET.
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4.2.4. Kitaccumyeckuil MeTO pacyera YCHICHUA

BHCHCHTPEHHO C:KATBHIX 3JIEMECHTOB

JlaHHBINI METOJ pacdeTa BHELEHTPEHHO CXKATBIX 2JIEMEHTOB MPEIyCMATPUBAET
VICII0JIb30BAHNE OCHOBHBIX YCIIOBUH PABHOBECHs BCEX BHEIIHUX U BHYTPEHHUX CHUII C
y4eToM (PaKTUUECKUX PACUETHBIX XapaKTEPUCTUK MAaTEPHUAJIOB U IPUHATHIX Pa3MEPOB
cedeHus. /s ynpoiieHus: pacueToB HUXKE PacCCMOTPEHBI 1Ba HanboJiee MPOCThIX Ba-
pUaHTa yCUJICHUS — OJHOCTOPOHHET0 HAPAILMBAHUS CO CTOPOHBI PACTAHYTOU U CKa-
TOI 30H O0€TOHA, KOTOPbIE UCIOJIB30BAIMCH COOTBETCTBEHHO /ISl SIBHO BBIPAKEHHBIX
cily4aeB OOJIBIINX U MaJIbIX SKCLEHTPUCUTETOB.

Bosbnme skcnenTpucutersl (S <&, ) — nepsrlii cayvaii

PaccMoTpuM BapuaHT HapalMBaHUS CEYEHHS] CO CTOPOHBI PACTSIHYTOM apma-

TYpBI.

IIpoBepka Mpo4YHOCTH

CocTaBuM 151 YCUIIGHHOTO CEUYEHUS 110 aHAJIOTUM C BHOBb MPOCKTUPYEMOM
KOHCTPYKILIMEN JIBA YCIIOBUSI PABHOBECHSI BHEIIHUX U BHYTPEHHUX CHUJL.

[Ipoekuun Bcex CHII Ha TPOJOJIBHYIO OCh JJIEMEHTA:
N-Rbx-R_A, +R A, +R_,A,=0. (4.28)

N3rubaromuii MOMEHT OTHOCHUTEIBHO IIEHTPA TSHKECTH JTOTIOJHUTEIBLHON ap-
maTypsl Ne — R, -b-x(h, +a, —0,5x)—~ R _A (h,+a,-a )+ R, A.a, =0. (4.29)
B aT0i1 hopmyiie: e— paccTosiHUE OT TOYKH MPUIOKEHHS CUIbI N JI0 1IEHTpa TSHKECTH
apmatypsl 4, , onpenenénnoe ¢ yuéToM BIMSHHS OPOrKda Ha 0CeBOit
3KCIIEHTPUCHTET. e=e,n+0,5h,, —a=0, (4.30)
h,, =h+d,T.e. cyMMa BBICOTHI CYIIECCTBYIOIIETO CEYEHHUS U TOIIIMHBI HAOCTOHKU;
A, — PACCTOSIHUE MEXKIY LIEHTPAMU TSKECTH YCUIIMBAEMOW apMaTypbl U apMaTypou

YCUJICHHUS.

Tak kak B ypaBHeHUsX (4.28) u (4.29) u3BECTHBI BCE I'€OMETPUUYECKUE U IMPOU-
HOCTHBIE XapaKTEPUCTUKHU, TO U3 ypaBHEHHS (4.28) MOKHO HAMTH BBICOTY CXKATOU
30HbI O€TOHA
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X = [Rv ) As + Rsad ) A d RSCA;‘ + N]/[Rb b] . (431)

[TostyunB MOATBEPKAECHHUE O TOM, UTO X < x, =&, (h, +a,) W IIOJICTABUB €TO B

sa

BbIpakeHue (4.29), MOKHO ONIpeNeNuTh IPeAeIbHbI MOMEHT, KOTOPBIA BOCIIPUHU-

Ma€T YCUJIEHHOE CEUCHUE
Ne<M,, =R, -b-x(hy+a,—0,5x)—R_A.(h,+a,—a)+R Aa,=0 (4.32)
IToxOop apmartypsl

Btopoe cnaraemoe B gopmyne (4.32) npeacraBisieT U3 ceOsi ypaBHEHUE MO-

MenTa M1 mus Ganku ¢ pasmepamu b - (hy + a,) ¢ omuHOYHON apMaTypoit
M, =R, -b-x(h,+a,—05x). (4.33)
Tak Kak 3TOMy MOMEHTY COOTBETCTBYET I1apa OJIMHAKOBBIX CWJI N, =N, =R A C pac-
crosinueM (i, + a, —0,5x), TO ypaBHEHHE 3TOT0 MOMEHTA MOKHO 3allucaTh B APYroM
Bune M,=R A, (h, +a,—-0,5x) (4.34). YuutbiBas 410 R,-b-x=R, -A,, popmyna
(4.28) npumeT Bu
N-R -A,-R_A +R A +R A, =0. (4.35)

N3 3T0i1 popMyIbl MOTYIUM ILJIOIIAIb HCKOMOM JOTIOJHUTEIIBHOW apMaTyphl

A, =A,-A +AR, /R —NI/R,. (4.36)

[Tnomaas apMaTypsl 4, MOKHO MOJYYHUTh U3 YpaBHEHUS MOMEHTa M1, 3HaUe€HHE KO-
TOPOTO OompeenseTcs u3 Boipaxenus (4.29)

M,=Ne—-R_-As(hy+a,—a))+R, -A -a,. (4.37)
[IpenacraBuB MoMeHT M1 ¢ UCTIOIB30BAHUEM OTHOCHUTEIIBHBIX XapaKTEPUCTUK, Oyaem
umers M, =a, R, -b(h, +a,)’ (4.38). Jlns onpeneneHus Mmiomaad apMaTyphbl, COOT-
BETCTBYIOIICH dTOMY MOMEHTY, HaX0IuM «, =M, /R, -b(h, +a,)’ (4.39), 3aTem 1mi0-
maab apMarypel A,, HUCHONB3ys OaHy u3 dopmyn: A, =E&h,R, /R, 1ubo
A, =M,/y,(hy +a,) R, (4.40). [Jna o>TOol 1LeId TNPUMEHSEM  BBIPAKCHUS
E=1-J1-2a, ; y,=1-0,5¢, 11060 pacyETHBIC TaOIHUIIBI, COCTABIEHHBIE C UX UCIOJIb-
3oBanueM (tabu. I1. 3.1). Ucnons3ysa dhopmyny (4.36), onpenensiem 3Ha4eHUs 4, ,, a

1o BeIpakeHUIo (4.31) — BBICOTY C)KaTOM 30HBI OETOHA X.
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[anee yrounsiem cityyaid pacuéra, cpaBHuBas 3HaueHus & =x/(h, + a,) ¥ BEIHU-
yuny &,. Ecom £< &,, TO 110 M3BECTHOM IUTOLIAAN TOIIOJHUTEIBHON apMaTyphl IMOJI-

oupaem e€ auametp. Eciu okaxercs, 9toé >&p , HEOOXOAMMO YBEIMYHUTH TOJIIUHY
HaOETOHKU M MOBTOPUTH pacy€T. [Ipu Tonumue Habetonku 6ompire 30 cM, HEOOXO-
JTUMO TIPUMEHSTH ABYXCTOPOHHIOI HA0ETOHKY C ToimuHou He 6osee 30 cm. [Ipu us-

BCCTHOM 3HAUCHHUU BCIHMYHMHBI OCCBOI'O DKCHCHTPUCHUTCTA, HCO6XOI[I/IMO, 3aJaBIINCH

TOJIIMHON HAOETOHKH, CHOBA IIPOBEPUTH BHINONHEHHUE ycaoBus €77 >0,3(h, +a,) u
TPOJIOJKUTE PACUET.

MaJible IKCHEHTPUCUTETHI & >&, — BTOPOI ciryyaii

Jts ciydast MajbIX SKCIIEHTPUCUTETOB, KOIJA BBICOTA CKATOM 30HBI BECHMA

BeJIMKa, WM BCE CEUEHHE C)KATO, MOXKET BO3HHKHYTH BOMPOC 00 YCHJICHHUH CHKATOM

30HBI CEUYCHHS dJIeMeHTa. HampsokeHust B apmaType A4,, B 9TOM CiIy4yae, MEHSCTCS B
IIMPOKOM JMana3oHe oT R, (pacTsHyTas apMarypa) 10 R (cxkaTtas apMarypa).

[Tpu MOJIHOCTBIO CKATOM CEYEHHM apMaTypa, paclojoXeHHasi OJMKe K TOUKe
PWIOKEHUS CUIIBI, OYJIET HAa3bIBATHCS CHKATOM, & PACIION0KEHHAS C IPYTOM CTOPOHBI
CEYECHMS KOJIOHHBI — MEHEE CXKATOM.

Ha srane omnpezgenenusi TOJUMHBI HAOETOHKU W IUIOMIAJN JOMOJHUTEIBLHON
C)KaToll apMarypbl, HEOOXOIMMOM AJIs1 BOCIIPUATHS HArpy3KH, BOIIPOC O HANPSKEHH-
X B CYILIECTBYIOIIEH pacTAHYyTON apMaType (WM MeHee cxkaToi) He cTout. OH cTa-
HOBUTCS aKTyaJIbHBIM Ha 3Talle MPOBEPKU HECYIIEH CIOCOOHOCTH YCHIIEHHOIO ceye-
HUS.

IHoxbop apmarypsl

Pacuérnas dopmyna nis HaXOXKACHHS TUIOIAIN TOTOTHUTEIBHOM CXaTol ap-
MaTypsl A',, IPU HAPAIIMBAHUH CKATOH 30HBI MOJKET OBITH MONYYEHA U3 yPaBHEHHUS
0 M3ru0arIIEeMy MOMEHTY OTHOCUTENBHO LIEHTPA TSKECTH MEHEE CHKaTol apMmaTy-

ps1 A, ycTanoBneHHO} B ycHIHMBAaEMOM DIEMEHTE.

JeiicTBuio MmomMeHTa N -€ B YCUJICHHOM CEUYCHUM OYIYyT MPOTHUBOJCHCTBOBATH

CKaThlll OETOH, C)kaTasi apMaTrypa CYLIECTBYIOIIEIO CEYEHMs M CKaTas apMaTypa,
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yCTaHaBJIMBaeMas JIONOJIHUTENbHO B HaOeToHke. IlpenenbHblii MOMEHT, KOTOPBIM

BOCIIPUHUMAET OETOH CXKATOW 30HBI Ul MPOEKTHPYEMOI'O 3JIEMEHTa C OJUHOYHOU
apMatypoii cocrapiser BenuuuHy M, = a,R,b(h, +d)* (4.41). Bonee onTUMAaIBLHBIM
10 pacxojy OETOHA U apMaTyphl MOTYYAETCsl CEYEHUE, KOT/1a BMECTO BEJIMUUHBI ¢, B
BbIpaKeHUU 111 M1 MOJCTaBISIOT 3HaUeHUs «, =0,4. B 3TOM ciiydyae 0003HaueHHOE
BBIIIIE YpaBHEHUE PABHOBECHS IPUMET BUJ:

Ne—0,4R,b(h, +d)* —R_A,(h, +a')-R_ A, (hy+d—a,)=0. (4.42)

B yKa3saHHOM BBIP@KEHUH Yepe3 a,, — O0003HAYEHO PACCTOSHHME OT IEHTPa

scad

1

TSOKECTU JOTIOJTHUTENBHONU apMatypbl A,; 10 Haubosee ynanéHHOW CKaTOW TpaHH

HAOETOHKH, a 4Yepe3 e — SKCUECHTPUCHUTET NMPWIOKEHHS BHEIIHEH Harpy3ku N 10
LEHTPa TSHKECTH PACTAHYTOM WIIM MEHEE CHKaToW apMaTyphbl CYIIECTBYIOLIErO ceye-

HUsl A, , onpenenseMbiii o dopmyne (4.30). Pemas ¢popmyny (4.32) oTHOCUTENHHO

IJI0IIAU CKaTou apMarypsbl A, MOJTYYHM:

_ Ne—04R, -b(hy +d)* —R A, (hy—a)

A;'ad l
Rsc (hO + d - aad)

(4.43)

IIpoBepka npo4YHOCTH
[Tpunumas ycnosue (4.41), KoTOopoe SIBISIETCS COCTABHOM 4YacThlO (POPMYJIBI
(4.42), MBI aBTOMaTHUYECKH IOJAraeM, 4TO CYIIECTBYIOIIAs apmMaTypa As J10CTaTOYHA
IUIS BOCTIPUATHUS YBEITMUEHHOTO MOMEHTA, T.K. TOJILIMHA HaOeTOHKU d JOJKHA COOT-
BETCTBOBAThH MPEIECIbHOMY 3HAYEHUIO MOMEHTA, KOTOPbI BOCIPUHUMAET CEUYECHHE C

OIMHOYHOM apMaTypoil. To ecTh Mo CBOEHl CyTH MBI, 3a CUET TOJIIUHBI HAOETOHKH,
MeHseM yciaoBue & >&, Ha yenoBue & =&, . IlosToMy mpu pacdyére B MEPBOM IIPH-

OnkeHnr BennuuHy d MOXKHO ompenenuTs u3 popmynsl (3.36), npunss d=xz, a Mo-
MeHT M=N"e.
C y4€TOM M3JI0’)KEHHOTO TMOCJIE OMpEeeTICHUS PaCUETHON IIIOMIAId apMaTyphl

A, o ¢popmyiie (4.43) u moxbopy €€ 1Mo copTaMeHTy Hecyllasi ClIoCOOHOCTh CKATO-

ro Mo BTOPOMY CIIy4aro pacuéra 3jieMeHTa onpenensiercs no gopmyne (4.42). Ecau

(akTHUecKas IJIOIIAb apMaTyphl, IPUHATAs MO KOHCTPYKTUBHBIM COOOpaKEHUSIM,
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OKa)XETCSl 3HAUYUTEILHO OOJbIIe pacu€THOrO 3HaueHHs A4,,, HEOOXOIUMO BOCIIOIb-

3oBaThcsa popmynamu (4.25) u (4.40) — (4.43).

CumMMeTpHYHOE apMUPOBaHHE

CuMMeTprYHOE apMUPOBAHME UMEET MECTO Kak JUIs MEPBOro, TaK U JJIs1 BTOPO-
ro CIy4yaeB pacuera. ITO YCIOBUE OTHOCUTCS M K pacyeTy YCUIMBAEMbIX KOHCTPYK-
1005178

Boabmue s3xcuentpucurersl (§ < &r). [lepBblii cayuai
[Ipu npoeKkTHpOBaHUHU HOBBIX 3JIEMEHTOB 110 MEPBOMY CJIYYAK Pacyuera, yclo-

BUC paBHOBeCI/Iﬂ BCEX BHYTpeHHI/IX 1 BHCIIHUX CHUII UMECT BHU.
N < Rybx+R-A’ - RyA, ; (4.44)
Ne< Ry-bx(hg — 0,5%)+R-A’(hy — @) . (4.45)

[Ipu cummeTpuyHoM apMupoBaHuu 3HaueHUus A=A’g; 1 R=R,. B a3TOM ciydae BbI-
coTa CkaToi 30HbI OeTOHBI U3 BhIpaxeHus (4.44) Oyaet x=N/Ry-b. (4.46). [logcraBus
ee B opmyiry (4.45), MOIydnM BBIpaXKEHHUE JJIs ONIPEIeICHUS TUIOMAId CUMMETPHY-

HOW apMaTyphl:
A=A~ N(e — hgtN/2-Ry,'b)]/[Rs(hy — a’)] . (4.47)

JIns1 yCUIIEHHBIX 3JIEMEHTOB 3TH YPAaBHEHUS YCIOXKHAOTCA. [[puHnMas ycnosus

Koraa Ry,=Ry.q B Ag¢=A’saq, OHU IPHOOPETAIOT BU/T :
Nad < Rb'b'X+Rsc'A,S+Rscad'A’sad - Rs'As - Rsad'Asad- (448)

YpaBHEHHME MOMEHTA OTHOCUTEIBHO OCH apMaTypbl Ag,g
N.eSRb.b.X(hOad - OaSX)+Rsc'A,s(h0ad —a’y _a,ad)+Rscad'A,sad(h0ad _a’ad)'RS'As°a0 7(449)
IZie a’g=ay — PACCTOSHHUE MEXIY LIEHTPaMH TSHKECTH CUMMETPHYHO PACIIOJIOKEHHOM
CYIIECTBYIOIIEH M JONOJHUTEIBHON apMaTypbl COOTBETCTBEHHO B CXKAaTOM U PACTS-
HYTOM 30HaX;

d — TonmHa HaOETOHKH IS CKaToM 30HBI U h, — pacTsaHyToi. [Ipu 3Tom X, = hy;
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hy; — pabouas BbIcOTa cymiecTBYyoIIEro cedenus hg;=h; — a;
hy — pabGouas BbICOTa CEUCHHS DJIEMEHTa ¢ HAOETOHKOM B CxkaToM 30HE, hy= hy;=+X;;
hg,q — pabodast BbICOTa ISl BCETO YCHUJICHHOT'O CEUCHHS, B KOTOPOM TOJIIIMHA Hale-
TOHKHU TIPU CAMMETPHUYHOM apMHUPOBAHUH 0003HAYAETCS Yepe3 Xo,

hoaq=ho1Ta¢+x, mmu hp,g=h;+hy+x,-a;
h,q — moHAs BhICOTA ceueHus, paBHas h;+h,+x,.

[Ipy ycuiaeHUH CHMMMETPHYHO 3alpPOSCKTUPOBAHHOTO (0 PEKOHCTPYKIIUH)
CKATOTO 3JIEMEHTA, BHICOTA CXKATOM 30HBI X OompeaenseTcs u3 Beipaxkenus (4.46). Ec-
JM YCWJIMBAETCSI CEYCHHE, 3alPOCKTUPOBAHHOE HA MPOU3BOJILHbIE 3HAKOIEpPeMeH-
Hble Harpy3KH, TO BBICOTA CXKaTOM 30HBI MPU HOBOW HArpy3ke OyIyT ONMpeesThCs

o ¢opmyiie:
X = [Nag - R A’tR¢Ag)/Ry'b  mim (4.50)
x=AN,4/Ryb. (4.51)

Ilnomans ceyeHust TOMOJHUTENBHOM CKAaTOW U PaCTIHYTOM apMaryphl IOJIYyYUM I10-

CJie MOACTaHOBKHU B (popmyiy (4.49) BenuunHbI X U3 BeIpakeHui (4.46) umm (4.51).

ITpu A; = A’;, 3HaUeHHE X onpenensiercs no Gopmyiie (4.46)

[Nad(ead _h()ad +Nad/2'Rb b)]_Rsc .A;(hOad _x2)+Rs .As a

N , “. (452
‘ ‘ Rsad (h()ad - aad ) ( )
npu A # A’,, 3HaueHue X onpezensieM o popmye (4.51)
AN ,
[Nad : ead - ANad (hOad - ﬁ)] A AS (hOad - xz) + RS : As : aO
A ’ sad:Asad: ’ (4 S 3)

Ry (houy =)
Mauiblie 3xcueHTpucuTeThl (E<ER) — BTOPOM ciy4yai
[Tpu €,M=<0,3 hy,q CKaTbie PIEMEHTHl pacCUUTHIBAIOT 1O (opmynam (4.48) u
(4.49), B KOTOpPBIX BMECTO PACUETHBIX COMPOTUBIECHUN apMmaTypsl Ry moacTtaBisior

3HAYCHHS HANPSDKEHUH Gy, BBIUMCICHHBIX O (popmynam (4.70) u (4.71) ¢ ucnomnn3o-

BanueM dopmyin (4.73) u (4.74)
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B nepBom npuOnmxeHun 3HadeHUue A’gq MOXKHO OMpPEACIUTh, UCIOJIb3YS ypaB-
Henue (4.49), B KOTOpOM MepBOE cilaraeéMoe B MpaBOW YacTH 3alMCaHO B BHU/IC

Om Ry 'b-x-h?

oad

U BeJIMUYMHA 0= 0r<0,4

-0,4R,b(h_ )Y —R A (h , — R A
A’sad: Nadead > b ( oad) sc s( oad x2)+ 51,4, . (4.54)

Rsc (hoad - a'ad )

[Tnomane apmaTypsl Ag,g ONPEAETSIOT U3 BBIPAXKEHUS, AHAJTOTUMYHOTO BBIpaXe-

HUIO (4.54), B KOTOPOM BMECTO €,q MOACTABISACTCS € ,9; BMECTO hy,g 3HAUEHUE h’oyq;
BMECTO a’,q BEIIMUUHA d,g.

3HaueHUs A’gq U Agyq 3aT€M YTOUHSIOT 10 hopmynam (4.48) u (4.49), B koTo-
pbIx 3HaueHus R u Rg,q 3aMeHEHBI Ha G U Og,q, OIpeaesemMbic o Gopmynam (4.25);
(4.25a).

[Ipu skcuentpucurerax 0,15h,,qg<e,n <0,3hy,q U TpolEHTaX apMUpPOBaHHS
A’ ad/bhgag <2% mmomaabr ceueHus: apMaTyphl Ag,g (c1abo cxaToil) uimm A’g,g (cmabo
pacTsHYTOM), KaK MpaBWJIO, OKA3bIBAIOTCS MEHEE KOHCTPYKTUBHOI'O MHHHUMYMa, U
MOTYT Ha3HauaThcsl O6e3 pacuera mo 1ad. 11.4.3.

[Ipuctynas k pacueTy yCHICHHS CKATBIX 3JIEMEHTOB B MEPBOM NMPHUOJIHKEHNH,
3Q/Iaf0T ceueHHe HaOETOHOK, PYKOBOJICTBYSCh peKOMEHIanusaM Taom.4.1 u ompene-
JISIFOT TIONIAb TOMTOJTHUTEIIBHOM apMaTypbl A’gg U Agd, UCTIONB3YS BBIIICYKA3aHHbBIC
dbopmybl. Pacuer Bo BTOpOM MPUOMKEHUH BBITIONHSAIOT ¢ UCTIOJIb30BAaHUEM TPUBE-
JIEHHBIX XapaKTePUCTUK apMaTyphl U O€eToHa, ompenenseMbix mo dopmynam (3.15);
(3.16); (3.14) ¢ ucnons3oBanueM Beipaxkenuit (3.20) —(3.24)

Boipaxenus (4.47) u (4.48) npumyT BU:

NadSRbrede"i_RscA ’ sred'RsAsred; (4 S 5)

Ne< RyreabXH(hored-0,5%) TR oA red(Nored=a ). (4.56)

OxoHuartenbHO (opMyJia JJIs ONpeeaeHUs TUIOMAI CAHMMETPUYHON apMaTyphbl
OpUMET BU: s cayyast E < Eg

A’sad: ASad: [Nad (ead _hored + Nad /2Rbredb] : (457)

Rsad (hnred - a'ad )
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s caydast §> E g,

, N (e, ~h  +N_ /2R b
A sad— Asad=[ d( . d 'd bred ] .
5sad (hured —a ad )

Benuunna o, onpenensercs no gopmyie (4.25a) ¢ UCNIOIB30BaHUEM

dbopmysl (4.67).

(4.58)

4.2.5. YHuBepcaJIbHbIA METO/ pacyeTa YCHJICHUS BHEIEHTPEHHO CKATHIX
3JICMEHTOB

Pacder BHEIIEHTPEHHO CXKAThIX JIEMEHTOB, YCUJIEHHBIX 00oiMaMHu, pyOalikaMu u
HapalMBaHUEM NPSIMOYTOJIBHBIX CEUYCHUM C ABOMHOW apMaTypou B YCWIMBAEMOH U
YCUJIMBAIOUIEH YaCTSIX CEYEHHUs, BBIMOJHAETCS B 3aBUCUMOCTH OT IOJOXKECHUS
HEUTPAIbHOM OCH, KOTOPOE KOHTPOJUPYETCSA COMOCTaBIeHNEM 3HaueHul & u Eg. O0-
MU clydail pacyeTa CXKaToOro 3JEMEHTa MPSAMOYTOJIBHOTO MPOQUIIs, YCHICHHOTO
000MMOI, MpeJicTaBlieH Ha puc. 4.4.

IlepBbii ciaydyaid. bosbime 3KCHEHTPUCHTETBI

[Tpu & < &g mpoBepka MPOYHOCTH CEUEHUS BBITIOJIHSETCS 110 (hopMyJiaM:
N < Rbred ‘b-x+ Rsc' A,sred - RS‘ Asred; (459)
N - e <Rpreq " b X(hgreqg — 0,5%)+ Rye* A’greq (horeq — @”). (4.60)
BricoTa cxxatoit 30HbI OeTOHA ornpeenseTcs U3 BoipakeHus (4.59)
X = (Rs : Asred - Rsc : A’sred + N) / Rbred ‘b. (461)
B ykazannbix popmynax: N — BHEUIHSS MPOJOIbHAS CUIIA,
€ — pacCTOsIHUE OT TOYKM IPUIOKEHUs HArpy3ku N 10 OcH, apajuiesIbHON IPSAMOU,
OTPAaHUYMBAIOLIEHN CKATYIO 30HY U NMPOXOASALIETO Yepe3 UEHTP TAKECTU CEUCHUS pac-
TAHYyTOM apMatypbl ( Agqg ), Hauboliee OTAAJICHHON OT yka3zaHHOM mpsimoil. [lpu ot-
CYTCTBUU PACTSIHYTOM 30HBI — Y€pe3 UEHTP TSHKECTH HAUMEHEE CKATOTO CTEPIKHS.
Agred; A’sred — TPUBEIICHHAS TUIOIIAAb BCEH PACTIHYTOM M CXKATOW apMaTyphl 1Mo ¢Gop-
mynam (3.15) u (3.16); hored — mo dopmynam (3.14) u (3.17); Ryeq — 0 hopmysiam
(3.20) — (3.22) u (3.37); b — oOmras muMpHUHA YCUIECHHOTO 000NMON CedeHwusl, a Mpu

HaJIMIUU TOJIBKO HAOETOHOK — IMUPpHUHA YCUIIMBACMOI'O CCUCHUA.
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[Ipu orcyTcTBUM 0OOMMBI MJIM HAOETOHKU B PACTSHYTOW 30HE BEIMYMHA €
pPaBHSAETCS PACCTOSTHUIO OT TOYKH MPUIIOKEHUS CUJiIbl N 10 IEHTpa TSHKECTH apMary-
pbI A B CyIIECTBYIOILIEM CEUEHUU.

OcranbHble OyKBEHHbIE 0003HAUEHUSI UMEIOT TO K€ COAEpKaHUE, YTO U B pas-
nene 3.

[I0mans AOMONMHUTENBHON CKATONH apMaTyphbl IPUHUMAETCA KOHCTPYKTUBHO,
(He MeHee JBYX CTep)KHEH nuamerpoMm 16 M) nmbo ompexpenserca mo (opmyne

(4.43), HO HE MEHEe MUHHUMAJIBHOTO TIPOIIeHTa apMupoBanus 1o tad:. I1. 4.1.

IToxOop apmartypsl
[Tmomaapr AOMOTHUTENLHON PACTIHYTOM apMaTyphl onpeaensercs no gopmye (3.25)
Awa=-A/2-4/4-B,

rjae kodpdurmentsl A u B HaXoasTCS U3 BBIpAXKCHUI:

A =[N+ R¢A; — Re'A’ged — Ryb(hotag)] /0,5 R%qq ; (4.62)
B :OaS[Rs'As - Rsc'A’sred]z/OaSRZSad—i_[Rsc'A’sred'a’ - 1{s'lAls'hO—i_N(e - hO)Rbb]/ 0,5'R253d+
+{N[Ry Ay - Ree'A’ea] 70,5 N}/ 0,5-R%q . (4.63)

Ipumeuanue. [Ipu pacuere 31EMEHTOB YCHJICHHUS METOJOM ITOCIEIOBATEIb-
HOTO MPUOJIMKEHUS, Ha BTOPOM 3Tare pacuera B popmyiie (4.62) 3nauenus (hy + ag)
CIeAYyeT 3aMETUTh Ha BeUYUHY h.q BeIUKCIsIeMyto no popmynam (3.14) u(3.17). B
dbopmyiie (4.63) BenuuunHa hy 3amensercs Ha hyq (10 TEM ke popmysiaMm), a pacyer-

HOE COMPOTHUBJICHHE OcTOoHa R, 3ameHseTcs B ciaydae HEOOXOAUMOCTH Ha Ry 1O

dbopmynam (3.20) — (3.22) u (3.37).

Bropoii ciiyuyaii. Majbie 3KCHEHTPUCHTEThI
[Ipu E>Eg pacuetnbie popmybl (4.62) — (4.63) npuMyT BU/L.

NMpoOBepPKAa MPOYHOCTH CeYeHHS

N< llbred'b'X +Rsc'A’sred — O Asred 5 (464)
N-e < Rbred'b'x(hOred - O,SX)+ Rsc'A’sred (hOred - a,) ; (465)
X = [ Gs°Asred - Rsc°A’sred + N] / Rbred ‘b. (466)
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Puc. 4.4. PacueTHasi cxeMa M 3NI0PAa HANIPSI)KEHNH B HOPMAJILHOM K MPOJ0JIbHON 0CH CeYeHUN BHEIEHTPEHHO CHKATOIO

3JIEMEHTA, YCHUJIEHHOr0 000iiMOoi (001Ul caydyai)
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s apmatypsl kinaccoB A 240, A 300, A 400 u 6etona knacca B< 30, nHanpsbkeHue B
pacTaHyTol (MEHee C)KaToW apMaTypbl) ONPEACIISIIOTCS U3 paHEe NPUBEICHHOIO BbI-
paxenust (4.25) U aHAJIOTUYHOTO €My BbIpaxkeHus (4.25a) — il TOMOJHUTEILHON
apMaTyphl.

dopmyiel (4.40) u (4.41) congepkar B ceOe BBICOTY CKaTOM 30HBI X. Pemas nx

COBMCCTHO, ITIOJTYYHUM BBIPAXKCHHUC AJIA OIIPCACIICHUA BBICOTHI C)KaTOM 30HEI OeTOHA

N+R, A1+§R R, A’

_ &_, sred
R

X = .
) 4.67
R, b+ 2R -A, (4.67)

hOred (1 - iR)

noadop apMarypsbl
[Inommans JOMONMHUTENBHON CKATOM apMaTyphl OMPEEIIAeTCs 0 U3BECTHON hopMy-
ne (3.25), a koappuuuenTel A u B — u3 BelpakeHUi:

A= [ N+o, Ag- Ry Agea — Ry b(hO + aO)] /0,56 gad ; (468)
B :OaS[GS'As 'I{SC'IAX,sred]Z/oa5 o’ sad+[Rsc'A,sred'a, - Gs'As'h0+N(e - hO)Rbb]/OaS o’ sad T
+{N[Gs 'As - RSC'A’sred]+095'N}/ Oa5 o’ sad » (469)

7€ HaMPSHKEHUS Gg U Gg,g B PACTAHYTOM (MEHee cokaToi) apMarype Ag U Agyq onipesie-
JISIOTCS TI0 aAaNTHPOBAHHBIM K YCUJIICHHOMY CEYCHHIO (hOpMyJiaM:

o :[2(11—_ xg/ h) R
21— x/(h, +a,)]
I_SZR

Bricora cxxaroit 30861 x B popmynax (4. 70) u (4.71) nmpu pacuere B HepBOM MPHU-

(4.70)

Gsad = { - I}Rsad . (471)

0JIM2KEeHUM ONPEICNIAETCS COOTBETCTBEHHO U3 BhipaxeHuil (4.72) u (4.73)

N+R -4 o2 _p .y

SC sred
R

r= ; 4.72
R b+ 2R - A, (4.72)
hy(1-&y)
N+RS-A51+§R—RSC-A'
X = _ R .
2R, -A, (4.73)
R,-b+
(hy +a)(1-E&g)

sred
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IMpumeuanne. opmynsl (4.70) u (4.71) nnst onpeneneHus: HANPSXKEHUS B ap-
MaType Ag U Ag,g UCTIONIB3YIOTCS TOJBKO MPU pacyeTe B NepBOM NpuOmmkeHuu. [lpu
BTOPOM M TMOCJIEIYIOIIMX dTanax pacuera, clieqyeT UCIOIb30BaTh popMyibl (4.25) u
(4.25a), rae npu ONpeAeIeHUH BEIUUYUHBI hoeq YK€ MPUHUMAIOT TUIONIAAb AOTOTHH-
TEIHHOU pabouelt apMaTyphl Ag,y, TOTYYSHHON B TIEPBOM M MOCIEAYIOMUX TPUOITHU-
xeHusx mo popmyne (3.25) ¢ ucnonbpzoBanueM hopmyi (4.68) u (4.69).

4.2.6. Ilpumepsnl pacuéTa ycujieHUs] BHELIEHTPEHHO CKATHIX 3JIEMEHTOB

B nannom maparpade u3 MeToaudeckux coobpaxkenuid mpumep 4.2.1 ucnosnb-
30BaH ISl CONTOCTABIICHUSI KJIACCHUYECKOTO U YHUBEPCAJIBLHOIO METOJIOB pacuéra C 1e-
710 Oosiee TITyOOKOTO TIOHUMAHMS CaMOM CyTH PAacu€THOTO arapata U YTOYHCHUS
CKPBITHIX (Ha TepBBIA B3rJAn) (PaKTOPOB W HUCIHPABJICHHS JOMYIICHHBIX, Ha HAaII
B3UISLA, onedaTok. Micxoauble qanHbie npumepa 4.2.3 UCrnoab30BaHbl OJJHOBPEMEHHO
U B npumepe 5.2. DTOT NpuéM IO3BOJISIET, BO-TIEPBBIX, BBHINOJHUTH COIOCTABICHUE
3¢ (PEeKTUBHOCTH ABYX pa3iUYHBIX BUIOB HapalllMBaHUs ceueHUil. Bo-BTOpbIX, OCBO-
00J1aeT OT HEOOXOJAMMOCTH ABAXJbl BBIMOJHITH OAHOTUIIHBIE PAcUEThl, KOTOPHIE
UMEIOT Pa3IMYHYI0 3HAaYMMOCTh MPHU pacu€Te pa3IudHbIX BUAOB ycuieHus. B gacrt-
HOCTH, pacu€T HeCyllel CIOCOOHOCTU CYIIECTBYIOIIETO CEUEHHUS HE SIBIIAETCS OIpe-
JESIOMUM TPU YCUJICHHMM HaOETOHKaMU, WU OJHOBPEMEHHO SIBJISIETCS OCHOBHBIM
pacy€ToM IpPH KCIOJB30BAHUU CTAIBHBIX MPEIHANPSHDKEHHBIX PACIOPOK, T.K. HEOO-
XOJIUM JIJIA oTipejieieHus qeduiura Hecymiei CnocoOHOCTH.

IIpumep 4.2.1 (cM. puc. 4.5). Pacuer ycuiieHUsI OJJHOCTOPOHHUM HapalinBa-
HUEM CO CTOPOHBI PACTAHYTOW apMaTypbl BHELEHTPEHHO CXKAaTOro 3JEMEHTa C HC-
MOJBb30BAHUEM JBYX BapHaHTOB pacuéra. Ciydail 00JIbIIMX 3KCUEHTPUCHUTETOB
(E<Er). dano: ceuenue komoHHsl h=70 cm; b=40 cm, 6€TOH yCHIUBAEMOTO JIEMEHTA
kiacca B20 (R,=10,5 MIlIa). Apmartypa knacca A300 (Rg=R;:=270 MIla) ycranone-
Ha B OOMH pg. A=29,45 cM” (6@25); A=6,03 cM” (3D16); a=4 cm; a’=3 cm. Tlocre
IPOBEJICHUS] PEKOHCTPYKIIMM HAa KOJOHHY OyJeT NeWCTBOBAaTh MPOJOJbHAS CHIIA
N.=450 kH u nzrubarouuit moment M,4=700 kH-M, KoTOpBIE CyllleCTBYIOIIEE CeUe-
HUsl 0€3 YCUJIEHUS BOCIIPUHUMATH HE MOXKET. Y CHIIUS MPUJIOKEHBI M0 TeoMeTpuyie-

CKOHM OCH B IIJIOCKOCTH BBICOTHI CEUCHUS KOJIOHHBI.
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TpeOyeTcs onpeaenuTs MIOWAAL TONOJIHUTEILHON apMaTypbl Agg U TIPOBE-
PUTH IPOYHOCTh CEUEHUS, UCIIOJIBb3Ysl 00a METo/la pacyeTa, €ciid U3BECTHO, YTO THO-

KOCTb AJIEMEHTa A, HE MpeBBIIAET 4, clieq0BaTeNbHO KOAPPUIUCHT, YUUTHIBAIOIINN

BJIMSIHUE MPOruda Ha HECYIIYI0 CIOCOOHOCTH KOJIOHHBI, N=1. YpOBEeHb Harpy3ku npu
YCWIEHHH COCTaBJIsIeT MeHee 65%.

[IpuHATO IpeaBapUTENBHOE PELICHUE YCUIUTh KOJIOHHY OJHOCTOPOHHUM
HapalulMBaHUEM CO CTOPOHBI PAacTAHYTOM 30HbL. beTOH ycwieHus kiacca B25
(Rpag=13 MlIIa); apmarypa knacca A300 (R,q=270 MIIa).

3amaeMcs ToamMHONW HabeToHKU d=20 CM U pacCTOSTHUEM MEXIY LIEHTpaMu
TSXKECTU CYLIECTBYIOWIEN M JIOMOJHUTENBHOM apMaryphl a,=20 cMm. B 3tom ciyuae
a,.=4 cM. BeicoTa ycunennoro ceueHust: h,g=h+d=70+20=90 cm; hyoq= hag - @aq=
=90 - 4=86 cm nmnu h,,q= h,- a,=66+20=86 cMm.

Bapuant Nel. Pacuer miomaau AONOJHUTEIBHONW apMAaTyphl C UCIIOJIb30BaHU-
€M KJIACCHYeCKOro MeToa.
OrnpenensieM S3KCUEHTPUCUTET JEUCTBYIOIIEH HOPMAIbHON CUJIBI

_ M _700-10°

N 450-10° =155 cm>>0,3h,,4=0,3-86=25.8 CcM, CIIEIOBATEIbHO HMEET MECTO

Co

NEepBbIN CiIydail pacuera — 00JIbIINEe SKCIIEHTPUCUTETHI.

L 2%23 cM’, uTo
30 30

Cny4ailHbIil SKCUHEHTPUCUTET N0 TPEM YCIOBUSM €,

l
OOJIBIIIE YEM €,= 6(;0 uu €,=1,0 cm. [Ipuaumaem €,=3,0 cm

PacdeTHbIl 0CEBOM IKCIIEHTPUCUTET €, =€, N + €,=155-1+3=158 cm.

[To dhopmyie (4.30) onpeaesnsieM SKCHEHTPUCUTET €= €4, +0,5h.g-a,q=
=158-0,5-90-4=199 cm.

[To popmymne (4.37) onpesensieM MOMEHT
M;=N"-e-Ry A’ (ho+a,-a" )R A’y as=450-10>-199-270(100)6,03-(66+20-3 )+
+270(100)29,45-20=895,5-10°-135,1-10°+159-10°=919,4-10° m-cm.
o dopmyne (4.39) 0,=M;/Rpb(ho+a,)’=991,4:10°/10,5(100)-40(66+20-3)=0,296<
ar=Er(1-0,5&r)=0,577(1-0,5-0,577)=0,41,
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ead=199

go=20cm e=179 N

0,5ha0=45cm eo=155cm
6925 A300
As=29,45¢cm’ \ h/2=35cm shoe |
O 10) D 3916 A300 Y
T As0=6,03cm” v
= o O 1 *—
& 47 o ’
\C Puc. 4.5 Ycujienue BHe-
(o] D 9% .
LHEHTPEHHO C:KATOM KO-
3022 A300 4=20 X JIOHHBI € 00JIBLIIUM JKC-
St g=fem  ho=66cm HEeHTPHCHTETOM Hapa-
dusd il T IUBAHUEM CO CTOPOHBI
farBlics PACTSAHYTOM apMaTYypbl

rae Eg=0,8/(1- R, /700)=0,8/(1-270/700)=0,577. Ecnu ycioBue 0,,<0gx HE BBITIOITHICT-

Ci, TO HGOGXOI{I/IMO YBCIIMYUTDH TOJIIUHY HAOCTOHKHU U IMOBTOPHUTL PACHCT.

ITpu 0,,=0,296 Benmuunna £=1-/1-2-0,296=0,361< £x=0,577
[Tnomane apmarypsl Ag; o popmyre (4.40)
Asi=Eb(hyt+a,)Ry/R=0,361-40-86-10,5/270=48,33 cm’.

[1no1mans AOMONMHUTENBHON PACcTSIHYTOM apMartypsl 1o ¢popmysie (4.36)

Agi= Ag - Ak A Re - N 2483329 45+6,03 270 - 450-10° _g 71 e\,
R R 270 270(100)

[Tnomans ocnabiieHus ceYeHUs PACTAHYTOM apMaTypbl MPU BBIMOJTHEHUU
CBapHBIX palbOT ompeneisieM C YUY€TOM Pa3MEpPOB CEUCHHS KOJOHHBI U KOJIMYECTBA
cTepkHed. Tak Kak MMpPUHA yCHIMBAEMOTO dJIeMeHTa b=40, 1y KperieHus JA01o-
HUTEJIBHOU apMaTypbl UCHoNib3yeM [[-00pa3Hblil IBYXCpE3HBII XOMYT C OXBaTOM HE
Oonee 4 crepxHeil. Bo3moxkHoe ociiabieHne npu CBapKe IMoyyyaT JBa CYyIIECTBYIO-
IIUX CTEPIKHS.

IIpupaiienue mIomaay J0NOJHUTEIBHON PACTSIHYTON apMaTyphl

AAq=0,25A42/6=0,25-29,45-2/6=2,45 cM”.
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[TonHast mIomanb JONOJHUTENBHOU pabouelt apMaTyphl

A" = ApqtAAG=8,2142,45=10,66 cMm>

IIpunumaem 3022A300, AR 1,4 cM’. TI-o6pasHble XOMyThl mpuHAMaeM @10
A240 u ycranaBnuBaeM ¢ marom 200 mm<15d=330 mm.

[IpouieHT apMupoBaHUsl HAOETOHKH 1 o4-/b-d=11,4-100%-40-20=1,425% < 3%.

TO 7K€, BCETr0 YCUJICHHOTO CEYEHUS
1 2= AGTA’ T Agq /hag =(29,45+6,03+11,4)-100%/90-40=1,3%.
Hecymryro cnocoOHOCTh YCHIIGHHOM KOJIOHHBI ompeneisieM mo ¢opmyrne (4.29),
peIBapUTEIbLHO MPOBEPUB MPABUILHOCTh MPUMEHSIEMBIX (HOPMYJI.

PacueTHas miomaas JOMOJIHUTENBHON pabodeil apMaTypbl
A= A -AA=11,4-2,45=8,95 e’

BricoTa cxxaroit 30861 OeToHa 1o hopmyde (4.31)
Xx=(RsATR4Aa-RcA’+N)/ Ryb=
=[270(100)29,45 + 270(100)895 - 270(100)6603 + 450 -10°1/10,5(100)40 =3 1,5cMm
<xg=Erh0aa=0,577-86=49,6 cm, rae Eg=0,8/(1+Ry/700)=0,8/(1+270/700)=0,577
Tak kak x<xg, TO BcA pabouas apMaTypa yCHJIEHHOrO ceueHus Oyaer paboTath c
MIOJIHBIM PACUETHBIM CONPOTUBIIEHUEM.

[IpenenpHOE ycunne, BOCOHPUHUMAEMOE YCUIIEHHBIM CEUEHUEM
N-e,q,ut= Rpbx(hot @,-0,5x)-RsA’-(hot+ ao-a’ )+ RsA’sa,=
=10,5(100)40-31,5(66+20-0,5-31,5)-270(100)6,03(66+20-3)+270(100)29,45-20=
=953,3-10°m-cM>N-e=450-10>-199=895,5-10°H-CM HPOYHOCTb YCHICHHOTO CEUCHHS
oOecrieueHa

BapuanT Ne2. Pacuér minomaaun AOMOJHUTENbHOW apMaTyphl C UCIIOJIb30BaHU-
€M YHHMBEPCAJbHOI0 METOHA PACUETA.

Koadpdumuent A no gpopmyrne (4.62)

A: [N+ Rs ' As _RSCA' Rbred (ho + ao )]/O‘)SRsad . B YKa3aHHOﬁ (I)OpMyJIe A’sred:A,Sl’ed;

sred

Ryrea=Rp. TlonicTaBmnss pakTruueckue 3HAYCHUS, TTOTYUHUM:
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3 p— p—
A [450-107+270(100)-29.45 - 2701006031051 004066+ 201 _ 15 4 o
0,5-270(100)

Koaddumuent B o popmye (4.63)

_ O’S[RSAS B RSCA'sl‘ed ]2 + [RSCA'SVEd a'_Rs A‘s ho + N(e - ho )]Rbredb +
O,S[RM,]2 O,S[RM,]2

L NRA, ~R A, T+05N _[270(100)29.45-270(100)6,03
0,5R_, T’ [270(100)]°

, [270(100)6,03-3 ~270(100)29.45- 66+ 450-10° (199~ 66)]10.5(100)40
0,5[270(100)]

| 450 10°[270(100)29,45—270(100)6,03] + 0,5 - 450-10°

> =548,5+905,45=1453,95 cMm’.
0,5[270(100)]

Ipumeuanue. IIpu onpenenennn kospduuuenta B mo opmyne (55) [7], T.€
2
npu MnojictaHoBKe B mocieaHem ciaraeMoMm 0,5N° Bmecto 0,5N, ero 3HaueHue

B=2512 cM’, a II01maIb JOIOTHHTEbHOM paboueii apMaTyphI

Asai=-(-187,4/2)-/(187,4)* /42512 =93,7-79,2=14,5 cm’, uT0 Gombie Ag,s=8,1 cM” Ha
6.4 cM’ Wid B 1,8 paza. [nomans Ag,g, MOTyYEHHAS C UCITOJIB30BAHUEM KIIACCUYECKO-
ro Merojna, pasHa 8,21 cm”.Pasnuma cocrasisier Beero 0,11 cm’. Takum o0Opazom,
Haju4yue onedaTku B gopmydie (55) [7], Hanwio cBOE MOATBEPXKIACHHUE COMOCTABU-
TEJIbLHBIM pacyeTaM.

IIpumep 4.2.2 (puc. 4.6). Pacuér ycuneHus OJHOCTOPOHHHM HapalluBaHUEM

CO CTOPOHBI C)KATOM 30HBI OETOHA BHELIEHTPEHHO CXKATOI'0 AJIEMEHTA C MCIIOJIb30Ba-
HUEM KJjaccudeckoro merona. Ciaydail MajbIX KcUeHTpucuTeToB (& ><&,). Jla-
HO: ceueHue KosoHHBI h=60 cm; b=30cm; OeToH ycuiamBaeMoOro sjaeMeHTa Kiacca
B20 (Rv=10,5 MIla); apmarypa kimacca A300 (Rs=Rsc=215 MIla); 4.=24,54 cn’
(5025) A, =6,03 cn*(3016) a’=40 cm; a=4,0 cm. ITocie mpoBeAEHHOM PEKOHCTPYK-
MU Ha KOJIOHHY OyayT nelcTtBoBaTh mpojoibHas cuwia N,,=2900 KH u momeHt
M =220 KH'M. Yka3zaHHyl0 Harpy3ky KOJIOHHa 0€3 YCHUJIEHUS BOCIPUHATH HE MO-

KCT.
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TpeOyetcs onpenenuTs MIOMAAb AOMOIHUTEIBHON CKATOW apMaTypsl — A, , U

IIPOBEPUTHh HECYIYI CIIOCOOHOCTh YCWJIEHHOTO CEYEHMs! — Madult, €CIIA U3BECTHO,
4TO KOJIOHHA Iepe] YCUIEHUEM pasrpykeHa 1o yposHs 0,65 N, a ko3pdumueHt
n=1, t.x 4,<4.

[lepen BbIOOpOM BapHaHTa yCWJICHHUS, ONpENEsieM Ciiydail pacuéra Ajis cyle-
CTBYIOLIETO CEYCHUS.

OceBol 3KCUEHTPUCUTET NPUIIOKEHHS IEUCTBYIOIIEH Harpy3Ku

M _220-10°

N - 29.10° =7,6cm <0,3h=0,3-60 =18cm, 4TO CBHUIACTCIIbCTBYCT O HAJIMUYKU BTO-

€

poro ciy4as pacuéra. [IpenBapuTenbHO MPUHITO PEIICHUE YCUIUTh KOJIOHHY OIHO-
CTOPOHHUM HapallMBaHUEM CO CTOPOHBI CXaToW 30HBI OeToHOM Kiacca B25
(R, =13MlIlIa ) u apmarypoit knacca A400 (Rsc=355 MIla). HaGeronky npunumaem
tonmuHor d=20 cMm. [lpu o' ,=4cMm, a,=20cMm. TomnmuHy HaOETOHKH YBS3BIBAEM C
MIPOLIEHTOM apMHUPOBAHUSA CYLIECTBYIOIIETO CEYEHHUS
ts = (AstA’s)(100)/bh=(24,54+6,03)(100)/30-60=1,7%. C yuérom mnpeanoxKeHuu
tabsn. 4.1 pekoMmeHnmyembiii kodddurment apmupoBanus u —=0,02. Ilpu d=20cm
A’sad=p ¢~ Abad=0,02-20-30=12 cn’.

OmnpenensieM ceyeHre KOJOHHBI MOCe €€ HapallluBaHUs W YTOUYHSAEM Clydail
pacdéra Il yCUIIEHHOTO ceuenus h,, =h+d =60+ 20=80cm,
e, =7,6ecm <0,15h,, =0,15-80 =12cm, CIICTOBATEIILHO, OMHOCTOPOHHEE HapallUBaHUE CO
CTOPOHBI CXKaTOro 0eToHa — onpaBaHo. FiMeeM TUTTMYHBIN BTOPOM cityuai pacuéra —

C MAJIbIM IKCHCHTPUCHTECTOM.

OKCUEHTPUCHUTET IIPUIIOKEHHUS Harpy3ku o dbopmye (4.30)
e =e,+e, +0,5h ,—a=(7,6+2,7)+0,5-80—4=463cm,

race, = i = @ =2,67cm , HpUHUMAEM e, =2, 7cm.
30 30
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N

5¢25 A300 - 8246,3 E'ald=25, 7 5
As=24,54cM? e=5, 7
eor=10}3 | @o=20 (2025+022)A400
Y Asa0=13,62cm’

.Y

Y
Ay f_/
, ol 3

p a;d:2‘§ 3616 A300

N i Ai=6,03cm?
hoi=56cm | d=20
hoaa=76cM
has=80cM

b

F0cm
m%
NN U N

o

Qy
1]
| ¥~

Puc. 4.6. YcuneHue BHEHEHTPEHHO CKATOM KOJIOHHBI ¢ MAJIBIM 3KCHEHTPUCHTE-

TOM HapaIlMBAaHHEM CO CTOPOHBI CXKATOIi 30HbI 6€TOHA

[Tnomanp MOMOTHUTEILHON CKATON apMaTypsl 1o hopmyiie (4.43)
_ Ne—04R, -b(hy+d)’ =R A (hy—a) _

Rsc (hO + d - a;zd)

Asad

29,0-10° -46,3—0,4-10,5(100) - 30 - (56 + 20)> —270(100) - 24,54(56 — 4)

=10,6cm*, UTO JOCTAa-
355(100)(56 + 20 — 4)

TOYHO OJIM3KO K IPEIBAPUTEIBHO 3aJaHHOMY CEYEHHUIO apMaTypbl HAOETOHKU U PaB-
HOM 12 cm’

[Inomane ocnabieHusl ceueHus CYIIECTBYIOIIEH apMaTypbl B KOJOHHE IpHU
CBapOYHBIX paboTax yBA3BIBAEM C HMIUPHUHON ycuiamBaeMoi kojoHHBI [Ipu b=30 cm
< 40 cM, nonmyckaercs ycraHoBka oaHoro [1-o0pa3Horo xomyrta ¢ oxBaToMm He OoJiee
4 crepxxneit. Takum 06pa3oM, ocaabIsOTCA ABa CYHIECTBYIOIIUX CTEPIKHA.

[IpupanieHue maomaay J0MOTHUTEIBHOM CKATON apMaTypbl

Ad,, =0254,-2/5=025-24,5-2/5=245cu.
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[TonHas mIomanb JONOJHUTENBHOU pabouelt apMaTyphl
AT = A, +A,, =10,6+2,45=13,05cm>.
[Mpuaumaem (2025+1022)A400 A% =9,82+3,801=13,62cu’. TI-0Opa3HbIe XOMYTHI

npuHuMaem 910 A 240 ¢ marom 200 mm.

[IponieHT apMupOBaHKsI HAOETOHKH C YYETOM TUIOMAANA A4, ,

A, 13,62-100%

= = =2,27%<3%.
b-d 30-20

luad

B pacuérax yunThiBaeM MOJIHYIO MJI0IIAAb OETOHA HApAIIUBAHUS.

To ke, Bcero yCHJICGHHOTO CeUeHUs u,, = (A, + A, + A,,)-100/h b, , =
= (24,54 + 6,03 +13,62)(100)/80-30 = 1,84% < 3% ,4TO O4YE€HBb OJIM3KO K IMPOIEHTY apMHUPO-
BaHUs CYUIECTBYIOIIETO ceyeHusi, paBHoMy 1,7 %. Pa3nuna cocrasuser 7,6%. Onna-
KO TipH yu€Te (aKTHUYECKH YYacTBYIOMIEH B pabdOTe IJIOMAIN apMaTyphl HAOETOHKH

A4,,=11,77 cu’(cM. HIDKE), pa3HUIIA COCTABIACT 2,5% YTO MEHbIIE JOIMYCTUMBIX 5%.

Pacuér MOXHO CUMTATh 3aKOHYEHHBIM.

Hecyryto cnocoOHOCTh YCHIIEHHOM KOJIOHHBI oripeenseM o hopmyie (4.42)
C y4€TOM MNPUHATHIX PACUETHBIX XAPAKTEPUCTUK OETOHA M apMmaTypbl. bonee Bbico-
Kasi, Y4eM B KOJIOHHE MPOYHOCTh OETOHA HapallluBaHUs HE YUUTHIBAECTCS U UAET B 3a-
1ac MPOYHOCTH.

[Tnomans gomomHUTENBHON paboyeit apMaTypbl, yuacTBYIOIIEH B paboTe

A, =A" ~A4,,, =13,62-2,46=1117cu’;

N o = 0,4-10,5(100)-30- (56 + 20)* +270(100) - 24,54(56 — 4) +355(100) - 11,17(56 + 20 — 4) =
=1357,8-10°1 -fii > Ne =2900-10° -46,3 =1342,7-10°.

Hecymas cnocoOHOCTh YCUIIEHHOM KOJIOHHBI JOCTAaTOYHA.

[pumep 4.2.3 (puc.4.7). Pacuer ycuieHuss 0OJHOCTOPOHHUM HapalllBaHUEM
BHELICHTPEHHO C)KAaTOr'0 3JIEMEHTA C HCIIOJIb30BAHWEM YHHMBEPCAJBHOIO METO/A.
Cnyyait 60abmMX IKCHEHTPUCUTETOB (& < &r). JlaHo: MOHOJIUTHAS KOJOHHA MHO-
rosTaxknoro 3nanus cedenrneMm h=80 cm; b=40cwm; BbicoTa sTaxka Har=6Mm. beton ycu-

nuBaemoro osnementa knacca B20 (Ry,=10 MIla). Apmarypa xkmacca A300

(R=Rs=270 MIla). B pactanytoii 30He ycrtaHoBiaeHo (3022+2020) A300
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(A=17,68 cM®); B cxaroit 30me — 3318 A300 (A=7,63 cM’), a=a’=4 cm, h , =h’,
=80-4=76 cwm. Ilocne nmpoBeneHUs PEKOHCTPYKIIMU HA KOJOHHY OYIyT JIeCTBOBATH:
npononbHasa cuiia N,g=1250 KH,B ToM 4nciie OT MOCTOSAHHBIX U JJIUTEIbHBIX HArpy-
30k N=850 KH ; uzru6arommii MomeHt M,4=700 KH-M, B ToM unciie M=476 KH-m.

TpeOyeTcs onpenenuTh MIONaAb JOTMOTHUTEIHFHOM PACTIHYTOM apMaTyphbl
Agaq ¥ IPOBEPUTH MPOYHOCTH YCUJICHHOTO CEUCHUSI.

C yuyetom uHpOpMaINK, H3I0KEHHON B mpeamOyie kK pazgeny 4.2.5, pacyet
HEeCyIlleld CIOCOOHOCTH CYIIECTBYIOIIETO CEYECHMs MPHU JEHCTBUM HOBOW HArpy3KH
BBIITOJIHEH B npumepe 5.2. M3 pacdera cienyer, 4To UMEET MECTO Cirydand 00JIbIIMX
IKCUHEHTPUCUTETOB, T.K. PACUETHBIH OCEBOM IKCIEHTpPHUCUTET €,=61,6 cm >0,3hy=
=22,8 cM. Hecymiasi cnocoOHOCTh ycunuBaeMol KOJOHHBI Noy = 892 kH <N, =

1250 xH. HeoOxoaumo ycuiieHHe.

€aa=106,6
3o=20cM e=86,6
0, 5ha0=50cm ee=60,6cm
(2022:3920) A300
As:??,gngZ § h/2=40cH ]
3'=4cM
}Z D | 3618 A300
o 2
S ¢ O Aso=7,63cH
¥ oy a0 N 1
h
S £? o)
o |lo L4
(2022+3920) AMJO% 4=20 X
Assa=114cr’ g=bcm ho=76cM
JaazbiM Hosa=F6cM
hae=100cM

Puc. 4.7. YcuieHue BHELIEHTPEHHO C:KATOM KOJOHHBI € 00JIbIIUM IKCHEHTPUCH-

TETOM HAPAIIUBAHHEM CO CTOPOHBI PACTAHYTOH apMAaTyPbI

[IpuHATO pelieHue YCWINTh KOJIOHHY OJHOCTOPOHHUM HapallMBaHHEM CO

CTOPOHBI PAacTSIHYTOM apmarypel C HCHOJIb30BaHMEM OeTroHa Kkiacca B25
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(Ry, = 13 MIla) u gononuutenbHoit apMarypsl kiaacca A400 (Ry = Ry, = 355 MlIla).
[Tpunumaem TonmuHy Ha6eToHKH d = 20 CM U BEIMYUHY d.q = 4 cM. B aTOM citydae
PACCTOSIHUE MEXIY IEHTPAaMHU TSKECTH CYIIECTBYIOIIECH U JOTOIHUTEIBHONW apMary-
pBI cocTaBUT ag = 20 cM. ["abaputHBIe pa3mMepsl ycuiieHHOTO ceueHus: h,e=100 cm;
hoaq=96;h=76 cM; b=40 cm. IIponieHT apMUpPOBaHMS CYIIECTBYIOIIETO CEUCHUS |5 =
=(AstA’)-100% / h-b = (17,68+7,63) -100/80-40=0,79%.

CornacHo Ta6:. 4.1, mpu UHTEpBaje MPOIeHTa apMUPOBaHUS KOJOHHBI OT 0,8 110

1,8% xoaddunment apMupoBaHus B MpeAcTosAmeM pacdere mpuHuMaeM g, =0,01.

[IpenBaputenbHas IJIOMAAL JOTOJHUTENBHOM apMaTypbl Agg = 0,01'bd =
=0,01-40-20=8 cm”.

J{ns BBINOJNIHEHUSI JalbHEUIINX PACUYETOB MPUBOJMM HEIOCTAOUIME XapaKTe-
PUCTUKH: MOAYJb YIPYTrOCTH OETOHA €CTECTBEHHOIO TBEpAEHHMs il Kiacca B20 —
E, = 27,5-103 MIla; To xe, nns apmarypsl kinacca A300 Eg = 2,0-105 MlIa.

B cBsi3u ¢ yBEeIMUEHUEM CEUCHHS KOJIOHHBI, YTOUHSIEM PACYETHBIE TAPaMETPHI.
OceBoil 3kcreHTpUCUTET €)=M,¢/N,=700/1250=0,56 M =56 cm > 0,3hgq =
0,3-96 =28,8 cM, Mo MpeKHEMY UMEET MECTO CITy4yal OOJBIINX
AKCIIEHTPUCUTETOB (§ < &R).

CnydallHBIH ~ 3KCUEHTPHCHUTET IO  TpeM  YCIOBHSAM: €, =lcMm;
€,=1y/600=600/600=1cm™m; e,=h,s/30=100/30=3,33 cM, npuauMaeM €,=3,33 cM U y4u-
ThIBA€M B JAJIbHEHIINX pacueTax Kak JJisi CTATUYECKU ONpeeasieMOil KOHCTPYKIIHMH.

['mOkocTh ycmiieHHON KOJMOHHBI Ay=[o/h,;—=600/100=6 >4, ciemoBarenbHO, HE-
o0xonuM ydeT mporuda KOJOHHBI. BBIMONIHIEM 3TO, UCHONB3YysS HelnehopmMupoBaH-
HYIO CXEMY H OIpeesieM BEIMYMHY YCIOBHOW KPUTUYECKOUM cuiibl N, M KO3PPHUIIH-
eHT 1 1o ¢popmynam (4.16) u (4.15)

Newa=1""D/ 1%, tie D=0,15E,Iy/o; (0,3+3)+0,7E L.
MOMEHT MHEPLIMH IIJIOIIAIN CEYEHHsI OETOHA ISl YCUIIEHHOTO 3JIEMEHTa OTHO-

CUTCJIbBHO HOBOT'O OCHTpPA TAKCCTHU CCUCHUSA KOJIOHHBI

I,=b-h’,/12=40-100°/12=3333,3-10° cm*.
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MowmeHT WHEPOHWH ITI0OMa CCUCHUSA BCEU apMaTypbl OTHOCUTCJIBHO LIECHTPA
TAKCCTHU YCCUCHHOTI'O CCUYCHMA KOJIOHHEI. (MOMCHTOM HHCPIHUH apMaTypPbl OTHOCH-

TeJILHO COOCTBEHHON OCH — MpeHeOperaeM BBUJIY €TI0 MaJIOCTH)
L=(Agred T A sred) (hoad/2)*=(28,2+7,63)(96/2)*= 82,55-10° cm”,
e Agred =ActAqq Read/R=17,68+8,0-355/270=28,2 cM* ;  A’4ei=A=7,63 e’

MowmenTsl M| 1 M;; OTHOCUTENIBHO LIEHTPA TSHKECTH HauboJiee pacTsIHYyTOro
CTEPKHS apMaTypbl COOTBETCTBEHHO OT JCUCTBUS MOJHOW HAarpy3Ku U OT JCUCTBUS
MOCTOSIHHBIX U JITUTEJIbHBIX HATPY30K
M, = Nyg(hgae-2’)/2+M=1250(0,96-0,04)/2+700=575+700= 1275 xH-m;

M1 =Njag(hgag-a’)/2+M;= 850(0,96-0,04)/2+476=392+476=867 xH-m.

KoaduumeHt, yunteiBaroniuii BIUSHUE JJIUTCIBHOCTH IEUCTBUS HArPy3Ku
@;=1+ M,/ M;=1+867/1274=1,694.

OTHOCHTENbHOE 3HaYEHUE IKCLIEHTPUCUTETA MPOJOJIbHON CHUIIbI
de=(eptea)/h,g=(56+3,33)/100=0,5931; O min=0,15; npuHrMaeM GOJIBIIYIO BETUUUHY .

XKecTKkoCTh YCHIIEHHOTO 5KeJ1€300€TOHHOIO AJIEMEHTa
D=0,15-27,5-10°(100) -3333,3-10°/1,694(0,3+0,593)+0,7-2-10°(100) -82,55-10°=
=(90,9+116,6) -10'°=206,5-10".

VcnoBHast KpuTHaeckas cua Ne,=n°D/1y"=3,14%-206,5-10'/600°=56556 kH.

Koaddunrent, yuntoiBaronuii mporud KOJIOHHBI
N=1/(1 - N/N,)=1/(1 — 1250/56556)= 1,022.

PacueTHbIl 0CEBON DKCUEHTPUCUTET
eo=(eonte,)=(56-1,022+3,33)=60,6 cm;
€0=00,6 cM >0,3h(,i—=0,3-96=28.,8, mo-npexkHEMY UMEET MECTO TEPBBIA CITydai.

DOKCIEHTPUCUTET MPUIIOKEHUS HATPY3KU OTHOCUTEIBHO IIEHTPA TAXKECTU
HauOoJee pacTIHYTON apMaTypsl (Agq)
€aa—€or10,5hq— a,¢=60,6+0,5-100 — 4=106,6 cm.

3navenue kodpdunrenta A u B B hopmyie (3.25)

A= [N+R Ag - Ri¢'A’gred - Rprea'b(hgt2a0)]/0,5R 4,
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e A’ged= A’s; Rpred= Ry ,T.K HAOETOHKA B C)KaTOM 30HE OTCYTCTBYET

|, _[1250-10° +270(100) 17,68 - 270(100)- 7,63 ~10,5(100)-40- (76 + 20)] _ . -
0,5-355(100) M

— O’S[Rs .As - Rsc .A'sred ]+[Rsc 'A'sred.a’_Rs 'As 'hO +N(e_h0)].Rbred b +

B 2
0,5[R ]

(NIR A -R -4, ]+05N _0,5270(100)-17.68 ~270(100) - 7,63’

05[R_, T 0,5[355(100)]°

270(100)-7,63-4-270(100)-17,68-76 +1250-10° (106,6 ~ 76)]-10,5(100) - 40

N
0,5[355(100)

, 1250-10°[270(100) 17,68 ~ 270(100) - 7,63] + 0,5 -1250-10° _
0,5[355(100)]

=58,43+186,3+537,7+0,992=782,5 cMm°.

[1nomans AONONHUTENIBHON paboyeit apMaTyphbl:

A, =—(70,7/2)— \/70,72 /4-1782,5 =35,35-21,61=13,74 cm’.

[IpouieHT apmupoBaHus 3jaeMeHTa ycuieHus W=13,74-100/20-40=1,717%, ne
BBIXOIUT 3a mpenenbl uatepana (0,8-1,8)% npunstoro cornacHo tadn. 4.1 u 60mb-
11e, YeM ero MUHUMalibHOE 3HaueHue mo 1add. I1 4.3, pasuoe 0,1% mpu A,<10.

[IpotieHT apMUpOBaHUS YCUIIEHHOTO CEYEHUS
Wsag=(100)-(17,68+7,63+13,98)/100-40=0,982%, 9T0 MOCTATOYHO OJM3KO K MPOIICHTY
apMUpPOBaHUs CylllecTBYIoIEero ceueHus ps=0,79% u cCBUIETENbCTBYET O MPABUIILHO-
CTH MPEJBAPUTEIIBHO BBIOPAHHOW IUIOMIAIM ceueHHs HaOeToHkH. [Ipu ee ymeHsbIe-
HUU B e1Iie OOJBITNICH CTENEHU YBEIMYNBACTCS TIPOIIEHT apMUPOBAHUS U HAOCTOHKH, U
BCEro YCWJICHHOIO cedeHus. Pacuer cunTaem 3aKOHYEHHBIM 0€3 yTOUHEHUs BEIUYH-
HbI Ag,q BO BTOPOM MPUOTTMIKEHUH.

YTOUYHSIEM CEYEHME MOINOJHUTEIBHONM apMarypbl C YYETOM BO3MOXHOW IOTEpPHU
cedyeHus IpU NpoBeAeHun cBapku Ha 25%. [Ipu mmpune xononHsl 10 40 cMm momyc-
KaeTcst 00XBaT OJHUM XOMYTOM He 0oJiee YeThIpex CTepkHel. B aTom ciydae ocnal-

JICHUE MOy4aloT 2 U3 5 cTepKHel cylecTByolel apMarypsl. [Ipu 60mbiiemM Koau-
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YECTBE CTEp)KHEH HEOOXO0JMMa YCTAaHOBKA BEPTHKAJIBHBIX KprOYkoB. OcnabieHue
MOJIYYarOT 3 CTEPKHA U3 5.
[1101a/1b YTPAYEHHOTO CEYCHHS apMaTYPhl A Agq =0,25:17,68:3/5=2,65 cm’.

[lonnas momanb JOMOIHUTEIBHON apMaTyphI
A:fllér = Asad + AAS(ld = 13’98 + 2’65 = 16963 CM2-

[punnmaem (2022 +3@20) A400; Ay,q=17,02 cM®. Jlst onpe/eeHns Hecyeil CIio-
COOHOCTH YCUJICHHOTO CEUEHUS ONIPEICIISIEM TPUBEICHHBIC XapaKTEPUCTUKHU:

pacueTHas IUIOLIA/b JOTOJIHUTEIBHOW apMaTyPhl

g fact _ grear _ A, =17,02-2,65=14,37 oM’

sad sad
- IpUBEJICHHAs IJIOIIAIb PACTSIHYTOM U CKaToi apMaTypsl 1o ¢popmynam (3.15) u
(3.16) Aged =AstAa(Read/Re)=17,68+14,37-(355/270)=36,6 cM’;
- pacCcTOSHUE OT IIEHTpa TSHKECTU PacTAHYTOM apMaTypbl Ag 10 0OLIEero eHTpa T-
KECTU BCeH pacTsHyTOM apMaTypbl (AstAgq) o dopmye (3.17)
Ared=[Rsag Asad(hoag—ho) I/[Rs AsTRsaq  Asaa|=[355(100)-14,37-(96 - 76)]/
/[270(100) -17,68+355(100) -13,37=10,72 cwm;
- IpUBE/ICHHAs BbICOTA pabouero ceueHus u3 BoipaxeHus (3.14)
hores=hota;.s=76+10,72=86,72 cMm;
- BBICOTA C3KaTOM 30HBI OeToHa 110 dhopmyiie (4.61)
x=[N+R Agred - Roe' A’ gred]/(Rreab)=[1250-10*+270(100) -36,6 —
-270(100) -7,63]/10,5(100) -40=48,4 < xg = Er-hgrea=0,577-85,5=49,3 cm,
UMEEeT MECTO MepBbIi ciryyall pacueta (& < E&gr).Hecymas cnocodHOCTh ceueHus no
popmyite (4.60) M,qui=RopreabX(horeq — 0,5%) TR A’ rea(horg — @)=
=10,5(100) -40-48,40(86,72 — 23,23-0,5-48,4)+270(100) -7,63(86,72 — 4) = (1270,9+
+170,4) -10° H-ecm = 1441,3-10° H-em >N,g-e,=1250 -10>108,1= 1351,3-10° H-cm.
Hecymas cmoco6HOCTh 0becnedeHa.

Mpumeuanne. [Ipu noxcranoske Bemmauus 0,5N” Bvecto 0,5N B dopmyie
(4.63), 3nauenue kos>dduimenta B popmyne (3.25) papHo 1922,42 cM’, a mogKopeH-
HOE€ BBIPAKEHUE MOJyYaeTcs OTPULIATEIbHBIM. JTO €l pa3, HapaBHE C PacYeTOM I10
npumepy 4.2.1, nokaspiBaet, uTo B hopmysie 55 [7] monyiieHa orneyarka.
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5.YcuiaeHune cKaTbIX JKeJae300eTOHHBIX 3JICMEHTOB

CTAJIbHBIMHY NPeTHANPSIKEHHBIMH PACTIOPKAMH

5.1.0cHOBHBIC CBeICHUS 0 KOHCTPYKIMHU PACIIOPOK

Meton ycuiieHHs Kene300€TOHHBIX KOHCTPYKUMH C MPUMEHEHUEM IIpel-
HaANPsHDKEHHBIX pacnopok Haubosiee BOCTpeOOoBaH U d(PQPEKTUBEH B YCIOBHUSX JCH-
CTBYIOUIUX MPEANPUITHI, KOTJIa B CTECHEHHBIX YCJIOBUSIX MPOU3BOJCTBA HEOOXOAM-
MO TIPUHATH OBICTpbIE U 3(PPEKTUBHBIE MEPHI IO BOCCTAHOBICHUIO MU YBEIHUEHUIO
HeCyIel CriocOOHOCTH CKAThIX 3JIEMEHTOB. Y Ka3aHHBIN METO]l yCUIICHUS HE TpeOyeT
CJIIOXKHBIX U TPYJAOEMKHX PabOT, TaK Kak PAclOpPKHU M3rOTaBIMBAIOTCS LIEHTPAIH30-
BaHHO, a 3aT€M MOHTHPYIOTCS Ha MecTe. OHU He TpeOYIOT U NPUMEHEHUs Clielralb-
HBIX MPUCTIOCOOTIEHUH AJI CO3/1aHUsI PEIBAPUTEIHHOTO HANIPSDKEHMSI, TAK KaK OHU —
IPUCTIOCOOJICHUS — 3aJI0)KEHBI B CAMON KOHCTPYKIIUU PACIOPOK.

[IpenHanpspkeHHbIE paclopKU OBIBAIOT JIBYX- U OJHOCTOpOHHUMH. [lepBbie
(puc. 5.1,A) npuMeHSI0TCA 17151 TOBBIILIEHHS HECYILEH CITIOCOOHOCTHU CXKAThIX AJIEMEH-
TOB CO CIyYalHBIMU 3KCLUEHTPUCUTETAMHU, & TAK)KE BHELIEHTPEHHO CKAaThIX KOJOHH —
IpY HAIMYUU JBYX3HAYHBIX MOMEHTOB. OHU yCTaHABIUBAIOTCS 1O JABYM MPOTUBOIO-
JIOKHBIM CTOpPOHaM KOJIOHH. BTOpble MCHONB3YIOT ISl YCUJIEHUS TOJBKO BHELEH-
TPEHHO CXKAThIX KOJIOHH, UMEIOIIUX OOJIbIINE UM MaJlble SKCLHEHTPUCUTETHI, U yCTa-
HABJIUBAIOT € OJIHOM — C:KaTOM CTOPOHBI KOJIOHHHI (puc. 5.1,B).

B 3aBHUCHMMOCTH OT CE4YEHHMs PaCIOPOK YBEJIMYEHUE HECYLIEH CIIOCOOHOCTH KO-
noHH MoxeT pocturath 1200-1500 kH, uTo BecbMma CylIeCTBEHHO.

[IpennanpskeHre pacnopok O0O€CTeurMBAEeT OJAHOBPEMEHHO HUX HAJIEKHYIO
COBMECTHYIO pabOTy € YCHIMBAEMOW KOHCTPYKIMEHN 3a CYET IUIOTHOTO MPUMbBIKAHUS
no Topuam. [Ipy 3ToM ycuIMBaeMblil 3JIEMEHT YACTUYHO Pa3rpyx aeTcsl.

[Io KOHCTpYKIMHM KaKJas paclopka COCTOUT U3 JBYX YTOJKOB, CBSI3AHHBIX

MCIKIOY coOoi IMPUBAPCHHBIMU COCANHUTCIIbHBIMU ITJIAHKAMMU. Hpe;[nhoeHHe OTOar0OT
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HEPAaBHOOOKHUM YToJIKaM C LEJbI0 CHM)XEHUs TMOKOCTH pacnopok. [lpu manoi mm-
PUHE KOJIOHH PacClOPKHU BBIMOJIHSAIOT U3 MIBEJUIEPOB. [[MaHKK NPUHUMAIOT ITUPUHOMN
(0,5= 0,7) oT MWIUPUHBI PACTOPKH M TOMIMHUHOW 6-10 MM. MuHUMaJIbHOE CEUEHHE
m1aHok 80x6 MM.

BBepxy u BHU3Y pacnopoK MPUBApPUBAIOT IUIAHKU-YIIOPHI TOJIIMHON HE MEHEE
15 MM U ceueHHeM, paBHBIM IUIOMIAU CEYEHUS CaMHUX pacrnopok. KOHCTPYKTUBHO
ATU TUIAHKH 3a TOPLBI Paclopok AOkHBI BbicTynarh Ha 100-150 MM ucxoas w3
ya00cTBa paboT U AJis Mepefadynd Harpy3ok Ha yroJiku-ymnopsl. [locrnennue ycranas-
JMBAIOT Ha MIACTUYHOM PACTBOPE CTPOr0 TOPU3OHTAIBHO 3aMOJIJIUIIO C HAPYKHBIMU
OOKOBBIMU I'PaHSIMHU yCHIINBAEMBIX KOJIOHH.

B cepenune myinHBI pacnopok B OOKOBBIX MOJKaX MPEAyCMaTPUBAIOTCS BBIPE-
36l C LEIBIO CO3/aHUsl Teperuda pacrnopok IMPU CTPOTO KOHTPOJIUPYEMOM YTiie
HakJIoHa. JIJis BO3MeEIlleHUs yTPauyeHHOTO CeUeHHUs TI0JIOK B MeCTax meperuda pacro-
POK MIPUBAPUBAIOTCS CHEIMAIbHbIE TUIAHKU, BBHICTYHAOIIKE 32 OOKOBBIE IPaHU YTroJ-
KOB.

[1naHku-ynopsl U MJIaHKH, YCTAHOBJIICHHBIE B MECTax meperuda pacrnopok, uc-
MOJIB3YIOTCS 3aT€M JUIsl TIOCTAHOBKM MOHTaKHBIX (IIO TOpLIAM) U CTSXKHOTO (B cepe-
nuHe) 0ontoB. X qriaMeTp JOKEH COCTaBIISATh COOTBETCTBEHHO HEe MeHee 16 u 20 mm.

CMOHTHpPOBaHHBIE U OTPUXTOBAHHBIC PACIIOPKH MMEIOT HAKJIOHBI B CTOPOHBI
o0enx TOpIIoB, 00pa3ys 3a30p MEXKAY PaCIOPHON M OOKOBBIMU TPAHSIMH KOJIOHHBI.

Coznanve npeaHanpsKeHUs: B paclopKax OCYIIECTBIISIETCS UX BBITPSIMICHUEM
B BEPTUKAJIHHOE MOJIOKEHUE. DTO JOCTUTAETCS C MOMOIIBIO HATSDKHBIX 00JTOB. [Ipn
JIBYXCTOPOHHHUX PACHOpPKax ATH OONTHI CTATHUBAIOT MEXIY cO00il 00e pacmopku, a
IIPU OJTHOCTOPOHHUX — PACIIOPKY MPUTATUBAIOT K KOJIOHHE.

J{1st 3TOTO y MPOTUBOIOIOKHOW TPAHU KOJIOHHBI MPEIBAPUTEIHLHO MOHTUPYIOT
OTPE3KHU KPEMEKHBIX YIOJIKOB, COCIMHEHHBIX MEXKIY COOOW TUTAHKOM ISl HAaTSXKHBIX

00JITOB.
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[IpennanpsbkeHre B pacmopkax CO3AaeTcst AJisl TOro, YTOObl HAJIEKHO BKIIIO-
YUTh UX B COBMECTHYIO pa0OTy C yCHJIMBAaEMOM KOJOHHOU. PexoMenayemas Benuyu-

Ha Takoro HanpsbkeHus cocrasigeT 60+ 80 MITa.
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10 1]

4

Puc. 5.1. YcuieHue KOJIOHH NPeABAPUTEIbHO HANIPA/KEHHBIMH IBYXCTOPOHHUMM U OTHOCTOPOHHUMM
MeTAVIHYECKUMH PaCIOpKaAMU:

A) — ycuiieHue ABYXCTOPOHHUMU PaciopkamMu; B) — To jxe 0THOCTOPOHHNMMU; a) — B IIEPHOJ] MOHTXKA; 0) — B HAMPSHKEHHOM COCTOSHUM;
|- ycunuBaemasi KOJIOHHA; 2 — YTOJIKM PACIOPOK; 3 — COEAMHUTEIBHBIC IUTAHKU; 4 — YIIOPHBIE YTOJIKK; S— IUIAHKU — YTIOPBI;
6 — KpETeXKHbIM MOHTAXKHBIN O0NT; 7— HATSHKHOM MOHTAXKHBIM O0NT; 8 — MJIAHKU JJI HATsDKEHUS O0JITOB B MECTE Meperuoa;
9 — kpenexHbie yroaku; 10 — kpenexxHbie CTeP>KHU (IIJTAHKH);
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[Tocne BBIIpSAMIIEHHS] ABYXCTOPOHHUX PACHOPOK M BKIIFOYEHUS X B COBMECT-
HYI0 paboOTy ¢ KOJOHHOM pacropku 00bEIUHIIOT MEXKIy COOOM ¢ TTOMOIIBIO IUIAHOK.
OOHOCTOPOHHME  pPAacloOpKM INPUKPEIUIIOT K CaMOM  KOJIOHHE  YIOJIKAMM-
KOPOTBIIIAMH, KOTOPBIE YCTAHABIMBAIOT ITONIAPHO C IPOTUBOIOJIOKHOM OT PACIOPKHU
I'PaHHU KOJOHHBI. B pe3ynbTaTe Takoro KperuieHUs KOJOHHBI MOJYyYarOT 3aMKHYThIE
XOMYTHI.

[Ilar GOKOBBIX COEIMHUTENbHBIX IUIAHOK, KaK MPaBUJIO, COOTBETCTBYET LIAry
IUTAHOK BETBEU pacnopok. [Ipn 0qHOCTOPOHHMX pacnopKax Iar KpeneXHbIX IUIaHOK,
€CJIM MO3BOJIAET THOKOCTh YTOJIKOB, MOKET OBITh YJBOEHHBIM MO OTHOILIEHHUIO K OC-
HOBHBIM IJIAHKaM PacCIOpOK.

BokoBble COETMHUTENBHBIE MJIAHKK B MECTaX BbIpe3a OOKOBBIX MOJIOK U Mepe-
ruda yrojIkOB NMPUHHUMAIOTCS YBEIMYEHHBIM CEYEHUEM, YTOOBI OHO OJIHOBPEMEHHO
MOTJIO KOMIIEHCUPOBATh YTpaueHHOE cedeHue yrojika. CedeHue BCeX BUAOB IUIAHOK
Y JUIMHA CBAPHBIX YIVIOBBIX IIBOB OMPEAEISAIOTCS PACUETOM.

[Tocne 3aBepiieHus Bcex paboOT M0 YCUIEHUIO KOJIOHH, MOHTa)KHbIE U CTSYKHBIE
00JITBI CHUMAIOT, UX MO>KHO HCIIOJIb30BaTh KaK MHBEHTAPHBIC NIPU YCWIEHUHU IPYTHX
KOHCTPYKIIUH.

Bce aneMeHTsl ycuieHus B 3aBUCHMOCTH OT BUJA IIPOU3BOJICTBA, arPECCUBHO-
CTU Cpenbl M MOXKAPOONACHOCTU JOJDKHBI 3alMINATHCS OKPAIIMBAHUEM MAacCIsTHOM
KpPacKOW WJIM MOKPBIBATHCS LIEMEHTHO-IIECYAHOM IITYKAaTypKOW TOJIIUHON 25-35 MM

110 CETKE WJIM MPOBOJIOKE AuaMeTpoM 1,5-2 mm ¢ sueiikoi 30-80 mm.

5.2.00mue cBeieHNs 0 PacyéTe MpeABAPUTEIHLHO HANIPAKEHHBIX PACTIOPOK
Pacuer npenHanpspKEeHHBIX pacloOpoOK B PEKOMEHAALMSAX MO MTPOSKTUPOBAHUIO
YCUJIEHUS KeJI€300€TOHHBIX KOHCTPYKIUHU [7]— OTCYTCTBYeT. YKa3aHbl JUIIL OOLIUE
cBeneHus U ccblika Ha TiiaBy CHull 11-23-81%*. TToaTomMy HUKE TIPUBOIATCS pacyeT-
Hble (OPMYJIBbI, B OCHOBY KOTOPBIX IMOJIOKEHA METOJIMKA pacyeTa yKa3aHHBIX KOH-
CTPYKIIHi, pa3paboTaHHAasi OJJHOBPEMEHHO C KOHCTPYKITUEH CaMUX

pacnopok [4].
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IIpu ycuneHun cxaTbIX SJIEMEHTOB MPEAHANPSHKEHHBIMU PACTIOPKAMH ITPOUC-
XOAUT W3MEHEHHUE II€PBOHAYAIBHOW KOHCTPYKTUBHOM CXEMBbI KOJOHH, 4 MUMEHHO
HaNpPsHKEHHO-Ie(OPMUPOBAHHOTO CcOCTOAHMS. (OJHAKO cTaTHYecKash CTep)KHEBas
CXEMa KOJIOHH OCTa€TCs HEW3MEHHOM, 4TO MO3BOJISIET MCIIOJb30BAaTh B pacuerax
KJIACCUYECKHE YPAaBHEHUS CTATUKHU.

[Ipu npoexTrpoBaHUM PACIIOPOK M3 METAlIa, KaK U MPU KUCHOJIb30BAaHUU Pa3-
JIMYHBIX HapalluBaHUUN U3 KeIe300€TOHA, pPACCMATPUBAIOTCS YETHIPE OCHOBHBIX CIIY-
yasi:

-YCUJIEHHE LIEHTPAIIBHO-CoKATHIX KOJIOHH JBYXCTOPOHHUMU PACIOPKAMU;

-YCUJICHUE BHEIEHTPEHHO CXKATHIX KOJOHH C OOJIBIIUMHU KCHEHTPUCUTETAMHU
(§ < &r) ¢ MOMOIIBIO OAHOCTOPOHHUX pacnopok. [Ipu 3ToM cxxumaroiasi mpo10abHas
CHJIa MOYKET HaXOJIUThCA KaK 3a MPEIeIaMU CEUYCHUS DJIEMEHTA, TaK U MEXIY CYIIe-
CTBYIOIIEH apMaTypOU KOJIOHH;

-YCUJIEHUE BHELEHTPEHHO CKAThIX KOJOHH C MaJIbIMU 3KCIEHTPUCHUTETAMH
(& > Er) C MOMOIIIBIO OJJHOCTOPOHHHUX PACTIOPOK MPHU HATIMYUU JIBYX3HAYHOU U OJTHO-
3HAYHOM DIIOPHI HAIIPSXKEHU M,

-YCUJICHHE KOJIOHH JIBYXCTOPOHHUMH PACIOpPKAMHU IPU HAJTUYUHU OOJBIINX U
MaJbIX JKCIEHTPUCUTETOB C CHUMMETPUYHON apMarypoil (IpH JBYX3HAYHOM JIEii-

CTBUM M3rUOAIOIINX MOMEHTOB).

B ocHOBY BbIBO1a pacuyeTHBIX (OpPMYJI 10J10:KEHBI CAeAYIOIINE MPeINOChLIKM:

-yCUJIMBaeMasl KeJle300€TOHHAsI KOJIOHHA U MEeTaJlJTi4ecKasl pacropka padora-
10T COBMECTHO OJlarojiapsi Co3iaBaeMoMy MpeaHANpPsHKEHHIO;

-MEXIy BHEIIHUMHU U BHYTPEHHHMU CUJIaMU B MPEJEILHOM COCTOSIHUU CYIIIe-
CTBYET PaBHOBECHE.

Hwxe npuBenensl pacu€rHbie (GopMyIbl JUisi TPOECKTUPOBAHMS TPEIHAIpS-

JKCHHBIX PacCIIOPOK IIPU PA3JIMYIHBIX CIIydadaX 3arpyKCHUA.
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5.3.Pac4éT cikaTbIX 3JIEMEHTOB CO COAYYANHBIM IKCUEHTPUCUTETOM
[Ipu sKcreHTpUCHUTETAaX, HE MPEBBIMIAIOIINUX Cly4aiHble (cM. 1.4), pacyer
MOKHO BBINIOJIHATH [0 YIPOUIEHHON METOANKE, YCIOBHO MIPUHUMAS X LEHTPAJIbHO-
CXKaTbIMHU.
IIpoBepka npo4YHOCTH
Hecymas cnocoOHOCTh 3JIeMEHTa, YCUIIEHHOTO MpEeAHANPsKEHHON paclopKoi
(puc. 5.1,A), cuutaercst o0ecreueHHOM, eclii OyIeT BBITIOIHATHCS YCIOBHE:

Nad :(D[Rb'Ab—i_Rsc.A scad.Asad]- (51)

+]/sr5.2R

stot

31ech @— KO3PPUIUEHT POJOJIBHOTO U3r1da, ONpenesieMblii 10 METOIUKE, IIPEI-

noxxeHHoi [5,10], ¢ ucmons3oBanuem 1adm. [1.4.1 u [1.4.2
Rgcaq— pacueTHoe conmpoTUBIIEHNE METaJlJIa PACIIOPOK Ha CXKATHUE;
Agag— TUIOIAJIb CEUEHHUS ABYX YTOJIKOB PACIOPKHU.

¥sr5=0,9 — KO3 duLMEeHT ycnoBuil pabOThI paclopoK, YUYUTHIBAIOIINI IIOTEPH MPEJ-

HaIPSHKCHMSL.
IHoxdop cevyeHust pacnopoxk
CeueHnue pacnopok A HEHTPAIbHO-CKATHIX KOJIOH ONPENEISIOT 110 BETUYNHE
yeunust AN,4, KOTOpO€ JOJKHO OBITh MEPEJaHO Ha paclOpKU. JTO YCUIIME ONpee-
JIAIOT 10 Pa3HULE MEKy TIOJIHOW HOBOW HArpy3Kou Ha KONOHHY AN,y U IIpeeIbHON

HEeCyIIeH CITOCOOHOCTRIO CYIIECTBYIOMICH KOJOHHBI Ny ¢, KOTOPOE OMPEACISICTCS 110

dbopmyie:
No ui= (p[Rb'Ab+ Rsc'Astot] ; (52)
ANa¢=Nag-Nouit - (5.3)

N3 dhopmyisl (5.1) cnepyer ,uyTo miIomaabr CEYEHUS pACHOPOK OMPEIEISIETCS U3 BbI-

paxeHus

Asad:fﬂNad / 2 QY sr5 'Rscad- (54)
[To pacueTHOM mIomATU Agyq IO COPTAMEHTY MOJIOUPACTCS CEUCHUE PACTIOPKH,

COCTOSIIEE U3 IBYX PABHOOOKHUX WJIM HEPABHOOOKHUX YTOJIKOB, M BBIMHUCHIBAIOTCS UX

PACUCTHBIC XapaKTCPUCTHUKH.
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Jlanmee BBIOHSAETCS pacueT KOHCTPYKIMU KaXI0W PACTIOPKHU, COCTOAIICH U3
JBYX 4acTeil. B nepByro ouepeb pacCUUTHIBAIOT COCIMHUTENbHBIE TUIAHKH PaCIIo-
pok. Pacuer 3akiiroyaeTcsi B ONpEAEIEHUH IUIOMAAN UX CEUCHUS TPU ACHCTBUU
yCIIOBHOH ((PUKTHBHOW) MMOTIEPEUHOMN CHIIBI U OTIPEICIICHUH TUTOIIAIA CEUCHUS U
JUTMHBI YTIIOBBIX IIBOB, MPUKPETUISIONIMX TUTAHKU K yrojkaM pacnopok. [TogpooHo
3TO U3JIOKEHO B MPUMEpaAX pacyeTa KOJIOHH, YCUIIEHHBIX CTaJbHBIMU 000MMamMu
(npumep 4.1.3) 1 B mpuMepax HACTOAIIETO pa3eia.

3aTeM pacCUUTHIBAIOT COOCTBEHHO PACIOPKH Ha YCTOMYMBOCTH NMPU MOHTAXKE,
BBITIPSIMIICHUH U CO3JaHUU MIPEBAPUTEIILHOTO HAIPSIKEHUA. 32 PACUETHYIO JUTUHY
pacnopok NPUHUMAIOT PACCTOSIHME OT MECTa X neperuda 1o ynopa, riae ecTh Iap-
HUPHOE KpeIJIeHUue. YTOpbl YCTaHABIMBAIOT MO HUKHUM T'paHsIM Oajok (pureneil)
WM KamuTesel (mpu 6e30a109HOM MEPEeKPHITUHN) B BEPXHUX 00pe30B (yHIaMEHTOB
(Z17151 KOJIOHH MEPBOTO ATaXKa) WU BEpXa IJTUT NEPEeKPhITUS (11 MEKTYITaKHBIX KO-
JIOHH).

['nOkocTh pacnopok onpeaenserca u3 Beipaxenus Ax = 0,5//ix (58.5), rae - pac-

cTosiHue Mexny ynopamu. Jlamee o ta6m. I1.4.4 npwi. 4 onpenensercs koddduiim-

€HT TPOJIOJILHOTO U3TrN0a pacIopKU (O U TIPEACTbHOE HANPSDKEHHUE B PACTIOPKE TIPH
noytyuyeHHou 1o opmyiie (5.5) THOKOCTH G aq= Rcad Px - (5.6)
[To HaiiieHHON BEIMYMHE @) 5, IOTB3YSICH IpadukoM (puc.5.2), onpeaesstoT Bo3-
MO>KHBIW TIpeIeNbHBIN YKIIOH pacnopku (1), co3JaBaeMblii TP MOHTAXE, U PACCTOsI-
HUE OT I'PaHM KOJOHHBI 0 BHYTPEHHEH TpaHU TOJKH pacopku — (a). Tak kak pexo-
MEHJlyeMO€ HalpsbKeHHe B pacrnopkax cocrasisieT 60-80 MIla, To yKJIOH pacropok
JOJDKEeH HaxoauTbes B mpenenax 1=20,024-0,028. PaccrosiHue OT BHYTpEeHHEH rpaHu
MOJIKK YTOJIKa PACIOPKH /10 KOJIOHHBI a=1-//2. (5.7)
I'paduk, nzoOpakeHHBIE Ha puc.5.2 MOCTpoeH Ha ocHoBe (opmyinbl (5.8)
NPE/ICTaBIICHHON HMKE, KOTOpas IMOJy4YeHa C HMCIOJb30BaHMEM CXEMbl YCHJIHMH B

pacropke npu e€ neperude B cepeluHe IIuHbI (puc. 5.3).
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Puc. 5.2 I'paduk 3aBMCHUMOCTH HATIPSKEHUI Gy B IPeTHANIPS-

JKCHHBIX pacCrnopKax oT yrJjia uX HaKJIOHa [

Puc. 5.3 Cxema

YCWIN B pacnopke B

3aBUCHUMOCTH OT yrIJia

HX HAKJIOHA

Pacniopka ¢ nmeperubom B cepeliiHe JUIMHBI — 3TO MPSIMOYTOJIBHBIN TPEYTOIbHUK,

it KoToporo a/b=tge=1,unu a=i-b. ['MnoTeHy3a 3TOro TpeyrojbHUKa MPEBHIIIAECT
KaTeT Ha BEJIMYHMHY O M paBHa: b+ = va’ +b* =b+/i* +1 , OTKyna )

=b(+i* +1 -1). 3ameHHUB BeUYNHY GHA OTHOCUTENBHYIO BEIHYMHY MPUPALICHISI

o ;
JUTMHBI, TIOJIY4YUM & = o= \Vi? +1-1. CornacHo 3akony ['yka, Hanpspkenue 6p=¢'E, umu

6o=E( Vi +1 -1). (5.8)
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5.4. PacyeT BHELIECHTPEHHO C:KATBIX 3JIEMECHTOB

¢ 0o1bIIMMH SKcHeHTpUCHTeTaMH (& <Cy )

Pacuernas cxema IONEPEYHOIO CEUYECHUS BHELICHTPEHHO CXKAThIX KOJIOHH, YCH-
JIEHHBIX OJHOCTOPOHHEN MNPEIHANPSHKEHHON PACIOpPKOM MPU PACTOJIOKEHUU IIPO-
JOJIBHOW CKMMAIOIIEN CUJIBI 3a MPEEIaMH YCUIINBAEMOI'O CEUEHUS UM MEXKY apMa-
Typoi mpeAcTaBieHbl Ha puc. 5.4. V3 pucyHka BUIHO, UTO YCHJIUBAETCS TOJIBKO CiKa-
Tasg 30HAa KOJOHHBl. OJTOMYy CIOCOOCTBYET M camMa KOHCTPYKLHUS pPacrlopok
(puc. 5.1,b), T.K. IpeaBapUTEIbHOE HANPSKEHUE CKATUS MO3BOJSET BKIIOYATh UX B
COBMECTHYIO pabOTy TOJIBKO B CKATOU 30HE.

JleiicTBHEe HIKETIPUBEACHHBIX PACUETHBIX (DOPMYJT OTpaHHMUMBAETCS YCIOBHUEM
x =Erh,, B KOTOpOM, HCXOMs U3 MPUHIMIIA ONTUMAJIBHOIO MPOEKTUPOBAHMUS, IpeE-
nenbHOe 3HaueHue & = 0,55 nmpu cooTBeTcTBYIOIIEM 3HaUeHuu ag = 0,4.

IIpoBepka npo4yHOCTH
[TpenensHOE 3HaYeHNE NPOIOJABHON CHIIBl N, 4 ¥ U3rHOaroIero
MOMEHTa N4 '€ OIPENEIAITCSA U3 IBYX YCIOBUI PaBHOBECHS:
- POEKIUS BCEX CHJI HA BEPTUKAJIbHYIO OCh
N =Rbx+R A +y R A RA. (5.9)
IIpu paBencrBe Ry =R, MOXHO 3anucaTh
N SRbe + Rs(As_A’s _YSrSA;ad) . (510)
YcnoBrue paBHOBECHSI MEXy BHEIIHMMHU U BHYTPEHHUMHU MOMEHTAMH, B3STbI-

MU OTHOCUTEJIBHO MEHEE HANPSKEHHOM apMaTyphl A

Ne gRbe(hO_ O’SX) T RscA’s (hO_a') + ’YchRscadAsad (hO_ead) . (5-1 1)
[Tpu ucnonp30BaHUU OTHOCHUTEIBHBIX XapaKTepUCTHK ¢opmyina (5.11) moxer

OBITH MMpcacTaBjiCHa B BUIC

Ne SOLRRbbh% + RscA's(hO_a') + 'YchRscadA:sad (hO_e‘ad) . (512)
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2 e N

Rs

As,ad

Puc.5.4. PacueTrHasi cxemMa KOJIOHH, YCMJIEHHBIX NMpPeIHANPSIKEeHHBIMH Pacnop-
KaMM Ipu  00JBIINX IKCHeHTpUucHTeTax (§ < &R):
a) Mpo0JbHAs CxKUMarolas cuia N pacronoKeHa BHE CEUEHUS;

0) To ke, pu cuiie N, pacrojgoKeHHON MeXay apMaTypoil Agu A’

VYcaosue (5.12) MOXKHO BbIpa3UTh Yepe3 MPOJI0IbHYIO CHITY

— aRRbbh(z) + RscA's(hoia') + ’YerRscA'sad (hoia;d) .
(&

N

(5.13)

BricoTa cxaToil 30HBI O€TOHA X OMpEAENSIeTCS U3 YpaBHEHUSI MOMEHTOB, CO-

CTaBJICHHOI'O OTHOCUTENIBHO OCH IPUIIOKEHUS IPOAOIBHON CWIIBL N4
Rbe(e_hO + 035X) + RscA'se’ + ’YerRscadA‘sade’ad B Rs‘A‘se =0, (5. 14)
rae e=ep, +0,5h-a(5.15), ¢ =¢,,-0,5h+a (5.16) u e,y =¢,,-0,5h+a,y,  (5.17)

PackpbiBas ckoOKH, MOTYyYUM KBaJpaTHOE YPAaBHEHHE BUA:
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2R (AeFAe FYqsAiiCad)
R,b

x2—2(h,-e)x- 0. (5.18)

Pemmast aTo ypaBHeHue, moryduM GopMyITy IS ONIPEAETICHUS BHICOTHI

CYKaToil 30HBI OETOHA:

2Rs(Ase + A‘se’ + YerA;ade;td)

x = (hg-e) +,/(hy-e)” +
0 0 Ryb

(5.19)

B dopmynax (5.18) u (5.19) pacuerHple CONMPOTUBIICHUS CTAJM TIOCTABIICHBI
R, T.Kk. B KOJOHHax OOBIYHO NPHUMEHSIOT cTanb, y Kortopod R =R . Ilpn
R, #R,, KaxJ0e MOAKOPEHHOE BBIPAXKEHUE MOJCTABISIIOT CO CBOUM PACUETHBIM

COIMPOTUBJICHUCM.

B stux xe ¢popmynax 3HaK (-) MUHYC 0]l KOPHEM NPUHUMAETCS TIPU 3HAYCHUU
ey > hy-a (cuna pacnosoxkeHa 3a npeAesamMy CEUYEHUs) U 3HaK (+) IIIC MpuU 3Ha-
YCHHH €, < h,~a@ (CWJa pacrlojio’keHa B TPEIeIax CEUYCHUS — MEXKIY apMaTypoi).

Omnpenenus o ¢popmyde (5.19) BennunHy X, MOAb3ysAch Gopmynamu (5.9) wm
(5.11 — 5.12) MOXHO BBIYUCIHUTH HECYIIYI) CIOCOOHOCTb YCHJIIEHHOW KOJIOHHBI.

VY4eT ruOKOCTH YCUIIGHHBIX KOJIOHH ¥ KO3(UIIMEeHTa 1| TIOKa3aH Ha MpuMepax.

IMoadop cevyeHus: pacnopoxk
CeueHrie OJHOCTOPOHHUX PACIIOPOK MPHU BHELIECHTPEHHO MPUIIOKEHHOW Harpy3-

K€ ompeensieTcs u3 BeipaxkeHus (5.9), KOTopoe pemaeTcss OTHOCUTENBHO TUIOLIAAH

pacriopkn Ay, a uMeHHO N_ ;7. sR g RocA, Rybx =0 (5.20)

sad » sca

. Ny +AS—A‘S_ R, bx

Asad - R R
VsrsNscad Ysrs VsrsNscad

(5.21)

BricoTa cxkatoit 30HbI X B popmysie (5.21) onpeaensieTcs U3 ypaBHEHUS PaBHO-

BECHSI CHJI OTHOCUTEIIBHO LIEHTPA TSHKECTU CEUYECHMS TPOEKTUPYEMOU pacniopku. [Ipu

eo >hy-a (cm. puc. 5.4,a) ypaBHEHHE HMEET BUL
Ne,y + R A (e —e,q)-R A (e-e,y) + R bx(e-hy-e,y +0,5x)=0, (5.22)

KOTOPOC B HpCO6p330BaHHOM BHUAC IIPCBPAITACTCA B KBAAPATHOC YPABHCHUC
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0,5R bx? + R bx(e-hy-e,4)+ Ne,y + R A (e —e,q)-R A (e-e,q)=0.(523)
ITpu e, < ho—a' (puc. 5.4,6) ykazaHHOE BBIpaKECHUE IPUHUMAET BU]I
Ne,y TR A (e,q—¢)+RA (e+e,y)+Rybx(e,y +e-h,+0,5%)=0.(5.24)

[To ananoruu ¢ opmynoit (5.22), packpbIB CKOOKH, TOTYYUM KBaJApaTHOE ypaB-

HEHUC BUAA:
0,5R ,bx* + Rybx(e,y +e-hy)+ Ne,y + R A (e,y—e ) R.A (e,q +e)=0(525)

[Tony4yuB miomaab CEYEHUs] OJJHOCTOPOHHEN PAaCIOpPKH, AAJIEe MO aHAJOTHU C
pacyeToM JBYXCTOPOHHHMX (CM. M. 5,7), BBIMOJHSETCS pacyeT KOHCTPYKIIMU CaMOM
pacmopKH.

5.5. PacyeT BHELIEHTPEHHO CKATHIX 3JIEMEHTOB ¢ MaJIbLIMHU

kcuenTpucureramu (§ > &)

Pacuernas cxema monepedyHOro CEeYeHWsi BHELEHTPEHHO CHKaThIX KOJOHH, YCHU-
JIEHHBIX OJHOCTOPOHHEW IMPEIHAIPSIKEHHOW PacloOpKOM, NMPU HAJUYUU MaJbIX JKC-
LIEHTPUCUTETOB, MOKa3aHa Ha puc. 5.5. [Ipu pacnosoxeHnn npoaoJbHOW CHIIBI 32
npeAeiamMu SIAPOBOrO0 CEUEHHUs CIpaBeMJIMB puc. 5.5,a. Dmiopa HANpsKEHU B pac-
CMaTpUBAaEMOM CEUYEHUH KOJIOHHBI — JBYX3HAYHAs,, UMEET MECTO U C)KaTasi apMarypa,

B KOTOpOH HampsbkeHus o, =R ., U pacTsaHyTas, koraa 6, =R . Eciu cuna Haxo-

SC?
IUTCST B Tpeenax SapOBOTO CEUYEHHs, TO OJIIOpa HAMNpsSHKEHUH OJHO3HAYHAS
(puc. 5.5,6). B ceduenunm wumeer Mecto Oojee ckaras apMmarypa, sl KOTOPOM
0. = R ¥ MeHee cxaTas. HanpsokeHus B HeM 6, HE JOCTUTAIOT CBOETO PACUETHOIO
COIIPOTUBJICHMS R .

VuuTeiBas, 4TO HeCyllas CIOCOOHOCTh YCWJIEHHBIX KOJOHH mpu X >&Eph, BO

MHOT'OM 3aBHCHUT OT IUIOIIA/IA CEYEHHs pACTAHYTOM (MEHee CKaToW) apMaTyphl U OT
YPOBHS JOCTUTAEMBIX B HUX B IPEIEIBHOM COCTOSIHUM HANPSKEHUM, PacdyeT paclio-

POK HJIAd CiIydasa MaJIbIX SKCHOCHTPHUCUTCTOB JIOTUYHCC HAYUMHATDL C OIIPCACIICHHUA I1J10-
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a1 JAOMOJHUTENbHON apMaTypbl. OT 3TUX ABYX (PaKTOPOB 3aBUCUT U BBICOTA CHKa-

TOU 30HBI OETOHA X.

a) e N 0) e N
h/2 e.}e’ e’ h/2 ¢ e’ e’
e e
| |
~ | ’YerRsc,adA 's,ad I 'YerRsc,adA ’s,ad
8 | . |
| © |
Rb Rb
6SAS 7RSCA ,S 6SCAS RscA ,s
ho‘o ! e 'ad ho'o ' a 'ad
‘ As,ad As,ad
- 3 . f//
/.
AS Als L d ! M A'S
a.. X a a’
h h

Puc. 5.5. PacuerHas cxeMa Jisl KOJIOHH, YCHJICHHBIX NMpeIHANPAKEHHBIMH pac-
MOPKAMM MPH MAJbIX IKcueHTpucurerax (§ > &Eg):
a) — CEYEHNE KOJIOHHBI YaCTUYHO PACTSIHYTO, HAMPSKEHUS B PACTSIHYTOW 30HE

(os <Rs);
0) — ceyeHne KOJIOHHBI ITOJIHOCTBIO CKATO, HAIIPSIKEHNE B MEHEE CKATOM apMaType

(o5 <Ry), a 6osee cxxaroii (o5 = Ry.)

ITonGop cevyenusi pacnopoxk

Jns HaxoxXIeHWs IUIOIAaAM CEYEHUs PAacIOpKH BocHosb3yeMmcsa (opMmyioin
(5.12), pemas €€ OTHOCUTENBHO BEIMYHMHBI A, . DTO BIOJIHE BO3MOXHO, T.K. JIBa

NEPBBIX ClIaraeéMbIX 3TON (POPMYIIBI MPEACTABISIIOT COOOM HECYIYI0 CIOCOOHOCTH

134



cyllecTBytomero ceueHuss N, a TpeTbe — OEQULIUT HeCylleld CHOCOOHOCTH IO
MOMEHTY. N,, =[0,4R,bh; + R _A. (h,a')]/e. (5.26)

IIpn ycnosun N,y > N HeoOxonumo ycunenue. [Ipunnmas ap = 0,4, nony-
9uM (GOpMyITy IJIsl ONPEAETICHNUS IIIOMAIH CEYEHHS PACIIOPKH:

2 Al Al
Ne _O,4Rbbh O_RSCAS(hO*a )

A = .
YerRscad (hofead)

sad

(5.27)

I[J'IH OIIpCACI/ICHUA BCJINYUHBI €, 4 HGOGXOI[I/IMO npcaABaApUTCIIbHO 3a/1aTbCA CCHUC-

HHUCM YTOJIKOB IJISA PACIIOPKHU U BBIIIUCATH U3 COPTAMCHTA PACCTOAHUC O LCHTpPA T:-

KCCTHU CCUCHUA 3TOI'O YTOJIKa Zj U TOJIIHNHY IIOJIKH t.

€,q=¢y +0,5h+a,, (5.28), rne a,y =z,-t. Jlajgee 1o U3BECTHBIM YK€ BbIlIE (HOPMY-
J1aM HE00XO/IMMO BBIMIOJIHUTH PAcUeT CEUEHHsI PACTIOPKH.

IIpoBepka npo4yHOCTH

ITpoBepka Hecyuieil COCOOHOCTH KOJIOHH, YCHUJIEHHBIX MpeIHANpsSKEHHbIMU
pacropkamu, I Cily4as MaJbIX JKCLEHTPUCUTETOB AHAJIOIMYHA PACYETY KOJIOHH,

YCWICHHBIX HApalllUBAHUCM N3 }KCHCBO6CTOH3, M1 BBIITOJIHACTCA I10 (I)OpMy.TIaMC

N= RbredbX + RscAsred_GsAs ) (529)

Ne= Rbe(hOred_ O,SX) + RscadAsred (hOred_aad) . (530)
B ykazanubix popmynax npu oTCyTCTBUM HAOETOHKH, POJIb KOTOPOW BBITIOJIHS-

IOT pacmnopku, 3HayeHue R4 =Ry, a BbIcOTa CKaToM 30HBI X OINpPENEIAETCS U3

COBMECTHOrO  pemeHus  IByX  ypaBHeHumi: Rybx+R A, 6,A =0

Sre

(5.31)

G, = 2(I_X/hOred)_l]RS .
(1-Cr)

[Tocne noacranoBku B popmyity (5.31) 3Hauenust 6, o ¢opmyie (5.32) nosny-

(5.32)

YUM HCKOMOC, aJalITUPOBAHHOC K YCHUJIICHHOMY J3JICMCHTY 3HAUCHUC BLICOTHI cokaToun

30HbI OETOHA:
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%) B Rsc A;red

N+R A /(
X = R
SR . (5.33)
bb_{.#
(1_§R)h0red

B dopmynax (5.31) u (5.32) 3HaueHus A'Sred u h(.4 ONpenesroTcs U3 BoIpaKe-

Huil (3.16) u (3.14), a BenuuuHa &g — 1o popmyne &, =0,8/(1+ R, /700).

5.6. OcHOBHBIE M0JI0KEHNSI PacyeTa MpPeIHANPAKEHHBIX PACTIOPOK
NPHU AeCTBUM IBYX3HAYHBIX MOMEHTOB

[Ipu melicTBUM NBYX3HAYHBIX MOMEHTOB, OTJIMYAIONTUXCS HE Ooiee, uem Ha 20%,
MPOEKTUPYIOTCSI CHMMETPUYHBIE JIByXCTOPOHHUE PACIOPKH, UCXOAS U3 MaKCUMaJlb-
HBIX ycuuid. [Tpu koMOuHanmsx ycunuii, ¢ paznuuuem 6onee 20%, IpoeKTUPYIOTCS
JIBE€ HE3aBUCHUMBIC JBYXCTOPOHHHME PACTIOPKH M YCTAHABIMBAIOTCA B COOTBETCTBUU C
JNEUCTBYIOIIMMU 3HAKAMH YCUIIUM.

3nech ene pa3 NoJAYEPKHEM, YTO HECMOTPSI Ha YCTAaHOBKY JBYXCTOPOHHHX pac-
MOPOK NP KaKJI0W KOMOWHAIIMKM HArpy30K paboTaeT TOJIBKO O/IHa, KOTOpas MmomnajaaeT
B C)KaTyIO 30HY KOJIOHHBI. J[pyras pacrmopka BKIIOYAeTCsl B pabOTy TOJIBKO MPHU U3Me-
HECHUU HaMpaBJICHUS yYCUITUMN.

Pacuer pacnopok npu JBYX3HaYHBIX MOMEHTaX BBITIOJHSIETCS MOCIEA0BATEIBLHO
M0 KaKJI0M KOMOWHAIIMK TI0 aHAJIOTHUU C OJTHOCTOPOHHUMU B 3aBUCHMOCTH OT CITydast

pacuera. Ilpm Oompmmx skcueHTpucuTeTax (& =ER) wucmomb3yTcs (GopMysl
(5.9) — (5.25). Ilpu manbix skcueHTprcHTeTax (& > & ) pacdyeT BINOIHsETCS 10 Gop-

mynam (5.26) — (5.33). IloapoOGHO 3TOT BOIIPOC pacCMOTPEH Ha MpUMEpPax.

5.7. Ilpumepsl pacyéTa CKATHIX IJIEMEHTOB, YCHUJICHHBIX
NPeAHANPSAKEHHBIMHA PACIIOPKAMH
Jlnst cpaBHeHUST 2 (PEKTUBHOCTH YCHIICHHS BHEIICHTPEHHO CHKATHIX DJIEMEHTOB

C HCIIOJIB30BaHUCM CTaJIbHBIX HpeI[HaHpH)KéHHBIX PacCIioOpoK M pPa3IMYHBIX BHIOB
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HAOETOHOK, B IpUMepe 5.2 MpUHSTHI T€ e, YTO U B pumepe 4.2.3 pa3Mmepbl ceyeHus,

IIPOYHOCTHBIE XapaKTEPUCTUKH MAaTEPUAIIOB U JEUCTBYIOIIUE YCUIIUS.

Ipumep 5.1 (puc.5.6). Pacuér npenHanpsyKEHHBIX PacIOpOK Jsl YCUJICHHS
LEHTPAJIbHO CXKATHIX KOJIOHH. /laHO: MOHOJMTHASL KeJIe300€TOHHAsE KOJIOHHA MEepPBO-

ro dtaxa ceuenueM 40x40cm.beton ycunuBaemoro »snemeHTa kinacca BIlS

(R,=7,7MIla). Komouna apmupoBana 6@22A300 (Agy = 22.81cm? ),
R, =270Mlla . Tocne nmpoBeneHnst peKOHCTPYKIME Ha KOJNOHHY OyJeT BO3JIeH-
cTBOBATh MpojonbHas cuta N, = 2500 e , B TOM YHCJIE OT JECHCTBHS MOCTOSHHBIX

1 mTensHbIX Harpysok N, = 2000 &f

TpeOyeTcs onpenenuTh CeUeHHe pacopKH, yroi €€ HaKJIOHAa B MECTE Meperu-

0a ¥ BBIMOJIHUTH Pacy€T KOHCTPYKIMHU pacrnopku. Pacnopku mpoekTupyem u3 mnpo-

katHOM ctanu C235 mapku BCt3cn6 Ry =R 4 =225Mlla (mpu TommuHe pacoHa

t=4-20 mm); Ry =215MIIa nus mucrosoro MPOKAaTa aHAJIOTUYHOM TOJILIUHBI.

Jns ompenenenus aeduIMTa HECYIIEH CIIOCOOHOCTH, OMpPEACIISIeM HECYIIYIO

CIIOCOOHOCTh CYIICCTBYIOIICTO CCUCHUA:

-pacu€rHas JJIMHA KOJIOHHBI IIEPBOT0 ITaXa 10 =0,7 H, = 0,7-0,6 =4,2m ;

-TMOKOCTh KOJIOHHBI epBoro staxa A, = l,/h =420/40=10,5wm ;

h=400 3
N
‘ 350#+400 ‘ 3
2L110x70x7 ] l il
ﬂ_/* 2L110x70x7
B22 A300

Puc. 5.6. LlenTpaub-
HO C:KATasi KOJIOHHA,
yCUJIEHHAsl JBYXCTO-

3504400
37,42 cm

POHHHMH pacnopKa-

Cx

MHN

1,99 cm

r
L




-k02(PUIUEHT TIPOAOIBHOTO M3ruba P = @, +2(¢y - ¢, ), < @,

rne kodpdunuentel Ppu Py, npUHUMAaEM B 3aBUCUMOCTH OT I'MOKOCTH KOJIOHHBI U

JUTMTETLHOCTH JeiicTBUs Harpy3ku 1o Tabm. 11 4.1, I1 4.2 (npun. 4)npu 4, =10,5m

u OTHOIIIEHUHU Nl/Nad =2000/2500= 0,8 , O, = 0,89; Oy = 0,903'

a, =R, A, )R, -A=(270-22,81)/(7,7-40-40)=0,5:

= 0,89+2(0,903-0,89)-0,5=0,903,i6¢i¢iadi @ =0, =0,903:
-HCCyIas CII0COOHOCTH CYHICCTBYIOIICTO CCUCHUA

Ny =0R, A, +R_A__, ) =10,903[7,7(100)-40- 40 +270(100)-22,81] =

=1668,4-10°H;

stot

-CTENICHb MEPErpy3KN YCUITHBAEMOU KOJIOHHBI
AN, =N_, -N, =2500-1668,4=831,6 ef :

-HCO6XOI[I/IM8.H momaab CCUCHUS PaCIIOPOK, IIPOCKTUPYEMBIX U3

ctanu kitacca C235

A =AN /2-¢-7.R_)=(831,6-10°)/(2-0,903-0,9-225(100)) = 22,741ii 2,

rae /s =0,9— kordpurreHT yciaoBuil paboThl METaIa PaCIOPOK.

[IpuHuMaeM KaKayro pacrnopKy, COCTOAILYIO U3 ABYX HEPaAaBHOOOKMX yrOJIKOB, pac-

MoJara€MbIX IO TPOTHUBOMOJIOKHBIM CTOpOHaM KoJioHHBI, 2L 110x70x7,
_ 2 ,

Ay =24,6cM” ; pacuéTHble XapaKTEPUCTHKHM MPHHATHIX YrOJKOB: IJIOIAAL Ceue-
A, =123cem’; i

HUSA Ay ,»JCM" ; PaccTosiHHE OT LIEHTPA TSKECTH yTOJKa 0 TPaHu Majou MmoJj-

Ku — Yy = 3,97 ¢M ; 1o xe, 10 6ombmoit —X, = 1,99 ¢M ; pagnyc uneprmu BrOTH Ma-

no#t monku 1, = 3,52 CM ; To ke, BB Gosbiuoi 1, = 1,99 cM (puc.5.6).

Jlanee BbINMONHSIEM pPAcu€T pPaclopKH Ha YCTOMYMBOCTb NMPU MOHTAaXE, BbI-
NPSIMJICHUU U CO3/IaHUU TIPEABAPUTEIBLHOTO HAMPSHKEHUSI.
- JlinHa pacnopku OT ymopa J0 MecTa reperuoa, rie mpu yCTaHOBKE CTSKHBIX 00J-

TOB UMEET MECTO ImapHupHoe kperenue, 0,5-=0,5-5,45=2,775 m, rne [ — paccrosi-
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HHUE B CBETY MEX]y YIOPHBIMU YTOJKaMH (B HAIIeM CiIy4ae OT HU3a IJIaBHOU Oamku
10 BepxHero oopesza (pynmamenta). [Ipu BeicoTe 3Taka 6M, BBICOTE TJIaBHOM OaJIKU
0,6M 1 pacCTOSIHUM OT YPOBHS ITOJIa TIEPBOTO 3Taxka A0 BEpXHETo obpe3a GpyHIaMeH-
12 0,15 M (ycnosro) / =6,0-0,6+0,15=15,55m.

-I'm6xocts pacnopku A, = 0,5//i, =(0,5-5,55)/3,52= 78,8 no Ta6mn. 11.4.4
¢, =0,71.

-IIpenenbHoE HaNpsKEHUE B pacTiopKe

O..q = Ry, =225-0,71=159,75Ml]a.
Io HaiineHHo# BemuuuHe O,y = 159,75Mlla, nomwsysace rpaduxom (puc. 5.2),

OIpEeICIISIEM IIPEICIIbHO BO3MOXKHBIN YKIIOH pacliOpKA Ha MOHTaXe, 1...=0,038.

YuuTeIBasg, 4TO PACHOPKU HAAEKHO BKIIFOYAKOTCS B COBMECTHYIO C KOJIOHHOU
paboty yske npu HanpsxeHusx 60-80 MIIa, npunumaem O,y = 80 MIla  u yrouns-
eM yKJIOH pactopku 1 = 0,028

-PaccrosiHMEe OT rpaHM KOJIOHHBI A0 BHYTPEHHEN TPaHM IOJKH PACIOPOK
a=1-1/2=0,028-555/2="7,77, MIPUHUMAEM a=8CM.

Jlia mpugaHusi yCTOMYMBOCTH YTOJIKOB B COCTaBE Pacmopok U 000iMBI B Iie-
JIOM B COCTaB€ YCUJICHHON KOJIOHHBI, BBIIIOJIHAEM PaC4E€T COCIMHUTEBHBIX IUIAHOK.

-Illar maHOK B cBeTy [, ompejenseM 10 peKOMEHAyeMOH T'MOKOCTH BETBH
A, =30-40 y MuHMManNEHOM 3HAYEHMH PaJMyca MHEPLHUH MPUHATHIX HEPaBHOOO-
kux yromkos 1, =1,99cm. Tlpu 4, =35 [, =4,-1,=35-1,99=69,65cM npunu-

maeM [, =70 cm.

-YcnoBHas ((GUKTUBHAS) TIOTIEpEeYHAs CUjla, IEUCTBYIOINIAs Ha CEYEHUE TUTAHOK

o gopmye (18) CIT 16.13330-2011[12]
Qg =7,15-10°[2330-E/R, ]-N/p =
=7,15-10°[2330-(2,06-10°)/(215-10% )]415-10°/0,71=9,72-10° H
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-YcinoBHag momnepeyHasi Cuiia, NPUXOMSIIAsACS Ha CUCTEMY IUIAHOK C OJIHOM
croponnt Q, = Q;./2=9,72/2= 4,86 ¢l

- IlepepesbiBatomas cuna F u wsrubarommii moment M, | BosHmkaromue B
TIOCKOCTH TTAHKH OT JIeHCTBHUA monepedHoi cumbl Q
F=Q,-1/¢=4,86-85/37,42=11,04KH ,
rne d— mmpuna mianky, [=/, +d=70+15=85cm,c=b+2t-2y,,
c=40+2-0,7-2-1,99=37,42 (puc.5.6);
M, =Q, -1/2=4,86-85/2=206,6 eliii.
3a1aBasCh TOJIINHON MIaHKKH Ly = 6M, BEIUKCIIAEM €€ MOMEHT COMPOTHBIICHHSI.
W, =t,-(d °)/6=0,6-(15*)/6=225cm"
[IpoBepsiem HampsKEHUs B TUIAHKE OT U3ruda
o, =M,/W, =206,6- 10°/22,5=9182,2H/cm=
=91,82 MIMa<R, -y, =215-0,9=193,5Mlla. Ceuenne nnanku AOCTATOYHO.
Kpemienue mnaHok K yrojkam BBINOJHSEM Ha CBapke 3neKkTpojgamu tumna 342. [lpu-

HHUMaeM KaTeT yIJIOBOTO IIIBa k; = 6mm u ero JUTUHY l,=d-lem=15-1=14cm,

B pacué€r BBOAUM TOIBKO BEPTUKAJIBHBIE IIBBI.
BpruncisieM MOMEHT CONPOTHUBIICHHS U IUIONIA[b CEUYCHUS IIBa C YYETOM pac-

YETHOTO CCYCHUS MO MCTAJITYy IIBa

W, =Bk -12/6=0,7-0,6-14°/6 =13,72 c™’;
A, =Bk 1,=07-0,6-14=588c™’,

rne By =0,7— nna pyunoit ceapku. HanpsskeHus B CBapHOM IIBE OT COBMECTHOTO
JEHCTBUS Mepepe3bIBAIOIIEH CUIIbl U MOMEHTA

r, =F/A,, =11,04/5,88=1,88 KH/cm> = 18,8 MITa

o, =M,/W,, =206,6/13,72 =15,06K5,06 > ) =150,6 MIla .
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CymMMapHOe HampsKEHUE YIJI0BOTO IIBa

o=yr, +0, =188 +150,6° =151,8MIa <R, - 7.=180 MITa,

rae Y. KoappUIUEeHT yciaoBUil paboThl KOHCTPYKIUU, PAaBHBIN €UHULIE.

Ceuenue CBAPHBIX IBOB JOCTATOYHO.

Hpumep 5.2 (puc. 5.7). Pacuer ycusieHHs NpeaHANpPSKEHHOW pacnopKoil BHe-
IIEHTPEHHO CKAaTOW KOJOHBI C 0OJbIINM 3KcuHeHTpucuTeToM (E< & ). Jlano: u3
yCIoBUH, copMynupoBaHHbIX B mpumepe 4.2.1 TpeOyercs OmpeneiauTh HECYIIYIO
CIIOCOOHOCTh CYIIECTBYIOIICH KOJOHHBI MIPH JICWCTBUM HOBBIX HArpy30K, BBISIBUTH
CTETEeHb €€ Meperpy3KH U MoA00paTh CeUeHUs MPEeIHANIPSIKEHHON PACTIOPKU U3 CTaNIN
knacca C235 mapku BCrkn2 (corsacHo tadi. I1.2.2, Ry= R=215 MIla — qis mucro-
Boro meraia u Ry= R=215 MIla — 114 dacona).

JI1st BBISIBJICHHS CITydasi pacueTa BHEIICHTPEHHO C)KATOTro JIEMEHTA, ONpeesieM

oceBoi AkcreHTpUcUTET €,= M/N=700kH-M/1250kH=0,56M =56CM.

e=97,9 cm
€,r=01,9 cm D
el 25 e e=25.9 C‘M (39 22+2820)A300
‘ | % A=15,20 em?
2L.140x90x8 ‘
Asad=36 cM” ‘ ./
i ./ g} Puc. 5.7. Ycuienue
R ./ 2 BHELICHTPEHHO CiKa-
‘ '/ 1 TOM KOJIOHHBI C
3? 18 A300 i ./ 00JILIIIMM IKCIEH-
A=T,63 em ‘ TPUCUTETOM OTHO-
Q,;=3.5(4,49) cm | CTOPOHHeEl pacnop-
v%=3,5(4,49) CML v
a=4 C‘M (hs;@)=72 cm a=4,0 cm
| h=76 cm ‘
k h=80 cm |

Ipumeuanune. B ckoOkax Ha puc. 5.7 ykazanbl (HaKTHIECKUE

3HAUYCHUS a4 g U € o
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€,=56cm >0,3hy= 0,3-76 = 22,8cm. MimeeT MecTo mepBbIii citydait pacuera; T.€. E< E .
Crygaitablit skcieHTpucHTET €,=L/600=600 /600 =1 cMm, rae £o—cm.m.6.2.18[2],
Lo=k'H,,=1-600 =600 cm, e,=h/30=80/30=2,67 cm; e,=lcm.
IIprHnmaem €,=2,67 CM U yYHUTBIBAEM OTYy BEJIIMUMHY NPU JAIBHEHIINX pacdyeTax KaK
IIPU CTATUCTUYECKHU ONPENECIUMON KOHCTPYKIHUU.
I'mbrocte konoHusl A= £y /h=600/80=7,5 >4, cienoBatreibHO pacueThl BbI-
MOJIHAEM C y4eTOM IMporuda KoJIOHHA, KOTOPHIN ompenessieM 1o HenehopmMupoBaH-
HOM cXeMe, UCTIOJb3Ys BEIMYUHY YCIOBHOM KPUTHUECKOM cuiibl 1o opmyiam (4.16)

u (4.15) u xorddunmenra 0.

0,15

N, =n’D/ 02, tne D= — 2>
,(0.3+5,)

Eply+0,7El; .

JlJig BBIMOJTHEHUs JAJbHEUIINX PAacyeTOB MPHUBOJUM HEIOCTAIOIINE XapaKTe-
puctuku. Jlms  Tsokenoro OeTOHA €CTECTBEHHOTO TBepAeHHs Kiacca B20
E,=27,5'10°MIIa (ta6u. I1.1.2); Jlxst apmarypst kiacca A300 Eg=2,0°10°MITa.

MoOMEHT MHEPIHH TUIOIMIAIA CeYEHUsI OETOHA OTHOCUTENBLHO IIEHTPA TAKECTH
ONEePEeYHOro cedeHust KomoHHbl [,=bh’/ 12 =40-80° / 12 = 1706,7-10°cm".

MoMEeHT MHEepIUH TUIOIIAd CEYEHHs] BCel apMaTyphl OTHOCUTEIBHO LIEHTpa
TSOKECTH TIOTIEPEYHOTO CEYCHHsI KOJIOHHBI (MOMEHTOM WHEPIHU apMaTyphl OTHOCH-
TEIbHO COOCTBEHHOM OCU — MpeHedperaeM BBUAY €ro MajlOCTH)

Lired=(Agreat A’gea)[(ho — @)/ 2]* = (17,68+7,63)[(76-4)/2]* = 36,510° cm”.

KoadduimeHT, yauThIBaIONNi BIUSHAC JJTUTEIHHOCTH NEHCTBUS HATPY3KU
Q=1+ M /M =1+748/1100=1,68,
rae My =N(h,-a’)/2+M = 1250(0,76-0,04)/ 2+700 = 400+700 = 1100 kH-m
Mg =Nj(h,- a’)/2+ M;= 850(0,76 — 0,04)/2 +476 = 272+476 = 748 xH-m

OTHOCHUTENIBHOE 3HAYEHNE IKCLIEHTPUCUTETA TPOJOJIBHON CUITBI

é‘e: e, +e, _56 -;5,67 :0’73>51€nin20’15 , IPHHAMAEM 6;20,73.
n

JKecTKoCTh Kene300eTOHHOTO dJIEMEHTA

R
1,680.3+0,73)

27,5:10°(100):1706,7-10°+0,7-2,0-10°(100)-36,5-10°=
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=40,69-10'"+51,1-10'°=91,8-10"=H-cm".

VenosHas kputuueckas cuia Ny =m°D/ (5 = 3,14%-91,8-10°/600 =25140 kH
n=1/(1-N/N_)=1/1-1250/'25140=1,053.

PacdeTHbIif 0CEBOM IKCIEHTPUCHTET €,,—(€," N +€,)=(56°1,053+2,67)=61,6 cm.

9KCH€HTpI/ICI/ITCT IMPUIIOKCHUA HAI'PY3KH OTHOCUTCIIBHO ILICHTPA TAXKCCTH pPacC-
TSHYTON apMaTypsl — 1o ¢popmyiie (5.15)
e=¢e,+0,5h-a=61,6 +0,5-80-4=97,6 cm.

To ’xe, OTHOCUTEIBHO IIEHTpa TSIKECTU CXKATOM apMmaTypbl — Mo Qopmyre
(5.16) e'=e,- 0,5h+a = 61,6-0,5-80+4 =25,6 cm.
BBICOTy C)KaToU 30HBI OETOHA onpeaAcisicM M3 YyCIIOBUA PABHOBCCHUA BCCX CHUII OTHO-
CUTEJIHHO OCH TIPHWIIOKESHHS TPOA0JIbHOM critbl N 1o popmyiie:
Rybx(e-h,+0,5x)+RAs'e’- RiAge =0;
10,5(100)40x(97,6-76+0,5x)+270(100)7,6325,6-270(100)17,68:97,6=0;
42:10°x(21,6+0,5x)-413,2:10°=0; 9,07-10°x+21-10°x*-413,2:10°=0;

2 .
x+43,2x-1967,6=0. Pemast 5T0 KBaJpaTHOE ypaBHEHHE, MOJYUYHUM MOJIOKUTEIbHBIN

KOpeHb  x= - 43,2/2++/(432)* /4+1967,6 =27, Tcm;

x=27,Tcm< xg=Erh,=0,586°76=44,54 cm, rue Eg=0,8/(1-270/700)=0,586.
HepaBenctBo x=27,7<44,54 cM OKOHYATEJIBHO IOATBEPKIAECT HAIWYME CIlIydas
OOJIBIIIUX AKCIICHTPUCUTETOB, T.€. E= &p.

3HavYeHUE X MOXKHO MOJYYUTh 110 U3BECTHOU (hopmylie, KOTopas MoJIydeHa Ha OCHOBE

PCIICHMS BBINICYKA3aHHOTO KBA/IPATHOT'O BBIPAKCHUA.

2(RAe—R A ¢)

Sc S

R,b

x=(h,-¢)+ \/ (h,—e)’ +

2(270(100)-17,68-97,6 —279(100)- 7,63-25,6 _
10,5(100) - 40

=(76-97,6)+ \/(76—97,62)+

=-21,6+,/(21,6° —1967.4) =-21,6+49,3=27,7 cm.
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Hecymas cnocoOHOCTh CYyIIECTBYIOIIETO CEUECHMUS:
Nou=Rpbx+R . As-RA=10,5(100)40-27,7+270(100)7,63-270(100)17,68=
=892-10°H=892ku<N,q=1250kH. TpeGyeTcst yCHICHHE.

JUts HaxoxzaeHus aeduuura Hecymed crnocodHocth A N,y IpenBapUTEIbHO
OTpeIeIIEM PACCTOSIHUE OT TOYKHU MPUIIOKEHUS TIPOJIOIBHON CHUJIBI IO LIEHTpA TsKe-
CTH JIEMEHTOB YCWJIMS U3 HEPABHOOOKHX YT OJIKOB
€ad=Cor-0,5h+d o (prc. 5.7).
3a1aeMcst BEJTUUMHON @ o =3,5¢cM 1 nojIydyaem e’ad=61,6-0,5'80+3,5=25,1 CM.

Tak Kak 3HAYCHUS e,=61,6cM>0,5(h,-a)=70,5(76-4)=36 cm, To cxumaromast cuna N
pacrnoJiokKeHa 3a IpeiesJaMy CyLIeCTBYOLIEro ceueHus. [loaromy g HaxoxaeHUS
BBICOTBI CXATOW 30HBI OETOHA X B YCHJIEHHOM CE€YEHHH BOCIOJIb3yeMcs Ipeodpaszo-
BaHHBIM BhIpakeHHEM (5.23).
0,5Rpbx*+R,bx(€-hy-€ 30) N €/ pqt Ry A'y(€'-€"aq)-RicAg(€-€'2q)=0;
0,5-10,5(100)40x°+10,5(100)40x(97,6-76-25,1)+1250-10°-25,1+
+270(100)7,63(25,6-25,1)-270(100)17,68(97,6-25,1) = 0;

21x>-147x-3130,6=0; x’-7x-149,1=0;

x=7/2++/7*/4+149] =3,5+12,7=16,2 cM xg=44,54cMm, crienoBaTeabHO, CXKaTas U pac-

TSHYyTas apMaTtypa paboTaloT C MOJTHBIM PaCYETHBIM COMPOTHUBICHUEM.

[Tnomans ceueHus pacnopok Agg onpenensieM no dopmyse (5.21), B koTopoit
pacyeTHOE CONPOTUBIIECHUWE METajula PacloOpOK MPUHUMAETCS C KO3(PPUIUEHTOM
ycIoBUIl paboThl Y4s=0,9, mocneqHuil yuuTbIBaeT NOTEPH IMpPEIHANPSHKEHUS Paciio-
POK.

N | A-A. Rbx
Asad: + - : =
7/cr5 ’ RS 7cr5 yCVS ) Rs

__1250:10° . 17,68-7,63_10,5(100)40-16,2
0,9-270(100) 0,9 0,9-270(100)

=34,61cM” NpPUHAMAEM pPACIIOPKH U3

JIByX HEpaBHOOOKUX yrojakoB ceueHueM 21.140x90x8
PacyeTHble XapaKTEpUCTUKH CEYEHUS Ag,i=36 CM2; vo=4,49c™m; x0=2,03 cm ;

1,=4,49¢cMm; 1,=2,58cMm. Jlanee Mo aHAJIOrMM ¢ IpUMEPOM 5.1 BBIIOIHSIEM pacyeT pac-
y
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MOPKH HA YCTOMYMBOCTH MPU MOHTAXKE, BBIIPSIMIIEHUH U CO3JaHUU MPEIBAPUTEIBHO-
ro HanpsbKeHus. Pacyer CoOeIMHUTENBHBIX IUIAHOK B IAHHOM IIPUMEPE OMYyIIEH, T.K.
BBITIOJIHSIETCA aHAJIOTUYHO nipuMepy S.1.

[Ipu BeICOTE 3Taxka H,, =6,0m u BbIcOTE prreins 0,8 M 1JIMHA PACIIOPKU B MECTE
neperuba [,=0,5'(6-0,8)=2,6m =260cm.

['uOkocTh BeTBU pacnopku ¢, ={/1,=260/4,49=57.9.
ITo Tabn. 11.4.4 ¢, =0,813.

Bo3MoxkHOe npeiesibHOe HanpsKeHUEe P MOHTaXke Oy =R 00 -, =

=225-0,813=182,9 MIla. Cnumikom OoJjbInas BEJIHMYUHA MPEABAPUTEIIHHOTO HaIps-

xeHus He TpeOyetcs. [loaromy npuHUMaeM peKOMEHI0BaHHOE 3HaYEHUE

O scaq = 80MIIa<182,9.

JInst co3panus TaKOro HarpskeHus 1o rpaduky (puc. 5.2) onpenenuM YKJIOH
pacnopku i=0,028.
PaccTosiHMe OT BHYTpEHHEH IT'paHu paclOpKU JJO IPaHU KOJIOHHBI

a=i'1,=0,028-0,5(520)=7,28cm. Ilpunumaem 7,5 cm.

IIpumep 5.3 (puc. 5.8). PacueT ycuneHus npeaHanpss>KeHHOM pacropKod BHE-
LHEHTPEHHO CXKATOM KOJIOHHBI C MaJIbIM IKCHEeHTPpHUCUTETOM (& > &r). JlaHO: KOJIOH-
Ha OJHOATaXHOUW pambl ¢ pazmepamu h=70 cM; b=40 cM, BBIMOTHEHHON W3 OETOHA
kiacca B20 (R,=R=10,5 MIla). Apmarypa knacca A300 (R,=R,=270 MIla) B pac-
TSHYTOH 30He ycTaHoBIeHO 4G22 (A, =15,2 cM?),a B cxkaroif 3@16 (A =6,03 cM?);
a’=3,5 cm; a= 4,5cm. Tlocne mpoBefeHUs peKOHCTPYKIIMA HA KOJIOHHY OyAyT Aei-
CTBOBaTh: MpoaoibHas cuia N,g=2750 kH, B TOM yucie QIUTENbHO ICUCTBYIOIIAS
N;=2250 kH; n3ru6aromuii MomeHT M,4=250 kH-M, B ToM unciae M;=210 kH M.

Tpebyercst omnpenenuTh HECYHIyI CIIOCOOHOCTh CYIIECTBYIOMIEH KOJOHHBI
IpU IEMCTBUU HOBBIX HAarpy30K, BBISIBUTH CTEIIEHb €€ Meperpy3Ku U nmogo0paTh ceve-
HHE NpeaHanpsoKkeHHod pacnopku 3 crand BCt3ned (Ry=R=215MIla — w1 nucro-

Boro Meraia u Ry=R,=225Mlla — quis1 pacona).
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e=17,3 cm e=45,7 cMm
158l em eu=147 cu 422 A300
l /: 2
2L140x90x8 | Y A=152 cm
| Puc. 5.8. Ycuie-
‘ '/ HUE BHELEHTPEH-
./ | HO C:KATOM KO-
o S| JIOHHBI € MAJIBIM
‘ ‘ T skcueHTpHCHTE-
I © 1 p
‘ TOM OTHOCTOPOH-
3@ 16 A300 ‘ Hell pacnopkoi
A=6,03 et |
a=3cm (hs@)=63 cm a=4,0 cm
| |
v,=4,0(4,49) CM\ \
o he=66 o
;
| h=70 cm
71

OmnpenensieM oceBoi dkciieHTpucuteT: ¢=M/N=250/2750=0,09 m= 9,0 cwm;

eo= 9 cm<20,3 hy= 0,3:66=19,8 cM. IMeeT MecTO Masblif SKCIIEHTPUCHTET, T.€. § > & .

Tak kak UMeeT MeCTO pama, OIpeIeIIsieM CIIy4YalHbIi SKCIIEHTPUCUTET, UCXOS U3
Tpex ycnoBuii : €,=h/30=70/30=2,33 cm; e,= 1cm. [lpuaumaem e,=2,33 cwm,

€0=9 cM =2,3 cM, MO3TOMY B JAJIbHEUIIEM pacueTe JJIsl CTATUYECKH HEONPEAETUMOM
KOHCTPYKIIMU CITyYalHbINA SKCIEHTPUCUTET HE YUUTHIBACM.

I'm6kxocTh kosmoHHbI A= [y/h=0,7-1200/70=12>4, cneqoBaTelbHO, pacyeT BbI-
MOJIHAEM C YYETOM MPOrruba KOJOHHBI, UCTIOIb3YS ISl 3TOM 1IeJIM KaK U B IpUMEpe
5.2 ko3¢ dunmeHt 1. BeIMOMHSAS JadpHEHTIINI pacyeT B TOM e TOCIeIOBATEIHHO-
ctu, 6ynem nmerts: 1,=bh*/12=40-70°/12=1143,3-10° cm”;
I=(A+A)(he/2)"=(15,2+6,03)(66/2)*=23,1-10° cm™;
M;=N(hy-a’)/2+M=2750-(0,66-0,03)/2+250=1982,5 xH-m;
M;1=N,(h¢-a’)/2+M=2250(0,66-0,03)/2+210=918,75 xH"m™m;
¢ =1+ M;;/M=1+(918,75/1982,5)=1,46,
8=eo/h=9/70=0,128 < §.""=0,15. B nansHeiimem pacdere mpuHIMaeM 5.=0,15;

D=0,15/(¢(0,3+8.)) By Iy +0,7-Es1=0,15/(1,46(0,3+0,15))-27,5-10°(100)-1143,3-10°*+
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+0,7-2,0-10°(100) -23,1-10°=71,78+32,3-10'°=104,1-10"° H-cm™.

VYciioBHaAsA KpUTHUYECKAs CUJIa
Ne=(r*D)/1y> = (3,14*104,1-10'°)/1200°=7127,7-10° H=7127,7 H;
n=11-N/N_, =1/1-2750/7127,7 =1,63 .

PacueTHbIif 0ceBOM IKCIIEHTPUCUTET 3= €9 N=9-1,63=14,7 cm<Z 0,3hy=19,8 cm.
HNmeet MecTo BTOPOM Ciiyyai pacyera —Majible SKCIEHTPUCUTETHI.

OKCIEHTPUCUTET MPUIIOKEHUS HArPY3KHU OTHOCUTEIHHO IIEHTPA TAKECTHU pac-
TAHYTOW apMaTyphl e= ey 1+0,5h-a=14,7+0,5-70-4=45,7 cm.
Hecymiyro cnocoOHOCTh CyIIECTBYIOIIEH KOJOHHBI PU JEHCTBUN HOBBIX CHJI OIpe-
nemsiem 1o hopmyie (5.25) Now=[0,4Ry'b-hy*+RAs’ (hp-a’)]/e=
=(0,4-10,5(100)-40-66>+270(100) -6,03(66-3))/45,7=

=1825,8-10° H=1825,8 kH<N,q = 2750 kH. Tpebyercs ycuneHue.

[T;momaap monepeyHoro ceYeHust paCloOpKH, YCTAHABIMBAEMOM B CKATOM 30HE
KOJIOHHBI, oripezesnsieM 1o Gopmyie (5.26), npeaBapuTeabHO 33aBIIUCh BETUYHMHON

a’ 2= 4 CcM.

_N-e-04R,-b-h;-R_A| (h,-3")
YSrSRsc(hO -a;ld)
2750-10%-45,7-0,4-10,5(100) - 40 - 66° - 270(100) - 6,03(66 - 3)

0,9-225(100)- (66 - 4)

A

sad

= 33,64 °.

[Tpuaumaem 2L 140x90x8 Aq=36 oM.
PacueTHble XapaKTEepUCTUKU CEUECHHS OHOTO yroyka yo=4,49 cMm; xo=2,03 cmMm;
14,49 cm; 1,=2,58cMm.

Jlasiee BBITIOTHSIEM TIPOBEPKY YCTOWYUBOCTH PACTIOPKH ITPU MOHTaxKe. PacueT co-
€AVMHUTENIbHBIX TIAHOK MPOU3BOAUTCS aHAIOTUYHO TIpuMepy 5.1 u B JaHHOM MpuMe-
pe HE TPUBOJIUTCHL.

['uOkocth pacniopka npu 1,=4,49 cM u auHe pacnopku B Mecte nporuda 0,5/
A=0,51/1,=(0,5-1200)/4,49=133,6 tio Tab6u. [1.4.4 ¢ yuerom unrepmnonsiuu ¢,=0,364.
[IpenenbHO BO3MOXKHOE HAMPSHKEHNE B CMOHTUPOBAHHOM BETBU PACIIOPKU
Goad =Rsad* ¢ x=225:0.364=81,9 MIla = c,""=80 MlI]a.
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ITo rpaduky (puc.5.2) HaxoAUM YKIIOH pacloOpKH, COOTBETCTBYIOIIUN MOTYYEHHOMY
3HAYCHUIO MPEICTBHOT0 HANPSHKEHUS Goag=81,9 MIla, 1=0,0282.

[Tpuaumaem 1=0,028.

IIpu 1aHHOM yKJIOHE pacropka OyJeT yJajieHa OT I'PaHyd KOJOHHBI HAa BETUYUHY

a=1-1/2=0,028-600=16,8 cm. [Ipuarmaem a = 17 cm.

IIpumep 5.4 (puc.5.9). Pacuer ycuieHus NpeaHaANpsKEHHOW paclopKoi BHe-
[EHTPEHHO CKaTON KOJOHHBI C OOJBIIMM KCHEHTPUCUTETOM IpPU JIBYX3HAYHOM
CUMMETpUYHOM MoOMeHTe. JlaHo: cOopHass MexXaydTakHasi KOJIOHHA CEUYECHHEM
h=60cMm, b=40cMm. Bricora »staxka H,=5,4 m. Brimonanena m3 Oerona kiacca B25
(Ry=13 MlIIa) u apmupoBana ctanbio kiaacca A400 (R= Ry=355 MIla). Apmatypa
KOJIOHHbI CUMMETpPHUYHAs!, MTOCKOJIbKY MOMEHT JBYX3HauHbIi. B cxxaroil u pacTsiny-
TO} 30HAaX yCTaHOBIEHO 1o 5322 (A= A’=19 cM); a=a’=4 cm. TTocie poBeeHus
PEKOHCTPYKIIMM Ha KOJOHHY OYyIyT JeHCTBOBaTh: mpojoJibHas cuia N,=1610 xkH
(B TOM 4uCJ€ OT MOCTOSIHHBIX W BpeMeHHbIX Harpy3ok N=1210 kH) u 3nakonepe-
MEHHBIH MOMEHT M, —=%+552 kH M (B ToM uncne M=+414 kH-m).

TpeOyeTcst onpeneauTh HECYIIYIO CTIOCOOHOCTh CYIIECTBYIOIICH KOJIOHHBI TIPH
JIEUCTBUU HOBBIX HArpy30K, Mojgo0paTh CEYCHUS] CHMMETPUYHBIX PACIIOPOK M BBITION-
HUTb NMPOBEPKY HECYIEH CIIOCOOHOCTH YCUIIEHHOTO CeYEHUSI

OceBoll AKCIEHTPUCHUTET, NEUCTBYIOIIMA Ha KOJOHHY OT 3HAaKOIIEPEMEHHBIX
MOMEHTOB ¢,=+M/N=+552/1610=0,343m=34,4 c™m; ¢,>0,3h,=0,3-56=16,8 cMm, ciemo-
BaTeJIbHO, UMEET MecTo (1-H cimyyail pacuera) OoJbllie SKCLEHTPUCUTETHI: (E<ER)

Crny4daifHbIN SKCLIIEHTPUCUTET, UCXOAs U3 Tpex ycnoBuii: {,=k-H,=1-540=540 cm.
e,=0,/600=540/600=0,9 cm; e,=h,/30=60/30=2 cm; e,=1 cm.

IIprHrMaeM €,=2 ¢M KM y4MTBIBAEM €ro B JAJbHEWIIEM pacyere, T.K. UMEEeT MEeCTO
CTaTUCTUYECKH OTpeesieMasi CucTeMa

I'mbkocth komoHHBI Ay=L,/h=540/60=9 cm > 4 cMm. Heobxoaum yder mporuda

KOJIOHHBI. BBITIOJIHUM 3TO, UCTIONB3Ys HeAe(hOPMHUPOBAHHYIO CXEMY pacdeTa mocpe-

CTBOM K03 dUIIEHTA 1).
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€or1=39,1 cm €, =39,1 cm .

e=65,1 cMm | |

e=13,1 cm

e,=12,1 cM] |

2L110x70x7 2L110x70x7

922 A300 |
AF19 em’ | ‘
oad
v=3,57 CMl 1 Y357 eM Ty g
Q=4 cMm (hs@)=52 cM a=4 cum
hs&=56 cMm
L h=60 cm
/‘

Puc. 5.9. BHenleHTpeHHO HArpy KeHHAsl KOJIOHHA ¢ 00JIbIIUMM IKCHEHTPUCHUTe-
TAMM U IBY3HAYHBIM MOMEHTOM, YCHJICHHAS IBYCTOPOHHUMHM PaCIHOPKAMH

Pacder npoBoiMM 1O aHAJIOTUHM C IPUMEPOM 5.2 C YUYETOM HEJOCTAIOUIUX XapaKTe-
puctuk Eyp = 30-10° MIa; E = 2-10° MI1a;

I,=bh*/12=40-60°/12=720-10° cm";

I=(As+ A’ (ho/2)*=(19+19)(56/2)*=29,8-10° cm*;
M;=N(hy-a’)/2+M=1610-(0,56-0,04)/2+552=970,6 xkH-m;

M1 =N(he-a’)/24+M=1210(0,56-0,04)/2+414=728,6 xkH-M;

o=1+ My, / M, =1+728,6/970=1,751;  8.=e,/h=34,3/60=0,57> 8. = =0,15.
B nanpHelinem pacuere yuuTbIBaeM BeMUUHy 0.=0,57

0> B 1,+0,7BJ=— 212

= > 30-10'°(100)-720-10°+
?,(03+5,) 1,751(0,3 +0,57)

+0,7-2,0-10°(100)-29,8=(21,23+41,72) -10'°=62,95-10"" H-cm” .
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7* 1 _3,14%-62,95-10"
o 540

o

YcnoBHast Kputudeckas cuiia Ng,= =21284,7- 10° kH;

N=1/(1-N/N)=1/(1-1610/21284,7)=1,082.

PacyeTHbIl 0CeBOM DKCIEHTPUCUTET:
€or= €oNt €,=34,3-1,082+2,0=39,1 cm > 0,3 h,=16,8 cM. [To-nipeskHEMY HUMEET MECTO
1-i1 ciyyait pacuera.

DKCUEHTPUCHUTET NPWIOKEHHSI HATPY3KH OTHOCUTEIIBHO LIEHTPA TSHKECTH pac-
TSHYTON apMaTypsl €= e+ 0,5h-a=39,1+0,5-60-4=65,1 cm.

To ke, OTHOCUTENBHO LEHTPA TAKECTH CHKATOM apMaTyphl
e’= ey,-0,5h+a=39,1-0,5-60+4=13,1 cm.

VYciioBUE paBHOBECHUSL BCEX CHJI OTHOCUTEIIBHO OCH MPUIIOKEHUS MPOIOJIBHOU
CHUIIBI Rybx(e- h,+0,5x)+ R A’e’- RiAe=0;
13(100)40x(65,1-56+0,5x)+355(100)19-13,1-355(100) 19-65,1=0;

473,2-10°x+26-10°x*+8835,95-10°-43909,95-10°=0 mnu x*+18,2x-1349=0;

x=—18,2/2+,/(18,2)> /4 +1349 = — 9,1+37,84=28,7 cm;
x=28,7 eMm < Xg=Erh,=0,53-56=29,7 cm., rae Eg=0,8/(1+355/700)=0,53.

Hecymass cnocoOHOCTh CYIIECTBYIOIIETO CEUEHUs MPU JACUCTBUU HOBBIX
Harpy3oK Nou=Rpbx+R A’ R A=
=13(100)40-28,7+355(100)19-355(100)19=1492.4-10°H<N,¢=1610 xH.

KonoHHa nojiesxut yCuieHuro.

[Tpn 3HaKONEpEMEHHBIX MOMEHTax YCHJIEHHE MPOEKTUPYETCS W3 JBYXCTOPOH-
HUX pacnopok. [Ipu kaxaoi koMOMHaUMU Harpy30k paboTaeT TOJIbKO OJHa pacrhop-
Ka, pacrojioXKeHHas B cxkaToil 30He. Pacnopku npuHuMaeM u3 (acoOHHOMU CTallu Kiac-
ca C235 Ry= Ry=225 Mlla, a’,¢=3 cm.
Torna €’ .= €o-0,5h+a’,43=39,1-0,5-60+3=12,1 cm.

ITo anamoruu ¢ npumepom (5.2) BBICOTY CKaTOM 30HBI O€TOHA (X) JUIsl YCUIICH-
HOTO CEYEHHUSI HaXOJIUM M3 BbIpaxeHus (5.24)

0,5Rbx™ +R,bx(e-hy- € 4q) N €’ ait ReeA’ (€'~ €’ a0)- RecA(€’- €720)=0;
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0,5-13(100)40x*+13(100)40x(65,1-56-12,1)+1610-10°-12,1+355(100)19(13,1-12,1)-
-355(100)19(65,1-12,1)=26-10°-x>-156-10’x+19481-10°+674,5-10°-29003,5- 10°=0;
Tocite mpeoGpasoBanmii x*-6x-340,3=0.

Perrast 310 ypaBHeHHUE, MOTydnM X=6/2+4/6° /4 +340,3 =3+18,69=21,7 cm.

[Ipunumas Ry.,q=225 Mlla u y45=0,9, onpenensiem no ¢opmyine (5.21) ceuenus pac-

TIOPOK

A o N A4 Rbr 1610-10° L 19-19 13(100)40-21,7 _
sad 7R Vs 7.sR... 05-225100) 0,9 0,5-225(100)

=79,51-55,7=23,8 cM’,
[purumaeM pacropkd u3 2L110x70x7 A’y=24,6 cM”. PacueTHbIe XapaKTEPUCTHKH
ceyeHus yo=3,57 cm; Xo=1,6 cM; 1,=3,52 cm; 1,=1,99 cm.
Pacuer coeMHUTENbHBIX TUIAHOK BBIMIOIHIETCS aHAJIOTHYHO mpumepy (5.1) u 31ech
HE MPUBOJUTCS. BBINONHAEM MPOBEPKY YCTOMUYMBOCTH PACHIOPKH MPU MOHTAXKE, BbI-
OPSIMJICHUU U CO3/IaHUU TIPEIHAIPSKECHHUSL.

I'nokoctb BeTBH A—=0,50/1,=0,5-40/3,52=76,7.
Ilo Tad.u. 11.4.4 npunumaem @,=0,7.

[IpenenbHO BO3MOXKHOE HANPSKEHNE B MOHTAXXHOU BETBU PACIIOPKU
Goad=RsadPx=225-0,7=157,5, 4TO 3HAaUUTEIHLHO MPEBHIIIAECT PEKOMEHYEMOE 3HAUCHHUE
0,=80 MlIla. [Ins ykazaHHOTO HaINpsHKEHUS M0 TpaduKy pUcC.5.2 HAXOAUM YKJIOH pac-
nopku i=0,028. [Ipu 1aHHOM YKIJIOHE TpaHH PaCOPKU U KOJOHHBI OyAyT OTCTOSITh Ha

Benuuuny a=1-0/2=0,028-270=7,56 cm. [Ilpuaumaem a=8 cm.

bubauorpaduuecknii Cmucok
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PacyeTHble 3HAUYEHHNA COIIPOTUBJICHHUSA THKEJIOTO 0eToHa AJIA MIPEACJIbHbIX COCTOSTHUH HepBOﬁ Irpynibl

OcCHOBHBIE CBeJICHHUSA 0 0eTOHAX

Ipuaoxenue 1

Taoauna I1.1.1

Rb u Rbt, MlIla

Bun | Koag- Kracc 6eToHa 110 NpOYHOCTH Ha CKATUE
compo- | 3¢- B10 B15 B20 B25 B30 B35 B40 B45 B50 B55 B60
TUBIIC- | QUIH-

HUS €HT

Vb2

cxkatue | 0,9 5,4 7,7 10,5 13,0 15,5 17,5 20,0 22,5 25,0 27,0 29,5
oceroe, | 1,0 6,0 8,5 11,5 14,5 17,0 19,5 22,0 25,0 27,5 30,0 33,0

Ry,
pacTs- 0,9 0,51 0,67 0,80 0,95 1,05 1,15 1,25 1,35 1,45 1,50 1,60
YKEHUE 1,0 0,56 0,75 0,90 1,05 1,15 1,30 1,40 1,50 1,60 1,70 1,80
0CEBOE,

Ry

Taboamuna I1.1.2
3HaueHHs HAYATLHOTO MOLYJIsl YIPYroCTH GeTOHA NpH c:KaThM U pacTsikennn E,*107, MIIa.
Kracc 6eToHa 1o mpoYyHOCTH Ha C)KaTHE
B10 B15 B20 B25 B30 B35 B40 B45 B50 B55 B60
19,0 24,0 27,5 30,0 32,5 34,5 36,0 37,0 38,0 39,0 39,5
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Ipuiaoxenue 2

OcHoBHBIE CBe/IeHHsI 00 apMaType U CTAJILHOM NpoKaTe

Taoauna I11.2.1

IIpoYHOCTHBIC XaPAKTEPUCTUKU HEHANIPATaeMoOil apMaTyphbl

Kiacc PacuetHble cONPOTUBIEHNUS IS IPEAEIBHBIX COCTOSHUI
apMarTypel nepBoi rpymnmsl, Mlla
Pactsixenuro Cxaruro
IPOAOJIBHOM Ry norepevHon Ry, Rse
A240 (A-) 215 (225) 170 (175) 215 (225)
A300 (A-1) 270 (280) 215 (225) 270 (280)
A400 (A-I1D) 355 (365) 285 (290) 355 (365)
AS500 - 435 - 300 - 435 [400] -
B500 (B,- 415 (360) 300 (260) 415 [360] (360)
I,d=5mmMm)

IIpumeuanne. 3HaueHus Ry B KBaJpaTHBIX CKOOKAX MCIOJIL3YIOT TOJIBKO IIPH pac-
YyeTax Ha KPaTKOBPEMEHHOE JIECTBUE HATPY3KHU.

XonogHonegopMupoBaHHasi apMaTypa nepruoaudeckoro npoduiis kinacca BS00
W3rOTaBIIMBAETCS HOMUHAIBHBIM IHAMETPOM 3 — 12 MM.

Taoanua 11.2.2

PacuerHble COIMPOTHUBJICHHUS CTAJBHOIO MPpOKaTa AJisl YCUJICHUS JKejie300e-

TOHHBIX KOHCTPYKUUM

Mapka cranu

I'OCT nmn TY

TonmmuHa 1po-

Pacuetrnoe conporusnenue, MIla

KaTa, MM 0 TIpesieNly | 10 BpPEMEHHOMY
TEKY4YECTH COIPOTHUBIICHUIO
R, R,
BCt3kn2 380-71%* JIuct 215 350
4-20
dacoH 225 350
4-20
BC1311c6 380-71%* JIuct 225 350
4 -20
BCt3cn5 ®dacon 235 350
4-20

IMpumeuanmue. 3a Tonmuny dhacoHa MPUHUMAETCS TOJIIIMHA MTOJIKA
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CopTaMeHT ropsiyeKaTaHbIX ApMATYPHBIX CTEepP:KHeH

Taoauna 11.2.3

Jluametp, | PacueTHbIe ILIOMAIM OIEPEYHOr0 CEUCHHs, CM°, IPH YHCIIe CTepKHel | Macca, | [IpokaTbIBaeMble THAMETPBI
MM KI/M apMaTypsbl KJIacCOB
1 2 3 4 5 6 7 8 9 A240 | A300 | A540 | B5S00
A400
A500

3 0,071 | 0,141 | 0,212 | 0,283 | 0,353 | 0,424 | 0,495 | 0,565 | 0,636 | 0,052 - - - +
4 0,126 | 0,251 | 0,377 | 0,502 | 0,628 | 0,754 | 0,879 | 1,005 | 1,13 | 0,092 - - - +
5 0,196 | 0,393 | 0,589 | 0,785 | 0,982 | 1,178 | 1,375 | 1,571 | 1,767 | 0,144 - - - +
6 0,283 | 0,57 | 0,85 | 1,13 | 1,41 | 1,70 | 1,98 | 2,26 | 2,54 | 0,222 + - - +

8 0,503 | 1,01 | 1,51 | 2,01 | 2,51 | 3,02 | 3,52 | 4,02 | 4,53 | 0,395 + - - +
10 0,785 | 1,57 | 2,36 | 3,14 | 3,93 | 4,71 | 5,50 | 6,28 | 7,07 | 0,617 + + - +
12 1,131 | 2,26 | 3,39 | 452 | 5,65 | 6,79 | 7,92 | 9,05 | 10,18 | 0,888 + + - +
14 1,539 | 3,08 | 4,62 | 6,16 | 7,69 | 9,23 | 10,77 | 12,31 | 13,85 | 1,208 + + - -
16 2,011 | 4,02 | 6,03 | 8,04 | 10,05 | 12,06 | 14,07 | 16,08 | 18,10 | 1,578 + + - -
18 2,545 | 5,09 | 7,63 | 10,18 | 12,72 | 15,27 | 17,81 | 20,36 | 22,90 | 1,998 + + - -
20 3,142 | 6,28 | 9,42 | 12,56 | 15,71 | 18,85 | 21,99 | 25,13 | 28,28 | 2,466 + + + -
22 3,801 | 7,60 | 11,40 | 15,20 | 19,00 | 22,81 | 26,61 | 30,41 | 34,21 | 2,984 + + + -
25 4909 | 9,82 | 14,73 | 19,63 | 24,54 | 29,45 | 34,36 | 39,27 | 44,18 | 3,840 + + + -
28 6,158 | 12,32 | 18,47 | 24,63 | 30,79 | 36,95 | 43,10 | 49,26 | 55,42 | 4,830 + + + -
32 8,043 | 16,09 | 24,13 | 32,17 | 40,21 | 48,26 | 56,30 | 64,34 | 72,38 | 6,310 + + + -
36 10,18 | 20,36 | 30,54 | 40,72 | 50,90 | 61,07 | 71,25 | 81,43 | 91,61 | 7,990 + + + -
40 12,57 | 25,13 | 37,70 | 50,27 | 62,83 | 75,40 | 87,96 | 100,53 | 113,10 | 9,865 + + + -

IIpumeuanne. 3HaK «+» ONpeAessieT HaTuYue AUaMeTpa B COpTaMEHTE JIJIsi apMaTyphl IAaHHOTO KJlacca.
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: 8 X—Xx Xo—X, Yo—V, -
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=1 § = o
a B = 151
H = 2
£z =
= 8 |J,cMm Wo oM | i, eM | Jg, eM* | Qg CM | Yy, CM° W, cM? | i, CM
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
3 2,96 7,11 1,94 1,55 11,27 1,95 2,95 1,57 1 4,16 1,33] 2,32
4 3,89 9,21 2,54 1,54 14,63 1,94 3,8 1,95 0,99 5,42 1,38] 3,05
s 50 5 ss |18 4,8 11,2 3,13 1,53 17,77 1,92 4,63 2.3 0,98 6,57 1,42| 3,77
6 ’ ? 5,69 13,07 3,69 1,52 20,72 1,91 5,43 2,63 0,98 7,65 1,46 4,47
7* 6,56 14,84 4,23 1,5 23.47 1,89 6,21 2,93 0,97 8,63 1,5 5,15
8* 7,41 16,51 4,76 1,49 26,03 1,87 6,98 3,22 0,97 9,521 1,53| 5,82
56 56 4 6 2 4,38 13,1 3,21 1,73 20,79 2,18 5,41 2,52 1,11 7,69 1,52 3,44
: 5 5,41 15,97 3,96 1,72 25,36 2,16 6,59 2,97 1,1 9,41 1,57 4,25



IIpononxenue Tada. I1. 2.4

1 [ 2] 3457 s 7 8 9 10 11 12 13 14 15 6 | 17
4 4,72 1621 37| 185 2569 2.33 672 29| 119 948 162] 37
5 5.83 19,79| 4,56 1,84 3,4 2,32 8,18  3,49| 1,18] 11,61| 1,66| 4,58
6| 60| 6 6,92 22| 54| 18] 3681 231 96| 3,99 118 13,6 1,7] 543
81 503 | 204 2955 7| 181 46,77| 227 12,34 49| Ll w22 118 71
10 < | 1,08 3532| 852 1,79] 5564 2,24 15 57| 116 2032] 1,85| 87
4 4,96 18,86 4,09| 195 299 245 7,81 326 1,25 il 169 39
63| 63| 5 6,13 23,10] 5,05| 1,94 36,8| 2,44 9,52| 3,87 1,25 13,7| 74| 481
6 7,28 27,06 598| 1,93 4291 2,43 1,18 444 124] 159| 1L78] 5,72
4,5 62| 29,04] s67] 216] 46,03 272] 12,04] 453] 1,39 17 1,88] 4387
5 6,86 3,94| 627| 216 5067 2,721 13,22 492 1,39| 18,7] 1,9| 5,38
ad ool B glow| &5 3758 7,43 25| 59,64 2,71| 1552| 566 1,38  22,1| 194 639
7 Ul 9.42] 4298 8,57 24| 68,09 2,69 17,77] 631 137|  252| 1,99| 7,39
8 10,67 48,16| 9,68 2,12| 76,35 2,68 1997 699 1,37 282| 2,02| 837
10* 13,11 579/ 11,82] 21| 91,52 264 2427 87| 136 336| 21| 10,29
5 739 39,53 721 2,31] 62.65] 291 16,41 574 149 23,1 2,02] 5.8
6 8,78| 46,57 857 23| 7,87 29| 1928 662 148 273| 206| 689
751 751 7| 9| 3| 1015 53,34 9,89| 229| 84,61 2389| 22,07 7.43| 147 32| 21| 79
8 1,5| 59,84 11,18| 2,28 9489 2,87 24,3 8,16 1,47 35| 2,15| 9,02
9 12,83 66,1| 12,43 227 10472 2,86| 27,48 891 146 386| 218] 10,07
5,5 8,63 52,68 9,03 247] 83,56] 31 21,8 71| 159 30,9 2,17 6,78
6 9,38 5697 98| 247 90,4| 31| 23,54 76| 158| 33,4 2,19 7,36
sl sl 7| 9| 31085 6531 11,32 245 1036 3,09] 2697 8,55| 158| 383| 223| 8,51
8 12,3 73,36 12,8 2,44 16,39| 3,08 30,32| 944 1,57 43| 2,27| 9,65
10* 1514  83,58| 15,67| 242| 140,31 3,04 36,85 1,09 1s6| 67| 2,35| 11,88
12* 17,9 102,74 18,42 24| 162,27 3,01| 43,21 12,62 1,55 59,5| 2,42| 14,05
6 10,61 82,00] 12,49] 2,78 3o 35 33,97 9,88 1,79] 481 2,43] 8,33
7 12,28 94,3| 14,45 2,77| 149,67 3,49| 3894| 11,15| 1,78|  s5.4| 247| 9,64
ol sol 8| 10l33 | 1393 1061] 1636 276 168,42| 3,48 438 1234 1,77] 62,3| 251| 10,93
9 ; 15,6 ug| 18,29 2,75 186| 3,46 48,6| 1348 177 68| 2,55| 12,2
10* 17,17 128,6| 20,07| 2,74| 203,93 345| 53,27 14,54| 1,76| 753 2,59| 13,48
12* 20,33| 149,67| 23,85 2,71| 23588| 3,41 624| 1653| 175 862| 2,67] 1596
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Oxonuanue ta0.a. I1. 2.4

1 | 2] 3 [4]s 6 7 8 9 | 10 11 2 | 13 14 15 [ 16 | 17
6,5 12,82| . 1221| 16,69 309| 193,46] 3,89 50,73| 13,38| 199| 71,4| 2,68| 10,06
7 3,75| 130,59 17,9| 3,08 20701| 388 sa16| 1413 198 764| 271 10,79
8 15,6 14719 203| 3,07| 23346| 3,87 6092\ 1566| 198 863| 2.75| 12,25
o0 lwol 10| 5| 4| 924 15895 2497 3,05| 28383| 34| 7408 1851 19 o| 283 15,1
12 28|  2089| 2947| 3,03 33095| 38| 8684| 211| 195 22| 291 17,9
14 2628 23715| 33,83| 3| 37498| 378 99,32 2349 194 138| 2,99 20,63
15+ 27,99| 250,68| 35,95 2,99| 39587| 3,76| 10548| 24,62| 194 145 3,03| 21,97
16 29,68|  263,82| 38,04| 298| 41604 374 mer| 2579 194|  152| 306| 233
o | m B 1515 175,61| 21,83 34| 278,54 4,29| 72,68] 17,36] 219|  106| 2,9 11,89
8 17,2]  198,17| 2477 339| 314,51| 428| 8183 1920 218 6| 3| 135
8 | ;o | o | 188 25975[ 29,68] 3,72 412,45 4,68 107,04] 23,29 2,39 153| 3,25 14,76
. 2324  317,06| 36,59| 3,69\ 503,79| 466| 130,54 27.72| 2,37 187| 3,33| 18,24
12 27,6|  37L8| 433 3,67| 590,28| 462| 153,33 3,79 236 28| 3,41| 21,67
15 33,99|  4489| 5296 363| 7132| 457 186.48| 37.35| 234] 262 3.53| 26.68
8 19,69] 29436] 32,2| 3.87| 466,76 4,87| 121,98] 25,67| 2,49 72| 3,36| 15,46
9 2| 32748 36| 386 s20 486 13588| 2826 248 192| 34| 173
10 2433  359.82| 39.74| 3.85| s571,04| 484 14859| 3045 247| 21| 345 19,
05 B o 28.89| 42223| 47,06 3.82| 670,02 482 17443 3494| 246  248| 3,53| 22,68
14 3337| 48176| s417| 38| 763.9| 478 199,62  391| 245|  282| 3,61| 262
16 37.77| 53856 61,00| 378| 852,84| 475 22429|  43,1| 244| 31| 3.68] 29,65
o | 14|46 [ 2472 465,72| 4555| 44| 739,42| s547| 192,03 3592 2,79  274| 3,78 19,41
14 | 40| 10 2733  s12,20| 5032| 4.33| s813.62| 5.46| 21096 39,05 2,78 301 3,82| 21,45
12 32,49| 60249| 59.66| 431| 95698| 5.43| 248,01| 44,97| 276|  354| 39| 255

* M3roTOBAAIOT IO TPeOOBaHU 1O NOTpebuTen.

ITpumeuanue. IIpy 3aKa3e yroJikos pasMepoM 56—90 MM TOXMHOHA 10 IMM; 100—150 MM TomummuHOK A0 12 MM; 160—200 MM TonuIMHOH
10 12 MM HeoBXOIMMO yKa3nBaTh TpeGoBaHue (B MPUMEYAHHH K TEXHUYECKOH crieuudHKalMH CTANK) O [I0CTABKE YTOJIKOB C NpPeNelbHbIMH
OTKJIOHEHHSIMHU Mo Macce % B coorseTcTBMM ¢ .6 TOCT 8509-93.
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Taoauna I1.2.5

Pucku 17151 OTHOPSAHOTO pa3MellleHusl OTBEPCTUI B YroJIKaxX NP yCHJIeHnH 0a-

JIOK HA MOMNEPEeYHYI0 CHIIY

[Ivpuna monku | 50 | 56 | 63 70 | 75 80 | 90 | 100 | 110 | 125

(b)

Paccrostaus ot
o0y1ka J10
pucku (e;)

30 | 30 | 35 | 40 | 45 | 45 50 55 60 70

Makcumanbnsiid | 13 15 17 19 21 21 23 23 25 25

IUaMeTp OTBEp-

ctus (dpax)

IIpumevanue. TonmuHy MOJKK yrojakoB IPUHUMATh MO copTamMeHTy (Tabun. 114.4)
Ta6auna I1.2.6
CopramenT ropsiuexaranbix nojoc no 'OCT 103 - 76*
Tommwnua |4,5,6,7,8, 9,10, 11, 12, 14, 16, 18, 20, 22, 25, 28, 30, 32, 36, 40,
nojioc, MM | 45, 50, 56,60
Mupuna no- | 11, 12, 14, 16, 18, 20, 22, 25, 28, 30, 32, 36, 40, 45, 50, 55, 60, 63, 65,
JIOC, MM 70, 75, 80,
85, 90,95, 100, 105, 110, 120, 125, 130, 140, 150, 160, 170, 180, 190,
200
Ta6auna I1.2.7
PasmepsnI mosioc, MM
Tonmuna | 4,6 - 5 9,10, |11,14,16 18 20 22 25
I10J10C, 8 12
MM
Mwupuna | 12 - 11 16- |[20-200 | 22— 25— | 28- 32 -
10JI0C, 200 200 200 200 DO 200
MM
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Oxonuanue TaoJa. I1. 2.7

Tommmua | 28 —32 36 40 45 50 56 60
I10JIOC, MM

[upuna | 40 -200 | 45-200 | 50-200 | 60-200 | 63,65, | 80-200 | 85-200
110JIOC, MM 80 - 200

Hpuaoxenue 3
JlaHHBbIE 17151 IPOCKTUPOBAHUS U3ri0aeMbIX 3JIEMEHTOB

Taoauna I1.3.1

3HaueHMs BeJIUYHH g n 0y 1JIS pacdyeTa NPOYHOCTH HOPMAJIbHBIX ceueHmil

g Om g Olm g Om & O
0,01 0,01 0,19 0,172 0,37 0,301 0,55 0,399
0,02 0,02 0,2 0,18 0,38 0,309 0,56 0,403
0,03 0,03 0,21 0,188 0,39 0,314 0,57 0,408
0,04 0,039 0,22 0,196 0,4 0,32 0,58 0,412
0,05 0,048 0,23 0,204 0,41 0,326 0,59 0,416
0,06 0,058 0,24 0,211 0,42 0,332 0,6 0,42
0,07 0,068 0,25 0,219 0,43 0,337 0,61 0,424
0,08 0,077 0,26 0,226 0,44 0,343 0,62 0,428
0,09 0,085 0,27 0,235 0,45 0,349 0,63 0,432
0,1 0,095 0,28 0,241 0,46 0,354 0,64 0,435
0,11 0,104 0,29 0,248 0,47 0,359 0,65 0,439
0,12 0,113 0,3 0,255 0,48 0,365 0,66 0,442
0,13 0,122 0,31 0,262 0,49 0,37 0,67 0,446
0,14 0,13 0,32 0,269 0,5 0,375 0,68 0,449
0,15 0,139 0,33 0,275 0,51 0,38 0,69 0,452
0,16 0,147 0,34 0,282 0,52 0,385 0,7 0,455
0,17 0,156 0,35 0,289 0,53 0,39 0,71 0,458
0,18 0,164 0,36 0,295 0,54 0,394 0,72 0,461
E=x/h; a,=£01-0,58); £=1-1-2a, ;
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JlaHHbIe 1JIs1 KOHCTPYHPOBAHUS CBAPHBIX KAPKACOB

Taoauna 11.3.2

1.luameTp pabouux CTepx-

. 3;45] 6 8,10 12 | 14,16 | 18 20 22 25 28 32 | 36,40
Her d, MM
2.HauMenbmmii auaMeTp
pacnpe):[eJIHvTeanoﬁ (nm 3 3 3 4 5 6 6 2 2 10 10 12
MoNepevyHo ) apMaTyphl dy, ,
MM
3.H 7 -
CHMEHBIIR AT HONe™ s | so | 75 | 75 | 75 | 100 | 100 | 100 | 150 | 150 | 150 | 200
PEUYHBIX CTEPKHEN S, MM
4.H i -
AHTIMHBTIHI THAT HpO - | 30 | 30 | 40 | 40 | 40 | 50 | 50 | 50 | 60 | 70 | 80
IOJIBHBIX CTEPXKHEN V|, MM
d.>0,8dw (11.5.70[ 8] v Ecnu nonepeunast apmarypa  Ecnm momepeunas apmMaTypa
TpeOyeTcs O pacyeTy: M0 pacyeTy He Tpedyercs:
v <hy/2 <0,75h
! S <300 mm N
<Smax <500 MM
C .S, S, % C

7

Ipumeuyanus: 1. Paccrosuusa C u K oTknaapIBaroOTCsl OT OCH COOTBETCTBYIOILETO KpaHEro cTepHs. VX 3HaueHus: npyuHU-
MaroT He MeHee 20 MM 1 HE MEHEE AUaMETPa BBICTYITAIOIIETO CTEPHKHS.

2. B xapkace qomyckaercst He 0oJiee JBYX IIaroB MOMEPEYHbIX CTEPKHEHN (XoMyTOB). O0a AOJKHBI OBITh KPaTHBI
50 mM. Bee monepeunblie CTepKHU AOKHBI OBITh OJHOTO THAMETPA.
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JanHbIe 1J151 KOHCTPYUPOBAHUSA CBAPHBIX CETOK
Ta6auna I1.3.3
ILi1omaab MonepevYHoOro ceyeHus: CTepkHel MpPoa0JLHOM PACTAHYTOM padoueil
apMaTypbl Ha 1 M INMPHHBI CETOK, CM’

Yucno [ar JlnameTp crepxkHEen, MM
CTEpPKHEN | CTEepK- S 6 8 10 12 14 16
Ha | mor.m, | HeEH,
T MM
10 100 1,96 | 2,83 5,03 7,85 11,31 15,39 | 20,11
8 125 1,57 | 2,26 4,02 6,28 9,05 12,31 16,08
7 150 1,31 | 1,89 3,35 5,23 7,54 10,26 | 13,40
5 200 0,98 | 1,41 2,51 3,93 5,65 7,69 10,05

Taoauua I1.3.4
JInaMeTp U 1Iar cTepKHel pacnpeaeJuTeIbHON apMaTypbl

Jlnametp creprkHei paboueit [ar crepxHel paboyeit apMaTypbl, MM

APMATYPRL, MM 100 125 150 200
. EETE T R B

350 350 350 350

6 4 4 4 | A

350 350 350 350

8 S S 4 4

350 350 350 350

10 6 6 3 N

350 350 350 350

2 & | & | & | &
250 300 350 350

14 8 8 8 | _6

300 300 350 300

16 8 8 8 8

250 300 350 350

s [ S R B T

300 350 350 350

IIpumeyanne. Hax yeptoii ykasaH quamMeTp CTEp)KHEN paclpeleIuTeIbHOM apMary-

PBI, a IOJ YEPTOU — UX IIIAT.
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Ipuioxenue 4

JIaHHbIe AJIA IPOCKTUPOBAHUA C/KATBIX 3JIEMECHTOB

Taoauna I1 4.1

Koa¢ppumentsr @» 1 @o 118 pacyeTa 3I€MEHTOB M3 TSDKEIOro 0eTtoHa Ha AEHCTBHE ITPOIOJIBLHON

CHIIBI CO CJ'Iy‘-IﬂﬁHBIM IKCHEHTPHCHTETOM

N, Koaddpumment ¢, npu lo/h
N 6 8 10 12 14 16 13 20
0 0,93 0,92 0,91 0,90 0,89 0,88 0,86 . 0,84
0,5 0,92 0,91 0,90 0,89 0,86 0,82 0,77 0,71
1,0 0,92 0,91 0,89 0,87 0,83 0,76 0,68 0,60
Tadoauua I1 4.2
N, Koapdpumment @, npu ly/h
N 6 8 10 12 14 6 20
A.Tlpr a=a'<0,15h 1 IpH OTCYTCTBHE TPOMEXYTOIHBIX CTEPXHEH (CM. 3CKHU3)
HITH IUTOINAH CeYEeHHS 3THX CTepIKHEH MeHee A /3
0 0,93 0,92 0,91 0,90 0,89 0,88 0,86 0,83
0,5 0,92 0,91 0’91. 0,90 0,88 0,87 0,83 0,79
1,0 0,92 091 | 0,9 | 0,90 08 | 08 | 080 | 0,74

paBHOH HiH 00.1e€ A 10/3 HEBABHCHUMO OT @

B. Ilpu 0,25h > a = a'> 0,15k wiu npH IWIOMATA OPOMEXYTOUHEIX CTEPXHEH (CM. ICKH3),

0 0,92 0,92 0,91 0,89 0,87 0,85 0,82 0,79
0,5 0,92 0,91 0,90 0,88 0,85 0,81 0,76 0,71
1,0 0,92 0,91 0,89 0,87 0,83 0,77 0,70 0,62

PaccManpubaemaa
&l / NAGCKOCMb
L o
A\
8 ¢ |® ©
S . & | TlpoMenymouHeie
e Pl & | CmEepxHuU
e o|® @ S
=]
N~ o
=
N

O6o3nauenus, npunsatsie B Tabn. I1 4.1 u 11 4.2
N, — mpononkHas CHiia OT NEHCTBHA TOCTOSHHEIX H JUTHTENBHEIX HAPY30K;
N — npoponbHas cunia OT DeHCTBASA BCEX HATPY3OK.
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Taoauna II. 4.3

MuHuMajibHble 3HAaYeHHS IJIOIIAAN CeYeHH sl NPOA0JIbHOM pacTAHYTOH padoueil apMaTypbl

Ycaosusi paboTel apMaTyphl s, min "0
1. ApmaTtypa S B u3ruéaemMbIX H BO BHELICHTPEHHO PACTSAHYTHIX 3J1eMeHTaX NpH 0,10
PACHoJIOKEeHUH NMPOA0JIbHOM CHJIBI 32 MpeaeaMu pado4eii BICOTHI CeYEeHUs
2. Apmatrypa S u S Bo BHELICHTPEHHO paCTﬂHyTI)IX'Z)J'IeMeHTaX NIPH PacmoJio- 0.10
JKEHMH MPOI0JIbHOM CHIIbI MEXKIAY apMaTypo S u S
3. ApMaTypa BO BHEIICHTPEHHO CKATBIX 3JIeMEHTAaX MPHU:
lp /1 =17 (n1s1 NpAMOYTOJILHBIX Ce4eHuii — mpu 1 /i =5) 0,10
17<1/i <35(5<1y/h <10) g;g
35<1/1<83(10 <1y /h <25) 0,25
lg/1=83(lg/h =25)

IMpumevanus: 1. pg = (Ag/bxhy)*x100%. 2. [[asi BHEHEHTPEHHO CHKATHIX JIEMEHTOB MPH
17 =1 /1 =833Hauenue g iy > (%) MOKHO TaK:Ke ONPeNeNATH JINHEHHOH HHTEPNOIsIIHrei

mesxkay 3Hadenusavu 0,10 u 0,25. 3. D1eMeHThI, He YAOBJIETBOPAOIINE TPeOOBAHUAM MHUHH-

MAJIBHOI'O ITPOLCHTA apMHUPOBaHUs, OTHOCATCH K 0eTOHHBIM.

KO3(1)(1)I/IIII/ICHTI>I (p MNPOoAOJBLHOTO H3ruoda OJIS pacdeTa HEHTPAJbHO C/KATBIX

CTAJbHBIX 3JICMEHTOB

Tao6anna I1.4.4

I'mOxocts |0 | 10 20 30 40 50 | 60 70 80 920
3JIeMEeHTa

A

100 | 110

200

10,988 0,967 0,939 | 0,906 0,869 | 0,827 0,782 (0,734 | 0,665 | 0,599 | 0,537

PacuetHoe
CONpPOTHBJICHHE
craau Ry, MIla

240

110,987 0,962 |0,931 | 0,894 0,852 | 0,805 | 0,754 0,686 | 0,612 | 0,542 | 0,478

Ilpumeyanue. ruOKOCTH IJIeMEHTA 7‘i = lef /1, THE lef — pacuyeTHas AJMHA dJIeMeHTA, i —

paauyc HHEpUMH ceYeHMs.
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