OPJEHA TPYJIOBOI'O KPACHOI'O 3HAMEHM IIEHTPAJIbHBII HAYUYHO-
HCCJEIOBATEJIbCKHAI U MPOEKTHO-9KCIIEPUMEHTAJIbHBIA HHCTUTYT
KOMILITEKCHBIX ITPOBJEM CTPOUTEJIbHBIX KOHCTPYKIMIA U COOPYKEHUM um.
B. A. KYYEPEHKO (HHHUUCK um. KYHEPEHKO) 'OCCTPOsA CCCP

MNOCOBHUE
110 NPOEKTHPOBAHUIO CTAJIBLHBIX KOHCTPYKIMIA
(x CHulI 11-23-81%)

Ymeepoicoeno
npuxazom [THUUCK um. Kyuepenxo I'occmposs CCCP om 15 aseycma 1985 2. Ne 243/n

MockBa

LeHTpaJIbHBII HHCTUTYT TUIIOBOIO MPOEKTHPOBAHUSA
1989

PexoMeH10BaHO K M3JaHUIO CEKLHEeH METaJUIMYeCKUX KOHCTPYKIHUH HAay4YHO-TEXHHYECKOTO COBETa
[MHUUNCK um. Kyuepenko I'occtpost CCCP.

[Tocobue 1O MPOEKTUPOBaHMIO CTaNbHBIX KOHCTpyKiud (k CHull 11-23-81* “Cranbhble
koHcTpykuun” [THUUCK um. Kyuepenko I'occrpos CCCP. - M.: LIUTII I'occtpos CCCP, 1989. -148
c.

Copnepxut pazbsicaenust Kk CHull I1-23-81* “Cranpnbie KoHCTpYKIuHu” . IlpuBeaeHb MaTepHaibl 11O
IPOEKTHUPOBAHUIO HOBBIX KOHCTPYKTUBHBIX (hOpM, NOJOOpPY CEUEHHUH 3JIEMEHTOB, pacdeTy TEXHHKO-
HSKOHOMUYECKUX [IOKa3arejle KOHCTPYKLUMH, a TakXe I10 HOBBIM METOJaM pacyeTa CTalbHbIX
KOHCTPYKLUH.

IIpuBeneHsl npuMepsl pacyeTa U KOHCTPYUPOBAHUS.

JIis MH)KEHEPHO-TEXHUYECKHX PaOOTHUKOB IPOCKTHBIX OpPraHM3allMi, a TakKe I HHKCHEPOB,
HAyYHBIX PAOOTHHUKOB, CIICITUATH3UPYIOIINXCS B 00JIACTH CTPOUTEITHHBIX METAJUIMYECKUX KOHCTPYKITHHA,
U CTYJICHTOB CTPOUTENBHBIX (haKyIbTECTOB.

Ta6n. 106, un. 69.

Ilpu nonvzosanuu Ilocobuem credyem yuumvléamsb YmMEEPIHCOEHHbIE USMEHEHUs CMPOUmMeNbHbIX
HOpM U Npaeunl U 20CYOApCMBEHHbIX CMAaHOapmos, nyoauxyemvle 6 oicyprare ‘‘Bronnemens
cmpoumenvrou mexuuxu’”’, “CoOOpHuKe usmMeHenuli K cmpoumenvHovlM Hopmam u npasuiam” I'occmpos
CCCP u ungopmayuonnom yxazamene “lI'ocyoapcmeennvie cmandapmur CCCP” ['occmanoapme
CCCP.

Hopmamueno-npoussoocmeennoe uzoanue
HUNCK um. KYYEPEHKO I'OCCTPOA CCCP

[Tocobue 1o NpoeKTUPOBAHUIO CTAIBHBIX KOHCTPYKLIUN
(x CHulT 11-23-81%)

[Toarorosien k uzganuio LleHTpanbHbIM HHCTUTYTOM TUIIOBOTO npoektupoBanus (LIUTIT) ['occTpos
CCCP

OtBercTBeHHble 3a Boityck: JI. H. [[lumoesa, JI. T. Kanrauesa

Ucnomuuremn: E. /. Poeynuna, I'. A. Hazaposa, M. I'. Bapmckas, H. I'. Hosax, I'. H. Kananuna, B. A.
3amaszkuna, B. C. Mykcunamosa



HOPEJUCJIIOBHUE

[Tocobue pa3zpadborano k CHull I1-23-81* “CranbHble KOHCTPYKITHN .

OcHOBoOMONAralOUMH  JOKYMeHTaMu 1pu  pa3pabortke Ilocobust napsny co CHull I1-23-81*
saunuch CT COB 3972-3 “HaneXHOCTh CTPOUTENBbHBIX KOHCTPYKIIMHW W ocHOBaHMi. KoHCTpykumn
cranbHbie. OcHOBHbIe monoxkeHuss no pacuery” u CT COB 38487 “HaneXHOCTh CTPOUTEITBHBIX
KOHCTPYKIIMIA U OCHOBaHUW. OCHOBHBIE TTOJIOKEHUS 10 pacyeTy’ .

Pazn. 1-11 Ilocobust moBropsitor crpykrypy CHull I1-23-81*. B Hux maroTcsi pa3bsCHEHUS K
pasznenam u mynktam CHull I1-23-81%*; Ttakoii ke xapaktep uMmeroT pasza. 12, 13 u yactuyno paza. 21 u
22, ocTaibHbIe COAEPKAT MAaTEpPHaJbl IO MPOESKTUPOBAHUIO HOBBIX KOHCTPYKTHUBHBIX (HOpM, MOI00py
CEUEHHUH AJIIEMEHTOB, OMPEICICHUIO TEXHUKO-9KOHOMHYECKHX MTOKa3aTelei, HOBOMY MOAXOAY K pacueTy
KOHCTPYKLUH.

B ITocooun nHomepa myraktoB CHull 11-23-81* nmpuBeneHs B ckoOKax.

[Toco6ue paszpaborano [THMNCKom um. Kydepenko I'occrpost CCCP (kanaungaTtsl TexH. HaykK [ E.
benvckuii - pazn. 1, 4, . 3.1-33, 5.1-5.14, 5.16-5.20, 5.23, 5.24, 5.26, 5.31-5.37, 5.40, 5.41, 5.45, 6.1-
6.4, B.H. Ilomanog - pazn. 2, 10, nm. 3.4-3.7, 5.46, 12.2; M.U. Eeopos - nn. 2.1-2.7, 3.4-3.7, 12.2; E.P.
Mayenunckuu - . 2.8-2.13, 3.12, 3.13, 11.2, 11.3; A.A. ®@aoees - . 3.4-3.7, 5.46; B.M. bapviwes -
nm. 3.8-3.11, 11.1, 12.1; n-p texn. Hayk bB.M. Bbpoyoe - pa3a. 8, nm. 5.15, 5.21, 5.22, 5.25, 530, 5.38,
5.39, 5.42-5.44; 21.1-21.6; xaun. TexH. Hayk M.M. [ykosa - mm. 6.5-6.15; n-p TexH. Hayk B.M.
T'opnunuenxo, xaun. Texd. Hayk E.M. Konopaxoe - pa3n. 22, . 9.1-9.5; unx. b.U. benses - pazn. 13;
KaHIuAaThl TeXH. HayK b.H. Pewiemnuxog - pazn. 14, 18; b.C LJemnun - pa3a. 18, nm. 15.9-15.17, 16.5-
16.19, U.JI. Ilumenos - pa3n. 19; n-p TexH. Hayk, npod. B.A. Tpogpumos - pa3na. 20, 24; wmx. FO.A.
Yepnos, xaunuaatel TexH. HayK A.M. Jlapuonos - pa3n. 20; FO.H. Cumakos - nn. 21.7-21.12; n-p TexH.
Hayk H.C. Mockanes - pa3n. 23; kauaunaTtel TexH. HayK 1.1 Epemees - pasn. 24; A.A. [pusune - npui.
1; F.H. Kysneyos - npun. 2) npu ydactuu L{THUHWnpoekrcranbkonctpykiuu uMm. H.IT. MenbHukoBa
I'occtposi CCCP (n-p TexH. Hayk npod. H.H. Cmpeneyxun - . 11.2-11.9, 21.13-21.15, 21.19-21.21,
unx. M.M. Kpasyos - . 3.14-3.16; n-p texH. Hayk npod. B.B. Jlapuonos - nm. 9.6-9.8; unx. BM.
babywxun - pazn. 13, mm. 11.2, 11.4, 11.7, 11.9; kaun. TexH. Hayk M.B. Jlesumanckuii - pa3n. 26, 27, nm.
16.1-16.5, 16.18-16.24; unxenepsl B.B. Cesprocun - nm. 15.1-15.5, 15.14, 15.16-15.19, 15.21-15.26;
b.H. Emenvsanos - nn. 15.6-15.8; xanaunarel TexH. Hayk B.B. bepesun, JI.A. Copokun - pa3a. 17; FOA.
Jleyc - nn. 21.18, 21.19; 2.JI. Avipyman -pa3n. 25, npuin. 3; B.®. benses - pazn. 25; M.U. bexxepman -
pasa. 26; n-p texH. Hayk M.C. Kosuep - pazn. 29) u MUCH um. B.B. KyiiOsimeBa ["'ocoOpa3zoBanust
CCCP (xann. texH. Hayk FO.B. Cobones - pazn. 28, n. 15.20). B pazpabotke Ilocobust yyactBoBau:
¢umuan MUCuC I'ocobpazoBanuss CCCP, r. Dnexrpoctans (kaHa. TexH. HayK B.U. Moucees - pa3n. 7,
nm. 5.27-5.29; 21.20-21.24), Onecckuii MHXXEHEPHO-CTPOUTENbHBIN UHCTUTYT ['ocobOpa3oBanuss CCCP
(m-p. Texn. Hayk H.JI UYepnos - mm 5.31-5.33, 21.14-21.17), BHUKTHcTaIbKOHCTPYKIUS
Munmontaxcnetctpost CCCP (unx. 3.11. Aopam - . 15.16-15.18); benropoackuii TeXHOTOTUUECKHI
UHCTUTYT CTpoMTeNbHbIX MaTepuanoB ['ocobpazoBanus CCCP (unx. @.@. Kyxmun - nm. 16.1-16.5,
16.14, 16.16, 16.18-16.24), BHUIINnpomcTanskoHCcTpyKIMss MunmonTtaxkcnenctposs CCCP (kxanm.
TexXH. HayK B.B. Kanenoeg - pa3n. 27, npuin. 3; unxenepsl B./[. Mapmuinuyk - paszn. 27; E.C. Mapxkos,
JIM. Caxapoe - npuit. 3).

[Tocobue  penensupoBaoce B [HHHHCKe  um. Kyuepenko  T'occtpos  CCCP,
[MTHUUnpoekrcranbkoHcTpykuu  uM. H.II. MensnukoBa IT'occtpos CCCP, MHUCHU wum. B.B.
KyiiOpimeBa I'ocobpazoBanus CCCP, [MHWHnpom3nannii I'occTpos CCCP,
BHUKTUcranpkoncTpykunu ~ Munmontaxkcnenctpos CCCP, VYxkpHUHnpoekTcTanbKOHCTPYKIIUU
I'occtposs CCCP, Dueprocersnipoekte Munsnepro CCCP.

[TocoOue moaroToBIEHO MO/ 00IIEH peakiue TOKTOPOB TeXH. HayK npodeccopoB B.A. banouna,
B.U. Tpoghumosa, xaununaroB texH. Hayk [.E. benvckoco, E.M. Konopaxoea, b.C. [{emnuna, VHX.
b.M. bensesa.

1. OCHOBHBIE ITOJIOKEHUSA PACYETA
OBIIHUE IMOJIOKEHUA

1.1. Pacyer cTabHBIX KOHCTPYKIUU CIIEeAyeT BHIMOIHATH MO0 METOY MIpeIedbHBIX cocTostHui [1, 2].

IIpedenvuvie cocmoanusi KOHCMpPYKYul - TaKUE€ COCTOSHUS, MIPU KOTOPBIX KOHCTPYKIUU MEPECTAIOT
YIOBJIETBOPATH 33JaHHBIM JKCILTyaTallMOHHBIM TPeOOBAaHUSAM WM TPEOOBAHUSM MPOHU3BOJICTBA PabOT.
[Tpu 5TOM HOpMasnbHAas KCIUTyaTalMs 3IaHUI U COOPYKEHUIM CTAHOBUTCSI HEBO3MOXKHOI.



1.2. Hopmanvhas sxcniyamayus - 3TO SKCIUTyaTaIysl, KOTOpasi OCYIIECTBISIETCSl 0€3 OrpaHHYCHHUH B
COOTBE€TCTBUHN C TCEXHOJIOTHYECCKUMHU U 6BITOBBIMI/I YCJIO0BUAMHU, MNPCAYCMOTPCHHBIMU B HOpMax H
3aIaHUsIX Ha TMPOCKTUPOBAHWE W YYMUTHIBAIOIIMMHU O€30macHyr paboTy Iroaei, o0opyaoBaHHUS U
COXPAHHOCTH OTPAKIAOIINUX KOHCTPYKITHIA.

1.3. B cootBercTBUU ¢ TpeOoBaHMSAMHU [2] TIpH pacdeTax CTalbHBIX KOHCTPYKIIMA Ha JIEHCTBHE
COOTBCTCTBYIOIIMX HArpy30K H€O6XOI[I/IMO YUUTBIBATE HUX MNPCACIBbHBIC COCTOAHUA, IMPUBCACHHLIC B
Tabm. 1.

Tabnuma 1
I'pynna IpesenbHOE COCTOSIHUE
COCTOSTHHIT BUJ XapaKTepHCTHKA
IepBas Hecymias ciocobHocTh [Tnactuueckoe, XpynKkoe U yCTaIOCTHOE Pa3pyLIEHUs

IMotepst ycTOHYINBOCTH (hOPMBI HIIU TIOJIOKEHUS
ITepexox B H3MEHIEMYIO CHCTEMY
Ilonnas ~ HempuromHocts  k|TekyuecTh MaTepuaia

9KCILTyaTalluy Heynpyruii cIBUT B COSIMHEHUIX
KayecTBeHHOE H3MEHEHHE KOH(PUIypaLin
Bropas IpurogHocts k  HopMaibHOI |[Iepemenienus (mporud, OBOPOT MIIM OCAIKa)
9KCILTyaTalluH Konebanus

H3MeHeHue mosioKeHus.
CIBHT B COEUHEHUIX

1.4. HopmaTuBHBIE 3HAa4YE€HUS HArpy3oK, Ko3()PUIMEHTH HAAESKHOCTH 1O HArpy3ke Hn u
KO3 PULMEHTH! COYETaHUM Harpy30K Ul ONpEeAETeHUs WX PacueTHBIX 3HAYEHUH clielyeT NPUHUMATh
cornacHo [3]. [Ipu npoBepke KOHCTPYKIUH MO MPEAETbHBIM COCTOSHUSM MEPBOM TPYIIbl HEOOXO0AUMO
OpUHUMAaTh, Kak mpaBuio, »# > 1,0 (3a MCKIIOYEHHEM YCTaJIOCTHOTO pa3pylIeHUs U TeX CIIyyaeB
pacyera, Korja yMEHbIICHHE IMOCTOSHHOW Harpy3Kd yXyJALIaeT YCJIOBHUsS paboThl KOHCTpykumid). Ilpu
IIPOBEPKE YCTAJIOCTHOTO pa3pyLIeHUs (BBIHOCIMBOCTH) U MPEJCIIbHBIX COCTOSSHUN BTOPOW Ipynmbl } <
1,0.

CornacHo [2] pacyeTHble Harpy3kH, MPUMEHsEMble B pacuerax I10 MEepBOH Ipynme MpeaesbHbIX
COCTOSIHUHM, MOT'YT OBbITh Ha3BaHbI NPEIEIbHBIMY, @ B pacYeTax Mo BTOPOIl rpymme U Ha BBIHOCIUBOCTb -
9KCILTyaTal[MOHHBIMHU.

[Tockonbky mpu # > 1,0 pacueTHble NpeAeibHbIE Harpy3Ku MOBTOPSIOTCS peAKO (Hampumep, IO
JUTEPATypHBbIM JIaHHBIM, OT OJHOIO KpaHa - oauH pa3 B 20 yer; BerpoBas - oauH pa3 B 10-15 ner;
CHEeroBas - B cpenHeM oauH pa3 B 10-12 ner; Ha mepekpwitus - oauH pa3 B 15-20 ner), cTajibHble
KOHCTPYKLMU IPU IPOBEPKE IO IMpPEAesIbHBIM COCTOSIHUSAM IE€pBOM TIpyMIbl (32 MCKIOYEHUEM
YCTAJIOCTHOT'O pa3pyIleHNUs) ClIeyeT paCCUUTHIBATh HA OJJHOKPATHOE JIEHCTBUE 3TUX HATPY30K.

1.5. Lenp pacuera - HE JONMYCTUTH C ONpPENEIEHHOW 00ECIeYeHHOCThI0 HACTYIUIEHUS MPEIesIbHBIX
COCTOSTHUI MEpBON TPYIIIbI WIKM NEPEeXo/ia 3a NpeaebHbIE COCTOSHUS BTOPOW TPYIIIBI B TEUEHHE BCETO
CPOKa JKCIUTyaTalluu 31aHUN U COOPY)KEHHH, a TaKXKe B IPOLECCE MX BO3BEIEHUS IIPU MUHUMAJIbHOM
pacxojie MaTepuajoB M HAaUMEHbILIEH TPYyJOEMKOCTH H3TOTOBJIEHMS, TPAHCIIOPTUPOBAHUS U MOHTaXa
KOHCTPYKIUH.

1.6. Tlpu pacuere Hecymiell CHOCOOHOCTH CEYCHHS WIIM DSJEMEHTa KOHCTPYKIIMH HawmOOJbIIee
BO3MOXKHOE 3a BpeMs JKCIUTyaTalMu (MM BO3BEJEHMs) ycwine F B 3/leMeHTe OT pacyeTHBIX
MpPEEIbHBIX HArpy30K M BO3JACHCTBUH HE JOJDKHO IMPEBBINIATH COOTBETCTBYIOIIEH HaWMEHBIIEH
npeenbHON Hecylleil clToCOOHOCTH S ceYeHus MM 3JIEMEHTa ¢ yYEeTOM HayallbHbIX HECOBEPILIECHCTB

F <S. (1)

Yeunue F (mpojgonbHas W TONMepedHAas CUIIBI, HM3TMOAIONINM, KPYTSAIMIMA MOMEHTHI) CleIyeT
OTIpeNIETATh TI0 (hopMyIie

F = m2aiFnipi, (2

T7I€ 7h - KOOPPUIMEHT HATES)KHOCTH 110 Ha3HAUEHUIO [4];

ai - K03 GUIUEHT Nepexo1a OT HOPMATUBHOM HArpy3KHu K YCUIIHIO;

Fni - HOpMaTHBHAs Harpys3Ka;

i - KO3 PUIMEHT HaIeKHOCTHU IO Harpy3Ke.

[IpenenpHyI0 HECYIIYIO CIIOCOOHOCTH S, COOTBETCTBYIOIIYIO BHIY YCHIIMS (CKATHIO, PACTSHKCHHUIO,
C/IBUTY, U3TUOY, KPYUEHHIO U T. [I.), HEOOXOIUMO OIPEeIIATh M0 popmyIie



S = pOR, =L, (3)
Yo

rae f - xKodhUIMEHT, yYUTHIBAIOIIMKA BHJA YCWIHS, MPEACIbHOE COCTOSHHE M paboTy cTamu 3a
MIPEACIIOM YIIPYTOCTH (@] @e; @b, ¢ U T.11.);

@ - reoMeTpuUecKas xapakTepuctuka ceuenus (A, W);

Rn - HOpMaTHBHOE CONIPOTUBIICHHE MaTepHaa;

Ye - KOO GUIMEHT YCIOBUI paboThI;

Y - KOOQPUIMEHT HAZESKHOCTH 110 MaTepHUaly.

HayanbHbIMM  HECOBEpPIIEHCTBAMHM  CTaJbHBIX  KOHCTPYKLMH  SIBJSIFOTCA ~ COBOKYITHOCTH
TreOMETPUYECKUX OTKJIOHEHUH (OpMBI M pPa3MepoB, (PAKTOPOB, BIMSIOMIMX Ha CBOWCTBA CTald, U
OTCTYIUIEHUH OT HPUHITON pacYETHOM CXEMbl, BOZHUKAIOIIUX [IPU U3TOTOBICHUH, TPAHCIIOPTUPOBAHUU
Y MOHTAK€ KOHCTPYKLIHIA.

OcHOBHOE HEpaBEHCTBO METOj/a MpEeeNIbHbIX COCTOSHUM (1) MoOXeT ObITh MpencTaBieHO B (opme
CPaBHEHMsI YUWUTHIBAEMBIX B  pacyeTax HalpsHKEHUM ¢ UX [peAeIbHbIMU  3HAYCHUSIMH,
yctanaBiauBaeMbiMu CHull I1-23-81%*.

1.7. Ilpu pacdyere KOHCTPYKIHMI II0 NpEIEIbHBIM COCTOSHMUSM IIOJHOM HENPUTOJHOCTH K
JKCILTyaTalluu nepemenienus (Iedopmannn), COOTBETCTBYIONIME PACYETHBIM 3HAYCHUSIM IpeeIbHbIX
Harpy30K UM BO3JEHCTBHMM, HE JOJDKHBI IIPEBBIIATH IPEACIBHBIX 3HAYCHUM IEpEeMEIEeHUN
(medopmarniuii), yCTaHaBIMBAa€MbIX B HOPMATHBHBIX JIOKYMEHTax II0 YCJIOBUAM HEOOXOJUMOCTH
IPEKPALEHUS SKCIUTyaTalluy B CBA3M C KAUECTBEHHBIM HapYLIEHHUEM [€OMETPUUECKON (OPMBI.

VYcnoBuss pacuera 1O MPEAEIbHBIM COCTOSHUSAM IOJHOM HENPUTOJHOCTH K JKCILTyaTaluu
nomyckaercst [1] mpencraBnaTe B ¢GopMe NMPOBEPKH YCWIMK WIM HampspDKeHUH (Kak MpH pacuerax
Hecylleil CrocOOHOCTH), OINpenesieMbIX C Y4eTOM Heymnpyrux naedopmanuii; sta Gopma mpuHATA B
CHull I1-23-81*.

1.8. Ilpu pacuere KOHCTPYKIUH MO MpeneibHBIM COCTOSHHUSM BTOPOM TPYMIBI TMEpeMeleHus,
napaMerpbl KojaeOaHUd M HM3MEHEHMsI MOJIOKEHHUS OT PACUETHBIX OSKCIUTyaTallMOHHBIX Harpy3ok He
JIOJDKHBI TIPEBBIIATh MPEAEIbHO JOMYCTUMBIX 3HAUEHUH OTUX MEPEMEIICHUM WIM YKa3aHHBIX
napameTpoB, yctanoBiaeHHbIX B CHull [1-23-81* u B ipyrux HOpMAaTUBHBIX TOKYMEHTaX, T. €.

fed, )
V.
rne f - mepememenus wnm mapameTpbl Koie0aHWH M HM3MEHEHHUS TOJIOKEHHS, BO3HMKAIOIINE B
KOHCTPYKIUSX OT JA€UCTBUS PaCUETHBIX dKCIUTyaTallMOHHBIX Harpy3okK;
fu - mpenenpHO nMOMyCTHMBIE 3HAYCHMS STUX TEPEMEIICHUH WM MapaMeTpOB, periaMeHTHpYEMbIe
HOpMaMH Ha OCHOBE TpeOOBaHUI HOPMAJIbHOM 3KCILTyaTalllu.
[lpn ycraHOBIEHMH HOPMATHBHBIX 3HauyeHWH fu y4YMTHIBalOTCS HOpManbHBIE YCIOBUS JUIA
npeObIBaHus JIt0Jel, paboTa TEXHOJIOIMYECKOTO O0OpYyIOBaHMUS, COXPAaHHOCTb OIpakIaroLIUX
KOHCTPYKIUH.

! MockonbKy B GOMBIIMHCTRE City4daes ¥ = 1,0, 5Tv Harpysku B 1. 13.1 CHull 11-23-81* Ha3BaHE! “HOPMATHBHBIMA .

1.9 (1.7). Beibop pacueTHBIX CXeM, UCXOIHBIX MPEAMOCHUTOK U JTOMYIIEHUI HEOOXOMMO OIIPEICIIATh
Ha OCHOBE IPUMEHAEMOro MeToa pacuera. [Ipu ucnonap3oBaHuy, HaIpUMeEp, BEIYUCIUTEIbHOU TEXHUKH
HeoOXoauMo HauOosiee TOJHO YYHMTHIBATh JCHCTBUTENbHBIE YCIOBUSA pabOThl KOHCTPYKLMH H
paccUMThIBaTh UX KaK €IMHBbIE MPOCTPAHCTBEHHbBIE CUCTEMBI C YUETOM HEYNpYrux JnedopMmanuii craiu,
nehOopMUPOBAHHOM CXEMBI H, B CITydae HEOOXOIUMOCTH, T€OMETPHUUECKON HETMHEWHOCTH.

Cy1iecTByeT 3HaUUTEIBHOE YHMCIIO MPOrpaMM pacdeTa CTaJbHBIX KOHCTpyKuui Ha OBM. OxHolt u3
HUX, T[O3BOJISIONIEN pemarh IIMPOKUN KIacC 3ajad, SBISETCS JAMaJoroBas CUCTeEMa pacueTa
(IMAPAMA), pazpaborannas LIHUnpoekrcTanpkoHcTpykuueit um. H.I1. MenbHukoBa [5].

[MHNUNCKom wum. Kyuepenko paszpabotaHa mnporpamma pacuera Ha OBM  CTpyKTypHBIX
KOHCTPYKLMH, y4yHUThIBaloIias ocoOeHHOCTH uX pabotel. [Iporpamma oOecrmeunBaeT pacueT
CTPYKTYPHBIX IUIUT BIUIOTH JI0 Pa3pylIAIOIIMX HAarpy30K M CTEP>KHEBBIX 000JI0YEK, BKIIOYAs MOTEPIO
YCTOMUYUBOCTH C yUETOM XapakTepa J1e(hOpMUPOBaHHs 3JIEMEHTOB IPH YIPYTOil M yIpyromiacTuueckon
paboTe MaTepuana.

JlonmyckaeTcsi IpUMEHSTh NPUOIMKEHHBIE METO/AbI pacuera U Ooyiee MPOCThIE PAcUETHBIE CXEMBI,
OCHOBaHHbIE Ha pa3JIeJIeHMH €IUWHBIX MPOCTPAHCTBEHHBIX CHUCTEM Ha IUIOCKHE KOHCTPYKLIHMHU H



OTJeNbHbIE 3JIeMEeHThl. [Ipu 3TOM cienyeT y4MThIBaTb OCOOEHHOCTH B3aUMOJCHCTBUS 3IIEMEHTOB
CTaJIbHBIX KOHCTPYKIIMHA MeX11y co00it 1 ¢ ocHOoBaHueM. Bmecte ¢ TeM, B 00111eM ciiyyae MpearnouTeHre
CJIelyeT OTaBaTh METOJaM PacyeTa CTaIbHBIX KOHCTPYKIIMHA KAK €IMHBIX IPOCTPAHCTBEHHBIX CUCTEM.

1.10 (1.8). [lnst cTaTM4ecKH HEONPEACTMMBIX CTEP)KHEBBIX KOHCTPYKIIMH pacYeTHBIC YCHIIHS
JIOITYCKAETCsl ONpeNeNATh 10 HeAe(OPMHUPOBAHHONW CXEME B NPEANOJIOKEHUH YHNPYTrux aedopMmaruii
cranu. Pacdyer Ha yCTOMYMBOCTD OTAEIBHBIX CTEPKHEH IIPU JCHUCTBUU dTUX YCUIIUN CIEAYET BBIIOIHATh
110 1e(OopMHUPOBAHHON CXEME € yUETOM Heynpyrux aedopmaruii.

1.11. PacueThl 3JEMEHTOB CTEP>KHEBBIX M OaJOYHBIX KOHCTPYKIUW, a TaKke IUIACTUHOK,
0o0pa3ylolMX ceueHue, He0OXOAMMO BBIIOJHATH C Y4€TOM HEynpyrux aedopmanui cTaliud U, Kak
NPaBUJIO, B MPEANOIIOKEHNH MAJIOCTH MEPEMEIICHUI C UCIOIB30BAHUEM MPUOIMKEHHOTO BBIPAKEHUS
JUIs KpUBM3HBI (T. €. HAa OCHOBE I'€OMETPUYECKU JIMHEHHON Teopuu). IIpm sToM pekomeHxmyercs
OPUMEHATh TEOPHIO MANbIX YHOPYTOIJIACTUYECKHX JAedopMaluii Impu MPOCTOM HArPYKEHUH; B DsJie
CJIy4aeB JIOIYCKAETCsl UCI0JIb30BATh MOJIENb JKECTKOIUIACTUYECKOTO TEa.

1.12. Tlo cBoeil ¢u3nueckol NPUPOAE CTPOUTENBHBIC CTANIU SBIAIOTCA YHIPYTOIUIACTUYECKUM
MaTepHaJIOM C Pa3IMYHBIMU 3aBUCUMOCTSMHU MEXIY Je(OpPMALUIMU U HAPSIKEHUSAMU IIPU HArpy3Ke U
pasrpyske.

OpnnHako npy NPOBEPKE KOHCTPYKLUUH IO IIPEIEIbHBIM COCTOSHUSAM IEPBOM I'PYIIBI HA OJHOKPAaTHOE
JICHCTBHE PACUYETHBIX IIPEIEIbHBIX HArpy30K MPUMEHIEMBIE CTAIM PEKOMEHIYETCS pacCMaTpUBaTh Kak
HEJIMHEWHO YNPYTMH MaTepuall, XapaKTEepHU3YIOLMNCA OJHOW M TOW XK€ HEIMHEHMHONM WIN KYyCOYHO
JMHEWHOW 3aBHCHMOCTBIO MEXKy eopMalsIMU U HAPSHKSHUSMU TIPU HArpy3Ke U pasrpyske (puc. 1,
kpuBasi OBAB).

Puc. 1. 3aBucuMOCTh MEXAY HANPSDKEHUAMHU U ieopMalusiMU Ipy Harpy:keHun OA U pasrpyske ams
ynpyromactudeckoro Mmarepuana AC, s HEIMHEHHO ynpyroro marepuana 4B

Ecnu B mpouecce nedopMuUpoBaHHS KOHCTPYKIIMM B HEKOTOPBIX €€ YacTAX IMOSBUTCS YaCTHYHAs
pasrpy3ka, TO >KECTKOCTh CHCTEMBI B IIEJIOM JIOJDKHA YBEIUYHTHCS. B CBS3M C ITUM TPHUHATOE
JOTIYIIEHHEe MPUBOAUT, KaK MPaBUIIO, K HEKOTOPOMY 3amacy Hecylleld CIIoCOOHOCTH, YTO MO3BOJISIET B
MPAKTUYECKUX pacdyerax B OOJBIIMHCTBE CIIYy9acB HAJCKHO IIOJIH30BATHCS MOJIEIBI0 HEJIMHEHHO
YIIPYroro Matepuana.

1.13. IIpu Bo3MOKHOM yOBIBAHMHM HArpy30K, a TaKKe MPU MOBTOPHO-TIEPEMEHHON Harpy3Ke aHaju3
MOBE/ICHUS CTATBHBIX KOHCTPYKIIMH 32 TIPEEIOM yIPYTOCTH JIOJDKEH OCHOBBIBATHCS HA MCIIONIb30BAHUH
MOJICTTM YIPYTOIIACTHYECKOTO MaTepuayia ¢ Pa3IMYHBIMH 3aBUCHUMOCTSAMU MEXIY JaeopMmanusiMu u
HANpPsDKSHUSMU TIPU Harpy3ke u pasrpyske (puc. 1, kpusas OBAC).

1.14. Pacyer CTaJIbHBIX, KOHCTPYKIIMI U WX 3JIEMCHTOB Ha YCHJIUS OT JIEHCTBUS BHEIIHUX HArpy3o0K,
KaK MpaBHJIO, HEOOXOAMMO BBHITIONHATH C HCHOJIB30BAHUEM T'€OMETPHUYECKHX THIOTE3: TIIOCKUX
CEUYEHHUM, CEKTOPAIbHBIX IUIOIIAICH U MPSIMBIX HOPMAJICH.

1.15. Tlpu HeoOXOIUMOCTH pacueTa CTalbHBIX KOHCTPYKLIHUWA W UX DJEMEHTOB C yYETOM BIUSHUS
COOCTBEHHBIX OCTAaTOYHBIX HANPSKCHWH oOr (OT CBapKW, MPOKATKH, XOJOJHOW TpaBKH W T. I.)
JIOITYCKAETCsl MPUMEHSATh THUITOTe3y 00 aireOpanvdeckoM CyMMHPOBAHHH YCIOBHBIX JedopMmanuid & =
or/E ¢ nedopmanusiMu OT BHEITHEH HArpy3kH (E - MOIYJb YIIPYTOCTH).

1.16. HamexxHOCTh M DKOHOMHUYHOCTh CTANbHBIX KOHCTPYKIIMHM JOJDKHBI OBITH 0OeCIedeHbl
OJIHOBPEMEHHBIM BBITIOJTHEHUEM TpeOOBaHUH K BRIOOPY MaTepHajoB, pacyeTaM U KOHCTPYHUPOBAHUIO (a
Tak)Ke U3TOTOBJICHUIO K MOHTAXY).

B cmydasx, korma HacTyIUIeHHWE TPeNeIbHBIX COCTOSHUN KOHCTPYKIIHHA COMPSDKEHO TOJBKO C
HSKOHOMHUYECKUMHU TMOCIIEJCTBUSIMHU, UX pacyeT JOMYCKACTCS BBIMOIHITH BEPOSITHOCTHO-DKOHOMUYECKUM
METOJIOM, 00€CITEYHBAIOIITIM ONITUMAIBHOE COOTHOIICHHE MEX /Ty HA/ISKHOCTHIO M MaTEPHAIOEMKOCTBIO
COOpY>KeHHit [6].



1.17 (1.9). Tlpu mOpOEeKTHPOBAHUM CTAIbHBIX KOHCTPYKIHH CIEAYeT MPUHAMATh MUHHMAJIbHBIC
CeueHHsl 3JIEMEHTOB, ynoBiueTBopstomme Tpedoanusm CHull 11-23-81*. [Tonbop ceyenunii He0OX01UMO
BBIMOJIHATh C YYETOM TEXHUKO-IKOHOMHYECKOTO OOOCHOBAHUS MPUHHUMAEMOTO MPOCKTHOTO PEIICHHS,
NCHCTBYIOIIETO  COpTaMeHTa,  NpUMeHEeHUs  d(Q(EeKTUBHBIX  MapoK  CcTalei,  mpoduiei,
YHU(UIIMPOBAHHBIX THUITOBBIX WJIM CTaHJIAPTHBIX KOHCTPYKIIHH, a Takxke apyrux tpedoBanuit CHull 1l-
23-81*.

HNPEAEJBHBIE COCTOSHUSA CTAJIBHBIX KOHCTPYK].[MFI

1.18. Uznoxennsie B CHull 11-23-81* MeToasl mpoBEepKH CTATbHBIX KOHCTPYKIHH MO MPEaSTbHBIM
COCTOSIHUSIM, KJIacCH(HKaIMs KOTOPHIX NpuBeAeHa B Ta0. 1, pa3paboTaHbl C y4eTOM CBOWCTB CTajei,
HAa3HAYEHUs M YCIOBMM 3KCIUTyaTalluu KOHCTPYKLUH, BUJIa UX PabOThI, XapakTepa BHEIIHUX Harpy3oK 1
BO3JIEUCTBUH, a TAKXKE TEXHOJIOIMU U3TOTOBJICHUS U MOHTaXa.

1.19. Ilnactuyeckoe paspylleHHE 3JIEMEHTOB M KOHCTPYKLIMH CONPOBOXKIAETCS 3HAYUTEIbHBIM
pa3sBUTHEM IUIACTUYECKHX JedopMalvii U B psAe CiaydaeB Hperonaraer paboTy craimu B o0jacTu
CaMOYTIPOYHEHHUS.

[Tpu cooTBeTCTBYIONIEM O0OOCHOBAHUU JIOMYCKAETCS HE YUUTHIBATH 00JACTh CAMOYNPOYHEHHUS CTAIH
U pacueTbl KOHCTPYKIMH BBINOJIHATh HA OCHOBE MICAIM3UPOBAHHON ynpyromiactuyeckoi (IIpanatiis)
WJIN )KECTKOTIACTUYECKOM THarpaMM.

B coorBerctBun co CHull II-23-81* mnpoBepky IUIACTMYECKOTO pa3pyllIeHUs HEoOXO0IUMO
BBIMIOJIHATh TPH pacyeTe Ha MPOYHOCTH CIEAYIOIIMX OJJIEMEHTOB W3 IUIACTHYECKUX CTalled ¢
otHoleHueM ou/oy > 1,3 (rae oy - BpeMEHHOE CONPOTUBIICHHE, 0003HAYaeMOE Ob, 10 FOCYIAPCTBEHHBIM
CTaHJapTaM M TEXHUYECKUM YCJIOBUSAM Ha CTallb; O - INpeleN TeKydyecTH, 00O3HayaeMblil Op, IO
rOCyJapCTBEHHBIM CTaHIAapPTaM M TEXHUYECKHM YCJIOBHUSAM Ha CTallb), HECYIIMX CTaTHUECKYIO HArPy3KYy:

a) pacTAHYTbIX, HOpMaJIbHas HKCIUTyaTallMsi KOTOPBIX BO3MOXHA M IOCIE JOCTHKEHHSI METaJJIOM
npezena TEeKyd4ecTH (HEKOTOPhIe THIMBl JIMCTOBBIX KOHCTPYKIMI, B OCHOBHOM, C pPaBHOMEPHBIM
pacripe/ielieHUeM pacTATUBAIOIINX HANPSHKEHUI: JIMCTOBbIE HACTHIIBL, OTJENIbHBIE BUJBI TPYOOIPOBOIOB
U pe3epByapoB C YUETOM OIIbITA UX IKCIUTyaTaIllH);

0) ceueHui, ocnaOJIeHHBIX OTBEPCTUAMU JUIsl OOJITOB, B OOJITOBBIX KOHCTPYKLUSAX, a TAK)KE B MECTax
CTBIKOB, BBIMIOJTHEHHBIX Ha 001TaX (KpOMe KOHCTPYKIMI Ha BHICOKOIIPOYHBIX 0OJTax);

B) PacTSHYTBIX OJJMHOYHBIX YIOJKOB, IPUKPEIUIAEMBIX 001 MOJIKOI OonTamu;

I') CTCHOK TIep(OPUPOBAHHBIX OAJIOK.

[Tnactuueckoe paspymenue yuutbiBaercss cornmacHo CHull 11-23-81* Taxke nmpu ycraHOBIEHUU
pacUYETHBIX COMPOTHBIICHUI CBAPHBIX U OOJITOBBIX COSTMHEHHH.

K mactuueckoMy paspylIeHHIO cJelyeT OTHOCUTh IpellesIbHbIe COCTOSHUS KOHCTPYKIMH mpu
MOBTOPSIOLIMXCS HATPY3Kax IO YCIOBHAM NEPEMEHHON TEKYUECTH U TPOTPECCUBHOTO pa3pyIICHHUS.

1.20. Xpynkoe pa3pylieHHE COINpPOBOXKIAeTcs Majod jaedopmarmei, Kak NpaBWiIo, IpH
KOHIICHTPAllMM HAINpPsDKEHUH, HU3KUX TEeMIleparypax WM yIapHBIX BO3JIEHCTBHAX, B OOJBIIMHCTBE
CJIy4aeB MPHU OJHOBPEMEHHOM JIEHCTBUM yKa3aHHbBIX (PaKTOPOB.

B coorBerctBum co CHull 11-23-81* cmocoOHOCTh CTaNbHBIX KOHCTPYKIHMHA ITPOTUBOCTOSITH
XPYIKOMY pa3pylIEHUIO ClleAyeT o0ecreunBaTh TIJIAaBHBIM OOpa30M BBINOJIHEHHWEM TpeOOBaHUN K
BBIOOpY CTajiei, IPUMEHEHNUIO COOTBETCTBYIOIMX KOHCTPYKTUBHBIX PELICHUH, TEXHOJIOIHU 00pabOTKU
neTaned 1 00pa30BaHUs OTBEPCTHUH.

Cornacio CHull 11-23-81* pexoMeHayeTcs Takke MpOBEpKa PacyeToM Ha MPOYHOCTh C Y4ETOM
XPYIKOTO pa3pylIeHus, B MEPBYIO OYepelb, EHTPAITbHO- ¥ BHEIICHTPEHHO-PACTIHYTHIX JJIEMEHTOB U
30H pacTsHKEHUH M3THOAaeMbIX 3JIEMEHTOB B MPEANOJIOKEHUH YHPYrux aedopManuii cramum mnpu
NIECTBUY PaCUETHBIX MPEEIIbHBIX HATPY30K.

1.21. YcranocTHOe pa3pylIeHHe COMPOBOXKIAETC 00pa30BaHUEM U Pa3BUTHEM TPELIMH B pe3yibTaTe
MHOTOKPATHO ITOBTOPSIFOIIMXCS CHJIOBBIX BO3JCHCTBHIA OT TOJBW)XKHBIX, BHOPAIMOHHBIX W JPYTHUX
NEPEMEHHBIX Harpy30K, MPHJI0KEHHBIX HEMIOCPEACTBEHHO K KOHCTPYKLIUSIM.

[TpoBepka sToro mpenenbHOro coctossHus corimacHo CHull 11-23-81* BemonHseTcss pacueToM
3JIEMEHTOB KOHCTPYKIIMI Ha BBIHOCJIMBOCTH B Ipenenax yHpyrux aedopmaruii cramu npu JeicTBUU
pPAaCUYEeTHBIX OJKCIUTyaTallHOHHBIX HArpy30K C YYETOM XapaKTepUCTHK CTalled, BHJA HAIPSHKEHHOTO
COCTOSIHUSI, KOHCTPYKTHBHOM CXEMBbl y3Jla WJIM COEAMHEHUs, TEXHOJIIOTMM OOpaboTKH JeTanu, BHIA
Harpy3KH W YWCIIa IUKIOB HATPYKEHUH.



1.22. Tlotepst ycTroWunuBOCTH (DOPMBI WM TTOJOKEHUS XapPaKTEPU3YETCsl TEM, YTO KOHCTPYKIIHS WIIH
3JIEMEHT YTPAaYMBAIOT CIOCOOHOCTh COXPAHSATh CBOE DPABHOBECHOE COCTOSIHHE, COOTBETCTBYIOILEE
JEUCTBYIOIIUM IIPH TOM BHEITHUM HArpy3KaM M BO3JEHCTBUSM.

[TpoBepky ycToitunBOCTH (POPMBI HITH MOJIOKEHHS CIEAYET BBIOIHATH AJISl CUCTEMBI B LIEJIOM U IS
€€ OTACIIBHBIX YJIEMEHTOB.

B coorBerctBun co CHull I1-23-81* mpoBepka moTepu yCTOMYMBOCTH (OPMBI 3aKIIFOYAETCS B
YCTQHOBJICHMM MAaKCHUMaJbHOTO 3HA4YEHUs HArpy3Kd, KOTOpas MOXXET OBbITh BOCHPHHATA 3JIEMEHTOM,
UMEIOIINM, KaK MPaBUIIO, HauaIbHbIE HECOBEPILICHCTBA, IIPH pacueTe ero no Ae(GopMupoBaHHON cXeMe ¢
y4€TOM HeyNnpyrux aegopmanuii craiu.

[Ipu cootBeTcTByIOLIEM OOOCHOBAaHHMHM JOIMYCKACTCS PACCUMTHIBATH HA YCTOMYMBOCTH HJICANIbHBIC
CHCTEMBI WU JIEMEHTHI B IIpeenax ynpyrux aedopmaruii. 3ToT METOJ, B YACTHOCTH, UCIIOJIb30BaH B
CHull I1-23-81* npu onpeneneHny pacueTHHIX JJIUH CXKATHIX CTEP)KHEH, YCTAHOBJICHUHU MPHUBEICHHON
IMOKOCTH CKaThIX CKBO3HBIX CTEp)KHEH, IPOBEpKe OalloK Ha OOIYI0 YCTOHYUBOCTD U T. A.

1.23. Tlepexon KOHCTPYKLIMH B H3MEHSEMYIO CHCTEMY XapaKTepU3yeTcs IpEeBpaIleHUEM €€ B
KMHEMaTUYeCKHH MEXaHU3M, Y KOTOPOrO BO3MOXHOCTb U3MEHEHUs (DOpPMBbI B HANpaBICHUU JEUCTBUS
Harpy3Ku He OIrpaHUYeHa HUKaKUMU CBSI3SIMH.

1.24. TlpenenbHoe COCTOSIHME B pe3ysbTaTe TEKy4eCTH MaTepualla, HEyNpyrux CIBUTOB B
COCMHEHUX, KAUeCTBEHHOTO WM3MEHEHHsI KOH(QHUIypaluyd O3HA4YaeT IMepexo]l KOHCTPYKIMH B Takoe
COCTOSIHUME, KOrJa IpU COXpaHEHMM oOmell Hecymeld cnocoOHOCTH HEOoO0XOAUMO HPEKpPaTUTh
OKCIUTyaTallMI0 KOHCTPYKIHMH B CBSI3M C CYIIECTBEHHBIM HApYyIICHHEM TIe€OMETpUYecKoi (opmbl u
BBIIIOJIHUTH PEMOHTHBIE pabOTHl IO 3aMEHEe WM BOCCTAHOBJICHHIO KOHCTPYKLUH. YKa3zaHHOE
IpEJEeNbHOE COCTOSIHHE, KaK U IOTEpsl HECyIled CHOCOOHOCTH, OTHOCHUTCA K IEpPBOM Tpylie U
IIPOBEPSETCS HA JEMCTBUE TEX JK€ PACYETHBIX NIPEAEIBHBIX HATPY30K.

B orimume or Hecymell CnocOOHOCTH, KOI/Aa KPUTEPHUSIMH TPEAEIbHBIX COCTOSHUH SIBIISIFOTCS
cHIOBbIE (DaKTOpBI (WJIM HAarpy3Ku) U BBIIOJHSETCS MPOBEPKA YCHIMN WINM HaOpsOKEHUH, JJI MOJTHOM
HEIPUTOJIHOCTH K 3KCIUTyaTalluy MpeJebHbIE COCTOSIHUS KOHCTPYKIMI MpU COXpPaHEHUU UX HECyIlen
CHOCOOHOCTH MO CYILECTBY JOJDKHBI OLIEHHMBAaTbCS Ha OCHOBE Jie(OpMAllMOHHBIX KPUTEPUEB -
OTpaHUYEHUH TIepeMeIeHU win AedopMariii KOHCTPYKIHM, pabOTaIOIIMX 32 MPEJEIOM YIPYTOCTH.

BMecre ¢ TeM mpoBepka paccMaTpUBacMOIO IPENEIbHOIO COCTOSHUSA B PANE CIIyd4aeB MOXKET
BBITOJIHATHCS B TPATUIIMOHHON (JOpME CpaBHEHUS HANIPSDKEHUH (YCHIIU).

1.25. TlpenenbHble COCTOSIHMS 110 OIPAaHUYEHUIO TIEPEMELIeHUH, CABUTOB B COEIMHEHMSX, KOJIeOaHM
U U3MEHEHMs IOJIOXKEHUS KOHCTPYKIHUI M 3JEMEHTOB (BTOpasl rpylmna) XapakTepU3ylTCs TeM, YTO
HapylalTCs YCIOBUS HOPMaJbHOM OSKCIUTyaTalluM, CBsi3aHHBIE C NpeObIBaHMEM JIoAeH, paboToi
TEXHOJIOTHYECKOTr0 000pYI0BaHUS U COXPAHHOCTHIO OIPaXAAI0IINX KOHCTPYKITHI.

3Ha4yeHUsl yKa3aHHBIX J1e(OPMALMOHHBIX BEJIMYUH, ONpEeNsieMble pacyeToM, KakK MpaBWio, B
npenenax ynpyrux aedopmanuii craiv He JOJDKHBI IMPEBBIIIATH MPEAETbHO JOMYCTUMBIX 3HAUY€HUH,
ycranosneHHbIx CHull I1-23-81*.

B ornnuune oT mpenenbHBIX COCTOSIHMM MEPBOM TPYIIbI, BO3MOXXHOCTh HACTYIUIEHUS KOTOPBIX, B
NpPUHIMIE, HE JOMYCKAeTCsl CHCTEMOM YacTHBIX KOX(QQHUIHMEHTOB MeToJa MNpeAeibHBIX COCTOSHHM,
ycraHoBnennple CHull 11-23-81*%  nanmst  BTOpOW Tpymmbl MPENeNbHO JIOMYCTHMBIE 3HAYCHHUS
nepeMeleHN WM TapaMeTpoB KoJeOaHUM W HM3MEHEHUsS TIOJIOKEHUs KOHCTPYKLUUH MOTYT OBITh
JOCTUTHYTHl (HO HE MpPEeB30HIEHBI) B Ipolecce padOThl KOHCTPYKUUN MpU JAEWCTBUU pPACUETHBIX
DKCIUTYaTal[MOHHBIX HAarpy30K.

2. MATEPHUAJIBI 17151 KOHCTPYKIMI U COEUHEHWIA

B CHull 11-23-81 * npuBezieHbl HOBBIE MOJIOXKEHUS, HAIIPABJICHHbIE HA CHUKEHHUE PacXo/1a YepPHbBIX
METAJIJIOB B CTAIbHBIX KOHCTPYKIMX. K HUM OoTHOCATCS:

yIpa3IHEHUE CUCTEMBI Pa3IeICHUs Pa3IMUHbIX MAPOK CTaleH AJI1 METAJUIMYECKUX KOHCTPYKLUN Ha
KJIaCChl IPOYHOCTH;

OTKa3 OT YHU(HUKAIMM PACUETHBIX COMPOTUBICHUN MO MHUHMMAIbHBIM 3HAYEHUSM HOPMATHBHBIX
COTPOTUBIIEHUH MapOK CTaJli, OTHECEHHBIX K Pa3IMYHBIM KJIaccaM;

Ha3Ha4Y€HHE HOPMATUBHBIX CONPOTUBIICHUH 110 MPEAENy TEKY4eCTH U BPEMEHHOMY COIPOTHUBIICHUIO
[0 BEJIMYMHAM, YCTAaHOBJIEHHBIM T'OCYJapCTBEHHBIMHU OOIECOIO3HBIMH CTaHAApTaMH U TEXHUYECKHUMHU
YCIIOBUSMH Ha MMOCTABKY MPOKATa;



yCTaHOBJIICHHE KOX(D(UIIMEHTOB HAASKHOCTH IO MaTepHaAy Jm, C YYE€TOM OOECIEUYeHHOCTH
HOPMATUBHBIX COMPOTHUBICHUN M TPUHATHIX METOJIOB KOHTPOJIS KAuecTBa CTAJILHOTO MpoOKaTa MpH
MOCTAaBKE;

BBEJICHUE B IE€peYeHb MaTepuaioB JUIsl CTaJbHBIX KOHCTPYKUUNH 3(G(EKTUBHBIX —CTajei,
nocraBigeMeix mo ['OCT 23570-79 u TY 14-1-3023-80, ¢ yka3zaHueM MpEIIOYTUTEIBHOCTH HX
MPUMEHEHHUS TI0 CpaBHEHHUIO co cTaysiMu, noctaBimsiembiMu 1o ['OCT 380-71*, TOCT 19281-73* nu
I'OCT 19282-73%,

muddepeHIpoBaHIe HA3HAUYEHHUS CTAIe U UX PACUETHBIX XapaKTEPUCTHUK M0 BUIaM MpoKaTa (JIUCT,
dacoH, Tpyoa).

B CHull 11-23-81* BxIItOUEHBI Tak)Ke MOJOKECHHS, HAlpaBJICHHbIC Ha YHU(UKAIMIO TPeOOBaHUH,
NPEIbABISEMBIX K MaTepUaliaM MPH MPOESKTUPOBAHHUH:

COKpAIIEHUE YUCIIA TPYII KOHCTPYKIIUH 10 YEThIPEX;

paiionuposanue tepputopun CCCP B coorBerctBuu ¢ 'OCT 16350-80.

HoBrble TpeOoBaHUS K NMPUMEHEHHUIO CTalei B KOHCTPYKLUHMAX 3AaHUNA M COOPYKEHHH MO3BOJISIOT
CHHM3HTH UX pacxoj Oonee yem Ha 7 %.



OCHOBHBIE TPEBOBAHUS K ITPOKATY

2.1. [Ipokat, mpuUMeHsIeMblii B KOHCTPYKIIUSX, AODKEH OTBeUaTh TPEOOBAHMSIM COOTBETCTBYIOIIMX
rOCY/IapCTBEHHBIX OOIIECOIO3HBIX CTAHAAPTOB MM TEXHUYECKHUX yCJIOBHI Ha €r0 MOCTaBKY.

2.2 (2.1%). Tlpu BBIOOpPE MapoOK MPOKATHOW CTalH CIEAYyeT YYHUTHIBATH CTEIEHb OTBETCTBEHHOCTH
KOHCTPYKUMUA 3JaHUA M COOPYKEHUM, a TaKK€ YCJIOBHUS HMX M3FOTOBJEHUS M DKCIUIyaTallud B
cootBercTBUH ¢ Tabu. 50* CHull 11-23-81*.

[TpuMepHBIii TepeueHb OTIACIBHBIX TPYII KOHCTPYKIIUN U UX JIEMEHTOB TMPUBE/EH B [7, Tabum. 1].

[Tpu npOEKTUPOBAHUU METAJUIOKOHCTPYKLUUN MPOMBIIIICHHBIX 3JaHUA U COOPYKEHUNH HEOOXO0IUMO
CTPEMHUTHCS K MAaKCUMAIBHOMY COKPAIICHUIO MAapOK MPUMEHSIEMBIX CTallel U THUIOpPa3MEepoB MPOKaTa,
UCHONB3Ys MpH 3ToM “COKpallleHHbII COPTAMEHT MEeTaUIONpoKaTa Uis MPUMEHEHUS B CTPOUTEIbHBIX
CTaJIbHBIX KOHCTPYKLUAX ’, yTBepKaeHHbIN I'occtpoem CCCP.

2.3 (2.1*). ITo x1mamoCcTORKOCTH METalI IPOKaTa J0JDKEH OTBeYaTh TPEOOBAHUAM, YKAa3aHHBIM B TaOll.
2.

2.4. Mapku cranu JHS DJIEMEHTOB CTaJbHBIX KOHCTPYKIMI U COOPYXKEHHI, BOCIPUHUMAIOIINX
pacTAruBaroIIye Harpy3Ky B HAIIPABIICHUU TOJIIUHEI IPOKaTa, CIeAyeT MpuHUMaTh mo tabdn. 50* CHull
11-23-81*, mpu 3TOM TpOKaT TOJITUHON CBbImIe 60 MM 03 MPOBEACHUS TOMOJHUTEIBHBIX HCIBITAHUN
MPUMEHSTH HE PEKOMEHTYETCSl.

Jlis M3rOTOBIIEHUS DJIEMEHTOB, B KOTOPBIX B HANpaBlICHUH IO TOJIIMHE MPOKAaTa BO3HUKAIOT
BBICOKHE PACTATHBAIONINE HAPSHKEHUS OT BHEITHEHW Harpysku, npubmmkatommecs K 0,5 Ry, u Beicokue
pacTIruBaroNIMe PEeaKTUBHBIC HAIPSHKEHUS, PEKOMEHIYeTCSl MPUMEHSATh MApKHU CTalld, UCIOJIb3yeMble
JUTSI KOHCTPYKIIUIA TPYIIIHI 1.

@naHubl U MOAOOHBIE MM DJIEMEHTHI TSDKEJIO HarpyXeHHbIX (epm, OalloK W T. M. MPHU TOJIIUHE
2JIEMEHTOB CBbIIIe 40 MM pPEKOMEHIYETCS BBINIOJHATh W3 JIMCTOBOTO TIPOKaTa C IOHWKCHHBIM
COJIep’KaHUEM CEPBbI, BBITIJIABISIEMOT0 IO TEXHUYECKUM YCIIOBUsAM (Hampumep, o TY 14-1-3765-84 S ne
6onee 0,015 nmm mo TY 14-105-465-82 S ne Goiee 0,020).

Tabnuua 2

T'apanTupoBaHHbIE
3Ha4YeHHs Ipenena
TEKY4eCTH CTallel or,

TpeGoBaHMs K CTAISIM 110 XJIAJIOCTOMKOCTH CTAJIbHBIX KOHCTPYKIUI IPyII

2

3

Kiumatuaecknii paiion crpoutensctsa mo 'OCT 16350-80

MIla (krc/mMm?)
|1 |1, “2, ”3 “4, ”51/[ |1 |1, “2, ”3 “4, ”5 |1 |2, “2, ”3 “4, ”5 |1, |2, “2, ”4, “5I/I)lp.
zp. u 1p. U Jp. I3
or < 295 (30) He KCU®; [ KCU™; He KCU™; | KCU He KCU* |KCA**| KCU?; | He npexs-
MIPUMEHSATE KCA KCA MIPUMEHSATE KCA 2, | mpuMeHsTH KCA SABJISIFOTCS
KCA

295 (30) < o7 < 390 (40)] KCU™; | KCU™; [ KCU™;, [ KCU™;, [ KCU™, [KCU®| KCU® | KCU® [KCU™|[ - -

KCA KCA KCA KCA KCA

390 (40) < oy < 740 (78)] KCU™; | KCU™; | KCU™;, [ KCU™;, | KCU™; [KCU®| KCU™ | KCU®™ [KCU™[ - -

KCA KCA KCA KCA4 KCA4

Obo3nauenus, npuuamole 8 maoin. 2:

KCU - ynapHas Bs3KOCTb, ONpeJeNeHHas Ha oOpasue ¢ KoHueHTparopom Buza U (mpu
cooTBeTcTByMOMEeH Temneparype) mo 'OCT 9454-78*.
KCA - ynapnas Bsa3KkocThb nocie Mmexanudeckoro craperus mo 'OCT 7268-82*.

* JlomycKaroTCs TakyKe CTaj, yaosieTBopsionrie TpeboBanissm KCU u KCA.
** Tompko Juist paifoHa 114.

JIJ'IH HU3IrOTOBJICHHUS DJJICMCHTOB OTBCTCTBCHHBIX KOHCprKHHfI, B KOTOPBIX 3aBE€AOMO OXHIACTCA 00oNBIION YPOBEHBb
PCaKTUBHBIX HaHpﬂ)I(eHPlﬁ, Harpumep, BCICACTBUE IPUBAPKU 3allICMJICHHBIX 3JICMCHTOB IIPHU HAJIUYWUH 3a30POB MEXKTY HUMU,
TAaKKE€ PEKOMCHAYETCSA UCIIOJIB30BATh KOHCTPYKTHUBHO-TCXHOJIOT'MYECKUEC PCHICHUA, UCKITFOYAIOINE BOSHUKHOBCHNEC BbICOKHX
pacTAruBarOIuX pEaKTUBHBIX HaHpH)KGHI/Iﬁ B HAIIpaBJICHUU TOJIIIWHBI I[IPOKATa.

Marepuan 371€MEHTOB KOHCTPYKIIMI1, BOCIPUHUMAIOLMX PACTATUBAOLIME HANPSKEHUSI 110 TOJILIMHE
JUCTa, B 30HAX, MPUJIETAIOUIMX K MECTaM HaJOXEHHUS CBAapHBIX IIIBOB, PEKOMEHIYETCS Ha 3aBojJax
METAJIJIOKOHCTPYKLIUH JIOTIOJTHUTEIILHO (o CBapKH) II0JIBEpPraTh yIBTPa3ByKOBOMY
Nne(eKTOCKOMMUECKOMY KOHTPOJIIO Ha HaJM4We BHYTPEHHHMX HECIUIOLIHOCTEH THIIAa pacciioeB, rpyObIX
IIJJAKOBBIX BKJIFOYEHUH U T. 1. [1101maas MakcuManbHO TOMyCTUMOTO JieeKTa He I0JKHA MPEBbILaTh 1



cM?, a nomyctumasi dactota aedexros - 10 m2. PaccrosiHue MeXay nedekTamMu He JTOJDKHO OBITh

MECHBIIIC BCJINYUHBI HaI/IGOHLH_ICFO 13 HUX.
2.5. (2.9). ®usnyeckre XapaKTEPUCTHKHM CTAILHOTO IMPOKaTa CJICAyeT NMPHHHUMATh C yYETOM HX
U3MEHEHU B AMaNa3oHe KIMMAaTHYEeCKUX TeMIepaTyp, Kak yka3zaHo B Ta0I. 3.

TaoOnuma 3
XapakTepucTHKa CTAILHOTO 3HayeHHs XapaKTEPHCTHKH

Ipokara npu t =20 °C | IIPU KIIMMATHYECKOH {j
InoTHOCTH, KI/M® p = 7850
Koaddunuent nmuneitnoro a=0,12-10* ai=a[l+0,02(t - t)]*
pacumpenus, °C™t
Monyis ynpyroctu, MITa (krc/cm?) E=2,06-10%2,1 - 10 Ei=E[1+0,27-10° (t; - O]*
Monyis cpura, MIa (xrc/cm?) G =0,78-10° (0,8 - 10%)
Koadduuuent nomnepednoit v=023
nedopmaryn (ITyaccona)

quer{oo&)GmeHneM JaHHBIX, puBefeHHBIX B cTaTthe U. I'. KoxxeBHukoBa u JI. A. Hosurxkoro “Temnodusndyeckne cBOMCTBa MaTepHaaoB IpH
HU3KHX Temreparypax’” (M.: MawmmuHocTtpoenue, 1982. - C. 7-27).

** Jlomy4eHo ¢ yuetoM AaHHbIX KHUTH S1. Bb. ®@puamana. “Mexannueckue cBoiictBa Metaiio”. T. 1 (M.: Maumnoctpoenue, 1974. - C. 238, 239).

2.6. IIpu BEIOOpE MApOK CTAIN CIEAYET PYKOBOJCTBOBATHLCS PE3yIbTaTaMH TEXHUKO-DKOHOMUYIECKUX
pPacyeToB C YYETOM IOJYYEHHUS] MAKCUMAaJIbHON SKOHOMUH METajllla IPU MUHUMAJIBHOM HUCIOJIb30BAHUU
JTeUITUTHBIX JICTHPYIOIIMX JIEMEHTOB 32 CYET PACHIMPEHHOTO MPUMEHEHHSI TEPMUIECKON 00pabOTKH |
C y4eToM oOecreveHus HaJeKHOCTH KOHCTPYKIIMMA B YCIIOBUSX KIIMMAaTUYECKUX BO3JICHCTBUI.

2.7. JIJis KOHCTPYKIIMH M3 JINCTOBOTO IMPOKAaTa TOJIIMHONH MEHee 4 MM MOYKHO NMPUMEHSITh MapKu
yraepoauctoit cranmu mo ['OCT 380-71* ¢ dusnyeckumu XapakTepucTUKamMH (ILIOTHOCTHIO,
KO3 PHUIUEHTOM JIMHEHHOTO PACIIMPEHHS, MOJIYJIEM YIPYTOCTH, MOIYJEM CIBUTA, KOd(PPHUIHEHTOM
nonepevyHoit aedopmarnyn) B coorBercTBuu ¢ Tabn. 50* CHull 11-23-81*. PacueTHble cOMpPOTUBICHUS
ClelyeT yCTaHaBJIMBATh JICJICHUEM HOPMATHUBHBIX 3HAYEHUW TMpeJesia TEKy4eCTh M BPEMEHHOTO
conpotusiienus, ykazauusix B ['OCT 380-71* nns mpoxarta tonmuHoi 10 20 MM, Ha KO3(pUIIUEHT
HAJICKHOCTH IO MaTepuaiy, paBHbiid 1,05 B coorBercTtBuu ¢ Tabi. 2 CHull 11-23-81*.



BOJIThI U TAMKH JIJISI COEJJUHEHUM

2.8 (2.4*). Beibop GonToB cieayeT mpou3BoAuTh 1o Tabm. 57* CHull 11-23-81* ¢ yuerom yciaoBuii
UX NPUMEHEHHUs - KIMMAaTUYEeCKOro pailoHa, xapakTepa IEHCTBYIOIIMX HArpy3oK, yCJIOBUH paboOTHl B
COCTMHECHUSX (PACTSIKEHUE WITH CPE3).

Jl1sl KOHCTPYKIMH, BO3BOJUMBIX B KJIMMaTudeckux paionax li, Iz, 2 u 13, HO sxcnmyaTupyemsix B
OTAIUIMBAEMBIX ITOMELEHUX, OOJTHI ClIeAyeT Ha3HAuaTh 110 Talil. 4.

2.9. Jlnst GONTOBBIX COENMHEHW CIIEAYeT, KaK MpPaBUJIO, MCIOIb30BATh KPETEKHBIC W3JENUs M3
“CoxpalleHHOr0 COPTaMEHTa KPEMEKHbIX U3JCTUN ISl CTPOUTEIbHBIX METAUIMYECKUX KOHCTPYKIIUNA ™,
yrBepxkaeHHoro 'occtpoem CCCP. [Ipumenenue, B ciiydyae HEOOXOAMMOCTH, KPENEXKHBIX H3/CIHHA, HE
BKJIIOYEHHBIX B YKa3aHHBIM COPTaMEHT, JOJDKHO ObITh COIJIACOBAHO IPOEKTHOM OpraHu3anuen ¢
U3TOTOBUTENIEM MPOEKTUPYEMOro o0bekTa u yrBepxaeHo ['occrpoem CCCP.

Tabnuna 4
VYcnoBus paboTs! 601TOB Texnonornueckue TpedoBanus k 6ontam (1o Tadm. 1 u 10
T'OCT 1759-70**)
KJIacc MPOYHOCTH | JOIOJIHUTEIbHBIE Mapka CTain
(tabm. 1) BUIbI UCTIBITAHUH
(Tabun. 10)
B KOHCTPYKIUSIX, HE PACCUUTHIBAEMBIX Ha BEIHOCIHBOCTh
Pacrsokenne nm cpes 4.6;5.6 Io3. 1 o Tabmn. 1
48;5.8 Toxe Toxe
6.6 « 35
B KOHCTPYKIMSX, paCCUMTHIBACMBIX Ha BEIHOCIUBOCTD
PactspreHue uitu cpes 46;5.6 IMo3. 1 u4d ITo Tabx. 1
6.6 To xe 35
Cpes 48;5.8 ITos. 1 ITo Tabm. 1

2.10. Kpenexuble wu3nenusi MNPUMEHSIOT OObMHO 0e3 mokpbiTHs. [lpumenenue, B ciydae
HE00X0IMMOCTH, KpenexHbIX n3aenuii ¢ mokpeituem o 'OCT 1759-70** nomxHO OBITH COTJIaCOBAHO
MPOEKTHOI OpraHu3alueil ¢ U3TOTOBUTEIIEM MMPOSKTUPYEMOT0 00BEKTa.

2.11. 3ampeniaercs HCIOJIB30BaTh OONTHI Oe3 KieliMa W MapKUpoBKU. KieliMeHHe W MapKHpOBKa
noinkHbl cooTBeTcTBOBaThL 'OCT 1759-70**,

2.12. 3anpemniaercss MCIONB30BATh KPETEKHBIE H3JENUS C OTKIOHEHHSMH OT COOTBETCTBYIOLIMX
CTaH/JapTOB, B TOM YHCIIE KPEMEKHBbIE AETalu 2-TO cOpTa U OOITHI, U3TOTOBIEHHBIE U3 aBTOMATHBIX
cTajiei.

2.13. 3anuch yCNOBHBIX OOO3HAYEHHH KPENMEKHBIX H3ICNUNA Ha BCEX CTaausiX pa3pabOTKU U
IIPOM3BOJICTBA CTAJILHBIX KOHCTPYKIUI CIEAYyeT BBIMOIHATH TOJNbKO 1Mo Gopme, npuBeaeHHor B 'OCT
1759-70**. 3anpermiaercs npu 3aMucy yCIOBHBIX 0003HAUEHHM KPENEXHBIX M3JEeNUi AenaTh MpomycK
KaKHX-THO0O0 XapaKTePUCTUK, IPEIyCMOTPEHHBIX COOTBETCTBYIOIIMMH CTaHIApTaMH, B TOM YHCIIE
JIOTIOJTHUTEIIBHBIX TPeOOBaHUI, 32 UCKITIOUEHHEM JJIMHBI 60JITOB B yepTekax KM.

OYHIJAMEHTHBIE BOJITBI

2.14. Tlo ycrmoBHsIM SKCILTyaTaIlliy OONTHI TIOAPA3IACISIOTCS Ha pacueTHBIE M KOHCTPYKTHUBHEIE.

K pacuemnvim 6Gonmam oTHOCATCS OOJITBHI, BOCIHPUHUMAIOIIME HArpy3KH, BO3HMKAIOIIUE IPHU
IKCIUTYaTaIl[l CTPOUTEIHHBIX KOHCTPYKIIUH.

K koucmpykmuenvim  Oonmam  OTHOCATCS  OONTHI, TpeaycMaTpUBaeMble Uil  KpEIUICHUs
CTPOMTENBHBIX KOHCTPYKIMH, YCTOWYMBOCTH KOTOPBIX TIPOTHUB ONPOKWIBIBAHHS WM CABHTa
o0ecreunBaeTcsi COOCTBEHHBIM BECOM KOHCTPYKIIHIA.

KoHcTpykTHBHBIE OOJITHI TPEIHA3HAYAIOTCS TSI PUXTOBKH CTPOUTEIBHBIX KOHCTPYKIIUI BO BpeMs UX
MOHTa)Xa, OOecleuyeHusi CTaOMIbHOW PabOThl BO BpeMsl SKCIUTyaTallud KOHCTPYKLHUHM, a Takoke st
MPEIOTBPALIEHUS CIIyYaHBIX CMEIICHUN KOHCTPYKIIUH.

2.15. BpiOOp Mapku CTajqu IINWAIEK PacueTHBIX OONTOB, MpeIHa3HAYCHHBIX [UIA KpeIUICHUs
CTPOMTENBHBIX KOHCTPYKIIUH, CIIeyeT MPOU3BOANUTE TI0 Ta0I. 5 ¢ y4eTOM KITMMAaTHIECKUX PaiOHOB.

HInmieku OONTOB JIOMYCKAaeTCs M3TOTOBIATH M3 CTajlel JIPYrHMX MapoK, MEXaHHYECKHEe CBOWCTBA
KOTOPBIX HE HI)KE CBOWCTB CTallel MapoK, YKa3aHHBIX B TaOII. 5.

Ta6auma 5

Kinmartnyeckuit paiion 14 (-30 >t >-40); lls m ap. (t> -30) |l, Ho 1 13 (-40 >t>-50) (I; (-50 >t >-65)
CTPOUTENBCTBA (pacueTHas
Temnepatypa, °C)

Mapka CTaiTu HIMTHIEK BCt3xn2 (mo 'OCT 380-71%*) 091'2C-6 u 10I2C1-6 09I2C-8 u 10I2C1-8
(mo 'OCT 19281-73*) (mo ’'OCT 19281-73*)




Hns xnmmmatudeckux paiioHoB crtpoutenserBa 114, 115 u apyrux (t > -40 °C) momyckaercs
U3TOTOBIIATh INMWJIBKM PAacyeTHBIX OOJTOB ¢ pe3ploil  nuamerpomM 56 MM u  Oomee U3
Hu3KoserupoBanHou ctany Mapok 0912C-2 u 10I'2C1-2 mo 'OCT 19281-73*.

2.16. IlInuapKku KOHCTPYKTHUBHBIX OOJTOB /I BCEX KIMMATHYECKUX PAlOHOB CIIETYeT M3TOTOBISATH
u3 cranu Mapku BCt3kn2 o 'OCT 380-71*.

Mapku cranu INUiIeK KOHCTPYKTUBHBIX OONTOB, €cClU MOCJIEIHUE MOAJIekKAaT IPOBEpPKE Ha
ceiicMu4ecKne BO3ACUCTBHS, CIIeyeT Ha3HaYaTh KaK JUIs IIMAJIEK paCUeTHBIX OOJITOB.

2.17. T'aiiku 1 My(pThl PyHIAMEHTHBIX OOJITOB CIICyEeT U3TOTOBJIATH U3 CTAJICH TEX JK€ MapoK, 4TO H
IIMATBKH.

3. PACYETHBIE XAPAKTEPUCTUKA MATEPUAJIOB U COETUHEHUM
OBIIME MMOJIOKEHHUA

3.1. OcHOBHOW HMHTErpajlbHOW XapaKTEPUCTUKOH COMPOTUBICHUS CTAIU J1e(HOPMUPOBAHUIO MPH
JIEMCTBUM HArpy3Ku SIBJISETCS 3KCHEPUMEHTAIBHO MOJIy4aeMasi 3aBUCUMOCTh MEXIy HalpsLKEHUEM O =
N/A u ortHocutensHbIM ymnuaenueM & = Al/l - muarpamma paGotsl (nedopmupoBaHMs) CTaaH MPH
oHOOCHOM pacTsbkeHuu (rae N - pacTaruBaromas cuia; A - Wiomaab ceueHus oopasna; | - pacuernas
JUTMHA 00pasIia).

3HaueHHE  HAMpPSOKEHUS, COOTBETCTBYIOUIEIO  HAWMOOJBIIEH  HArpys3ke, MPeIIeCTBYIOMICH
paspyleH’io o0paslia, Ha3bIBACTCS 8peMeHHbIM conpomusnenuem ou. IIpu 3HaYEHMAX HaNpsHKEHUi,
paBHBIX (pu3muecKoMy (Ui CTaleil ¢ SBHO BBIPAKCHHOH IUIOMIAIKON TEKY4eCTH) WM YCIOBHOMY
npeneny Tekydectu (puc. 2), paboTa CTalu COMPOBOXKIAETCS COOTBETCTBEHHO TEKYYECTbIO WIIH
pa3BUTHEM 3HAYUTENIBHBIX YIPYTOIUIACTHYECKHX AedopMaliuii 6e3 ee pa3pylieHHs.
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Puc. 2. Ilmarpammbl paGoThl CTAIU

1 - npu HaJIMYKK SIBHO BBIPKCHHOI IUIOMIAAKY TEKYYECTH; 2 - IPU OTCYTCTBHH IUIOMIAIKH TEKY4ECTH

Takum 00pa3oM, OCHOBHBIMH ITapaMeTpaMHu Ui OLEHKH Pa0OTBHI CTANH TPH JCHCTBUH HATPY3KH
SBJISIIOTCSI 3HAUEHUS] BPEMEHHOI'O COINPOTHUBIECHUS Oy U Ipejiesia TeKy4yeCTH Oj, YCTaHAaBIMBAacMble B
roCyJapCTBEHHBIX OOIIECO03HBIX CTaHAAPTaX U TEXHUUECKUX YCIOBUSAX HA MOCTABKY METAJUIONPOKATA.

3.2 (3.1). 3HaueHUsT BPEMEHHOTO CONPOTHUBIICHUS Oy U Mpejeia TeKYUeCTH Oy JJIsl METaIoNpoKara,
BBIITYCKAEMOTO METAJTyPrUYecKOl MPOMBIIIJIEHHOCTIO, HUMEIOT HEKOTOpbli pa3dpoc. C yueTom
ciydaifHOW W3MeHUMBOCTH d3TuX Xapaktepuctuk B CHull [11-23-81* ycTaHoBneHsl 3Ha4YeHUS
HOPMATHBHBIX COMPOTHUBIICHHI COOTBETCTBEHHO MO BPEMEHHOMY COMPOTHBICHHIO Run = ou (ob) U 1o
npeneny Tekydectd Ryn = o (or), 00eCleuyeHHOCTh KOTOPBIX IPH MOCTABKE METAIONPOKATa IO
TOCYJapCTBEHHBIM OOIIECOI03HBIM CTaHIapTaM M TEXHHYECKHM YCIIOBHSIM COCTABIISIET, KaK MPABUIIO, HE
menee 0,95, yTo cooTBeTCTBYET TpeboBaHMIM [2].

3.3 (3.2). Bo3MokHBIC OTKJIOHEHHS COMPOTHUBICHHUU CTaJieH B HEOJAroOMpUSATHYIO CTOPOHY OT HX
HOPMATHBHBIX 3HAUYEHWW COTJacHO [2] ydTeHBl C MOMOIIBI KOIDOUIIMEHTOB HAIEKHOCTH TIO
marepuainy jm, Kotopele ycraHoBieHol B CHull 11-23-81* B 3aBucuMoOcTH OT 00€CHEYEHHOCTH
HOPMATHUBHBIX CONPOTHUBJIICHUH, TapaHTHPYEMOW METOJaMH KOHTpPOJII KadecTBa METaJIONpoKaTa Ha
METAJUTYPrHUECKUX MPEIIPUATHSIX.

YeMm BbIlIe 00ECIIEYEHHOCTh HOPMATHBHBIX COMPOTHBICHUH MOCTABISIEMOTO TpOKaTa, TeM Oolee
HU3KUMHU TPUHATHI KOA(POHUIMEHTH HaIe)KHOCTH 10 Marepuaiy (cM. tada. 2 CHull 11-23-81%).



PACYETHBIE COITPOTUBJIEHUSA CTAJIBHOI'O ITPOKATA

3.4 (3.1). 3HaueHUsT OCHOBHBIX PACYETHBIX COMPOTHUBICHHUI OIMpPEIEIICHbI ACICHHEM 3HAYeHUH Ryn u
Ryn Ha KO GUIMEHT HASKHOCTH 110 MaTepuaity -jm > 1,0:

Ry= Run/]/m; Ry = Ryn/}/m, (5)

rae Ry — pacdeTHoe COMpOTUBIIEHUE IO BPEMEHHOMY COTIPOTHBIICHHUIO;

Ry — pacueTHOe COmpOTHUBIICHUE TIO TIPEIeTy TCKy4eCTH.

3HaveHus Kod(ppuIMeHTa HaJIeKHOCTH M0 MaTepuany jm B (popmynax (5) NPUHATHI OAMHAKOBBIMHU
npu onpeneneHuu Run u Ryn.

3.5. PacueTHple CONPOTHUBICHUS TIPOKaTa JJsi Pa3IUYHBIX BHUJIOB HAMPSHKEHHBIX COCTOSHUN
npuBeneHbl B T1abn. 1* CHull 11-23-81* B cooTBeTcTBHM € TOCYJapCTBEHHBIMH OOIIECOI3HBIMU
CTaHJapTaMH C UCIOJIb30BaHWEM KOA(D(PHUIIMEHTOB Mepexoaa OT OCHOBHBIX PACUETHBIX COMPOTHBIICHUH.
XOTs MEXaHWUYECKHE CBOWCTBA IpOKaTa BJOJb M IIONEPEK HAIpPaBJICHUS IMPOKATKH HECKOJBKO
oTnu4arTcs, pacyetnpie conportunicHus B CHull 11-23-81* npuHATH 0MMHAKOBBIME HE3aBHCHUMO OT
HaIpaBJICHUS TPOKATKH.

3.6. PacueTHBIe COMPOTUBIEHUS MpOKaTa Rin MpU pacTSHKCHUHM B HANPABICHUU TONIIUHBI CIETyET
OTpEeNIETATh 10 (opMyIIe

Rth = 0,5 Run/Ym. (6)
PaSBepHYTaH (bopMyna 1A ONIpEACICHUA BECIIMYUHBI Rth 6y,[[eT UMETHb BHU]
R, =Ll (7)
7mth7/u

3HavyeHre Kod(pUIMEHTa CHIDKEHUS MPOYHOCTH MPOKaTa Ha PACTSHKEHUE B HANPABJICHUH TOJIINHBI
JMCTA Jth MPAKTHUECKU HE 3aBUCUT OT MapKM CTajJd M TOJILMHBI JIUCTAa B mpezenax A0 60 MM U paBHO
0,72. IIpu 3TOoM OOECIEeYeHHOCTh HOPMATHUBHOI'O CONPOTUBJICHUS HA pAaCTSHXKEHHE B HalpaBICHUU
TOJILIUHBI #h Run HA OCHOBaHMM CTaTUCTHUUECKUX JaHHBIX NpuHsTa 0,95.

HeoqHopoAHOCTh MPOYHOCTHBIX CBOWCTB IpoOKara IO TOJIIMHE CYIIECTBEHHO BbIIIE, YEM B
wiockocTd Jucrta. C yderoM 3TOro Kod((UIMEHT HaASKHOCTH 10 MaTepuaity IMPH PACTSIKCHUU B
HalpaBJICHUU TOJILIMHBI JUCTA IPUHAT Jmth = 1,1 ym.

®opmyna (7) mperycMaTpUBaeT pacyeT Ha MPOYHOCTh IO BPEMEHHOMY CONPOTHUBIEHHIO, T. €.
MpeeIbHBIM COCTOSIHUEM SIBIIA€TCS paspyiienue. s mpenoTBpamieHus paspyueHus B Gopmyny (7)
BBeJIeH KOd(PPUIMEeHT HaZexkHOCTH Jy = 1,3.

[Tocne MOACTAaHOBKHM YMCIOBBIX 3HAUE€HUN KOIPQPHUIMEHTOB Mh, Jmth, Ju B Gopmyiny (7) pacueTHoe
conpotusiieHue Rin npuBogutcs k Buay (6).

[Tpu pacuete npokata o Rt KOAGGHUIMEHT HAAEKHOCTH i, ONPEAETSIEMbI B COOTBETCTBUU C pa3]l.
4* CHull 11-23-81*, yuuTbIBaTh He clemyer.

3.7. B mnzrubaembIx 3JIeMEHTaX KOHCTPYKUMI (TWUIA IUIACTUH, IUIUT, (PIaHIEB) Majol BBICOTHI
COIIPOTHBIICHUE MpOKaTa MEepPeXoAy B YIPYroOIUIACTUYECKOE COCTOSHUE W3-3a HAIWYHS OOJIBIINX
I'PaJMEHTOB HAIpPSDKEHUH CYIECTBEHHO IPEBBIINIAET PAacyeTHbIE COMPOTHUBIEHUS Ry, NpuBeICHHBIE B
CHulT 11-23-81*.

B cBa3u ¢ atum B CHull 11-23-81* npenycMoTpeHa BO3MOKHOCTh ydeTa MOBBIIICHHBIX 3HAYCHUN
COIIPOTHBJICHUSI METaJlIa TPU OMpPEIENICHNH BHICOTHI CEYEHHUsS (TOJIIMHBI) AJIEMEHTOB KOHCTPYKIWH
THUIIA OMIOPHBIX TUIUT BBEJICHUEM JJIs1 HUX KO3((UIIMEHTOB yCIOBUNA paboThl ) > 1 (cM. 1. 5.46).

PACUETHBIE COITPOTUBJIEHUS CBAPHBIX COEIUHEHUI

3.8 (3.4). ®opmynsl ans ONpEAETICHUS pACYETHBIX CONPOTHBICHUN CBAapHBIX COCIUHEHUH,
npuBenennbiec B CHull 11-23-81*, mpeamnonararot cieayromnme yeIoBus:

MOJrOTOBKA MaTepualioB, cOOpKa KOHCTPYKLUH, CBapKa M KOHTPOJIb KauyecTBa OCYIIECTBIISIETCS B
COOTBETCTBUU C TpeOOBaHUAMU [8] U IpYrHMX HOPMATUBHBIX JOKYMEHTOB;

CBapOYHbBIE MAaTE€PHAJIbI Ul CTBIKOBBIX COEUHEHHI COOTBETCTBYIOT IPOYHOCTH CBAPUBAEMOU CTalIN

U YCIIOBUSAM JKCIUTyaTallid KOHCTPYKIIMA M MPHUMEHSIOTCS B cOOTBeTcTBHH ¢ Tabn. 55% CHull I1-23-
81*;



CBapOYHbIE MaTe€pHaIbl JUJISl PACUETHBIX YIJIOBBIX IIBOB IMPUMEHSIOTCS B COOTBETCTBUU C Tabi. 56
CHulT 11-23-81* ¢ yderom ycnoBuil 3KCITyaTaliii KOHCTPYKIHH, yka3zaHHbIX B Tabn. 55* CHull I1-23-
81*.

3.9. PacueTHble CONPOTHBIECHUS CTHIKOBBIX COCIMHEHHMU, BBIMOJIHAEMBIX BCEMH BHJAMH JYTrOBOU
CBapKu, NPUHUMAIOTCS DPaBHBIMU PACUETHBIM CONPOTUBJICHUSIM CTaJbHOTO IpOKaTa MpPU YCIOBUH
cobmonenust tpeboBanuii m. 13.4 CHull 11-23-81* o monHOM mpoBape COEIMHSAEMBIX 3JEMEHTOB,
o0ecrieunBaeMOM CBapKaMHU: JIBYCTOPOHHEW, OJHOCTOPOHHEHN C MOJBAapKOW KOpHS IIBa, HA MOJAKIIAKaX,
a TaKKe MpH (PU3MUECKOM KOHTPOJIE KaueCcTBa IIBOB.

B ciydasix, korja B CTBIKOBBIX COEIMHEHUSX HEBO3MOXKHO OOECIIEUUTH MOJIHBIN MPOBap 3JIEMEHTOB,
pekoMenayercs npuHuMath Rwy = 0,7.

3.10. Hecymasi cnocoOHOCTh CBapHBIX COCAMHEHUN C YIJIOBBIMH IIBAMU 3aBUCHT OT OpPHUEHTALUU
IIBa OTHOCHTEJIBHO HANpaBJICHUS YCWIHA, ACUCTBYIOIIEro Ha coenuHeHue. OIHAKO pacyeTHBIC
COTNPOTUBIICHUS coeauHeHui ¢ yrinoBeiMu mBamu B CHull I1-23-81* ymporeHHO NpUHSATH AJIs
HavMeHee OJarompusITHOM OpHeHTauWu - (IAHTOBOIO IIBAa M HE3aBUCHMBIMH OT YIJla MEXIY
MPOJIOJIBLHON OCHIO I1IBa U HAIPABJICHUEM -CUJIbI, ICUCTBYIOIICH Ha HETO.

3.11. IlpenenbHBIM COCTOSIHUEM JJISi CBApHBIX COCIMHEHUH C YIJIOBBIMH IIBAMU SIBISIETCS
paspymienue. B cBs3u ¢ 3tuM ux pacuerHele comnpoTuBiaeHuss B CHull 11-23-81* ycranoBneHsl 1o
BPEMEHHOMY COIPOTHBIICHUIO METajula: JUIsi MeTajjla IIBa B 3aBUCUMOCTH OT €r0 HOPMAaTHBHOTO
conpotusieHust Ryt = f(Rwun); U1 MeTa/uia TpaHuIlbl CIJIABICHUS - B 3aBUCHMOCTH OT HOPMATHBHOI'O
CONpOTUBIICHUS OCHOBHOrO Metaiia Rwz = f(Rwun).

YucnoBble 3HAYCHHs] PACUYETHBIX COMPOTHBICHUN CBapHBIX COCAMHEHUNW C YIJIOBBIMH IIIBAMH
npuBeneHsl B Ta0. 56 CHull 11-23-81* u B Tabmn. 3 [9].

PACYETHBIE COITPOTHUBJEHUS OJJTHOBOJITOBBIX COEIWHEHUM

3.12 (3.5). Pacuernbie conpotuBieHus 0oaToB B Tadm. 5* u 58* CHull 11-23-81* HasnaueHbl B
3aBHCUMOCTH OT KjaccoB mpoynoctu no [OCT 1759-70**.

Krnacc mpoYHOCTH 3aBUCHT OT MapKd CTaJd U Croco0a M3TOTOBJICHUS OOJTOB M 0003HAYEH JABYMS
yuciaamu. [lepBoe umcio, ymHOXkeHHOe Ha 10, O3HAYaeT BEIMYMHY MHHHUMAIBHOTO BPEMEHHOTO
CONPOTHBIIEHUS B Krc/MM?, BTOpoe - yMHOXKeHHOoe Ha 10, - OTHONIEHHE Mpejena TeKydecTH K
BPEMEHHOMY COIPOTHUBIICHUIO B IMPOLIEHTAX; IMPOU3BEICHUE YUCENl - BEIUYMHY Tpejea TEKyu4ecTH B
KTc/MM2.

3.13. PacueTHble COMPOTUBIICHHS PACTSHXKEHUIO OONITOB KIIACCOB MPOYHOCTH 4.8 U 5.8 10 CpaBHEHUIO
c Oonramu JApyrux KiaccoB sl oOecriedeHwst HaaekHOCTH paborel mpuHstel B CHull 11-23-81*
MNOHMKEHHBIMU BBUAY TOTO, YTO OHU M3TOTOBJISIOTCS METOAOM XOJIOJHOM BBICAJKM Oe3 mocieayromen
TEPMOOOPAOOTKH, BCIECCTBHE YETO CTEPIKEHBb 00JITa XapaKTepU3yeTcsi TOHWKEHHBIMU TIACTUYECKIMHU
CBOWCTBaMHM M3-3a CHIIFHOTO HAaKJIETIa MaTepHaa.

Toramos B. H, Mummuk B. C. Onenka padoTtocroco6HOCTH 601TOB, pabOTarOIINX HA PACTSIKEHNE B CTANBHBIX KOHCTPYKIMSX. //IIpoMbIuieHHOE CTp-
BO. - 1982. - Ne 5. -C. 23-25.

XAPAKTEPUCTHUKHU CTAJIBHBIX KAHATOB

3.14. JIns cTaJbHBIX KaHATOB (BUTHIX 3aBOJICKOTO M3TOTOBJICHHS W W3 MapaUICIbHBIX MPOBOJIOK) C
BPEMEHHBIM COTIPOTHBJIEHHEM MPOBOJIOK - Runj 10 1800 MITIa (180 krc/Mm?) mpu aHTHKOPPO3HOHHOM
3amute corsiacHo CHull 2.03.11-85 (1151 coopykeHHil Ha OTKPBITOM BO3/1yX€) WK JPYTHUMU METOJIaMH,
COOTBETCTBYIOLIUMH CPOKY CIY>KOBI U YCIOBHSM pabOThl COOPYKEHUs, IIPU JAUaMeTpax MPOBOJIOK HE
MeHee 2,4 MM B BHUTBHIX KaHarax MU 3 MM - IpU MHapaUIeJIbHBIX IPOBOJIOKAX PACUETHOE YCHUIIHAE
pacTsDKEHUs KaHaTa B pacyeTax Ha MPOYHOCTh JOJDKHO yIOBJIETBOPSTH HepaBeHCTBY [10]:

N_rr p

o »e 6oiee 0,7 Run, (8)
A 7/117/711}/”

un ¥
rae A - cyMmapHas HOMHHAJIbHAS TUIONIA/Ih CEUEHUS BCEX MPOBOJIOK KaHATa,
Run - HOpMaTHBHOE COMPOTHBIICHHE KaHATa MO BPEMEHHOMY COMPOTUBIICHHIO, OIpPEAeTseMOe B
cootBeTcTBUU C 1. 3 [10];

Yu = 1,3 - KOB(I)(I)I/II_II/ICHT HaACKHOCTHU AJIA 9JICMCHTOB KOHCTPYKHHﬁ, pacCCUUTBIBACMBIX IO BPCMCHHOMY
CONMPOTUBJICHUIO PAa3pLIBY, y‘{I/ITLIBaIOH_IHﬁ OCO6yIO OMMaCHOCTL MPCACIBHOI0 COCTOAHHUA



(BsI3KOE pa3pylleHUE) MO0 CPABHCHHIO C MPEICIBHBIM COCTOSHHEM - YPE3MEPHBIM pPa3BHTHEM
MJIACTUYECKUX JehopMaIinii;

i = 1,2 - koappunmeHT HAACIKHOCTH CTATBHBIX KAHATOB 0 MaTEpHaly, YIYUTBHIBAIOUIUN HapsIAy CO

CTaTHUCTUYECKUM pazOpocoM BPEMEHHOIO COMPOTUBIIEHUS TaKkXkKe JOMYCKM Ha pasMmep
MIPOBOJIOK, HATUYHE OOJBIIETO YHCIa TMPOBOJIOK B MOIMEPEYHOM CEUCHUU KaHaTa, OOJBIIYIO
JUIMHY KaHAaTHBIX 3JIEMEHTOB, crnenuduueckue ycnoBus llpueMku oTOpakoBKH MPOBOJOKH U
KaHaToB;

mho- K03(1)(1)I/IHI/ICHT HaACKHOCTH II0 Ha3HaA4YCHUIO, yLII/ITBIBaIOH_IHﬁ CTCIICHb HAJCXKHOCTH H

Ye

KallUTaIbHOCTH COOPYKEHHSI ¥ IPUHUMAEMBI 110 TadJI. 6; 1715l CTaJbHBIX KAHATOB Jh OTPAKaeT
CPOK CIIy>KObI COOPYXEHUS B OOJIBIIEH CTENEHHU, YeM JUIsl JPYTUX JIEMEHTOB, a TAKXKE TO, YTO
CHeLUANbHbIH KO3()PUUUEHT [UINTENBHOW IPOYHOCTH M3 (POPMYJIBI IPOYHOCTU CTaJIbHBIX
KAaHATOB UCKJIIOYECH;

K03 uuueHT ycnoBUi pabOThl KAHATHOIO 3JE€MEHTa, NPUHUMaeMbli mo Tabn. 7 U
YYUTBHIBAIOIIMM HEPAaBHOMEPHOE PACIPEICICHUE YCUIMH MEXKIY HECKOJBKUMHU KaHaTaMH,
BXOJAIIMMM B COCTaB OJHOIO OJIEMEHTAa, pa3HbIE CTENEHH ONACHOCTH CIIy4alHBIX
MEXaHUYECKHUX IIOBPEXKACHUN KaHATOB, IIEPEPACIPEACIICHUE YCUIUN Iepel] AOCTUKEHHUEM
IIPENEIbHOTO  COCTOSIHMSL B NPOCTPAHCTBEHHBIX W IPEABAPUTEIIBHO  HANPSDKEHHBIX
KOHCTPYKLUAX, 4 TAK)KE OIACHOCTh YCTAJIOCTHBIX Pa3pyLICHUN OT BETPOBBIX BO3IACHCTBUMN IS

KaHaTOB, HC paCCYHUTbIBACMbIX Hd BLIHOCIIMBOCTD,

% - KOX(POUIMEHT YCIOBHHA paOOThI, YYUTHIBAIOIIMK BIIMSHHE HA NMPOYHOCTh KaHATa MECTHBIX

KOHIICHTPATOPOB HANPSHKEHUN M IPHHUMAEMBIH 110 TadI. 8.

Tabnuma 6
Kareropus 3nanuii u coopy:xenuii Kooddunuent
1. Tpy0©orpoBOAHBIE MOCTHI MOBBILIEHHONW OTBETCTBEHHOCTH 1,1
2. 3maHHMS M COOPYXCHHs, HMEIOIHe O0CO00 Ba)KHOE HAPOJHOXO3SICTBEHHOE 3HAYCHME; 3aHMS, 1,0
JKCIUTyaTalusl KOTOPBHIX CBS3aHA C HaJIMYMeM B HUX OOJBINOro 4YWCla JIOJeH; aHTeHHO-MadyTOBBIC
COOPY>KECHHUSI ITOBBIICHHOH OTBETCTBEHHOCTH; TPYOOIPOBOAHbBIEC MOCTBI, KPOME YKa3aHHBIX B 1103. |
3. 3maHUS U COOPYXKEHHMs, HMEIOLINE Ba)KHOE HAapOIHOXO3SICTBEHHOE 3HAYCHHE; aHTCHHO-MadyTOBBIE 0,95
COOpYXEHHs, KpOMe YKa3aHHBIX B 1103. 2
4. 3maHus W COOPYXKEHHUs, HMMEIOIIME OrPAHHYCHHOC HAPOAHOXO3SMCTBEHHOE 3HAYCHHE; 3daHMHS, 0,90
9KCIUTyaTalusi KOTOPBIX HE CBs3aHa ¢ HaJMYMEM B HUX JIHOJeil; BpeMEHHBIC 3[aHMs U COOPYXKEHHS CO
CPOKOM CITy>KOBI CBBIIIE 5 JIeT
5. BpemeHHbIe 31aHuUsI K COOPYIKEHHUSI CO CPOKOM CIIY)KOBI 10 5 n1eT 0,85
Tabnuua 7
OJIeMEHTBI KOHCTPYKLIUH Koauuuenr .
1. KaGemy, BaHTBI, MINPEHTeNM W IPYTHe KaHATHBIE JJIEMEHTHI JIMHEHHO-NPOTSKEHHBIX KOHCTPYKIIHIA, 0,85
KpOMeE yKa3aHHBIX B 1103. 3
2. KanaTHBIe 3JIeMEHTHI TPOCTPAHCTBEHHBIX BUCSYNX M BAHTOBBIX IMOKPHITHI, KpOME YKa3aHHBIX B I1103. 3 0,95
3. BerpoBble mosica, 3aTSDKKH, OTTSDKKH, OOpaTHBIe KaOeqW M ApyrHe KaHATHBIC JJIEMEHTEL, 1,0
[PEABAPUTEIBHO HATIPATaeMBbIC YCHIINSIMH, HPEBBIIAIOIIMU YCUIIHS OT BHEIITHHX HArPy30K
4. OTTSHKKH MauT M HECYIIUE 3TIEMEHTHI KaHAT HUX MOJIOTEH aHTEHHO-MAYTOBBIX KOHCTPYKIIMH COTTacCHO 0,80-0,95
Tabn. 46 CHull 11-23-81*
Tab6nauma 8
Y31l M JIeTann KaHATHBIX 2JIEMEHTOB Koadunuent y
KoHIIeBbIe KpETUIeHNS ¢ 3aJIMBKOM [IMHKOBBIM CILIABOM:
a) 3aKPBITBIX KAHATOB 0,95
0) crMpaJbHBIX 1 MHOTOIPSITHBIX KAHATOB U3 KPYTHIX IIPOBOJIOK 1,0
KoHIeBbIE KpEIUICHHs C XOJNOIHOH 3aJIMBKOW CMECHIO “DIOKCHAHBIH KOMIIayHJ| + LMHKOBBIH IOPOINOK + cTajbHas OpoOb” B 1,0
COYETAHUH C BBICAKOI MM CILUTIOIIMBAHUEM KOHIIOB IPOBOJIOK
KoHIeBbIe KPEIUICHNS CO CTaJbHBIMU KINHBSIMH B KOHHYECKHX CTaKaHaX, C aIFOMHHHMEBBIMH IPOKJIAKAMH U 3aII0OJJHCHUEM IYCTOT 1,0
STMOKCHTHEIM KOMITayHJIOM
TepernObl KaHaTa BOKPYT )KECTKOTO OCHOBAHUS IO KPYTrOBOM KPHBOIL:
a) nipu oTHoutenuu r/d (rae r - paguyc KpuBoi, d - uamerp kaHata) He MeHee: 30 - JUIst 3aKPBITHIX, 25 - JUIS CIIUPAIBHBIX U3 KPYTIIBIX 1,0
MPOBOJIOK, 20 - JUIs1 MHOTOIPSTHBIX KAaHATOB
6) mpu otHomeHuu r/d He Menee: 20 - IS 3aKPHITHIX, 15 - IS CIUPATBHBIX U3 KPYTBIX MPOBOJIOK, 12 - /I MHOTOMIPSAHBIX KAHATOB 0,90
V311BI ¢ IONEpeYHBIM 00XKaTHEM 3aKPhITHIX KaHATOB YCHIIMEM (, He mpeBbimratomum 25 kH/em (2500 kr/cm):
A
r /
rae N - pacyeTHOe yCHIINE PaCTsDKCHHUS KaHaTa;
2Np - CyMMapHO€E pacueTHOE YCHINE PACTSHKEHUS BCEX MPIKUMHBIX OONTOB B y3i1€, OTHECEHHOE K OJJHOMY KaHaTy;
| - AIMHA KOHTaKTa KaHATa ¢ OCHOBAHHEM 0,90
KoHIIeBbIe KpeIIeHNs THIIb30-KIMHOBOTO THIIA 0,90




IIpumeuanus: 1. Ykazannsle B Tabmuie KodhQUOUEHTH! % (B TOM YHMCIe W Ul JPYTHX THIIOB aHKEPOB IIPU MEHBIIHX I M OONBIINX
HMHTCHCHUBHOCTAX q) JOITyCKaCTCA KOPPEKTUPOBATH MO CTATUCTUYCCKH 000CHOBaHHBIM pe3ynbTaTaM HCTIBITAHUI 06pa3uos Y3J10B U KaHATHBIX 3JIEMCHTOB.

2. 3ampemraeTcsl IPHMEHATh B IIOCTOSHHBIX COOPYKCHHSX KOHCTPYKTUBHBIC PEIICHHs, TpeOyromue BBemeHus ) < 0,85, kpoMe OTAENBHBIX Y3I0B
AHTCHHBIX coopymeﬂuﬁ CBA3H, KOHCTPYKLHSA KOTOPBIX ONPEACIIACTCA TEXHOJIOIHICCKUMHA Tpe6OBaHI/I$lMPL

3.15. HopmaTtuBHOE cOonpoTUBICHHUE Ryn CIIeAyeT OonpenensaTh OJHIUM U3 CIOCOO0B:

a) eciIM B TOCYJapCTBEHHBIX OOILIECOIO3HBIX CTaHJApTaxX WM TEXHUYECKUX YCIOBHUSX Ul TaHHOIO
TUIIA KaHaTa MPUBEJCHbI 3HAYEHMs Pa3pbhIBHOIO ycuiaus KaHaTa B 1eiaoM Run mimm Nun ompenensercs
CTaTUCTHUYECKU 0OOCHOBAHHBIM CIIOCOOOM C 00pabOTKON IKCIIEPUMEHTAIBHBIX IaHHBIX:

N
== ©)

R un
4

0) ecim B TOCYIApCTBEHHBIX OOIIECOIO3HBIX CTaHAAPTaX WM TEXHUYECKHX YCJIOBUAX 3HAYCHME
pa3pbIBHOTO yCHUJIUSl KaHaTa B LIEJIOM HE IPUBEJEHO, HO YKAa3aHO CYMMAapHOE pa3pbIBHOE YCHUJIME BCEX
poBOJIOK B kKaHaTe N

R =k—, (10)

rae K - koaddumueHT arperaTHON MPOYHOCTH KaHATa, OMPEAEIIEMbIil B 3aBUCHMOCTH OT KOHCTPYKIIMH
KaHaTa 1o 1aoim. 9;

TaOmnuuma 9
Tun kanara (my4xa) Koaduument K
U3 mapasiensHbIX POBOIOK 1,00
CrpanbHbIi 3aKPBITHII 0,90
CripanibHBI U3 KPYIJIBIX IPOBOJIOK 0,85
MHOronpsAHbIH 0,80

B) €CJIM B TEXHUYECKUX YCIIOBUSAX YKa3aHO TOJIbKO BPEMEHHOE CONPOTUBIEHUE Runj MPOBOJIOKHU:
Run = kRunj, (ll)

F) €CJIM B TCXHUYCCKHUX YCIIOBHUAX YKA3aHO TOJIBKO BPEMCHHOC COIPOTHBJICHUC ITPOBOJIOKHU, 4 KaHAT
COCTaBJICH H3 IIPOBOJIOK C pa3HbBIMH BPCMCHHBIMH COIIPOTHUBJIICHUAMU Runj U B Ka)K,HOﬁ TpymIie
HOMUHAJIbHAs TJIOMIAb OJTHOM TPOBOJIOKU Aj M YHCIIO OJIMHAKOBBIX TPOBOJIOK Cj:

e R A
B (12)
A

3.16. Moaynu ynpyroctd BHUTBHIX CTAJIBHBIX KAaHATOB M MYYKOB MApPAJUIEIbHBIX MPOBOJIOK £
PCKOMCHAYCTCA MPUHUMATDL 110 Ta6J'I. 10 I[J'IH BUTBIX CTAJILHBIX KAaHATOB 3HAUueHUs F JdaHBbI IIOCJIC
MPEIBAPUTEIHHON BBITSKKHU.

Ta6auma 10
KoHcTpykius cTanbHbIX KaHATOB E, MIla (krc/cm?), Ipu pacueTe HArpy3ku
BpEMEHHbBIE MIOCTOSTHHBIE
ITydky mapaienbHbIX HpoBONOK crutomuoro| — 2-10° (1,96-10°) 2:10° (1,96-10°)

WK TpyO4aTOro CeYeHust

Burtsie kanatsr:
CIHpAJIbHBIE (3aKpBITBIE M W3  KPYIIIBIX
MIPOBOJIOK) MPHU KPATHOCTH CBUBKH:

a) 7-10
0) 12-14
MHOTOTPSIAHBIEC TIPH KPATHOCTH CBHBKI:
a) npsijieit u KaHaTtoB MeHee 7,5
6) mpsizeii 14-16 u kanatos 10-12
C OPTaHUYECKIM CEPICIHUKOM

1,5-105(1,47-10°)
1,7-105(1,67-10°)

1,3-105(1,27-10°)
1,5-105(1,47-10°)
1,1-105(1,08-10°)

1,2-10%(1,18-10°%)
1,4-10%(1,37-10%)

1,0-10° (0,98-10°)
1,2:10%(1,18-10°)
1,0-10° (0,98-10°)

4. VYET YCJIOBUM PABOTHI U HASBHAYEHMS KOHCTPYKIIAM
KOR®PUIIUMEHTHI HAIEXKHOCTHU U YCJIOBUI PABOTHI

4.1 (pa3n. 4*). JlocTuskeHHEe BPEMEHHOTO COITPOTHUBIICHHS] 03HAYAET MOJIHOE pa3pylIeHUEe MaTepuana
CO BCEMH HEJIOIYCTUMBIMHU MOCIEACTBUAMU. [103TOMY HEHACTYIJICHHE 3TOT'O COCTOSIHUS JOJDKHO UMETh
OTHOCHUTEIIEHO OO0JbIyl0 o0ecredeHHOCTh, uTo jgocturaercs B CHull 11-23-81* BBenenuem
kodpduurenTa HagexxHOCTH » = 1,3. DTOT KOOPPUUMEHT MMeeTcsl B PacdyeTHBIX (opMynax s
IPOBEPKH FJIEMEHTOB KOHCTPYKIMH, PacCUMTHIBAEMbIX Ha MPOYHOCTH C HCIOJIB30BAHHUEM PaCUETHBIX



COMpoTHUBJIEHUH Ry, a Takke yuTeH NpU Ha3HAUYEHUU PACUETHBIX CONPOTHUBIEHUI Al CBAapHBIX U
OONTOBBIX COCTMHECHUH.

[Ipunstoe 3HaueHue KodpduiMeHTa ) OoOecneyuBaeT BO3MOXKHOCTb HAJEKHO HCIIOJIb30BAaTh B
pacderax amarpamMMbl paOoOThl cTajel B 30HaxX Oonpmmx aedopmanmii. Hampumep, nns nambonee
MAacCCOBBIX MAaJIOYTJIEPOIUCTBIX TUTACTUYHBIX CTaliel auarpamMma paboThI MPU ITOM HCIIOJIB3YeTCs 0
3HAYEHUI OTHOCUTENBHBIX YIJIUHEHHH e = 4-5 %, 4TO XOpOUIO COINIacyeTcsi ¢ dKCIEPUMEHTATIbHBIMU
JTAHHBIMHU.

4.2 (pa3a. 4*%). B nensix CHMXKEHUS CTOMMOCTH M MAaT€pHAJIOEMKOCTU CTPOMUTEILCTBA BBEICHHI B
neiicteue IlpaBwna [4]. Ilpm 3TOM cTemeHb OTBETCTBEHHOCTH YYHUTHIBaeTCS Kod(hdummenrom
HAJIC)KHOCTH 10 Ha3HAYCHUIO Jh.

Ha xoadduimeHT HaAe)KHOCTH IO HA3HAYEHUIO Jh CIEAyeT yMHOXATh pacueTHbIC 3HAYCHUS
HArpy30K, YCHJIMH WIM HMHBIX BO3ACHCTBHHA [cM. (opmyny (2)] u nenuTh mpenenbHble 3HAYEHUS
NepeMEIICHUI 1 TapaMeTpOB KOJIeOaHUI M M3MEHEHHS MOJI0KEHUS KOHCTPYKIUH [cM. hopmyry (4)].

TIpumeuanue. [IpaBunamu 1omycKaercs IeIUTh Ha KOIQQHULHEHT j, IpeAeabHble 3HAYCHUs HECYILEeH CrIocOOHOCTH S, ompenesseMoit mo Gopmyre (3).

4.3 (pa3a. 4*). CornacHo TpeboBaHUsM [2] 0COOCHHOCTH JIEHCTBUTEIHLHON PaOOTHI CTAJIN, DIEMEHTOB
KOHCTPYKIUH U MX COCTUHEHHH, IMEIOIINE CUCTEMAaTHIECKUH XapaKTep, HO He OTpakaeMble
HETOCPEACTBEHHO B PacyeTax, yUUTHIBAIOTCS KOA(PPUIIMEHTAMH YCIOBUN PaOOTHI.

Ycranosnennsie B Taba. 6* CHull 11-23-81* xoadduiiuenTs! ycaoBuii paboThl J. AJ SJI€MEHTOB
KOHCTPYKLUI BBE/ICHBI C LIEJBIO YUETa:

a) YIPOILEHHS PACUETHBIX CXEM TP pacyeTax Ha OOIIyI0 yCTOWYMBOCTh CIUIOIIHBIX OAlOK, KOTOPHIE
PACCUMTHIBAIOTCS KaK UICATBHO YIpyrue cucteMsbl (1o3. 4 tadn. 6% CHull 11-23-81%), a Takxke cixaThix
9JIEMEHTOB U3 OJAMHOYHBIX YTOJIKOB, IPUKPEIUIIEMBIX OJJHOM MOJIKON U PACCUMTHIBAEMBIX KaK
[EHTPAIbHO-C)KATBIE, XOTS CXeMa UX pabOTHl COOTBETCTBYET BHELIEHTPEHHOMY CxKaTHIO (1103. 9 1 10
taba. 6% CHull 11-23-81%);

0) aKkTHUECKNX 3HAYCHUH HAYAIbHBIX HCKPUBJICHUH CKATBIX COCTABHBIX AJIEMEHTOB TABPOBOTO
CCUYCHUS U3 YTOJIKOB, B KOTOPHIX B CBA3H C HECHMMETPUYHBIM PACIIOIOKEHHEM IIIBOB IIPU IIPUBAPKe
MPOKJIaIOK MEX/TY YTOJIKaMU HadallbHbIE UCKPUBIICHHS MIPEBBIIAIOT YIYUTHIBAEMbIE B pacdyerax (1mo3. 3
tabn. 6% CHull 11-23-81%);

B) BO3/ICHCTBHUS HA KOHCTPYKLIUH OOJBIIHMX ITOCTOSHHBIX M [UIMTEIBHO JEUCTBYIOIIUX BPEMEHHBIX
Harpy3oK, MPUBO/SIINX B MPOIECCE IKCILTyaTaIlMH K BEICOKOMY YPOBHIO HANPSKEHUH, HE3HAYUTEIBHOE
IPEBBIIICHHE KOTOPOTO MOXKET BBI3BAaTh OMACHOCTh HACTYILICHUS MPEISIbHBIX COCTOSHUIN ITEepBOii
rpymmsl (1o3. 1, 2u 5 tadn. 6% CHull 11-23.81%);

I') JIOKaJbHOTO TIOBBILIIEHHUS TPOYHOCTHBIX CBOICTB CTalM BO3JIE OTBEPCTUH MpHM pacueTe Ha
NPOYHOCTh CCUCHMH, OCIA0ICHHBIX OTBEPCTHSIMHU Ui OonToB (mo3. 6-8 tabm. 6% CHull 11-23-81%).
[TonpoOHbIe pa3bsicHEHHs ITUX TpeOOBaHUI MPUBEICHHI B pa3a. 5 Hactosero [locoous.

4.4 (11.7*). Tlpu pacyerax OONTOBBIX COCAMHEHUH KOIDDUIIMEHTBI YCIOBUN PabOTHI b mo Tabdi. 35%
CHulI 11-23-81* BBeneHs! LIs:

a) ydera HEpaBHOMEPHOCTHU pabOThl OOJITOB B MHOTOOOJTOBBIX COEIMHEHHUSAX Ha OOJTax KJaccoB
tounoctd B u C (= 0,9);

0) UCKJIIOYEHUS BO3MOXXHOCTH pa3pylIEHHs COEIUHSAEMBIX 3JEMEHTOB IPH YMEHbIIEHHBIX
pacCTOSHHUSIX MEXy OOJITaMHU M OT Kpas 3JieMeHTa J1o Oommmkaitmero orseperus (i = 0,80; 1 = 0,75).

Koadduunents! ycnoBuit paboThl ), yCTAaHOBJIEHHBIE JUIs 3JIEMEHTOB KOHCTPYKIMM coriacHo mos. 1
u 2 1abn. 6* CHull 11-23-81%*, cnenyer yuuThIBaTh U IpU pacdyeTax OOJTOBBIX COEIMHEHMH (BKIIOUast
OJTHOOOJITOBEIE).

4.5. KoopurmenTs! ycnosuii pabotsl ¥ () < 1, npuBenennsie B tabn. 6* u CHull 11-23-81*, B
pacyerax OJHOBPEMEHHO YUHTHIBATh, KaK MPABUIIO, HE CIIEIYET.

OCOBEHHOCTH PACYETA CTAJIbHbIX KOHCTPYKIIUA C YYETOM HEYIIPYTUX JIJE®@OPMALIMI

4.6. Yder Heynpyrux aedopmariuii 3a c4eT UCIOIb30BaHUs IBYX BHIOB PACUETHBIX COTMPOTHUBICHUH
ctaimu Ry, Ry 1 ycroBust orpaHuyeHus IIacTHUECKUX AeopMariuii B ce4eHUsIX UMEET CBOU
O0COOEHHOCTH 10 CPABHEHUIO C paHee MPUMEHSBIINMUCA METOJIaMHU pacyeTa CTaIbHBIX KOHCTPYKIIMA.

4.7. BBenenue B pacueTsl KOXQGHUIMEHTa HAAEKHOCTH J = 1,3 B 3HAUUTETHHON Mepe OrpaHUYHBAET
00J1aCTh MCIIOJIB30BAHMS JMarpaMM paboThl CTaJIEH.



JIn1s ManoyriIepoAUCTHIX MIACTHYHEIX cTaneii [ oy, = 220 - 240 MIIa (2450 krc/cM?)] ¢ OTHOIIEHHEM
ou/oy = 1,5-1,7 nipu pacueTe pacTIHYTHIX 3JICMEHTOB OKa3bIBACTCSI BO3MOYKHBIM B PsIJIC CIy4yacs
YYUTBIBATh 3HAUYUTEIHHOE PA3BUTUE HEYNIPYTHX JAedopMaIiil U gaxke Mepexo/] B CTAHIO
caMOYIpOYHEHHUs 110 3HaueHu#t €= 4-5 % (cm. m. 1.19).

Jlns craneii BeICOKO# mpounocty [ oy > 600 MIla (6100 krc/cm?)] ¢ otHOmEHNHEM ou/ oy = 1,15-1,20
BBezZieHne Kodddunmenta y = 1,3 IpUBOAUT K TOMY, UTO B CBSI3U C OJIM30CTHIO 3HAYCHHUN Oy U Oy
pacuert, Kak IpaBuiio, OyIeT BBINOIHITHCS B Mpejenax ynpyroctu. [Ipu sTom yuer Heynpyrux
nedopmanuii pu pacyeTax pacTSHYTHIX JJIEMEHTOB HE JOMYCKAETCs.

4.8. BpeMeHHOE COPOTUBIICHUE MTPU PACTSHKEHUU XapaKTepU3yeT MoJIHOe pa3pyuieHue cranu. [Ipu
OCEBOM CXXATUU CTajb Pa3pylIUTh TPYIHEE, IIOATOMY B HCKIIOUUTEIBHBIX CIIydasx paboThl cTaiy Ha
c)KaTHe B pacueTax JOIMYCKalTCs BHICOKHE HAIPSHKEHUS, OJIM3KUE K BPEMEHHOMY COMPOTHBIICHUIO
(Hampumep, IpU CMATUHU TOPLIEBOW MOBEPXHOCTU IPU HATUYUU IPUTOHKH).

B ocranbHBIX ciydasix 0CEBOTO CXKATHUA PacyeT Ha MPOYHOCTH SJIEMEHTOB U3 CTAJeH C OTHOIICHUEM
oul oy, = 1,5-1,7 cnemyert BHIMOIHSTD TaK ke, KaK MPH PACTSHKCHUH.

B To e Bpems JUIsl CKAThIX 3JIEMEHTOB M3 cTajell ¢ oTHouieHueMm ou/oy = 1,15-1,20 B otamuue ot
pacTSHKEHUSI pacdyeT MOXHO BBIOJHATH C YYETOM HEYNpyrux nedopmarmii, uro obecreuut Ooiee
MOJIHOE KCI0JIb30BAHKE TPOYHOCTHBIX CBOWMCTB CTaJICH.

4.9. Ncueprianue Hecyie cnocoOHOCTH OOJIBIIIMHCTBA CKATHIX (C yYETOM HaYaIbHBIX
HECOBEPIIICHCTB) U C)KAaTO-U3TM0AEMBIX 3JIEMEHTOB MMPOUCXOIUT U3-3a IOTEPU YCTOMYUBOCTH (DOPMBI,
KOTOpask OTPENeNsIeTCs TIIaBHBIM 00pa3oM apamMeTpaMu JUTMHBI U )KECTKOCTH cedeHusi. [IockoabKy
JKECTKOCTb U3MEHSIETCS C Pa3BUTHEM ILIACTHUECKUX Aedopmalinii, IpOBEPKY MOTEPU YCTOMUNBOCTH
(dopMBI HEOOXOTMMO BBITIOJHATH HA OCHOBE PACYETHOTO COTMPOTUBIICHUS Ry 115t Bcex Mapok
CTPOUTEINBHBIX cTasie, uro peanuzoano B CHull I1-23-81* (B ornuune oT TpeGoBaHUit OTMEHEHHOU
rnassl CHull 11-B.3-72).

4.10. OcobeHHOCTH yueTa HEYIpyrux AeGopMaliiii mpu NpoCcTOM PACTHKEHUHN U CKATHH,
u3J0xKeHHbIe B 1. 1.19 1 4.7, MOTyT OBITH pacipocTpaHeHbI Ha CITydail M3ru0aeMbIX DJIEMEHTOB
COOTBETCTBEHHO I PACTSIHYTOU U CkKaToil obnacteit ceuenus. [Ipu 3ToM Aiis cTanel ¢ OTHOLIEHUEM
ou/oy, = 1,5-1,7 B pacueTax Ha IPOYHOCTH MPU M3THOE B PSJIC CAy4aeB MOKHO YUUTHIBATH 3HAUUTEIHHOE
pa3BUTHE HEYNPYTUX AedopMaluil ¥ nepexo B 30Hy CaMOYIPOYHEHUS.

Jlnst u3rubaeMbIX 3JIEMEHTOB M3 BBICOKONPOYHBIX craineit (ou/ oy = 1,15-1,20) Heynpyrue
neGopMalui MOTYT YUUTBIBATHCS TOJIBKO B CKATOM 00JIaCTH CEUEHHUs; B PACTAHYTOM - pacdeT, KaK
IPaBUJIO, CJIEyeT BBIMOJIHATH B npenenax ynpyroctd. Cornacto nm. 5.12 u 5.18 CHull 11-23-81*
pacueT TakuX SJIEMEHTOB CIIEAYET BHITIOIHATH 0€3 yueTa pa3BUTHsI IIACTUIECKUX IePOopManii.

4.11. TIpumeHeHuUe yCIOBHsI OTPaHUYEHHUS TUIACTUYECKUX Ae(opMalinii B CeUeHUsIX U pacyere
M3rH0aeMbIX HIIEMEHTOB UMEET IIeTh 00eCeunTh 00JIee MOIHOE UCTIONh30BaHUE TPOYHOCTHBIX CBOWCTB
CTaJIM JUIsl SJIEMEHTA B 1IEJIOM 0 CPaBHEHUIO ¢ TpeOoBaHusAMU oTMeHeHHoH riaassl CHull 11-B.3-72.
[Tpu 3 TOM HEOOXOAMMO UMETh B BHILY, YTO C YBEITHMUECHUEM TUIACTHYECKUX JeOpMaInuii CHIIOBEIE
(bakTopsl B cedyeHnn Bo3pacTaroT. OHAKO NP 3TOM CHUXKAeTCs H3PPEKTUBHOCTh KOMIIOHOBKH CEYEHHH
0 YCJIOBUSIM OOIIEH M MECTHOM YCTOMYMBOCTH, a TAKXKE KECTKOCTH DJIEMEHTOB B IIEJIOM, YTO
HE00XO0/IMMO YYUTHIBATh MPH MOI00PE CEUEHUI MUHUMANBLHOMU TToaau. B cBs3u ¢ 3TuM B psne
ciy4aeB Ooiiee 3 (PEKTUBHBIM MOKET OKa3aThCsl pacyeT C YIETOM MEHBIINX 3HAYCHUH TTACTUYECKHUX
neopmanui, onpeaesieMbIX Ha3HaueHHEeM KOHCTPYKLIUH, YCIOBUSAMHU UX AKCILTyaTalllH, a TaKxkKe
NPUMEHSIEMBIMH CTAIISIMU M TPOGUIISIMUA TIOTIEPEYHBIX CEUCHUI.

4.12. Tlpu BBINOJHEHUH PACUYETOB CTAIBbHBIX KOHCTPYKLHUI C y4e€TOM H3JI0XKEHHBIX OCOOEHHOCTEH
pacyeTr Ha MPOYHOCTH 10 YCIOBHUIO TNTACTHYECKOTO Pa3pyIICHHUs CIEAYeT BBITOIHATE C HCIOIb30BaHHEM
pPacyeTHOro CONMPOTUBICHUS Ry M XapaKTepUCTHK CEYEHHUS “HETTO .

[Tpu pacdere KOHCTPYKIHMI Ha MPOYHOCTH 1O YCIOBHIO OTPAHWYCHHUS TUIACTUYECKHUX IedopMaruid
HEOO0XO/IMMO HCIIOJIb30BaTh pAacyeTHOE COMpPOTHBIEHHE Ry M, Kak MpaBuio, T€OMETpUYECKHE
XapaKTEePUCTUKH ceueHus “OpyTTo” (Oosnee moapoOHbIe Pa3bsICHEHUS 3TOTO METO/Ia pacyeTa MPUBEICHBI
B pazi. 5).

4.13. V31mosxeHHBIN MOAXO0J K pacueTy CTaJbHBIX KOHCTPYKIUH B IIEJIOM XapaKTEPH3yeTCs TEM, UTO
npu pacdyere Ha OCHOBe Ry OONBIIMHCTBa KOHCTPYKIMHA W3 cTaied ¢ oTHomenueM ou/o, > 1,3
3HAYUTEBHOE PAa3BUTHE IUTACTHUYECKUX AeopMaruii (I TUIACTHYHBIX MAJIOYTIIEPOAUCTHIX CTallei
Jla’ke Mepexo B CTaUI0 CaMOYIPOYHEHHUs1) IPENoIaraeTcs JUIb Ha HeOObIIol AniHe (Hanpumep, B
npezenax OTBEPCTUH ), 9YTO He OyIeT COMPOBOKAATHCS POCTOM OOIIMX MEPEMEIICHUI CHCTEMBI.



[lpu pacyerax KOHCTPYKIHMI W3 craieil ¢ oTHomeHueM ou/o, < 1,3 pa3BUTHE IUIACTUYECKUX
negopManuii B pacTAHYTBIX SJIEMEHTAX WJIM 30HAX PACTSHKEHUS M3rHOaeMbIX 3JIEMEHTOB OOBIYHO HE
JIOTTYCKaeTCsl; OTpaHUYEHHBIE IIacTHUecKue aedopMallii MPeanoiaraloTcsl B CKaThIX 3JIEMEHTaxX WU B
30HAaX CKATHsI U3THOAEMBIX 3JIEMEHTOB MIPH YCIIOBUU O0ECIieUeHUs MECTHON U 0011l yCTONYHUBOCTH.

4.14. Tlpu CymIeCTBYIOIMX KPUBBIX pacrpeneneHus GaKTHUYeCKUX 3HAYCHUN Ipezesa TEeKyu4ecTH Oy
obecnieueHHOCTh yctaHoBieHHbIX CHull [1-23-81* pacuerHbix conmpoTtuBienuii Ry, kak mpaBuio, BbIIIe
0,98, B cBsa3u Cc yeM (pakTHyecKHe mepeMenieHus U nedopManuyd B KOHCTPYKIUSAX NPHU PACUETHBIX
npenenbHbiX (# > 1,0) Harpy3kax B 1enoM OyAyT MEHbIIE ONpENeNsIeMbIX IO pacyery, a 4acTb
KOHCTPYKIUU IpU 3TOM OyJeT paboTaTh B Mpejesiax Yupyrux aegopmariuii.

5. PACYUET 2JIEMEHTOB HA OCEBBIE CHJIbI U N3I'B
HNEHTPAJIBHO-PACTAHYTBIE U HEHTPAJIBHO-C/KATBIE 3JIEMEHTBI

51 (5.1). Cormacuo TtpeboBanusiMm [1] B pacderax CTadbHBIX KOHCTPYKIUH pa3peraercs
UCIIOJIb30BaTh JBa BU/A PACUETHBIX COMPOTHBIICHUU - MO MpEleny TEKyd4ecTH Ry W 1o BpeMEHHOMY
conpotuBienuio Py. [lpu 3ToM B pacderax HEOOXOJMMO YUYUTHIBATH 3HAueHHs OTHOuIeHU# Ru/Ry,
KOTOpBIe U3MEHsA0TCA B npenenax ot 1,17 no 1,70. Kpome Toro, cieayer Taxke pa3inyaTbh 3JIE€MEHTHI,
He ocialJeHHble M OCIa0JIeHHbIE OTBEPCTHSIMH JUIsi OOJNTOB. DTH OCOOCHHOCTH pabOThl CTalH
orpakeHsl B [1] u Obumm yuteHsl npu ¢dopmynupoBke tpedoBanuii CHull 11-23-81* mo pacuery nHa
MPOYHOCTh, Pa3bsICHEHUE KOTOPBIX MPUBOJUTCS B il 5.2-5.4 Hacrosmero [Tocoous.

5.2 (5.1). [Tpu mpoBepKe MPOYHOCTH IEHTPATBHO PACTIHYTHIX 3JEMEHTOB C OCJIa0JICHHEM CEYCHUI
oTBepcTUsIMU il 601TOB He Oonee 15 % B oOuiem ciydae JOJDKHBI OBITH BBIMIOJHEHBI CIEIYIOIIHE
YCIIOBHSA

Ny, .

PAR, =h (13)
N

<l (14)

rae % - kodddunuent, npuauMaeMblii corimacHo CHull 11-23-81%;

f - xoapdunuent, npuaEMaeMsbIii cBbimre 1,0 [11];

An - IIOImAAL ceyeHus “HETTO”;
Ru 1 Ry - pacueTHble conpoTuBienus, npuHuMaemsle corinacio CHull 11-23-81%;

A - mjomanas ceyeHus ,,0pyrro'.

VYcnoBue paBHONpoyHOCTH 1O GopmynaMm (13) u (14) anst HEHTPaTbHO-PACTIHYTHIX 3JIEMEHTOB
MOJTYIHT BUJ

R_1, (15)

rae a = An/A.

U3 popmynsr (15) cnenyer: ecnu Ru/Ry > wl/(ef), petnaromnieit siisiercst mpoBepka 1o hopmyie (14);
B IIPOTUBHOM ciy4ae - 1o popmyne (13).

Ipu = 0,85 u = 1,1 [11] cnenyer, uto npu Ru/Ry > 1,39 10CTaTOYHO BBHINOIHHUTH MPOBEPKY IO
dopmyne (14), ecnmu Ru/Ry < 1,39, To HeoOxoauMma mpoBepka 1o 18ym Gopmysam (13) u (14).

5.3 (5.1). IIpu ocnabneHnn cedeHuii oTBepcTUsIMU u1st 001TOB cBbItie 15 % dopmyna (13) ocraercs
0e3 n3MeHeHus, a popmyna (14) moayduT Bua

N

LI8cAR, =h (16)

rae 1,18 a4 - ycnoBHas miomiaas, BBOAUMAs B pacdeT NMpHu ociabieHuu cedeHus cBbime 15 % (cMm.
CHulII I1-23-81%).
N3 ycinoBust paBHONIPOYHOCTH MU poBepkax 1o Gopmynam (13) u (16) umeem

/4
v =187 =139, 17
; 17)



5.4 (5.1). ns ymnpormienus npaktudeckux pacuetoB B CHull I1-23-81* pacuernsie dopmysist (13),
(14) u (16) mpuBeneHsl K OAHOHN (opMyse ¢ BBEIECHHEM COOTBETCTBYIOIIETO KOA(pUIMEHTA YCIOBUI
paboTHI ¥

N

—A,%.Rv <1. (18)

Koadduiment ycnoBuii paboTel J. ompeneneH u3 comocrtasicaus dopmyn (13), (14) u (16) c
dbopmymnoii (18).

Jlnst GONBIIMHCTBA HanboJIee MIMPOKO MPUMEHAEMbIX YIIIEPOAUCThIX cTayeil ¢ oTHomeHueM Ru/Ry >
1,39 naxomum:

npu «>0,85 % =1¢;

”0,75<a<0,85 5 =118.

Juis craneii ¢ otHomenueM Ru/Ry < 1,39

v, = AR, =8,845&.
7R R,

¥y

[Tpu Hanbosee BepOATHOM OCIA0JIEHUH CEUYEHUS OTBEPCTUAMH JUIst 601ToB 0T 8 110 25 % (o = 0,92-
0,75) u Ru/Ry > 1,39 5 = 1,09-1,18. Ilpu Ru/Ry < 1,39 5. = 0,99-1,18; npu 3TOM MEHBIIICE 3HAUYCHUE
cootBercTBYyeT Ru/Ry = 1,17, uto BhImOMHsIeTCs i ABYX Mapok craneit 12I2CM® u 12I'H2M®ALIO,
npuBeneHubix B CHull 11-23-81*.

C yuerom uznoxxenHoro B CHull 11-23-81* npunsate! y. = 1,1 m1s craneit ¢ npeaesioM TeKy4ecTH oy
< 440 MIIa (4500 xrc/cm?); 7 = 1,0 - s cTaneii ¢ mpenenoM TeKydecT oy > 440 MITa (4500 krc/cm?).

C 1menpio ympomieHusl pacuyeToB Ha MPOYHOCTh CEUEHHH, OCIa0JICHHBIX OTBEPCTHSIMH IJIsi OOJITOB,
yKa3aHHble 3HAYeHUs KOIXPPHUUHUEHTOB ) TMPHUHATBL W JAJs  JIPYTMX BHUJOB  HANPSOHKEHHO-
1e(OPMHUPOBAHHBIX COCTOSIHUN 3J€MEHTOB KOHCTPYKIMH (cxkaTue, W3rud, cxaTue WM PacTsHDKEHUE C
U3ruooMm; cM. mo3. 6-8 tadu. 6¥ CHull I1-23.81%).

5.5. Ilpu pacuere Ha NPOYHOCTh LEHTPAIBHO-CKATBIX 3JEMEHTOB HEOOXOJMMO YYHUTHIBATh
ocobeHHOCTH paboThl ctanu Ha cxarue (cM. 1. 4.8). B wacTHOCTH, pacdeT Ha MPOYHOCTH HEHTPAIHHO-
CKaThIX 3JIEMEHTOB C COCIUHEHUSAMHU Ha 00JITaX Kiacca TOUHOCTH A JOIYCKaeTCs BBIIOJIHATH Kak IS
HEOCJIa0JIEHHBIX 1eMeHTOB [1].

5.6 (5.2). PaboTa pacTSHYTBIX 3JEMEHTOB CTAIbHBIX KOHCTPYKIHHA IMOCIIE HOCTHIKEHHS METaIOM
npenena tekydectd npu Ru/Ry > % = 1,3 momyckaercs B OrpaHHUYEHHBIX CAydasx, KOrja Mpu
3HAYUTEIbHBIX JleopMalMsIX KOHCTPYKIMH HE HapylIaeTcss UX HopMalbHas sKcrutyaranus. K takum
KOHCTPYKIIUSIM OTHOCSITCS, KaK TPaBWIO, OTICIbHBIC JIMCTOBBIE KOHCTPYKIIMH, B OCHOBHOM, C
PaBHOMEpHBIM paclpe/ie]IeHHeM HanpsHKeHUHM (HampuMep, JUCTOBbIE HACTHIIBL, HEKOTOPBIE BHbI
TpyOOIIPOBOJIOB M pEe3epBYyapoB M T. I.). YUHUTHIBaTh padOTy CTalM MOCIE€ JOCTUXKEHUS Ipezena
TEKy4eCTH B KaXJIOM KOHKPETHOM CiIydyae HEOOXOJMMO Ha OCHOBE OIbITa NPOEKTUPOBAHUS U
OKCIUTyaTaI[i COOTBETCTBYIOIIETO THUIIA KOHCTPYKITHH.

5.7. TpeGoBaHus MO MPOBEPKE YCTOWYMBOCTH LIEHTPAIBHO-CIKATBIX cTepkHEH yctanoBieHbl B CHull
[1-23-81* Ha ocHOBe pacueTa BHEIICHTPEHHO-CXKATBIX CTEP)KHEH C y4eTOM BIMSHUS (OPMBI CEUEHUS,
HAYaJIbHOTO MCKPUBJIEHUS OCH, CIY4alHOTO SKCLEHTPUCUTETAa CHKHUMAIOIIed CHIIbI, a TakKke
COCMHUTENBHBIX 3JIEMEHTOB (/1151 CKBO3HBIX CTEPKHEH ).

HauanbHble WCKpUBICHMS WIM CIy4allHble OSKCIEHTPUCUTETHl MPUHATHI B COOTBETCTBUU C
JIOITyCKaeMbIMH OTKJIOHEHHSIMH, YCTAaHOBJICHHBIMH B HOPMax Ha M3TOTOBJICHHE CTAIBHBIX KOHCTPYKIIMA
[8].

[lpu pemeHNM MOCTaBIEHHON 3aqadd OBLI PACCMOTPEH BHELEHTPEHHO-CHKATBIH CTEPKEHb, CXEMa
KOTOPOTO TpHBEJICHAa Ha pHUC. 3, a. [Ipum ITOM pemeHne BBIOIHIOCH B MPEANOIIOKEHUN MalOCTH
nepeMenieHnii mo aeGopMUpOBAHHOM CXeMe C YYeTOM IUIacTUYeCKuX aedopmaiuii, a 3HadeHue
pacyeTHOW HeCyIeld CIOCOOHOCTH MPHUHSATO PaBHBIM IMPEACIPHOMY 3HAUCHHUIO CokKUMaromied cuitbl Ny,
KOTOpask MOKET OBITh BOCIpPHUHATA 3JeMEHTOM (puc. 3, 6). Popma HM30THYTOH OCH NMPHUHHUMANACh IO
TIOJTYBOJTHE CHHYCOH/IBI.
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Puc. 3. K pacuery cxkaTbIX cTep:KHel

a - pacyeTHas CXeMa; 6 - KpUBask COCTOSHUSI PaBHOBECHS

5.8 (5.3). B CHull 11-23-81* meronuka MpakTUYECKUX PACUETOB LIEHTPAJIbHO-CKATBIX AJIEMEHTOB
NpUBEJCHA C KCIOJIb30BaHHEM KOI(D(UIIMEHTOB YCTOMYMBOCTU TIPH IICHTPAJIBLHOM CXKATHU
(k02 (HUIMEHTOB TMPOJOIBHOTO HM3rHOa), KOTOPHIE BBIYUCICHBI C YYETOM peKOMeHmanumi 1. 5.7

Hacrosiero [Toco0ust B 3aBUCHMMOCTH OT YCJIOBHOM TMOKOCTH A =A/R /E W IPHHATHl PaBHBIMU () =
Nu/(ARy).

[lpu BBIYMCIEHUU 3HAYEHUH KOX(PPHUIMEHTOB ¢ TUIBI MOMEPEYHBIX CEUCHHH CXKATHIX 3JIEMEHTOB
NpUHUMAITUCh B cooTBeTcTBHM ¢ Tabm. 73 CHull I1-23-81*, a HayanmpHBIE HECOBEPIICHCTBA eh - IO
dbopmyre

i /

%= 750" (19)

rae i - paauyc HHEPIHK CECUCHNUS;

| - pacueTHas qIMHA 3JIEMEHTA.

[Ipu HOpMHUpOBaHUU KOI(PGUIUEHTOB ¢ OIpenesuiach TaKKe KpUTUYECKas cujaa YIpyrux
UJCABHBIX CTEP)KHEH 10 MeToay Diniepa. OKOHYATENbHBIC 3HAYCHUS KO (DUIIMEHTOB ¢ TPUHUMAINCH
HAaWMEHBIIIUMH U3 JIBYX: BEIYMCIICHHBIX C YU€TOM HayaJIbHBIX HECOBEPIICHCTB UIIU 1O METOY Jijepa ¢

_ N, p
BBeJIeHHEM Kod(pduimeHTa HaaexHoctd e = 1,3 (p:AR‘ Syl DTO OBLIO CHEIaHO I
Ve >

OTpPaHUYEHUs] MPOTHUOOB CXKATHIX CTEP)KHEH NMPU OTHOCUTEIBHO OOJIBIIMX THOKOCTSX, KOTAA BIMSHUE
HavaJIbHBIX HECOBEPILEHCTB, OoNpeaesieMbIX 1o hopmyie (19), cTaHOBHIIOCH HECYIIECTBEHHBIM.

[TonydyeHHble TakuM 00pa3oM 3HAYEHHUS KOXPPHUIMEHTOB @ JUIsl pa3iIM4YHbIX (HOPM MOMEPEeUHbIX
CeueHHM ObUTM OCpeIHEHBl U alNpPOKCUMHUPOBAHBI ¢ nomolbio Gopmyin (8)-(10) CHull 11-23-81%*, na
OCHOBaHUU KOTOPBIX JJIs pPa3IMYHbIX 3HAYEHHUI pacueTHBIX COMpOTHBIECHUN Ry Oblia coctaBieHa TalI.
72 CHulI 11-23-81*.

AHanu3 3HaueHUH KO3(PPHUIMEHTOB ¢ MO3BOJIAET MCIOJNb30BaTh B pacueTax M Oojiee TNpOCThbIE
npUOIMKEHHBIE 3aBUCMOCTH (C TOYHOCTHIO 110 1,5 %) crnegyromiero Buaa:

npu 0< 2 <25 ¢=1-0,06621;

" 25<A<45 9=1,46-0,341+0,0211%; (20)
" As45  p=—2
A(51-2)

3HaveHus @, noiay4deHHsle o ¢popmyinam (20), npuseaeHsl B Tadm. 11.



Tabonuma 11

VYcnosras 3nauenus ¢-1000 [ist 57IEMEHTOB U3 CTAM C MIPE/ENOM TeKyuecTu o, MITa (krc/cm?)
TUOKOCTh 4
10 390(4000) cB. 390(4000)

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 0 0,5
0 1000 998 995 989 983 977 969 961 953 944 1000 978
1 934 924 913 902 891 879 866 854 841 827 939 887
2 813 799 785 770 755 739 718 695 673 651 826 757
3 628 608 587 567 547 527 508 489 471 453 645 539
4 436 419 402 386 370 355 340 326 312 298 442 353
5 289 278 268 259 250 241 233 226 218 211 289 241
6 205 199 193 187 182 177 172 167 162 158 205 177
7 154 150 146 143 139 136 132 129 126 123 154 136
8 121 118 115 113 110 108 106 104 102 100 121 108
9 098 096 094 092 090 089 087 085 084 082 098 089
10 081 079 078 077 076 074 073 072 071 070 081 074




IIpumevganue. YkazaHHbIe 3HAUCHUS KOY(POUIUECHTOB ¢ IS HIEMEHTOB U3 CTalH C mpenenaoM Tekydectd 1o 390 MIla (4000
krc/cm?) ompenenensl no dopmynam (20), ceeime 390 MITa (4000 kre/cm2) - no pasa. 5 CHull 11-23-81* npu o, = 430 MIla (4400
kre/cm?).

5.9 (5.5). B oCHOBY MpOBEPKH H3THOHO-KPYTHIBLHOW (OPMBI MOTEPH YCTOMYHUBOCTH
TOHKOCTEHHBIX CTepXHEH npunsaTa Teopus B. 3. Binacosa.

B o0mem cliygyac€ YCIOBHEC ITIOTEPpH YCTOP'I‘II/IBOCTPI MApHAPHO OIICPTOTO HCHTPAIBHO-
CXXaToro yrpyroro TOHKOCTCHHOI'O CTCPKHA UMECT BU

(N, =N)(N, -N)(N, -N)* —=a&N*(N, -N)-aN*(N,-N)=0, (21)

_7EI_,

rae N, e

_mEl

¥ 12

2
ZEl, +GI

I +1

Pl g,

371€Ch @y U dy - KOOPJMHATHI LIEHTPa N3ru0a OTHOCUTEIBHO OCEH COOTBETCTBEHHO X-X H V-V
JInst crepxHs ¢ OMHOM Ochio cuMmMeTpur y-y (eM. puc. 1 CHull 11-23-81*) ay = 0, npu
sTOoM U3 popmynsl (21) momyuum

(N, =N)(N,-N)r—a N’ =0. (22)
Pasnenus Ha Ny Ny I? Bce unensl ypapHenus (22), IONyduM

(1_£](1_£j_a_§fv_j£=o, (23)
N N, r N:N,

¥y

Beenem o6o3nadenus ¢ = N/Ny; 6 = Ny/Nw [12]. C yderom 3TuX 00O3HA4YCHUU W3
dhopmynsl (23) momydum

(1-c)1-co)-c2pF =0, (24)
rae B =as/r.
W3 ypaBHeHus (24) Haxoaum
cz—(1+é’)+,/(l—5)2+4ﬂ2 (25)
Ap - 9) '

ITocne mpocTsix npeoOpa3zoBaHuil 3aBUCUMOCTH (25) moaydyum

o= 2 . (26)

(1+§)+\/(1—5)2+45aj

2
7

B npaktuyeckux pacuerax mno ¢opmyine (26) yuMTBHIBAETCS YAaCTMYHOE CTECHEHME
JeTIJIAaHAIMY OTIOPHBIX CEUCHHMH BBEICHHEM KOX(PQUIMEHTa 2 B MEPBBIA WICH YUCIUTEIS
dopmynbl s Nw [em. dopmyny (21)], yem mpuOIMKEHHO OlLIEHWBAIOTCA (PAKTUYECKHE
YCIIOBHSI B y3JIaX CTEPXKHEBBIX KOHCTPYKIHH. B OKOHUATeNTbHOM BHE C HCIIOJIb30BAaHHEM
6e3pa3MepHbIX Bennuus 3Ta popmyna npusenena B CHull 11-23-81* mox Homepom (12).

®opmyna (11) CHull 11-23-81* ocHOBaHa Ha NPEINONIOKEHUH, YTO COOTHOIICHHE
KPUTHYECKUX CHJI MPHU paboTe 3IIEMEHTa 3a MPeAeioM YINPYroCTH MPUHATO TAKUM XKe, Kak
npu paboTe ero B mpezenax ypyrocTH.

5.10 (5.5). [Ipumep pacuera HEHTPAITBEHO-CKATOTO TOHKOCTEHHOTO cTep:kHs [1-00pa3Horo
ceuenus (cm. puc. 1, a CHull 11-23-81%) ¢ mapamerpamu £ = b/h = 0,5 u h/t = 15.

[Tnomanb 4 1 MOMEHTHI UHEpLUH ceueHus Ix u |, paBHbI:



A=+ Pyth=25th

3
1 = 42D 6mir (27)
32+ )
_F s _ .
1, =26+ pun’ =01350h

12
Bennuunsl, Bxonsme B popmyiy (12) CHull 11-23-81%*, paBHbI:

w

LK (6+p)

2
L, =1(5) = 0148107
3\n

o 43+ p)
Q2+ p)6+p)
_0,267+0,135
2,5

I,  39+2p

— 0947 ; (27)

=0.862,

+0,862° =0,904.

3naueHus Kod(pGUIUEHTOB € U1 Pa3IMYHBIX THMOKOCTEe A, mpuBereHbl B Tabm. 12, B
KOTOpO# 0003HaYeHUS PUHSATHI B COOTBETCTBUU ¢ popmyroii (12) CHull 11-23-81*.

Tab6numa 12
A u 16a?/u S c A
40 7,945 1,496 0,455 0,716 28,4
60 8,407 1,414 0,430 0,728 42,7
80 9,054 1,313 0,399 0,743 56,8
100 9,885 1,203 0,367 0,759 71,1
120 10,901 1,091 0,332 0,778 85,3

511 (5.6). BausHue ™MOJATIMBOCTH COEAMHUTEIBHBIX DJIEMEHTOB Ha CHHIXKEHHE
KECTKOCTH CKBO3HOT'O CKATOTO CTEPXHSI B pacueTax MPUOIIKEHHO YYUTHIBACTCS BBEICHUEM
MPUBEICHHON THOKOCTH Aef, TIPEBBIIAIOIIEH THOKOCTD CTEPXKHS Ay, = ly/iy, BBIYUCICHHYIO TI0
reOMETPHYECKOH JUIMHE U PaJUyCy HHEPLUUH i = m (rae ly - MOMEHT MHEPLIMU CEYECHUs
CKBO3HOT'O CTEP’KHSI OTHOCUTEILHO CBOOOJHOM OCH y-y, c¢M. Tabma. 7, Tun ceuenus 1, CHull
[1-23-81%).

[Ipu moctatouHo OGOJBIIIOM UKCIE TTaHesel (CBhIIIE 8) U3 PelIeHUs 3a]]a4l YCTOMYUBOCTH

[IAPHUPHO OMNEPTOTO HAEANBHO YIPYroro CKBO3HOTO cTepkHsA (puc. 4) KodpUIUEHT
MIPUBEICHHOM JVTMHBI TIOJyY€eH B cheayromem Buze [13]:
7°El
H= 1+ 7 l—z} ) (28)

y

rae 1= 5/|b - YroJ CaABura, 3aBUCSIINN OT TUMNA COEAUHUTEILHBIX 2JIEMEHTOB.



Puc. 4. lllapuupHo onepThlii CKBO3HOM CTEpPKEeHb

DopMyIBI IUTS OTIPENCICHUS 1 U 4 TIPU PA3IMIHBIX CXEMaX COCAMHHUTEIBHBIX JIEMEHTOB,
MOJTyYCHHBIC 110 MTPaBHJIAM OIPEICIICHUS IEPEMEIICHUI B PAMHBIX U CTEPIKHEBBIX CHCTEMax
[13], mpuBenens! B Tadi. 13. Jlnst cxem pemerok tumna 3-5 B coorBercTBuu ¢ puc. 2 CHull I1-
23-81* umeem

g=—r  _10a (29)
sin® fcosfB b,
JIJIst CXeMBl pelIeTKH THIA 2 TIOTYyIHUM
2 a3 3 3
a:ﬂ'(12+s1n ﬂ)zl(:a (l“‘b_;)- (30)
sin® fcosff bl a

[Tpu noacranoBke 3HaueHUH o B GopMyisl Tabl. 13 momyuum GopMysibl, IpUBEICHHBIC B
tabn. 7 CHull I1-23-81*. Cnenyer ormetuTh, 4To (opmyinbl Tabna. 13 B psae ciaydaes
ABIISIIOTCSL Oosiee cTporumu, dyeM npubmmxennsie Gopmynsr CHull 11-23-81*, npumenenue
KOTOPBIX, OJJTHAKO, CYILIECTBEHHO HE BIMSET HAa KOHEUHBIE PE3YJIbTaThI.

5.12 (5.6). ®opmynbl Taba. 13 MOryT OBITH HCIOJB30BaHBI TPH ONPEACICHUH Aof VIS
YETBIPEXIPAHHOIO CKBO3HOTO CTEpXHS C IOJCTAHOBKOM B HHMX COOTBETCTBYIOLIUX
TE€OMETPHUECKUX XapaKTEPHCTUK BCErO CTEPXKHS M €ro OTAETbHBIX BeTBed. OmHaKo
Pe3yabTaThl SKCIIEPUMEHTAIBHBIX UCCIIEI0OBAaHUN YEThIPEXTPAHHBIX CTEPKHEN ¢ TMOKOCTSIMHU
y = 20-40 m3 cramu c mpenenoMm Tekydectn oy = 250-278 MIla (2550-2830 krc/cm?)
MOKA3bIBAIOT, YTO TAKOW PacyeT B CBSI3W C HAJMYMEM HAYaIbHBIX HECOBEPIICHCTB MPUBOIUT
K 3aBBIIICHHBIM 3HAYEHUSAM BBIUMCIEHHBIX MPEIeNbHBIX HAarpy3ok. B cBs3u ¢ atum B CHull
11-23-81* mpennaratorcst ycnoBHbie dopmydsl (15), (18) u (21), B KoTOphle 0THOBPEMEHHO
BXOJIT TE€OMETPUYECKHE XApPaKTEPUCTHKH 3JIEMEHTOB CTEpXHsS JUIsl 00EHX IUIOCKOCTEH
norepu ycroiuuBocTH. CpaBHEHHE TEOPETUYECKHX M OKCIIEPUMEHTAJIBHBIX JaHHBIX
MOKa3bIBAET B 3TOM CJIyyae JIOCTAaTOYHO YJIOBJIETBOPUTEIBHOE COOTBETCTBUE PE3YJIbTATOB.

5.13 (5.6). ®opmyssr Tabn. 7 CHull 11-23-81* (Tun ceuenus 3) st onpenaencHus Aef 1Uis
TPEXTPAHHBIX CKBO3HBIX CTEP)KHEH OCHOBaHbBI HA PACCMOTPEHUH UX MOTEPH YCTOWUMBOCTH B
TUIOCKOCTSIX X-X W )-y B TPEINOJOXKCHHH HEU3MEHHOCTH PACCTOSTHUH MEXAYy BETBSIMHU
CTEpIKHS IpU U3ruode.

5.14 (5.6). ®opmysbr Taba. 13 Hacrosmiero [locoOus mosydeHbl 0€3 ydeTa BIUSHHS
HayaJbHBIX HECOBEPIIEHCTB M MPOOJbHBIX CHUJ B BETBAX Ha 3HaYCHHE yria casura . B
cBs13u ¢ 3TuM B CHulI [1-23-81* BBeieHbI orpaHMueHHs Ha 3HaYeHUs THOKOCTEN OTIEIbHBIX
BETBE.

Jns crepHe ¢ IulaHKaMu THOKOCTh Ap OTJENBHOW BETBH, NPH KOTOPOH BIUSHHE
yKa3aHHBIX (PaKTOPOB HECYIIECTBEHHO, cocTaBiseT 40).



[Ipu Oompmiem 3HaueHUHn Ap GOpMynBl UIsI 1 U 4 HEOOXOAUMO YTOUYHSATH 3aMEHOU
seipaxkenuii (1 + 2n) u (1 + 1) coorBerctenno Ha (1/8+ 2n) u (1/8+ n), tne f=1-0,12¢4]
(3mech @ - KO3 GUIMEHT, BRIYUCIIIEMBIH I CTEPKHS 10 PUBEACHHON THOKOCTH Aef).

KPUTUYECKUX CHJI TIPH paboTe 3JIeMEHTa 33 MPEAeIoM YIPYTrOCTH MPUHATO TAKUM e, KaK
py paboTe ero B mpeeliax yupyrocTH.

5.10 (5.5). [Ipumep pacuera HEHTPAITBLHO-CKATOTO TOHKOCTEHHOTO cTepikHs [1-00pa3Horo
ceuerus (cm. puc. 1, a CHull 11-23-81%) ¢ mapamerpamu £ =b/h = 0,5 u h/t = 15.

[Tnorane A 1 MOMEHTBI HHEepUUH cedeHus |x u |, paBHBIL:

A =2+ Ph=25th
1 = 42D ur (27)
’ 32+ p)
_ ﬁ_z 3 3
1,= 56+ P =0135th

Benuuunsl, Bxoasimue B dopmyny (12) CHull 11-23-81%*, paBHbi:
I, 39+2p

w

IR (6+p)

y

2
L, =1(5) = 0148107
3\n

o 43+ p)
Q2+ p)(6+p)
_0,267+0,135
2,5

— 0947 (27)

=0.862,

+0,862° =0,904.

3nayeHnss KOd(pUIMEHTOB C Ui Pa3IMYHBIX THOKOCTEeW A, mpuBeneHbl B Tabn. 12, B
KOTOPO#M 0003Ha4YeHus MPUHATHI B cOOTBETCTBUU ¢ hopmynoit (12) CHull 11-23-81*.

Tabnuma 12
A I 164% u S5 c A
40 7,945 1,496 0,455 0,716 28,4
60 8,407 1,414 0,430 0,728 42,7
80 9,054 1,313 0,399 0,743 56,8
100 9,885 1,203 0,367 0,759 71,1
120 10,901 1,091 0,332 0,778 85,3

511 (5.6). BuwusHWe TOATIMBOCTH COCJMHUTEIBHBIX JJIEMCHTOB HAa CHIDKCHHE
KECTKOCTH CKBO3HOT'O CXKATOT'O CTEPXHs B pacueTax MPUOIMKEHHO YUUTHIBACTCS BBEICHHEM
MIPUBEICHHON THOKOCTH Aef, IPEBBIMIAIOIICH THOKOCT CTePKHS Ay = ly/iy, BBIYUCICHHYIO O
reOMETPUYECKON JTMHE M paguycy uHepuun i =./I /A (rae ly - MOMEHT MHEpIMH CeUeH s
CKBO3HOT'O CTEp KHSI OTHOCUTENBHO CBOOOJHOM OCH )-y, cM. Tabia. 7, tun cedyenus 1, CHull
11-23-81%).

[Ipu moctatouHO OOJBIIIOM UKCTE TTaHeNeH (CBBIIE 8) U3 PEIIeHUs 3a]]a4l yCTOMIYUBOCTH
[IAPHUPHO OMEPTOro HACATbHO YIPYIOro CKBO3ZHOTO cTepkHS (puc. 4) KodhPUIHMEHT
MPUBEICHHOH JUTMHBI TIOJyYeH B cheayromem Buze [13]:

2
u= ey (28)

y

rae 1= 5/|b - YroJ CaBura, 3aBUCSIINN OT TUMNA COEAUHUTEILHBIX 2JIEMEHTOB.



Puc. 4. lllapuupHo onepThlii CKBO3HOM CTEpPKEeHb

DopMyIBI IUTS OTIPENEICHUS 1 U 4 TIPU PA3IMIHBIX CXEMaX COCAMHHUTEIBHBIX JIEMEHTOB,
MOJTYYCHHBIC 110 MTPAaBHJIAM OIPEICIICHUS IEPEMEILCHUI B PAMHBIX U CTEPIKHEBBIX CHCTEMax
[13], mpuBenens! B Tadi. 13. Jlnst cxem pemerok tumna 3-5 B coorBercTBuu ¢ puc. 2 CHull I1-
23-81* umeem

g=—r  _10a (29)
sin® fcosfB b,
JIJIst CXeMBl pelIeTKH THIA 2 TIOTYyIHUM
2 a3 3 3
a:ﬂ'(12+s1n ﬂ)zl(:a (l“‘b_;)- (30)
sin® fcosff bl a

[Tpu noacranoBke 3HaueHUH o B GopmMyisl Tabr. 13 momyuum GopMysibl, IPUBEICHHBIC B
tabn. 7 CHull I1-23-81*. Cnenyer ormetuTh, 4To (opmyinbl Tabna. 13 B psae ciaydaes
ABIISIIOTCSL Oosiee cTporumu, uyem npudamkennsie Gopmynst CHull 11-23-81*, npumenenue
KOTOPBIX, OJTHAKO, CYIIIECTBEHHO HE BJIMSET HAa KOHEUHBIE PE3Y/IbTaThI.

5.12 (5.6). ®opmynbl Taba. 13 MOryT OBITH HCIOJB30BaHBI TPH ONPEACICHUH Aof VIS
YETBIPEXIPAHHOIO CKBO3HOT'O CTEpXHS C IOJCTAHOBKOM B HHMX COOTBETCTBYIOLIMX
TE€OMETPHUECKUX XapaKTEPHCTUK BCErO CTEPXKHS M €ro OTAETbHBIX BeTBed. OmHaKo
pe3ybTaThl SKCIIEPUMEHTAIBHBIX UCCIIET0BAaHUN YETHIPEXTPAHHBIX CTEPKHEN ¢ THOKOCTSIMU
y = 20-40 m3 cramu c mpenenoMm Tekydectn oy = 250-278 MIla (2550-2830 krc/cm?)
MOKa3bIBAIOT, YTO TAKOW pacyeT B CBSI3U C HAJMYMEM HAYaIbHBIX HECOBEPIICHCTB MPUBOIUT
K 3aBBIIICHHBIM 3HAYEHUSM BBIUMCIIEHHBIX MPEeNbHbIX HAarpy3ok. B cBs3u ¢ atum B CHull
11-23-81* mpennaratorcst ycnoBHbie dopmydsl (15), (18) u (21), B KoTOphle 0THOBPEMEHHO
BXOJT T€OMETPUYECKHE XapaKTEPUCTHKH 3JEMEHTOB CTEpXHsS s 00X IUIOCKOCTeH
norepu ycroiuuBocTH. CpaBHEHHE TEOPETUYECKHX M OKCIEPUMEHTAIBHBIX JTAHHBIX
MOKa3bIBAET B 3TOM CJIyyae JIOCTAaTOYHO YJIOBJIETBOPUTEIBHOE COOTBETCTBUE PE3YJIbTATOB.

5.13 (5.6). ®opmyssr Tabn. 7 CHull 11-23-81* (Tun ceuenus 3) s onpenaencHus Aef 1Uis
TPEXTPAHHBIX CKBO3HBIX CTEP)KHEH OCHOBaHbBI HA PACCMOTPEHUH UX MOTEPH YCTOWUMBOCTH B
TUIOCKOCTSAX X-X W )-y B TPEINOJOXKCHUH HEU3MEHHOCTH PACCTOSTHUH MEXIYy BETBSIMU
CTEpIKHS IpU U3ruode.

5.14 (5.6). ®opmysbr Tabda. 13 Hacrosmiero [locoOusi monydeHsl 0e3 ydera BIHSHUS
HayaJbHBIX HECOBEPIIEHCTB M MPOOJbHBIX CHUJ B BETBAX Ha 3HaYCHHE yria casura . B
cBs3u ¢ 3TuM B CHulI I1-23-81* BBeieHbI orpaHMueHHs Ha 3HAYeHUs THOKOCTEH OTIEIbHBIX
BETBE.

Jns crepHe C IUlaHKaMu THOKOCTh Ap OTIENBHOM BETBHM, NMPU KOTOPOW BIIMSHHE
yKa3aHHBIX (PaKTOPOB HECYIIECTBEHHO, cocTaBiseT 40).



[Ipu Oompmiem 3HaueHuu Ap GoOpMydabl ISl 1 U 4 HEOOXOJUMO YTOUHATH 3aMEHOU
seipaxkenuii (1 + 2n) u (1 + 1) coorBerctenno Ha (1/8+ 2n) u (1/8+ n), tne f=1-0,12¢4]

(3mech @ - KO3 GUIMEHT, BRIYUCIIIEMBIN IS CTEPKHS 110 MPUBEACHHON THOKOCTH Aef).

" EA, sin’ Bcos 8’

u= 1+”2_A+ Y7
224, sin® Bcos B’

Taomnuma 13
Ne CxeMa COeIMHUTENBHBIX DJIEMEHTOB DopMyIIbI IS OLPEENCHHUS 1 U 1 IPH YHCIIE TIOCKOCTEH COCMMHUTENBHBIX
ILIL JJIEMEHTOB
OJIHOM JBYX
1 A 2
=—2L—(142n); =——" _(1+n);
7= g, 7= aga VT
2 A
U= 1+O,827£(1+2n) . = 1+0,82/1—2(1+n) .
.
Ipun<0,2 Tpun<0,2
A 2
= [1+L15—=, = 1+—=
“= 7 " z
L
3mecy A, ==
lh
L Lb.
11’
lp - MOMEHT HHEpLUH CeYeHHUsI M0sICa;
ls - MOMEHT MHEpIIMH CEeYCHHUsSI O/THOM IUIAHKH.
2 1+sin’ B 1+sin’ g8
N= A e e
' EA,sin’ Bcos B ' 2EA,sin’ Bcos B
2 a3 2 a3
P 1+72A -ltsmﬁ ’ =1+ IZ'ZA -ltsm p ’
A A, sin® fcosfB 24,4, sin® fcos
Ad
A-d 31ech 1 B 1103. 3-5 IPHHSATO: R ~1;
A, cos’ S ~0;
A/)
A =2A;
Aq - TUIOLIA/Ib CEYCHHUsI OHOTO PAacKOCa;
A - TUIONa/Ib CEUCHHS BCETO CTEPIKHSL.
3 1 1
/e — N=5r o A
' EA,sin’ Bcosf3 ' 2EA,sin’ Bcos 3
A 1 A 1
p= |l+——————— p= I+
A A, sin® fcos 244, sin® Bcos
4 . .
n= 2FEA, sin® fcos B’ h= 4EA, sin’ Bcos B’
7’4 1 A 1
p= It p=fl+————
2244, sin” fcos 44,4, sin” Beos
5 1 1
7 7

T 2EA, sin? feos B’

A 1
=+,
244, sin® Bcos




5.15 (5.6). IIpu pacueTe CKBO3HBIX PEIIETYATHIX CTEP)KHEH HadalbHBIE HECOBEPIIIEHCTBA

OOBIYHO y4HThIBatOTCS Kod(p¢umuenrom ¢ B ¢opmyine (7) CHull 11-23-81* na craaum
no00pa CEUYEHUsI BCEro CTEPXKHS M NMPOBEPKU YCTOWYMBOCTH €r0 OTICIBHBIX BeTBEH. B TO
)Ke BpeMs MMeroTcs paboTel U 2 B KOTOpPBIX MOKAa3aHO, YTO HA HECYIIyI0 CIIOCOOHOCT
CKBO3HOTO CTEp)KHS C PpELIETKAMU CYLIECTBEHHOE BIIMSHUE OKa3bIBalOT YBEJIUYECHUE
ruOKOCTH TaHENH, a TaKKe HaualbHble MCKPUBJICHMS CTEP)KHS M OTACNbHBIX MaHenei. B
cBsi3u ¢ >TuM B 1. 5.6 CHull 11-23-81* BBeneHsl orpaHnyeHuss HAa 3HAUYEHUS THOKOCTEH
OTJICIbHBIX BETBEH MEXIy y3JIaMHu.
m. J. O BiMsHUM HAvYaJbHBIX UCKPUBICHHH MOsica Ha YCTOMYHMBOCTBH pemierdatoro crepikus // COBEpIICHCTBOBaHHE U
pa3BUTHE HOPM NPOEKTHPOBAHUS CTAIBHBIX CTPOUTENBHBIX KOHCTpYKLmid: CO. Hayy. Tp. IHUMCKa nm. Kyuepenko. - M., 1981.-C. 119-
127‘2 T'opes B. B., ITyrnann B. M. O Hecyieii criocoOHOCTH U 1eOPMATHBHOCTH CKATBIX CKBO3HBIX cTepikHei // CTPOHT. MeXaHHKA U
pacuer coopyxxenuit. - 1976. - Ne 3. - C. 34-37.

B psine ciyuaeB nipu Ap < 120 3tu orpannuenus cornacao CHull 11-23-8-1* moryt ObITh
cHATHI. IIpu 3TOM TpeOyeTcst BBIMOIHUTH pacyeT CKBO3HOTO CTEPKHS MO Ae(hOpMUPOBAHHOM
CXeMe, KOTOPYI0 MOXHO Y4YecThb MPHUOIMKEHHBIM MPAKTUYECKUM CIIOCOOOM pacyera,
CYLIECTBO KOTOPOT'O CBOJUTCS K CJIEIYIOIIEMY:

eci THOKOCTh OT/AENbHOM BETBM HAa y4acTKe MEKAy y3laMu A, > 3,2, TO pacueTHoe
COIIPOTHBIICHHUE TIPH MPOBEPKE CKBO3ZHOTO CTEPKHS ¢ perierkamu 1o popmynam (7) wmu (51)
CHullI 11-23-81* moxeT ObITh MPHUHITO paBHBIM ¢rRy (MpaBbie YacTH TUX GopMyn OyayT
paBHBl @Ry¥), 31ech ¢p - KOA(h(OUIMEHT MPOJOIBLHOTO W3rMba A OTAETHHOW BETBH,
pacyeTHyr0 THOKOCTh KOTOPOil MOKHO MPHHATH 0,7 Ap; KOAPPUIHEHTH @ U @ B OpMYyIIax
(7) m (51) CHull 11-23-81* HEoOX0AMMO MPUHHMATh COOTBETCTBEHHO MO Tabm. 72 u 75
CHullI 11-23-81* npu yka3aHHOM pacdyeTHOM COMPOTUBIECHUH ¢hRy B 3aBUCHMOCTH OT Aef U

7, =2, JoR TE ;
npu 4, < 2,5 3HaueHHe @ IpUHMMaeTcs paBHbM 1,0, a B maTepBane 2,5 < 4, < 3,2 - 110

JIMHEWHON UHTepnoasauuu Mexay 1,0 u 3HaueHuem ¢y rnpu Z =3,2.

Kosdduuument pacuernoit mmmubl p = 0,7 npu Ap NpUOTMKEHHO YYUTHIBACT
B3aMMOJICHICTBHE BETBM KOJOHHBI C 3JIEMEHTAaMU pEUIETKH, a TaKXe BEpOATHOCTh
OJIHOBPEMEHHOTO COBIIAJICHUSI PACUETHBIX 3HAUEHUN HadaJIbHBIX HECOBEPILEHCTB JI BCETO
CTEp>KHS M OT/I€IbHOI MaHeNn BETBH.

516 (5.7). CoenuHeHHE COCTaBHBIX CTEp)KHEW BIUIOTHYIO WM 4Yepe3 MPOKIaIKU
o0ecreynBaeT COBMECTHYIO pPa0OTy COCTaBJISIOIMIMX €ro 3JIEMEHTOB M PpPaBHOMEPHOE
pacnpezesieHne MeX,1y HUMU ITPOJOJIbHON CUJIBL.

Jis  ckaThIX CTepKHEW JJIMHAa y4yacTka MexXJy coeauHeHusMu paBHa 401, d9ro
COOTBETCTBYET T'MOKOCTU Ap = 40 B CKBO3HBIX CTEpXHAX C IUTaHKamu. llpu 3Tom BiausHUE
IPOAONBHOM Ccuibl  Ha J1eOpPMUPOBAHHME DIIEMEHTOB, COCTABJSIOIIUX  CTEPIKEHb,
HecyecTBeHHO (cMm. 1. 5.14 Hactosmero [locoous).

5.17 (5.8*). YcnoBHas nonepeunas cuwia Qfic OMPEIeNsIeTcs] Kak MPOSKIUs MPOA0IbHOM
ckumMaromei cuiibl N Ha oCb, NEPNEHIUKYISIPHYIO W30THYTOM OCH IIAPHUPHO ONEpPTOro
BHELIEHTPEHHO-CKAaTOr0 € AKCLUEHTPUCUTETOM €p CTEP>KHSI CKBO3ZHOTO CEYEHMsI, UMEIOLIETO
Ha4yaJlbHOE WCKPUBJIEHHE Vb, B €ro NPEJCIIbHOM COCTOSHUU (pUC. 5) U BBIUUCISIETCS IO

bopmyie
Qric = Ny sin ¢~ Ny a. (31)



L

Puc. S. K onpenesieHno yc10BHO MonepevYHON CHJIbI
a - U30THYTas OCb CTEPIKHS; 6 - UJICATM3UPOBAHHOE CEUECHUE

Jiia cunycounanbHOW (GOpMBI HAYaIbHOTO HCKPHUBICHUS M H30THYTOW OCH CTEPIKHS
MOJTyYUM

0, = @(vh +v)/L (32)

s Beramcnenust Ny 1 Vy ObUIH OTIpenesIieHbl MpeebHbIC MapaMeTphl BHEIICHTPEHHO-
C)KaTOTO CTEPXKHS UACATU3UPOBAHHOTO CEYEHHMSI, COCTOAIIETO M3 JBYX OJMHAKOBBIX MOJOK,
CBSA3AHHBIX MEXIY COOOM IKECTKOM CBA3bI0 (CM. puUC. S5, 6). BnusHue pemerku Ha
npeneiabHoe 3HaueHne Ny yUYUTHIBAJIOCh BBEICHHEM IPUBEIEHHON THOKOCTH Aef IO popMyIie
(17) CHulII 11-23-81*.

[Tonyuennsie 3Hauenus Qfic Ay pazauuHbix Ry u A annpokcumupoBansl B CHull 11-23-
81* mpubIMKEHHON 3aBUCUMOCTBIO

0, =k, (33)
4

KOTOpasA YYUTBIBACT BO3MOXXHOCTH HCIOHAIPSXKCHHUSA CKBO3HOI'O CTCPIKHA B IIJIOCKOCTHU

COCIMHUTEIIBHBIX 2JIeMeHTOB; 31ech K = 7,15 - 107 (2330—%} .
3nauenus MHOkuTenss K mpu N/@ B mpaBoit wactu Qopmynsl (33) mis pa3auyHBIX
3HaYEHMii pacueTHbIX conpoTupieHuii Ry u E = 2,06 - 10° MIla npusesieHs! B Ta6n. 14.

Tabnunoa 14
Ry, MIla(krc/cm?) k Ry, MIIa(krc/cm?) k
210(2150) 0,0097 330(3350) 00122
230(2350) 0,0103 350(3550) 00125
250(2550) 0,0108 370(3750) 00127
270(2750) 0,0112 400(4100) 0,0130
300(3050) 0,0118 500(5100) 0,0137

5.18 (5.10). [lns ompeneneHus IOMOJHHUTEIBHBIX YCHJIMH B pacKkocax IMEepeKpecTHOM
PELIETKH C IEJBI0 yueTa BIUSHUSA 00KaThs MOSICOB B CKBO3HBIX CTEPXKHSIX paccMaTpUBaeTCs
OJIMH pa3 CTaTUYECKH HEONpeNesnMas CUCTEMa, cXeMa KOTOpOW MpuBeJAeHa Ha puc. 6, a.
Pa3pe3 omHOro M3 packocoB JAaeT OCHOBHYIO CHUCTEMY, CXEMbI HarpyX€HHs KOTOpOM
MOKa3aHbl HAa pUC. 6, 0, 6.



Puc. 6. K pacuery nepekpecTHoii pemerku

a - pacd€THas CXema; 6 - OCHOBHasI CUCTEMA; 6 - NOIOJIHUTEIBHOE YCUIIUE B PACKOCE

Us peIICHUA paCCManHBaeMOﬁ 3aga4d  IOJYYCHO  JOIIOJIHUTCIIBHOC  YCHIIHUE,
BO3HHUKAOMICC B paCKOCax

A
Nad = _Ip =
All
B N cos’ B (34)
24, (1 +%Sin3 ﬂ+icos3 ,8]
Ad As Ah

[puaumas Ag/As ~ 1 u Ag cos® BlAp =~ 0, MoxHO HoTyunTs Gopmyny (26) CHull 11-23-
81*.
[Tpunumas o603HaueHust oud = Nad/Ad 1 on = No/Ap = N/A, monyuum

o, SNF+1

=, (35)
O, 2445 +1)’
rae o= lv/b.
3Ha4eHHsI OTHOLICHUS Oad/ On ISl PA3IIMUHBIX O IIPUBEICHBI B Ta0J. 15.
Taonuma 15
s 05 06 08 10 12 14 16 18
Cudlon| 0082 | 0117 | 0200 [ 0293 | 039 [ 0475 | 0554 | 0620

[Tomyyaemoe Takum 00pa3oM JOIMOJIHUTENBHOE YCHIIME B packocax OT 00XaTus IOsICOB
CTEPKHSI CKMMAIOIIEH CHIION HEOOXOIUMO MPHOAaBUTh K YCUIIMIO B PACKOCax OT YCJIOBHOM
(v axTryeckoit) momnepeyHon cuisl Q.

5.19 (5.11). Pacuer cTepkHei, MpeaHA3HAYCHHBIX JUIS YMCHBIICHUS PACYCTHON UTUHBI
CXKaThIX 2JIEMEHTOB, HEOOXOJMMO BBINOJHATH Ha ycuiue, paBHoe Qric U ompenenseMoe ¢
HCIOJIb30BaHNEM JaHHBIX Tabi. 14 u popmynsl (33) B 3aBUCUMOCTH OT MPOA0JIbHOM cuiibl N
1 K03 urmenTa npogoapHOro U3ruda ¢ Ak OCHOBHOTO MOAKPEIIIEMOr0 JIEMEHTA.

Pacuer pacnopok, nmpeIHa3HAYEHHBIX A YMEHBIICHHS PAcuyE€THOM AJIMHBI KOJOHH B
HalpaBJICHUU BJOJb 3[4aHUS (M3 IUIOCKOCTH paM), MPU HAJIMYUU HArpy30K OT MOCTOBBIX
KpPaHOB JIOIyCKaeTcs BBINOJIHATh Ha ycuwiue, onpezaensemoe no ¢opmyine (33), B KoTopoit
3HaueHue N IpHUHUMAaeTCsl paBHBIM CyMME MPOJ0JIbHBIX CUJI B IBYX COCETHUX KOJIOHHAX.

HN3TUBAEMBIE 3JIEMEHTBI

520 (5.14*). B Oankax, pacCUMTBIBAEMBIX B Tpelelax YHpyrux aedopMariui,
HEOOXO0JMMO TPOBEPSITH MPOYHOCTh CTEHKU MPH CIOXKHOM HAIPSHKEHHOM COCTOSIHUH ITyTEM
ornpeziesieHus: 00O0OMICHHOTO HampsDKeHUs (MHTEHCUBHOCTH HANPSDKEHHI) Ha OCHOBE
sHepreTuueckoil teopuu mnpouHoctd no Gopmyne (33) CHull 11-23-81*. O0oOmenHoe
HaNpsDKEHWE,  BBIUUCISEMOE TI0  3TOW  (opMyie, CpaBHHBaeTCS C  pacyeTHBIM
CONPOTUBIICHHEM, YBEIMYEHHBIM Ha 15 %, 9YTO mpeamojaraeT pa3BHTHE JIOKAIbHBIX
HEeYNpyrux neopMaliii B CTCHKE.

Vka3aHHBI pacyeT HEOOXOAMMO BBIOJHATH B MEPBYIO OYEpEIb Ui MPOBEPKU CTECHOK
JIBYTaBPOBBIX OAJIOK B MECTE COCIMHECHHUSI CTCHKH C BEPXHUM MOsICOM. [Ipu 3TOM B CTEHKax



pa3pe3HbIX 0aOK HAPSHKEHUS! Ox U 0y OOBIYHO UMEIOT OJIMHAKOBBIE 3HAKHU, B TO BpeMs KaK B
CEUEHHUSX Yy OINOp HEepa3pe3HbIX OajoK 3TH HANpsHKEHUS MOTYT UMETh pa3Hble 3HaKH, UTO
HE00XO0AMMO YYUTHIBATh MPH Mob30BaHuu ¢opmynoit (33) CHull 11-23-81*.

521 (5.15). [ns ompemereHdss KPUTUYECKUX HANpsDKeHUH ¢pRy mnpu  motepe
YCTOMYMBOCTH OalOK JBYTAaBPOBOT'O CEUYEHHUS C JBYMs OCSMH CHUMMETpPUH, M3TMOAEMbIX B
IJIOCKOCTH CTEHKH, OBUIM HCIOb30BaHbl pe3ynbTarel pador C. II. Tumomenko [13],
KOTOpBIE U MpakTudeckux pacueroB npencrasiensl B CHull 11-23-81* B Bunme ¢opmyn
(34) u (174). Heobxogumo momauepkHyTh, 4To B padore [13] mcciaemoBanuch ujacalbHbBIC
ynpyrue 6anku. [y pacdyera pealbHBIX cTanbHbIX Oanok B Gopmyne (34) CHull 11-23-81*
BIIUSIHUE HAYaJIbHBIX HECOBEPIICHCTB (B YaCTHOCTH, HA4aJbHOTO MCKPUBJICHHS OCH OaJlKH B
IUTIOCKOCTH HAaUMEHBIIEH JKeCTKOCTH) YYTEHO IpH BBIBOJE hopmyn g kodddunuenra ¥, a
TaKXe BBeJcHUEM Ko duiineHTa ycinoBuit paboTsl % (cM. 1o3. 4 tada. 6*¥ CHull 11-23-81%).

Koadpdummenter B Tabnm. 77 CHull 11-23-81* mpuBenmenbl mins ciaydas HIAPHUPHOTO
ONUpaHUsl B IUIOCKOCTH HAWMEHBIIEH JKECTKOCTH M CBOOOJHOW JerilaHallid KOHIIOB
pacyeTHOro yJyactka Oajiku.

3HaveHust ¥ BbIUUCICHBI B ipeanonoxenuu, uro |,/l; < 1. Eciu otHomenwue |,/1, He oueHb

MaJjo, TO 3Ha4YeHus ¥ CleayeT yMHOKATh Ha 1/ /1 -1,/1, .

Jliisa Ganok ABYTaBPOBOI'O CEUEHUSI C OAHOW OChIO CUMMETPUH KOA(D(OUIIUEHTHI (1 U @7,
onpeaensiemsie 1o gopmynam (177) u (178) CHull 11-23-81%*, 6pu1u nmosrydens! B padote [14]
Ha OCHOBE HUCIOJIb30BaHuUs ypaBHeHH B. 3. BiiacoBa npu yka3aHHBIX TPaHUUYHBIX YCIOBHSX.

5.22 (5.15). Jlns ciyyasi, KOrja KPUTHYECKUE HAMPSHKEHHS MPU TOTEPEe YCTOWYMBOCTH
0aJOK MPEBBIMIAIOT MpPEaesl MPONOPIHMOHATFHOCTH, METOJMKA pacdera paspaboTaHa Ha
OCHOBE HCCIICJIOBaHMSI COOTHOIICHHUS] MEXAY KPUTHUYECKHM HAIpPSKEHUEM HEOTPaHHYEHHO
YIPYroro UEHTPAIBHO-CKATOTO CTEPXKHS Ocr M JCHCTBUTEIBHBIM HANPSIKCHUEM O
CJIETYIOIIETO BUA!

9 104237 (36)

G.V \’ Ucr / O-v

B ¢dopmyne (36) npenen nponopuuoHanbHOCTH NPUHAT paBHbIM 0,850y, a oTHOIIEHUE
oloy = 1 npu ouloy = 2,42, 9T0 SKBUBAICHTHO OTHOIIeHUIO oyl ocr = Ev/E = 0,412 (rne Er -
MIPUBE/ICHHBIN MOIYIb).

Jlnst 620K JBYTaBPOBOTO CEYEHHUS C IBYMS OCSMHU CUMMETPUU KPUTUUECKHUE HANPSKEHUS
NPAUMEPHO MPONOPHHUOHATIBHBI 3HAYCHUIO \/ﬁ , tne G = const. Ha stom ocHOBaHuHM

OpUHAITO Ocrloy = 242 = 1,55 npu olo, = 1. B unrepBane 0,85 < ooy < 1,55 3naueHne

ol 0, I3MEHSETCSl JIMHEWHO, B CBSI3M C YeM peKoMeHnyeTcs ¢opmyna (cm. m. 1¥ mpum. 7*
CHulT 11-23-81%):

@ = 0,68 +0,21 ¢ mipu g1 > 0,85. (37)

banku n1ByTaBpOBOTO CE€YEHMsI C OJIHOM OChIO CUMMETpUH HccienoBansl B [14]. Ilpu stom
Obula IpPUHATA Ta K€ METOJAMKA, YTO M JJS CEYEHHH C JBYMS OCSIMHU CHUMMETPHUH, HO
3HAYEHHs OTHOUICHUs Ey/E TMPUHUMAIUCh Pa3IMYHBIMU JIJIsl BEPXHETO M HIDKHErO TOSICOB
6anku. Ha ocHOBe 3THX HCCleOBaHHUM JUIsl MPAKTHUYECKUX PAacueTOB PEKOMEHAYeTCs TalJl.
81 CHullI 11-23-81*.

5.23 (5.16*). TpeOoBaHWE HAMCKHON CBS3M CXKATOrO IMOsica OAJKH CO CIUIONIHBIM
KECTKUM HACTHJIOM, KOrJa He HY>KHa MpOBEpKa YCTOWYMBOCTU OaloK, OJKHO OBITh
MPESYCMOTPEHO B IMPOEKTaX CTPOUTEIbHBIX KOHCTPYKIIUI U IPOU3BOJICTBA PadoT.

[Ipu ycTpoiicTBe 3aKpeIuieHui CKAaToro nosica B OTAENbHBIX TOUKax (Y37l MPOIOJIbHBIX
WM TIOTIEPEYHBIX CBA3EH, TOUKU KPETUICHHUs )KECTKOT0 HACTHIIA) TaKUe 3aKPEIJICHUs CIeayeT
paccuuThiBaTh Ha (PAKTUYECKYI0 WJIM YCJIOBHYIO MONEPEYHYI0 CHUIIYy B TOPHU30HTaJIbHOU
wiockoctu. Ilpu 3TOM Kakaas Toduka 3aKperjieHWH IpelHa3HaueHa JJIs yYMEHBIICHUs
pacyeTHOM JTMHBI C)KATOTO Tosica 6anku (cM. 1. 5.19 Hacrosmero [Tocobus).



[Ipy HempepbIBHOM MPHUKPEIIEHUH C)KATOTO Mosica OaJKh K MKECTKOMY HACTHILy 3TO
NPUKPCIJICHUC CICAYCT PACCUUTBIBATL HA MAKCHUMAJIBHOC 3HAYCHHC SKBUBAJICHTHOHU
MOINEpPEYHOM HArpy3KH, ACHUCTBYIONIEH Ha MOSAC B TOPU3OHTAIBHOM T10cKOoCTH [ 13]:

2

Dnax = ﬂ-l_zN(Vb +v,), (38)

rrae N - mpoiosibHas CKUMAFOIIAS CHJIA,
Vb - HAUaJIbHOE UCKPHBIICHHE TOSICA;
Vy - UICKPUBJICHHE TIOsICa TIPH JICHCTBUU CokUMaroie cuibl N;
| - mposet Gasku.
C yueroMm dhopmyn (32) u (38) monyuum
e B0 @)

~

qmax l l

IIpu mockoM u TpOGUIMPOBAHHOM METAJUIMUECKHUX HACTHIIAX WM BOJHHUCTOM CTanu
HAJICKHOM CBSI3BIO SIBIISIETCS COCIMHEHHE MX CO CXKAThIM MOSICOM OaJIku CBapKOM Ha OoJiTax
WA Qro0eIsix.

CIIomHOM MPOCEYHO-BBITSHKHOM HACTIII CIIEyeT MPUBAPUBATH K CKATOMY TOSICY Oaku
B cooTBeTcTBHH ¢ TpeboBanueM ['OCT 8706-78* o 3amemnenun Hactuia. [Ipu 3ToM IHCTHI
HacTUJIa HEOOXOIUMO pacrojiaraTh MPOCEUKOM MOMEpeK IpoiieTta (MEepIeHIUKYIIPHO OCH
OaJikm).

it cOOpHBIX JKeIe300€TOHHBIX TUIUT W3 PA3IMYHBIX OCTOHOB IOJI HAJIC)KHOW CBSI3BIO
clielyeT MOHUMATh KPEIJICHHE 3aKIaJHbIX JeTaleil MIUT K CXKAaToMy MOosiCy Oanku cBapKou
WM Ha OonTax.

[Ipy MOHONUTHBIX JKEJIE300€TOHHBIX IUIMTAX HAJAECKHOM CBSI3bI0 MOXKET CIYKUTh
MPUBapKa apMaTyphbl WIH CICIHAIBHBIX 3aKJIAHBIX JE€TalIeH K CKaToMy MOsCy Oanku JuOo
3aMOHOJIMYMBAHUE 3TOTO MOsica B clioe O€TOHA TOMIIMHON He MeHee 20 MM.

[Ipu ycTpolicTBe MPUKPEIUICHUH HEOOXOJWMO YYUTHIBATh KOHCTPYKTHBHBIC TPEOOBAHUS
JUISL TIPUMEHSIEMOT0 BUJAa COCIMHEHUN (MUHUMAIIbHBIE pa3Mepbl IIBOB, PACCTOSHUS MEXIY
00JITaMH U OT Kpast DJICMEHTA | T. 1I.).

524 (5.16*). HauGosbinne 3HAYEHHs YCJIOBHON T'MOKOCTH BEpXHEro Iosca Oaaku
- I, R, o
A, =--.—=, TpH KOTOPbIX He TpeOyeTcs BBINOIHATL pPACYET HAa YCTOHYMBOCTH OaloOK,
“ bVE
omnpeaenstores mo Gopmymnam Tadn. 8% CHull 11-23-81*, koTopble MOMydeHBI Ha OCHOBE
METOJIMKH, M3JI0KEHHOH B 1. 5.22 HacTtosiero [Tocobus, mpu BHIMOIHEHUN YCIOBUS ¢p = 1.

3HaveHust A, Ul pasiandHbIX 3HadeHuit b/t u h/b mpusenenst B Tabu. 16.

Taonuma 16
Mecto npuriokerms Harpysi b/t HauGonpiume 3HaYeHHs ﬂ_,‘ , TIDH 3HAYEHHSX h/ b, paBHBI
1 2 3 4 5 6
K Bepxuemy mosicy 15 0,858 0,628 0,551 0,513 0,490 0,475

20 0,774 0,594 0,534 0,504 0,486 0,474
25 0,690 0,560 0,517 0,495- 0,482 0,473
30 0,606 0,526 0,499 0,486 0,478 0,473
35 0,522 0,492 0,482 0,477 0,474 0,472
K amxuemy nosicy 15 1,238 0,928 0,825 0,773 0,742 0,721
20 1,154 0,894 0,807 0,764 0,738 0,720
25 1,070 0,860 0,790 0,755 0,734 0,720
30 0,986 0,826 0,773 0,746 0,730 0,719
35 0,902 0,792 0,755 0,737 0,726 0,718

HesaBricumo ot ypoBHSsI 15 0,948 0,703 0,621 0,580 0,556 0,540
NPMJIOXKEHHS HArPy3KH IPH 20 0,884 0,679 0,611 0,576 0,556 0,542
pacuere ydacTka MEeXIy CBS3IMU 25 0,820 0,655 0,600 0,572 0,556 0,545
WITH TIPH YHCTOM H3rUbe 30 0,756 0,631 0,589 0,568 0,556 0,547

35 0,692 0,607 0,579 0,564 0,556 0,550

Mt nomydenust 3HaueHuil le/b 3Hauenmss 1,, mpuBeneHHble B Tabnuue, cliexyer

YMHOXHTD Ha \[E /R, .



5.25 (5.17, 5.18). Ilpu usrude Ganku B ABYX IJIABHBIX IUIOCKOCTSX MOTEPST YCTONYUBOCTH
BBIPAXKAETCSI JOCTM)KEHMEM MpEAEIbHOM Harpy3ku (MakcuMyma Ha KPUBOM COCTOSIHMM
paBHOBecusi). B aToM cirydae m3ru6 B 00eux TUIOCKOCTSAX M KPydeHHE BO3HHKAIOT C CaMOTO
Hayajla HarpyKeHus M, IMOCTENEHHO BO3pacTas, NPUBOAAT K Pa3BUTHIO IUIACTUYECKUX
nedopmanuii 1 ucuepraHuio Hecyle cnocoOHOCTH.

Jnist IByTaBpOBBIX 0allok, paccunTbiBaeMbIx 1o ¢popmyse (38) CHull 11-23-81%*, mpoBepky
YCTOMUMBOCTU MpPH JBYXOCHOM M3THO€ MOYKHO BBIIOJHATH COIVIACHO PEKOMEHIALUIM
EKMK [15], momy4eHHbIM KakK 4YacTHBIM cllydaili M3 YypaBHEHHUS B3aUMOJEHCTBUS IS
CTEpIKH$, CIKATOT0 C IBYXOCHBIM SKCLIEHTPUCUTETOM, 110 popmyiie

M. M,
p —~<Ry.

M Tesny, (40)

IIpu npunoxeHun Harpy3ku, AEUCTBYIOIIEH B IIJIOCKOCTH, NTAPAJLIEIbHOM INIOCKOCTH X-X,
TOJBKO K OJHOMY (BEpXHEMY) IoOsicy OaJku BO BTOpoMm wieHe dopmynsl (40) cremyer
npUHUMAaTh u3rubaronmii MoMeHT My 1 MoMeHT compoTuBiieHHsT Wy f COOTBETCTBEHHO IS
3TOro (BEepXHero) nosca 6anku. B aToM cirydae pacuer ciiefiyeT BbIIOIHATH 110 hopMmyIie

M
M. 2 ey (41)
oW W,

5.26 (5.18). Pacuer cTaTHYECKH OIPEHCIMMBIX H3rHOAEMBIX JJIEMEHTOB, HECYIIHX
CTAaTMYECKYI0 HAarpy3Ky, MOXXET BBIIOJHATHCS IO OrPAHUYEHHBIM  IIACTHUYECKUM
neopManusiMm B COOTBETCTBHU ¢ mpemioxkenueM, BoiABHHYTHIM H. C. Crpenenkum. B
CHulII 11-23-81* sT0 npemyioxkeHue peaan3oBaHo B BUaAEC KOIDPHUIMEHTOB ci > 1, BBOIUMBIX
K YIPYyrUM MOMEHTaM cONpoTuBieHHs cedyeHuil. [Ipu ompexnenenun kod3hHUIUMEHTOB ci,
(tabn. 66 CHull [1-23-81*) B kayecTBe KOJMYECTBEHHOTO KpHUTEpHUS OBUIO MPUHATO
JI0CTaTOYHO 0O0JIBIIOE OrpaHMYEHME TJIACTUYECKUX Aepopmanuii ¢ £ <3 (rue & =¢E /R ; &

- ocTarouHas AeopMalus B CEYCHUH TOCIIE TIOJTHON yIpYyroi pasrpy3ku). B obmem cirydae
IIPU TAKOM IOJAXO0JIe YMEHbIIEHUE NpeAeIbHbBIX MOMEHTOB 110 CPaBHEHHIO C MOMEHTaMH,
COOTBETCTBYIOIIMMH TIOJHBIM TUIACTHYECKUM IIApHUPaM, COCTaBisieT He Oomnee 3-5 %, a amns
JBYTaBPOBBIX ceueHu - 1 %.

[Ipy omHOBpEMEHHOM JEMCTBUM B CEYEHMH MOMeHTa M W monepedHoil cuibl Q
YUUTBIBACTCS KpHBas B3aHMMOAEUCTBUS UX TMpelesbHbIX 3HadeHuil [16], B cBsI3M C yeM
BBOJIMMOE B pacyeT OTHOIIeHWe C1/C i AByTaBpoBbix cedenuit mpu 0,5Rs < 7 < 0,9Rs,
[bopmyna (43) CHulI 11-23-81*] He nomKHO MpeBbILIATh 3HAYEHUH, MPUBEJCHHBIX B Ta0I.
17 u BerancieHHsIx o gopmynam (43) u (44) CHull 11-23-81*.

Tab6aunga 17

7Rs <050 [ 055 0,60 0,65 0,70 0,75 0,80 0,85 0,90
alc 1,00 0,987 0,97 0,950 | 0,925 | 0,892 [ 0,848 | 0,787 | 0,695

ITpu sTOM 3Ha4YeHHe KO3(pPULIMEHTA c1 HE JOJKHO OBITh MEHBIIIE €IUHUIIBI, B IPOTHBHOM
cllydae pacueT HeoOXOJUMO BBINOJHATH B Ipeneiax yrnpyroi padboTel ctaiau no ¢Gopmysiam
(28) u (29) CHulI 11-23-81*.

IIpn Hammuuum B Oajnke NPOTSHKEHHONM 30HBI YUCTOrO M3ruba, KOTJa pa3BUTHE
IUTACTHYECKUX JAedopMaiuil mpezmnonaraeTcss He B OJHOM CEYEHHMH, a Ha OINpe/eJIeHHOM
y4acTKe €€ JUIMHBI, C LIEeJbI0 OTpaHMYEHHs OOIIUX IMepeMelleHUu 3HadeHHE MpeAesbHOro
MOMEHTA YMEHBIIAETCS Y IPUHUMAETCS PAaBHBIM MOJIYCYMME NPEACIbHBIX MOMEHTOB IIPH
paboTe ceueHus B Mpejeliax U 3a MPeaeoM YIpyTroCTH.

Mertoauka pacyera OaJOK C YYeTOM OIPAaHUYEHHBIX IJIACTUYECKUX JAedopMariuii
OTKPBIBAET HOBBIE BO3MOKHOCTH ISl UX JajJbHEHIIEeH onTuMu3auuu. [ns storo B m. 5.18
CHull 11-23-81* yka3zaHo, 4YTO JOMycKaeTcs MPUHUMATh MEHbIINE 3HAUYEHUS
KO2(DPUIIMEHTOB ¢i, COOTBETCTBYIONINE MEHBITUM 3HAUYCHUSM IUIACTUYECKUX JePOpMaIIHiA.
OTO TO3BOJSET PACCUMTHIBATh OaJKM TPU Ppa3IMYHBIX 3HAYEHUSAX OTPAHUUYEHHBIX
nedopMaiuii, 4To MPAKTUYECKH BAKHO JJISl TOJYYEHHUS! ONTUMAJbHBIX CEYEHHH C y4eToM
HA3HAUYEHUS DJIEMEHTa, YCIOBUH OJKCIUTyaTallid, KOHCTPYKTUBHOTO peLIeHUs, (OpMBbI



CCUCHUS M COOTHOLIEHUH €ro pa3mMepoB U T. 4. IIpu 3TOM mpoBepKy NPOYHOCTH CEYCHHS,
MECTHOH yCTOWYMBOCTH IUTACTUHOK 3TOTO CEYeHHs, oOmiel ycToHumBOCTH Oanku u ee
KECTKOCTH CIIEAlyeT BBINOJHATh B 3aBUCHUMOCTH OT 3HAYEHHs NMPUHMMaeMoOW aedopMalui,
MPaBUJIbHBIN BBIOOP KOTOPOW OOECIEYUT MHUHUMYM IUIOUIaTU CEYeHHs. TakuMm oOpazom,
OCHOBHOM 3ajjaueil pacdyera C y4yeTOM OrpaHHWYEHHBIX JAedopmanuii  sBiseTcs
IIPOEKTHPOBaHKE 6AaNOK MHHUMAIILHON Macchl L.

beancknii I'. E. OHTI/IMI/I3Z.I_II/I$I M3rH0AEMBIX DJIEMEHTOB Ha OCHOBE Ileq)opMaHI/IOHHOFO KpUTepus // CTpOI/IT‘ MEXaHhKa U pacueT
coopyxeHuid. - 1986. - Ne 2.- C. 8-11.

5.27 (7.5). Metoauka pacdera CTEHOK 0ajJOK Ha YCTOWYMBOCTH C YUETOM ILJIACTUYECKHX
nedopMaruii OCHOBaHA Ha PE3yJIbTaTaxX PelIeHus 3a7add 00 YCTOWYMBOCTH TUTACTUHKH TIPH
COBMECTHOM JICHCTBUM HOPMAaJIbHBIX U KacaTelbHBIX HampsbkeHui. [IpoBepka ycToiunBocTH
CTCHKHM 3aKJIFOYaeTCsi B CPaBHEHWW H3TUOAIONIEr0 MOMEHTa M i pacdeTHOTO OTCEeKa,
BBIYMCIICHHOTO B COOTBETCTBHHM ¢ ykazaHusmu 1. 7.2% CHull 11-23-81%*, ¢ xputuyeckum Mer
MIPY M3BECTHBIX KacaTeNbHBIX HampspKeHHsX [17]. B kauecTBe KPUTUYECKOTO MPUHUMACTCS
MOMEHT, COOTBETCTBYIOLIMII MOTEpe yCTOMYMBOCTU CTEHKH TPU  ONPEACeICHHOM
HaMPsDKEHHO-1e(DOPMHUPOBAHHOM COCTOSSHUM M YCIIOBUHM, YTO YCTOWYHMBOCTH IOSICHBIX
mucToB obecrieyena. [lpu sToM mpeamonaranoch, YTO C YBEIWYCHHEM IUIACTUYECKUX
nedopMaruii cTeneHb 3alleMJICHUS CTEHKH B TosicaXx yMeHbInaercs. [lpw 3HAYUTEIIEHOM
pPa3BUTUHU TUIACTUYECKUX AePopMalliii, COOTBETCTBYIOIIUX KPUTUYECKON T'MOKOCTH CTEHKHU
A, = 2,2, 5pdeKT 3ameMICHAs CTEHKH B M0sACaX HE YUUTHIBAETCA. 3aKpeIUIeHHE MOMEPEYHbIX

CTOPOH PAcUeTHOTO OTCEKa CTCHKH NMPHHUMACTCS HIAPHUPHBIM HE3aBUCHMO OT CTEIICHU
Pa3BUTHSI IUTACTUYECKUX JePOpMaLInii.

Pacder Ha yCcTOMYMBOCTH CTEHOK OalOK JABYTaBPOBOI'O MOIEPEYHOTO CCUCHHS C JBYMS
OCSMH CHMMETPHH, YKPEIUICHHBIX TOJBKO IONEPEUYHBIMU pedpaMu KECTKOCTH, CIEIyeT
BBINONHATE 10 Qopmyne (78) CHull [1-23-81*, koropas ycraHaBIuMBaeT 3Ha4YCHHE
KpUTHUYECKOTO0 MOMeHTa Mcr st Beer Oanku. Ilpu atom B popmyne (78) CHull 11-23-81*
MEPBOE CJIaraeMoe BBIPAXKAET YaCTh KPUTHUYECKOTO MOMEHTA, BOCIPUHHUMAEMOTO IMOSICAMU
Oanku Micr = RyAfhefje, @ BTOpoe - 4YacTh KPUTHYECKOTO MOMEHTA, BOCIPUHHUMAEMOIO
crenkoit Mwe = Ryh%tage. Ilpum oTcyTcTBMEM KacaTenbHBIX HampsbkeHmit (7 = 0)
MakcuMaibHoe 3HaueHne Mwcr = 0,24RyhZ%itage ipu 2, = 2,2.

B T1abn. 18 mpuBeneHsl 3HaueHHA KOI((UIMEHTAa , BBIUMCIEHHBIC Ul pa3IMYHBIX
3HaueHui A U Rs.

J51g 6asiok JBYXCTEHYATOr0 CEYEHUS C IByMsl OCSIMM CUMMETPHUH 3HAUEHHE KPUTHYECKOTO
MoOMeHTa, noiydaemoro no ¢opmyine (78) CHull I1-23-81*, HeoOXoaMMO yMHOXaTh Ha
k03 durent 2,0 u npuHATH B 3TOH hopmyie Aw = 2het.

5.28 (7.5). Crenku 0ajJoK acCHMMMETPHUYHOrO cedeHHs (¢ Ooiiee pPa3BUTHIM CHKATHIM
MOSICOM), YKPEIUIEHHbIE TOJbKO MONEPEUYHbIMH pedpaMu KECTKOCTH, pabOTal0T B yCIOBHSIX
COBMECTHOI'O JEWCTBUS BHEIIEHTPEHHOIO pacTsbkeHus M ciasura. lMccnemoBaHue paOoThI
TaKuX CTEHOK 3a MpeaesioM ynpyrocTd [17] mokasanu, 4To mpH MPOBEPKE X YCTOWYUBOCTH
pacyeTHyIO BBICOTY MOKHO NPHUHUMATh PAaBHOM Yy/JBOEHHOH BBICOTE CXKAaTOH 30HBI, TaK Kak
BIIMSIHME OCTAJIbHOW PACTSIHYTOM 30HBI CTEHKH HA €€ YCTOMYMBOCTh HE3HAYUTENIbHO. Eciin B
C)KaTOW 30HE CTEHKH He BO3HMKAET IJIACTHYECKHUX Aedopmaruil [BBINOIHSIIOTCS YCIOBUS
(28), (29), (31) CHuII 11-23-81*], TOo ee yCTOWIMBOCTh MOXKHO TPOBEPSATH 1O Gopmyte (74)
CHull 11-23-81*, npunumas hef = 2h1 (rme hi - BbicoTa cxatoli 30HBI). HeoOxomumo
OTMETHUTb, YTO MOSBJICHUE TUIACTUYECKUX Aedopmanuii B pacTsHyToi 30He (0= M/Whin > Ry)
HapylmaeT JIMHEWHBIM 3aKOH PACIPENECICHUs HANpsKeHHH B cedeHHH. C ydeToM 3TOro
(axTOpa BBICOTY CXKAaTOW 30HBI N1 M HANPSDKEHUST HA KPOMKE CTCHKHU CIIEAYET ONPEelsTh U3
YpaBHEHU, COOTBETCTBYIOIINX HANPSKEHHO-AEPOPMUPOBAHHOMY COCTOSIHUIO B PACUETHOM
orceke. Ecnu HampshkeHus B mosicax OalKky acCMMMETPHUYHOIO CEYeHHUs paBHBI Ry, TO
YCTOMUYMBOCTh €€ CTEHKH NPU OTpaHUYEHUsX, yKazaHHbIX B 1. 7.5 CHull 11-23-81%*, moxxHO
MIPOBEPUTH 110 PopMyIie



A - A, - -
M SR}_ychj,t[A—‘h1 +A—2(1—hl)+4h,2a+

B = , (42)
+0,5(1-2h)) I_F]
rae A1 1 Az - COOTBETCTBEHHO IUIOLIA/IN CXKATOTO U PACTSIHYTOTO MOSICOB;
h, - IpUHUMAETCst 10 hopmyIie
2
A, -4 +4, [I-
_ R
h=—t= : (43)

o 2
s 24, \/l - %

a - ko unment, onpenensiemsurii mo Gopmyse (78) CHull I1-23-81* nnm npuHUMaeMbIii
o ta6x. 18 Hacrosmero [Tocoous.

Jlnst GaJloK IBYXCTEHYATOTO CEUYEHUS 3HAYCHHE KPUTUYECKOTO MOMEHTA, MOJIy4aeMoe B
npaBoit yactu Ghopmynsl (42), HEOOXOIUMO YMHOXaTh Ha K03 dunueHt 2,0 U NPUHATH B
31Ol hopmyite Aw = 2het.

5.29 (7.24). Pacyer Ha yCTOWYMBOCTD MOSCHBIX JIMCTOB (ITOJIOK) OAJIOK C y4ETOM Pa3BUTHUS
IUTACTHYECKUX J1e(hopManmii peKOMEHIYETCsl BBITIOIHSITH B TPEATIOIOKEHIH X HIAPHUPHOTO
OMMPAHUS 10 JIMHUU COSAMHEHUS MOSICOB CO CTEHKOM MpHU YCIOBUH, UYTO JUIMHA MOJYBOJIHBI
IUTACTUHKU paBHA 3Def (rme Def - pacuerHas mupuHa cBeca). HamOonbpline 3HaYCHUS
otHoteHust De/t, mpuBenenusie B Taba. 30 CHull I1-23-81%*, momydeHbl W3 YCIOBHUS
PaBHOYCTOWYMBOCTH CTEHKH M CXKATOTO MOsca OAJKW MPHU YUCTOM HM3rHOe, Tak KaKk B STOM
ciydae AedopMaIui CKaToro rnosica 10CTUraloT MaKCUMalbHbIX 3HAUCHUH.

[Ipu neiicTBUM KacaTEeIbHBIX HAMPSHKCHHH B PACUCTHOM OTCEKE OANKM OTHOIICHHS Def/t
MOTYT OBITh YBEJIWYEHbl M MPUHATHI MO Tabm. 19 nHactosmero Ilocobus, B KoTopoit
YUUTBHIBAETCSI YMEHbIICHHE JedopManuii B IMOSICE 3a CUET KacaTeNbHBIX HANpsHKCHUH B
CTCHKE.

MuHMMaNbHbIE 3HAYEHHUS YCIOBHOW THOKOCTH JJIsi CBECOB IPH YHUCTOM H3THOE

b, |R, .
A, =—L.|—- =03 COOTBETCTBYIOT 3HAYMTEIBHOMY DPa3BUTHIO IIJACTHYECKHX Je(opMaliuii;
t VE

MaKCHMAaIIbHBIE - A, =0,5 ¢ HEKOTOPHIM 3aIlacOM COOTBETCTBYIOT TAKOMY YPOBHIO HArpy3KH,
IIPU KOTOPOM B Tosicax OalKH CKMMAIOLIMe HApsHKeHUs JOCTUTatoT 3HaueHus Ry.

Tabnuma 18
R, 3HaueHHA (L TIPH 3, PaBHOI
22 | 25 (27 | 30 )32 | 35 (37 |40 | 42 [ 45 [ 47 | 50
0,0 (0,240(0,239]0,237 (0,234 (0,231 | 0,225 0,221 | 0,213 | 0,206 | 0,195 0,187 | 0,174
0,1 10,239]0,238|0,237 0,234 0,231 0,225 0,220 | 0,212 | 0,205 | 0,194 | 0,186 | 0,173
0,2 (0,234(0,233]0,2320.229 | 0,226 | 0,220 | 0,215 | 0,206 | 0,200 | 0,189 | 0,181 | 0,167
0,3 [0,227(0,226 | 0,225 0,222 | 0,219 | 0,213 0,208 | 0,199 | 0,193 | 0,182 0,174 | 0,160
04 10,216)0,215| 0,214 0,211 0,208 | 0,202 | 0,197 | 0,188 | 0,182 | 0,171 | 0,163 | 0,149
0,5 (0,2030,202|0,200 (0,198 [ 0,195 0,189 0,184 | 0,175 (0,169 | 0,158 | 0,150 | 0,136
0,6 (0,186(0,185|0,1840,181(0,178|0,172]0,167 | 0,158 [ 0,152 | 0,141 0,133 | 0,119
0,7 10,167)0,166 | 0,165 0,162 | 0,159 | 0,153 | 0,148 | 0,140 | 0,133 | 0,122 | 0,114 | 0,100
0,8 (0,144(0,136 0,142 0,139 (0,136 | 0,130 0,125 | 0,116 | 0,110 | 0,099 | 0,091 | 0,077
09 (0,119(0,118]0,117|0,114{0,111|0,105] 0,100 | 0,091 [ 0,085 | 0,074 | 0,066 | 0,052
TaGnuma 19
Ceue- dRs Suauenus (b /)[R, /E TPA A, paBHOM
HUE 2,0 2,5 3,0 3,5 4,0 4,5 5,0
00 | 030 | 030 | 033 | 038 | 044 | 050 | 055
0,1 0,30 0,30 0,33 0,40 0,45 0,52 0,57
0,2 0,30 0,30 0,33 041 0,46 0,52 0,59
0,3 0,30 0,30 0,34 0,42 0,47 0,53 0,60
04 0,30 0,30 0,34 0,43 0,48 0,55 0,60
JlByTas- 05 0,30 0,31 0,36 0,44 0,50 0,57 0,60
poBoe 0,6 0,30 0,32 0,38 0,46 0,52 0,60 0,60
0,7 0,30 0,34 0,40 0,50 0,56 0,60 0,60
0.8 0,30 0,36 0,44 0,55 0,58 0,60 0,60




0,9 0,32 0,40 0,52 0,60 0,60 0,60 0,60
0,0 0,75 0,92 1,10 1,25 1,40 1,55 1,70
01 0,75 0,92 1,10 1,26 1,42 1,58 1,72
0,2 0,75 0,93 111 1,28 1,44 161 1,75
0,3 0,76 0,95 1,13 1,30 1,47 1,65 1,80

Kopo6- 04 0,77 0,97 1,15 1,33 1,50 1,69 1,85
qaToe 05 0,78 1,00 1,18 1,37 1,55 1,75 1,95
0,6 0,80 1,03 1,21 1,42 1,62 1,82 2,05
0,7 0,85 1,10 1,28 1,50 1,70 1,95 2,10

0,8 0,90 1,20 1,40 1,65 1,90 2,15 2,20
0,9 1,00 1,30 1,60 1,90 2,20 2,30 2,30

530 (5.20). dms Oamok, u3ruOaeMbIX B IUIOCKOCTH HAHOONbBIIEH KECTKOCTH M
PacCUNTHIBAEMBIX C yYETOM PAa3BHUTHS IUIACTHUYECKUX AedopMannii, HEOOXOJMMO 00ECTIeYnTh
ux OOIIyI0 YCTOWYMBOCTh W3 IUIOCKOCTH u3ruba. IIpm sTOM Oosiee BBICOKHMH YpPOBEHB
pa3BUTHSl IUTaCTHYECKUX gAedopmanuii B Oankax (YTO CBSI3aHO C  YBEIHMUCHHEM
KO3 PHUIHUEHTOB cj), TpeOyeT Ooyiee 4acTOW pa3BSI3KU CHKATOTO TOsica B TOPH3OHTAIBHON
IUIOCKOCTH BIUIOTH [JO HEMPEPBIBHOTO €ro 3aKpeIuIeHHs JKECTKUM HacThioM. [lpu
MaKCUMAaJIbHBIX 3HAYCHUAX KOI((UIMEHTOB ¢i PaBHBIX 3HaueHMsIM ¢ 1o tada. 66 CHull II-
23-81*, crmemyer yMeHbIIATh 3HA4YeHUs OTHOWICHWH le/D mo Tabn. 16 ymHOXKCHHMEM Ha
kodpuuueHt o = 0,3 WiIu NpUMEHATh HENPEPHIBHOE 3aKperuieHue nosica; npu ci = 1,0, uto
COOTBETCTBYET paboTe Oajk B MpejesiaX YIpyrocTd, 3HaueHus oTHoureHui le/b cremyer
npuHUMaTh 1o tabn. 16. J{ns nmpomexyrounsix cimydaeB B CHull 11-23-81* nmomyckaercs
JMHEHHAs HHTEPIOJISLHS.

Vxazannsie B 1. 5.20 CHull 11-23-81* TpeGoBaHusT OTHOCATCS K CIy4ar0 YUCTOTO U3TrHbda
U COOTBETCTBYIOT MPUHATOMY 3HAUEHHIO OTPAaHUYCHMS IUIACTHYECKHX JedopManuii B
CCUCHHH.

[lpu peiicTBUM, HampUMEp, COCPEAOTOYCHHOM CHIIBI B CcepeiuHe Oajku 3HAueHHs
otHotieHui lef/b Moryr ObiTh yBenmuuensl Ha 25 % MO CpPaBHEHHIO C MX 3HAYCHUSIMU INPH
YUCTOM U3ruoe.

5.31 (5.22). Ilpu ycnoBusix, ykazanubix B 1. 5.22 CHull 11-23-81*, pacuet Hepa3pe3HbIX U
3aIIeMJICHHBIX 0aJOK MOXET BBINIOJIHATHCS C OJHOBPEMEHHBIM y4eTOM PaOOThI CEUYEHHH 3a
MPEesIOM YIPYTOCTH M COOTBETCTBYIOWIETO IMEPepaclpeieieHUus] OMOPHBIX M MPOJICTHBIX
n3rudamommx MOMeHTOB. [IpakTHueckas MeTOAMKa pacdyeTa CBOAUTCS K OIPEACICHHUIO
kod(pduimenta mepepacnpeseNieHus MOMEHTOB 4, BBOJUMOTO K  HamOOJIbIIEMY
M3ru6aroleMy MOMEHTY B TIPOJIeTe MM Ha orope L.

Yepuos H. I1. Pacuer cTambHbIX Hepa3pe3HbIX 0aJOK [0 OrpaHUYCHHBIM IUTACTHYECKHM nedopmarsiv // CTpOUT. MeXaHHKa H pacyeT
coopyxennii. - 1980. - Ne 2. - C. 68-71.

®opmyna (46) CHull 11-23-81* mns onpenencaus ko3 dumrenTa a moixydeHa u3 yCiaoBUs
OTpaHUYCHUSI MAKCUMAJILHBIX OCTaTOYHBIX JedopMaliuii B CEUCHUHN 3HaYeHUeM &, =3 (T7e

g = gr,max E/Ry) .

r,max

B cootBerctBun ¢ TpeboBanusmu m. 5.22 CHull I1-23-81* nomyckaercs nmpuHUMATh
3Ha4eHUs1 KO0d(D(UIMEeHTa @, COOTBETCTBYIOIINE MEHBIIEMY OTPAHWYCHHUIO TUIACTHYECKHX
nedopmaruit £ < 3. B aTtom ciayuae k0dpGUIMEHT & HEOOXOIUMO OIpPEACNATh IO

bopmyine

a=1-0]1 67§r_mx[1— M, j . (44)
' Mmax

[IpoBepky NpPOYHOCTHM B XapaKTEPHBIX CEUEHHMAX HEpa3pe3HbIX OaloKk HEeoOXO0IUMO
BBITIOJHATE corjiacHo TpeboaHusMm 1. 5.22 CHull 11-23-81* ¢ yuerom 0JHOBpEMEHHOTO
JecTBUS B CE€YEHUH M3rudaromero Mmomenta M u nonepeunoit cuiisl Q.

532 (5.23). Ilpu wusrube Hepaspe3HbIX OaJOK B JBYX TIJIABHBIX ILIOCKOCTSIX
KOA(QPHUIMEHTHI IepepacipeieleHuss U3rn0arouX MOMEHTOB ¢ HEOOXOAUMO ONpPEAETATh B
KaX/10} TUIOCKOCTH OTJENBHO C YYETOM YCJIOBUH M TpeOOBaHMM, OTHOCAIIMXCA K Oankam,
N3rn0aeMbIM B OJHOM IIJIOCKOCTH.

5.33 (5.22). PaccmoTpumM npuMepsl pacyeTa Hepa3pe3HbIX OaoK 3a MPeesioM YIIPYTroCTH.



IIpumep 1. Ompenenuth 3Ha4YeHHE KOIPPUIIMEHTA « U1 UYETHIPEXIPOJETHON OalKw,
HArpy>KeHHOM COCPEOTOUYCHHBIMU CHJIAMHU B TPETAX KaXI0ro mposeta (puc. 7, a).

al D A5
23531

.H,‘

Puc. 7. llepepacnpenesienue n3ru0aoummx MOMEHTOB B Hepa3pe3Hoii faJike

a - cXeMa Harpy>KeHUst 1 S0Pl MOMEHTOB; 6 - SIIIOPbI MOMEHTOB JUIs CBOOO/IHO OMEPTHIX OaJIoK

HanGonpmmii u3rubarommii MOMEHT, OINpeAeIIeMblid U3 pacueTa Hepa3pe3HOW Oaliku B
MIPEIIOJIOKCHUH YIPYTroi paboThl MaTepualia, JeHCTBYeT Ha onope 1 U ero 3HaYeHHE PaBHO
Mmax 0,2856P1.

Haiinem naumGonbpiiee 3HaueHue wm3rmbaromero MomeHTa Mer. M3rubarommii MOMEHT B
KpaiiHEeM MpoJieTe, BBIYHCISAEMBI Kak B CBOOOJHO omeptoi Oanke (puc. 7, 6), npu a =
0,3333l pasen M = 0,3333PI.

ITo popmyne (47) CHull 11-23-81* naxonum

M,  03333PI

Y " 1+a/l 1403333

=025PI.

Jlnst BTOpO# cuitbl B 3ToM niposiere nipu a = 0,66671 nomxydnm

 03333P1

S = = 02P
1+0,6667

Jlnst mpomexxytognoro mposiera umeeM Mz = 0,3333PI; o popmyste (48) CHull 11-23-81*
HaXOJIUM

Mes = 0,5M2 = 0,3333P1/2 = 0,1667PI.

Haubomnsiiee 3naueane Mer = 0,25P1. Tlo dopmyne (46) CHull 11-23-81* naxoqum « -
3HaueHue ko3 uirenTa nepepacnpeesieHus MOMEHTOB

M
a= 0,5[1 < ] - 0,5(1 4 LSPZ) =0,9376.
0.2856P1

PacueTHoe 3HaueHune n3rudaroero MoMeHTa M paBHoO
M = oM = 0,9376 - 0,2856P1 = 0,2678PI.

YMeHblIeHne U3rndaroIiero MOMeHTa 3a CUeT MepepacupeieIeHHs MOMEHTOB COCTaBIISIET
6,24 %. Omnropa pac4eTHBIX MOMEHTOB [TOKa3aHa Ha pUC. 7, @ CIUIOUIHON JTMHUEH.

Mpumep 2. OnpenenuTs 3HaUeHHE KOIPPHUIMEHTa @ ST OTHONPOIETHOW CTAaTUYECKH
HeompeaenuMon oaiku (puc. 8).

oo
0,375 :
N ALS
g -
v 1
.-r:,/
{

Puc. 8. Jnopbl MOMEHTOB B OJJHOIIPOJICTHOM CTATHYECKHU HeonpeaeTuMoi 0anke

[Tnactuyeckue nedopmariiu orpaHUYCHBI 3HAUCHUEM £, =2.

r,max



HanGonpmmii u3rudaronyii MOMEHT B 33/IaHHOW Oaiike MpHu ympyrou pabote maTepuasa
NefCTBYeT B 3aelKe U €ro 3HayeHHe paBHO My = 0,125¢1%. HauGonsmmii n3rudaronmit
MOMEHT B mposeTe Ha pacctosHuM a = 0,375l or neBoit omopsl paBern M = 0,07031ql2.
W3rubaronmii MmomeHT M1 Ha paccrosiauu a = 0,375] oT JIeBO# OMOpBI, BEIYUCICHHBINA KaK B
OJTHOIIPOJICTHO# CBOGOIHO OmepToii Ganke, pasen M1 = 0,1172q/2.

ITo hopmyne (47) CHull 11-23-81* naxoaum

01172¢P

_ —0,0852441" .
7= 1+0375 i

3nauenue ko3 duirenra ¢ onpenensieM no dpopmyie (44)

0,0852447"

a:1—0,167-2(1— L j:0,894.
0,125q!

PacuerHoe 3naueHue n3rudaromero MoMmeHTa M paBHO
M =0,894 -0,125q1> = 0,112q/>.
YMeHbIlIeHHEe PacueTHOr0 MOMEHTA 3a CUET IMepepaclpeeieHUsI MOMEHTOB COCTaBJISIET
10,6 %. DOnropa pacueTHbIX MOMEHTOB M MOKa3aHa Ha PUC. 8 CIIOLIHOM JIMHUEH.
Mpumep 3. Ompenenuth 3HaYeHHE KOA(PGUIMEHTA « A OXHOIPOJETHON Oalmku ¢
000MMH 3aleMJIeHHBIMU KOHIIaMHu (puc. 9).

o3 1

Puc. 9. Jnopbl MOMEHTOB B OJJTHOIPOJIETHOH OaJike ¢ 000MMH 3a1eMJIeHHbIMU
KOHI[AMH

HaubGonpmmii n3rubaronmii MOMEHT B 3aJJaHHOW Oalike Mpu yrnpyroi paborte marepuana
JOCTHTaeTCs OJTHOBPEMEHHO Ha OIOpax M B MPOJIeTe; ero 3HadeHue paBHO Muq = 0,125PI.
N3rubaroniuii MOMEHT B cepe/iiHe MPOJieTa, BBIYUCICHHBIN KaKk B OJTHOMPOJIETHOW CBOOOIHO
oreproii 6anke, pasen M3 = 0,25P1. Cornacuo . 5.22 6 CHull 11-23-81 * umeem a = 1.

B paccmarpuBaemoii Oanke mepepacmnpezeneHuss U3THOAIUX MOMEHTOB MpU padoTe
MaTepuasa 3a NpeaesioM YIpyrocTu He IPOUCXOIUT.

JIEMEHTBI, IOJABEPKEHHBIE JJEUCTBAIO OCEBOM CHJIbI C U3THBOM

5.34 (5.24*, 5.25). Cornacuo tpeboBanusm CHull 11-23-81* pacyer Ha ycTOHYHBOCTH
DJIEMEHTOB TpPHU JEHCTBUM OCEBOH CHIIBI C W3rHOOM OOBIYHO BBITIONHIECTCS C yYETOM
pa3BuTHs Itactuueckux aedopmaruii. [Ipu srom npubnmxennyo popmyny (49) CHull 1I-
23-81* st MpOBEPKHU MPOYHOCTH CEYCHUS MOKHO CUMTATh MPEEIbHBIM YCIOBHEM pacueTa
Ha YCTOHYMBOCTH NpH A = 0, TOTOMY IpH yKazaHHBIX B 1. 5.24* CHull 11-23-81* ycnoBusix
JOCTaTOYHO OTPAHHYHUTHCS TOJIBKO MPOBEPKON ycToiuuBocTH 1o dopmyie (51) CHull 11-23-
81* B srom cnyuyae ycnoBusi popmynsl (49) CHull 11-23-81* B npunHuume, A0KHBI OBITh
YIOBJIETBOPEHBI aBTOMaTHuecku (puc. 10).

Uro kacaercs Qopmynsr (50) CHull 11-23-81*, To mpoBepka HpPOYHOCTH CEYCHHUS B
npenenax ynpyrux aehopMariii MOKET NMPHBECTH K MEHBIIMM 3HAYCHUSM TPEIeTbHBIX
Harpy3ok, 4eMm mpoBepka ycroiunBoctu 1o dopmyne (51) CHull 11-23-81* ocobenno s
KOpoTkux ctepxkHell. [loaTomy mpoBepky npounocTu cedenus no ¢opmysne (50) CHull Il-
23-81* HeoOX0IMMO BBIMOIHATH MOMUMO TPOBEPKH YCTOMUMBOCTH C YUETOM YKa3aHHBIX B
CHulT 11-23-81* ycnoBuii mpuMeHeHUs 3Tor (opMyItbl (cM. puc. 10).

Kosddunmentsr ¢i B dopmyne (49) CHull [1-23-81* ycraHOBiIeHBI € y4eToM
pa3bsCHEHUI, U3JI0KEHHBIX B 1. 5.26 Hactosmiero [locoOus; koadduuneHt n xapakrepusyer



“MOJIHOTY” TIOBEPXHOCTEH KPUBBIX B3aUMOJCHCTBUS JUIsl PA3IMYHBIX THIOB CEUEHUU (pHC.
11).
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Puc. 10. K pacuery BHelIeHTPEHHO C:KATHIX 3JIEMEHTOB

1 - na npouHocTh 1o opmyne (49) CHull 11-23-81%*, 2 - na npourocts 1o popmyse (50) CHull 11-23-81%*, 3-4 - obnacTi BO3ZMOXKHBIX
3HaueHudd N u M npu npoBepke yCTOHUMBOCTU

LN
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Puc. 11. 3aBucuMocTh “nOJTHOTHI” KPUBBIX B3aMMOAEHCTBUA OT 3HAYCHHU I
ko3¢ Ppuumenra n

[lpu ycraHoBIeHWH 3Ha4YeHHH Kod(huuueHToB c(cx) B Tabdbm. 66 CHull 11-23-81*
MPE/I0Iaraioch, 9YTO M3TUO JIEMEHTOB MPOUCXOIUT B IUIOCKOCTH -y, a HArpy3KH BO BCEX
cllyyasix JEWCTBYIOT cBepXy BHM3. IIpu ycTaHOBiaeHHMH 3HaueHMH K03(dULUEHTOB cy
MPUHUMAJIOCh, YTO U3TMO AJIEMEHTOB MPOUCXOIUT B IUIOCKOCTH X-X. KoadduuumenTs! n (npu
My = 0) HEoOXOJMMO NPUHUMATh C YYETOM TOTO, YTO SKCLEHTPUCHUTETHI MPHUIOKEHUS
Harpy3Ke BO BCEX CIy4asX pacIlOJIOKEHBI CBEPXY CXEM CEYEHHs, T. €. TaK *Ke, KaK ITO
nokaszaHo B Ta0xa. 73 CHull 1-23-81%*. D10 BaxkHO mpu pacueTe HECUMMETPUYHBIX CEUYCHUN
OTHOCHTEJBHO OCH X-X.

[Tpu HeGompinx 3HayeHusx oceBoit cuibl N/(AnRy) < 0,1 paccMaTpuBaeMbie SIIEMEHTBI
npuOIMKAIOTCAd K M3TMOaeMbIM, B CBSI3U C Y€M IPU UX pacyere HEO0OXOAWMO YYHUTHIBATh
COOTBETCTBYIOIIHE YCIOBHS U TPEOOBAHMS.

5.35 (5.27*). Pacuersl Ha yCTOWYMBOCTH BHEIICHTPEHHO-CXKATBIX M C)KAaTO-M3THOAEMBIX
JJIEMEHTOB B IIJIOCKOCTH JIEHCTBHS MOMEHTA, COBIQJAIONIEH C TUIOCKOCTHIO CHMMETPHU
CEUCHHMsI, BBIMOJHAIOTCA COIVIACHO OOIIMM pEKOMEHJAAIUSAM, H3JI0KEHHBIM B 1. 5.7
Hacrosimero [locoOms. [lpum 3TOM HavalbHBIE HECOBEPIIEHCTBA B CBS3M C MaJlod
BEPOSITHOCTHIO COBMAJCHUS MX MAKCUMAaJbHBIX 3HAUYEHUH C pPAaCcYETHBIM 3HAYCHHEM
skcienTpucuteta e = M/N B pacyetax He yYHTHIBAIOTCS.

PacueTsl BBINOJHSIOTCS C MCIOJB30BaHUEM KOI(D(UIUEHTOB ¢ YCTOHYMBOCTU IPH
BHEIICHTPEHHOM CXXaTWH, KOTOpBIE TIOJTYYE€HBI B COOTBETCTBHH C pPAaCYETHOW CXEMOW,
MPUBEJCHHON Ha pUC. 3, B 3aBUCUMOCTH OT OTHOCHTEIBHOTO OSKCIEHTPUCHTETa Mef H
YCIOBHOM T'HOKOCTH A



Py == f(mA). (45)

[Ipn sToM Ha puc. 3 BMECTO HA4aJbHOTO AKCLUEHTPUCUTETA eh CIEAYyeT NPUHUMATh
pacueTHbIil SKcUeHTpUcHTET e. Eciu ep > e, To BMecTO KOI((PUIIMEHTOB (. HEOOXOAUMO
MPUHUMATh KOAPPHUIIUEHTHI.

Borluncnennple 1o pe3yiabTaTaM HCCIENOBaHUN BHEIEHTPEHHO-CXKATBIX — CTEp>KHEH
K03 UIIMEeHTHI, HEOOXOAMMBIE /ISl pacyeTa, CBeJeHbI B Tabn. 73-75 CHull 11-23-81*.

Tabn. 74 CHull 11-23-81* cocraBineHa s CTepKHEH CIUIONIHOTO MPSMOYTOJIBHOTO
cedenus, a t1abn. 75 CHull I1-23-81* - nns CKBO3HBIX CTEpKHEH HICATU3UPOBAHHOTO
CeUeHHUsl M3 JBYX IIOJIOC, COEIMHEHHBIX >KECTKON CBS3bI0 B IUIOCKOCTH, MapauIeIbHOM
IUIOCKOCTH M3ruba (cM. puc. 5, 6). B tabn. 73 CHull 11-23-81* npuBenens! korppumeHTs!
BIUSHUS (POPMBI CEUEHHUS 7], C TIOMOIIBIO KOTOPHIX YYUTHIBAETCS Pa3BUTHE IIACTUYECKUX
nepopManuii ¥ TakuM O0pa3oOM CTEPKHHM pPAa3IUYHBIX THIIOB CEUCHHH IO 3HAYCHUIO
npenenabHbIX cuil Ny IPUBOJSATCS K CTEPIKHIO MPSMOYTOJIBHOTO Ce€UYeHHUs (A1 KOTOPOro 77 =
1) mpu oTHOM M TOM e THOKOCTH A.

5.36 (5.29). PacuerHblec 3HaueHUs H3rHOAIONIET0 MOMEHTAa M MPOJOJIBHONH CHIIBI B
AJIEMEHTE JJIsl BEIYHUCIICHHS SKCIICHTPUCUTETA e OMPEACIAIOTCS U3 paciyera ypyro CUCTEMBI
1o Hee(OPMHUPOBAHHON CXEME M IIPUHUMAIOTCS TIPU OAHOM M TOM K€ COYETaHUH HAarpy30K
C Y4ETOM M3MEHEHHUs M3TUOaroIIero MOMEHTA IO JJIUHE 3JIEMEHTa U YCIOBUH 3aKperIeHUs
KOHIIOB 2JIEMEHTA. YBEJIWYCHHE MPOTHOOB V BHEIIEHTPEHHO-C)KATBIX JIEMEHTOB TPU U3THOE
YUTEHO B pacueTe OTIEIbHOr0 CTEPKHS MO 1e(OpPMHUPOBAHHOW CXeMe MpPU OIpe/eieHUH
npenenbHol critbl Ny (cM. puc. 3) U, cienoBaTeNIbHO, KO3DPUIIHECHTOB (.

537 (5.28). Ilpum pacuere BHEICHTPEHHO-CKATBIX CTCPIKHEH, MMCIOIMX PE3KO
HecummeTpuyHble Tunbl cedenuit (10 u 11 mo Tta6n. 73 CHull 11-23-81-), Bo3HHKaeT
OTMACHOCTh TMOSIBIICHUSI 3HAYUTENBHBIX JehopMaluii CO CTOPOHBI PACTSHYTOTO BOJIOKHA.
DTOro Helb3s IONYCTUTh ISl CTEPKHEUW U3 cTallel ¢ mpenenom Tekydectu csbiie 580 Mlla
(5900 krc/cm?), TIOCKONBKY OTHOIIEHHE Ou/0y I TAKMX CTajnell CPaBHUTEIHHO HEBEITHKO
(1,17 m wmenee). B cBs3u ¢ 3TUM I TakuX CTEp)KHEW, HapsAIy C MPOBEPKOM UX
YCTOMUMBOCTH TPEIyCMOTPEHa MPOBEPKAa MPOYHOCTH PACTSHYTOTO BOJIOKHA O (opmyIe
(54) CHulI 11-23-81*, B xoTOpo#i M3rHOAIOUMii MOMEHT MPUOIMKEHHO OMPEACNsSeTCs C
y4eToM J1ehOpMUPOBAHHON CXEMBI.

5.38 (5.30). IIpu u3rube BHEIEHTPEHHO-CXKATHIX JJIEMEHTOB B IIOCKOCTH HAMOOJBINCH
xectkoctr x-x (Ix > 1)), coBmaaarome# ¢ MIOCKOCThI0 CHMMETPUH, CTAHOBUTCS BO3MOKHOM
MOTepsi yCTOMYMBOCTH W3 IUIOCKOCTH JEHCTBUS MOMEHTa MpPHU H3TUOHO-KPYTUIBHBIX
neopManusx paHbIIe JOCTIKEHHS NpeAenbHoW cuiabl N, NpUHMMaeMOd B KadecTBe
KpUTEpHs MIPH IIIOCKOM (hopMe MoTepu yCTOHUNBOCTH (CM. puc. 3).

B sToM ciydyae mpoBepKy YCTOHYHMBOCTH CIIEAYET BBHIMONHATH B IJIOCKOCTH HAaMMEHBIICH
KECTKOCTU -y Kak [EHTPaJbHO-CXKATOTO DIEMEHTa C BBEACHHEM KOdPQUIMEHTa cC,
YUUTHIBAIOIIETO BIHMSHUE W3rHOAIONIEr0 MOMEHTa M, Ha TPOCTPAHCTBEHHYIO IIOTEPIO
ycroiunBoctd crepkHsa. B tabn. 10 CHull 11-23-81* ans pa3snuyHbIX THUIOB CEYEHUH
YCTaHOBJIEHbl KOAPGUUUEHTH « U [ aid onpeaeneHus Ko3(pPHUIMEHTOB ¢ Ha OCHOBE
PEe3yIbTATOB TEOPETUUECKUX U IKCIIEPUMEHTATIBHBIX UCciea0Banmit [12].

[Tpu OGonpiux wu3rubarommx Momentax My(mx > 10) tpedoBanus CHull 11-23-81*
00ecTeunBarOT MEPeXo] K CIy4al MOTEPH YCTOMYMBOCTH HM3THOAEMBIX 3JIeMEHTOB. [lpm
stoM popmymna (56) CHull 11-23-81* ¢ yuerom dopmynsl (58) CHull 11-23-81* moxeT ObITH
3aIrMcana B CIIEAYIOIIEM BUJIC:

N M
N M Ry (46)
Adg, Wp,

5.39 (5.31). Ilpu rubkoctn Ay > Ac = 3,14 /[E/R, moTeps yCTOWYMBOCTH BHEIIEHTPEHHO-

CKAaThIX CTEepXKHEH Mpu M3TUOHO-KPYTUIBHBIX JAeopMalMsX MIPOUCXOAUT OOBIYHO B
npenenax ymnpyrux aedopmanuii. B sTom cimyuae s ompexpeneHus KodpduIHEHTa ¢
HCIOJIb30BaHa TEOPHS YCTOMUYMBOCTH TOHKOCTEHHBIX cTepxHel B. 3. Biacosa.



JIisi BHELIEHTPEHHO-C)KATOTO IIAPHUPHO OIEPTOTO CTEP>KHS JIBYTAaBPOBOTO CEYCHHS C
ABYMA OCsIMU CHUMMCTPUH, I/I3FI/163.€MOFO B IUIOCKOCTHU CTCHKH, YCIOBHUC IIOTCpPU
YCTOMYMBOCTH UMeeT BuA [12]:

N N) & NN,
1-— (1——]—6—;—2—‘=0. (47)
NJU N, rF NN,
TAC ex - DKCUCHTPHUCUTET IMPUITOXKCHUSA C)I(HM&IOIHGﬁ CHJIbI OTHOCUTECIIBHO OCH X-X;
2 [x + Iv
r= .
A

OctanbHble 0003HAYEHUS COOTBETCTBYIOT HPHHATHIM B (dopmyne (21) Hacrosimero
[Toco6us. Heo6xoaumMo OTMETUTh, YTO JUIsl pACCMAaTPUBAEMOT0 ceYeHUs ax = ay = 0.

W3 pemenns kBaapaTHOro ypasHeHus (47) ¢ HCIIOJIB30BAaHUEM Oe3pa3MEpHBIX
napameTpoB nojrydena ¢opmyna (60) CHull 11-23-81* ns onpenenenus koddduimenra ¢ =
N/Ny.

Takum >xe oOpasom monydeHa dopmymna (173) CHull 11-23-81* nans BeraucieHus
K03((HULIUEHTOB ¢ JUIS IBYTaBPOBBIX U TABPOBBIX CEUCHUHN C OHON OCbIO CUMMETPHH.

Jlnst mpuOMMKeHHOW OLIEHKH (DaKTHUECKUX YCJIOBHH 3aKpEIUICHHsS KOHIIOB CTEpP)KHEH B
¢dbopmynax (60) u (173) CHull 11-23-8 yuuThIBanoch 4acTUYHOE CTECHEHHE JCTUIaHAINH
OTIOPHBIX CEYCHUH BBEICHUEM KOX(PQHUIMEHTa 2 B MEPBHIA WieH (OpPMYII I ONpeaeIeHUs
kod(durmenta w1 (cM. Taxke 1. 5.9 Hactosmero [Tocoous).

540 (5.31). Ilpumep ompeneneHus KOIPPHUIMCHTOB ¢ Ui BHEICHTPEHHO-CKATOTO
TOHKOCTEHHOTO CTEpKHSI JIBOSKOCUMMETPUYHOTO JBYTABPOBOI'O CEUYEHHS, HMEIOIIETO
cootHoteHus pasmepos: h = 60t, b = 0,5h, t1 = 2t (puc. 12).
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Puc. 12. /IByTaBpoBO€ ceueHue
Bremaucnsem rCOMETPHUICCKUEC XAPAKTCPUCTUKU CCUCHUS:
A =60t -t+30t-2t-2 =180t
_ 1(60t)°
2

1

x

+2-30¢-2¢(30r)* =126000¢*;

3
I =2 2t(i30t)

=9000¢";

I = 0,433 [2 - 30t(2t)® + 60t - t°] = 234t*.
3HavyeHus p u L, Bxozsmue B popmyiy (60) CHull 11-23-81 * paBasr:

~ 126000¢* +9000¢*
180¢2(60¢)’

=2 +0564- 10442,

=0,208;



3HaueHus: KO3 HUIUEHTOB ¢ JUIsS pa3IUYHBIX THOKOCTEN U SKCIIEHTPUCUTETOB MTPUBEACHbI
B Ta6:1. 20.

5.41 (5.33). Ilpu pacuere CKBO3HBIX BHEICHTPCHHO-CKATBIX CTEpPKHEH HEOOXOIHMMO
BBINOJIHATH IPOBEPKY YCTOWYMBOCTH BCETO CTepxkHs coriacHo m. 5.27* CHull 11-23-81* ¢
y4eToM peKoMeHmanui 1. 5.15 mactosimero IlocoOus, a Takke OTACIBHBIX BETBEH Kak B
IJIOCKOCTH M3rMba B Mpeienax MaHesu, TaK U U3 TNIOCKOCTH M3ru0a Bcel BETBH C yUETOM €€
pacKperyieHuss B  HANpaBJICHUM, MEPHEHIUKYISIPHOM IUIOCKOCTH  COEAMHHUTEIbHBIX
3JIEMEHTOB.

Taonuma 20

Ay 7 S 3navenus ¢ npu otHotreHnn M,/(Nh) .-pasHOM

0,15 0,30 0,45 0,60 0,75 0,90 1,05
60 2,203 | 0,378 | 0,943 | 0,834 | 0,730 | 0,644 | 0,573 | 0516 | 0,468
80 2,361 | 0,352 | 0,948 | 0,845 | 0,743 | 0,657 | 0,587 | 0529 | 0,481
100 2,564 | 0,325 | 0,954 | 0,857 | 0,759 | 0,674 | 0,603 | 0,545 | 0,496
120 2,811 | 0,296 | 0,959 [ 0,870 | 0,776 | 0,692 | 0,622 | 0563 | 0,514

IIpoBepka yCTOMYMBOCTH OTHENBHBIX BETBEH JIOMKHA OOCCIEYMBATH CKBO3HOW CTEpKEHb OT
MIPEkKACBPEMEHHOIO HCUCPIIaHKs HECYIIEH CITOCOOHOCTH, MPH 3TOM JOMYCKACTCSI YYUTHIBATh B3aUMOJICHCTBHE
AJIEMEHTOB PEIICTKU U Juadparm KeCTKOCTH C BETBIMH KOJIOHHBL.

[Tpu ompeneneHny pacyeTHON JUTUHBI BETBEH B 00EHMX IUIOCKOCTSIX JIOMYCKACTCSl yYUTHIBATh IIEPEMEHHOCTD
MIPOJIOJILHOM CHJIBI TIO JIJIMHE BETBU 3a CUET M3MEHEHMs HM3ruOaromero MoMeHTa (CM. pasf. 6 HacTOSIIETo
ITocoGus).

542 (5.34). 3amaua yCTOWYMBOCTH CTEPIXKHS, C)KATOMO C HM3THOOM B JBYX TIJIABHBIX
IUIOCKOCTSIX, CBOJUTCS K OIpPENEICHHIO IMpeNelbHOW TOYKM Ha KPUBOM COCTOSIHHIA
pPaBHOBECHSI C Y4eTOM pabOThl CTald 3a IMPENEIIOM YIPYTOCTH. B CBSI3M CO CIIOXKHOCTBIO
pelleHrs 3aa4d pe3ysbTaThl, MPUTOAHBIE ISl MPAKTHYECKOTO HCIOIb30BaHUS, MOIYyYEHBI
JIIG IS OTPEACTICHHBIX THUIIOB CEYEHUH C OJJMHAKOBBIMH SKCHEHTPHUCUTETAMU Ha KOHIIAX.
Baxxnoe 3HaueHue Ui OIEHKM HAEKHOCTH TEOPETUYECKUX PE3yJIbTAaTOB HMEIOT
SKCIIEPUMEHTAJIbHBIC UccaenoBanus [12].

5.43 (5.34). B cBsa3u ¢ TeM, 4TO Ui Claydas CKaTHUs C U3rMOOM B OJHON M3 TJIaBHBIX
wiockocreit B CHull 11-23-81* mnpuBeneHsl JOCTAaTOYHO TOYHBIE CIIOCOOBI pacyera ¢
nomouipio Tab6n. 74, 73 u 10 ko>(D(PUIMEHTOB COOTBETCTBEHHO ¢ U C, OKa3aJloCh
1eJ1IeCO00pa3HBIM PACUYET TAKUX JKE CTEPIKHEH, HO CXKATBHIX C JIBYXOCHBIM SKCLIEHTPUCHUTETOM,
BBINOJIHATH C UCHOJIb30BAHUEM YKA3aHHBIX TAOJUII.

JIns nBYTaBpOBBIX CEUYEHUHM C OJHOM OCBKO CHMMETPUM JTOT MOAXOJ pPEeaJu30BaH
ucnoib3oBanueM ¢opmyisl (62) CHull 11-23-81* B koTopoii npu 1m, < mx NIpeaycMOTPEHO
OTPAaHUYEHUE ey < C@y, YTO NPHUBOJUT B YACTHBIX ciydasx mpu mx = 0 u my, = 0 K
YKa3aHHBIM TOYHBIM PEIICHHSIM.

5.44 (5.34). [ns crepxHEeil 3aMKHYTOrO WM CIUIOUIHOTO CEUCHHS C JBYMS OCSIMH
CUMMETpuUH (TpyObl, OpyChs NPSIMOYTOJBHOTO CEYEHMsI) BIMSIHUE KPYUEHUS! Ha MPEEIIbHYIO
Harpy3Ky HECYIIECTBEHHO. B CBA3M C 3TUM NpOBEPKY YCTOMUMBOCTH TaKUX CTEPHKHEH,
CKaThIX C HM3TMOOM B JIBYX TJIABHBIX IUIOCKOCTSX, MpU \> 0,65 MOXHO BBIOJHSATH II0
bopmynam:

<Ry,

(48)

+ < <Ry,

rIe




5.45 (5.35). Ilpu ompeaceHn pacuyCTHOMN IJIMHBI OTJACIBHBIX BETBEH, PACCUUTHIBAEMBIX
KaK BHEIEHTPEHHO-CKaThle 3JeMeHThl 1o ¢opmynam (51) u (56) CHull 11-23-81*
JOMyCKAETCSl YYUTHIBATh IEPEMEHHOCTh MPOAOJBHOW CHIIBI 10 JUIMHE BETBU 3a CYET
W3MEHEHHUS U3rudaromniero MomenTa My (cM. paza. 6 Hacrosimero [Tocoowus).

5.46. [Ipu pacuere U3rudaEeMbIX IEMEHTOB M3 YIIIEPOJUCTON CTAIM C CEYCHUSIMHU Majoi
BBICOTHI (cM. 1. 3.7 Hacrosimero Ilocobus) TpeGyemast TONIMHA IIUTHL ¢ YYE€TOM BIIMSHUS
rpajIieHTa HANPSHKEHUN OTpeessieTcs mo Gpopmyie

6M

5> TR (49)

.
rae M - n3ruGarmui MOMEHT Ha €IUHUILY IIUPHUHBI TUTUTHI;

Je - K03(ppuumeHT ycioBuii paboThl OMOPHBIX IUIUT, MPUHUMaeMbli 1o 1o3. Il tabm. 6*
CHulI 11-23-81*

6. PACUETHBIE JJIMHBI U TPEJEJBHBIE THBKOCTHU
OBIIHUE ITOJIOKEHUA

6.1. Pacuernyio (3¢deKkTuBHYIO) UIMHY PEKOMEHIyeTCs NpPUHUMATh UId pacyera,
TJIABHBIM 00pa3oM, CTEP)KHEBBIX KOHCTPYKIIMH MpPH MPOBEPKE HECYIeH CIIOCOOHOCTH WX

OT/ICJIbHBIX CTEPKHEM.

Wcmnonp3oBanne NOHITHS pacquHoﬁ JUIMHBI IPpEATIOJIaracT pa3acJICHUC CTCPIKHEBBIX CUCTEM Ha OTACJIbHBIC
QJICMCHTBI, IPU 3TOM HCO6XOZ[I/IMO YYHUTBIBATH BBaHMOHeﬁCTBHe paccMaTpuBacMoOro 3JIEMEHTa ¢ OCHOBAaHUCM U
JIPYTUMHE SJIEMEHTaMH (B IEPBYIO O4epelb, IPAUMBIKAIOIINMH K HEMY B y3JIax).

PacueTHbie JJIMHBL CXKATbIX, BHCUCHTPCHHO-CKATBIX H C)KaTO-I/I3FI/I6aeMI>IX OJIEMCHTOB CTCPKHEBLIX U
PpaMHBIX CUCTEM HeO6XOI[I/IMO yCTaHaBJIMBaTh B ClIydasdX, KOrJla BBIIIOJHUTH pacyeT KOHCprKI_[I/Iﬁ KaK €OUHBIX
cucteM 10 1ehOPMUPOBAHHOM CXEME C YUSTOM IIACTUUCCKUX IePOPMAIIUil He MPECTABIISICTCS BO3MOYKHBIM.

6.2 (6.8). Ilox pacueTHO# [UIMHOH CTEPXKHS OOBIYHO MMOHUMAIOT YCJIOBHYIO JTHHY
OJIHOMPOJIETHOTO CTEPKHSI, KPUTUUYECKAsK CUJIa KOTOPOrO MPH MIAPHUPHOM 3aKPEIUICHUU €0
KOHIIOB TaKas e, KaK JjIsl 3aIaHHOTO cTepxH4 [18].

[To ¢pm3mueckoMy CMBICITY pacdeTHas IJIMHA CTEPXKHS C MPOU3BOJIBHBIMH 3aKPCTIICHHSIMH
KOHIIOB SIBJISIETCSI HAMOOJIBIIUM PACCTOSTHUEM MEX]y IBYMS TOUKaMH meperuda M30rHyTOM
OCH, OTIPEICIIIEMbIM U3 pacyeTa 3TOro CTEP>KHS Ha YCTOMYMBOCTH MO0 METOAY Diliiepa.

CornacHO 3TOMY OMpEAENEeHUIO IS YCTAHOBICHHS PACYETHON JUIMHBI HEOOXOAMMO MPUMEHSTH METO
pacdera Ha YCTOMYMBOCTb CHUCTEM C MPSAMBIMM CTEPXKHAMHU IIpU IPWIOKEHUU HArpy30K B y3lax B
MIPEIoI0KEeHUH ynpyrux nedopmanuii [19]. [Ipu 3ToM ciiegyeT ydUTHIBaTh MPOJOTIBHBIC YCUIHA B CTEPKHAX
1, KaK [OpaBUJIO, UCKIIFOYATb U3 PACCMOTPCHUS HNOIMNCPEUHBLIC HATIPY3KHM U SKCHCHTPUCHUTETHI, BBI3BIBAIOIINC
n3rud cTepiKHEH.

[Tpu npoeKTHPOBaHUH PACUCTHYIO JUTUHY CTEPIKHS lef OOBIYHO OMPEEISIOT O (hopMyJie
ler = g, (50)

rac u - KO3(1)(1)I/II_II/IGHT pacquHofI JJIMHBI, 3aBUCSIINN OT YCHOBPIP’I 3aKpPCIUICHUA KOHIIOB
CTCPIKHSA U BUJAa HATPY3KH,

| - TCOMETPHUYICCKAA IJINHA PAaCCMAaTPUBACMOI'0 CTCPIKHA.
Z[J'IFI IIJIOCKUX CTEPIKHEBBIX CHUCTEM PACUYCTHYIO JIMHY CIKATbIX CTGp)I(Heﬁ CJICAYCT OHpeACIAATbL KakK B
INIOCKOCTH, TaK U U3 IINIOCKOCTH CUCTEMBbI (HepHeHI[PIKyHS[pHOﬁ Cﬁ)

6.3. Ilpu mogdope cedeHMWil cTepKHEW OOBIYHO BBIMTOJHACTCS TMO3JIEMEHTHBIA pacyer,
TpeOYIOUIH OnpeielIeHHs pacueTHOM JUTHHBI I KaKI0ro cTepkHs. [Ipu sToM HeobxoauMo
MPUHUMATh TAaKUE PACUYETHBIE CXEMBI, KOTOpPbIE OTPAKAKOT JACHCTBUTEIBHBIE YCIOBUS
HAarpy>)KEHUsI CTEP)KHEM W 3aKpeIUIEHUS HUX KOHIIOB C YYETOM HEPaBHOMEPHOCTHU
pacmpeneNieHnsl Harpy30K MEXAYy CTEePXKHAMU M Pa3IM4usl MX IKECTKOCTEH, HaJIu4yue
KOHCTPYKTHUBHBIX JJIEMEHTOB, 00ECIIEUNBAIONIUX Ty WU UHYIO0 (OpMY MOTEPU YCTOMUHUBOCTH
3/1aHMS WIA COOPYKEHHUSI.

B yactHOCTH, ITpU IPAKTUYECKOM OINPENEIIEHUN PACUETHOW JUIMHBI CTOEK MHOTO3TaKHBIX
paM B HOpMax, KaK MpPaBWIO, HCIOJIb3yeTCs MPUOIMKEHHAs pacueTHas cXema B BHUIE
MPOCTEUIIEH SYECUKHM HE3aBUCHUMO OT YHCJIA ATAXEH M COOTHOLIEHHUS MPOAOJBHBIX CUJ B
CTOMKAaX.



Crnenyer OTMETUTh, YTO MNPUMEHEHHE TAaKOHW pPACUETHOM CXEMbl HE TMpearosaraet
MPOIMOPIIMOHAIEHOTO BO3pACTaHUS HATPY30K HA CUCTEMY B IIEJIOM.

6.4. B CHull 11-23-81* 3naueHus1 pacyeTHOM JJIMHBI CTEPXKHEH I Pa3IMUHBIX CHUCTEM
MIPUBE/ICHBI, KaK MPaBUIIO, ISl Hanbojiee HeOIaronpusTHRIX CIIy4acB HArPY>KEHUSI U paOOTHI
CUCTEMBI, T. €. 3a4acTyl0 C HEKOTOphIM 3amacoM. [losromy B nanbHeiiliem, Hapsay c
pa3bsicHeHHuEeM TpeOoBaHUK HOPM, OyIyT HMPUBEACHBI TAaKKe M 0oJiee CTPOrHe PacyeTHHIC
CXEMBbI Ul OINpEAeNCHUS U YTOUHEHUS 3HAUYeHUN pacueTHOM IJIMHBI Ha OCHOBE YydeTa
JNEHUCTBUTENHHOM PaOOTHI CUCTEMBI I CXEMBI 3arPyKEHUSI.

Pacuernas nymna crep)kHEl OJHOM M TOH )K€ CUCTEMBI pa3iMyHa MPH Pa3HbIX COYETAHUAX
Harpy3ok, xoTs B 1. 6.11* CHull I1-23-81* mo stomMy moBoxy uUMeeTCs YIPOIIAOIIEe
paspemieHrue. B CBS3M C 3TUM NpPU TPOSKTUPOBAHWM BO3MOXXHO YTOYHCHHE 3HAUCHUI
pacueTHOM AJIUHBI B COOTBETCTBHH C TEM COYETaHUEM Harpy3okK, IpU KOTOPOM BBIMOJIHSAETCS
110/100p CEUEHUN HEKOTOPBIX CTEPIKHEH.

OINNPEAEJEHUE PACYHETHBIX JIJIMH 2JIEMEHTOB
6.5 (6.9%). Koabobunuentsl g is ONpEACICHHS PACYETHOM JJIMHBI 3JIEMEHTOB

IIOCTOSIHHOTO CEYEHMs] B 3aBUCMMOCTU OT YCJIOBUI 3aKpeIUIeHUs KOHIIOB U Xapakrepa
Harpy>keHus cleayeT NpUHUMaTh 1o 1admn. 21 u 22.

Tab6numa 21
Ne [ Pacuernas cxema crepxus |Koaddu-| Ne | Pacuernas cxema crepxus | Koaddu-
TI.11. LIUMEHT [ IL.II. LHUCHT U
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No Pacuernast cxema cTepKHs

k max

ANmex

Koadpu-
LIMEHT U
1,12

0,73

Pacdernas cxema CTEPIKHSA

Hmﬂ!

2]

Koaddu-
LIMEHT
0,69

0,56

TabOnuma 22

6.6. KoadduumeHTsr M a1si yCTAaHOBJICHUS PACUETHOHN UIMHBI DJIEMEHTOB MOCTOSHHOTO
CEYCHHMS C YIPYTUMHU 3aKPEIJICHUSIMUA KOHIIOB CIIEAYET OMpenesiTh 1o ¢popmyrnam Tadi. 23.



Taonuma 23

O0001eHHast pacueTHas
cxema

DopMyIIBI IS ONIPEeeTICHHS

Kkod¢hdunneHrTa u

YacTablie cirydan

Pacdernbie cxembl

DopMynsl A1
oIpeieTIeHHs
kod(dunuenra y
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Obo3nauenus, npunamole 6 maon. 23:

c.l. cr.
n= = ;

EI EI

Cm - KOOQQHUIUEHT )KECTKOCTH YIPYIroro 3alleMJICHUs, PaBHbII 3HAUEHUIO PEAKTUBHOIO
MOMEHTa, BO3HHUKAIOIIETO B OMIOPHOM CEYEHUU IIPU IOBOPOTE €ro Ha YroJj, paBHbBIN
1,0;

Ch - x03(ummeHT KecTKOCTH YIMpyroil onopsl, paBHBI 3HAUEHUIO PEAKTHBHON CHIIBI,
BO3HHKAIOIIIEH B OIOPHOM CEYEHUHU IpU cMelleHnu ero Ha 1,0.

B Ta6n. 24 npuBenensl npuMepsl onpeneneHust KodpuueHToB Cn u Ch.

6.7 (6.3*). Koaddumments! 1 u 14; 15 ycranoBieHus: pacueTHON JIHHBI lef = £d(lefz - 14l7)
NIEPECEKAIOIINXCSl IEMEHTOB IOCTOSHHOIO CEYEHMsI B 3aBUCUMOCTH OT KOHCTPYKTHUBHOM
CXEMBI y3J1a TIEPEeCcCeUCHHs CIIEAyeT ONPEAeIsaTh Mo Gpopmynam Tadm. 25.

IIpuBenennsle B Tabia. 25 pacueTHbIE CXEMbl COOTBETCTBYIOT CIEAYIOUIMM CIydasM
3arpyKeHHsl U KOHCTPYKLIUU [IEPECEUEHMSI DJIEMEHTOB B y3JI€:

1) 06a ssieMeHTa He PEepBIBAIOTCS, MOACPKUBAIOIIUI 3JIEMEHT CXKarT;

2) 00a ryieMeHTa He MPEPHIBAIOTCS, OJAECPKUBAIOIINMI 3JIEMEHT PaCTSIHYT;

TaoOnuua 24
Ne PacuerHas cxema cuctemsl Onpenenenue 4 = ledl 10 popmyie Tad.
I
1 L, )
N pH
Y £l £ o _3E
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~ £
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3) paccmaTpuBaeMbIil 3JIEMEHT HE MpephIBAeTCs, MOJJIEP’KUBAIOIIUI AJIEMEHT CXKarT,
IIpepBIBAeTCA U MepeKpbIBaeTcs (acoHKOI;

4) paccMaTpuBaeMBbIil 3JEMEHT HE TNPEpHIBAETCS, MOJJIEPKHUBAIOIINI 3JIEMEHT PACTAHYT, NpephIBaeTCcsS U
nepeKprIBaeTcst pacoHKOM;

5) paccMaTpuBaeMBIi  JJIEMEHT TIpEphIBAacTCS W TEPEeKphIBaeTCs  (PacOHKOM,
MOJIICP>KUBAIOLINH JIEMEHT PACTAHYT U HE MPEPhIBAETCS.

Ha puc. 13 npuBeneHo comocraBieHue 3Haue€HUM KodQQUIMEHTOB 4 U f4
MePECceKaIOIINXCsl CTEPIKHEH, onpeieNleHHbIX 1o GpopmyniaM Tadu. 25 u no tadu. 12 CHull 1l-
23-81*. Kak cienyet u3 puc. 13, koaddurnuentsl, cormacao CHull 11-23-81%*, e 3aBucar ot
COOTHOIICHUS] YCHJIHMHA B CTEPXKHSAX W COBHAJAIOT C TOYHBIMU 3HAYEHHSIMH TOJIBKO IIPH
HEepabOTarOIIEM TTOIIEPIKUBAIOIIEM CTEPIKHE.



Taomnuma 25

Ne | PacyerHas cxema KOHCTPYKIIMH y3Jia UYL
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Yenosnvie obosnavenus:
——— - o CHulII 11-23-81*
=F&2= 110 cxemaM 1 1 2 Tabma. 25
W _ 110 cxeMaM 3 u 4 Tta0n. 25

Puc. 13. I'paduk nis onpenenenns 3Ha4eHU K03 (PUIHEHTOB pacyeTHBIX AJIUH NepeceKalonuxcs
cTep:kHel (IPH PaBHBIX JJIHHAX M KeCTKOCTSAX) MPH Pa3INYHBbIX YCHJIHIX B HUX

6.8. Pacuernbie mmuHBI lef(lef,1) Hepaspe3HBIX CTEp)KHEW IOCTOSIHHOTO CEYEHHs C
Pa3IMYHBIMU C)KUMAIOIIUMU WM PACTATHBAIOIIMMHU YCHIIMSMU B MPOJIETaX KaK B IJIOCKOCTH,
TaK ¥ U3 IUIOCKOCTH KOHCTPYKIIMH MOKHO OTpeneNaTh 1o ¢opmymnaM Tabia. 26. ['panudnbie
yCIIOBHSI, IPUBEACHHBIC B 1M03. 1 1 2 Tabn. 26 COOTBETCTBYIOT PAacue€THON CXEME BEPXHETO
nosica pepMbl, a B T103. 3 U 4 - MOAKPAHOBOM BETBU PELIETIATON KOJOHHBIL. [Ipy BeIYHCICHUN
napamerpa D mo mo3. 2 u 4 Tabn. 26 pacTAruBarouie YCHWIHMs B CTEPKHSIX HEOOXOAUMO
MIPUHUMATD CO 3HAKOM “MUHYC”.

6.9 (6.10*%). Kosdbuimentsl pacuyeTHONH MIUHBI 4 KOJOHH ITOCTOSIHHOTO CEUYCHHS
CBOOOJHBIX paM B IUIOCKOCTH PaMBbI MPH JKECTKOM KPEIUICHUH pUTENIeH K KOJIOHHAM U TpU
OJIMHAKOBOM HArpy>KeHUH BEPXHHUX Y3JIOB CIEIyeT ompenenars mo dopmynam tabdn. 17, a
CHull 11-23-81*. IIpu stom Bmecto dhopmyn (70, a) u (70, 6) npu npenenbHBIX 3HAYEHUSIX
MapaMeTpoB p U 1 AOMyCKaeTCs MoyIb30BaThes popmynamu Tadm. 27.

6.10. KoaddunueHTsl pacyeTHOM UIMHBI 4 KOJOHH MOCTOSHHOTO CEYCHUs HECBOOOIHBIX
pam (puc. 14) B TJIOCKOCTH paMbl IPH KECTKOM KPEIUICHUH pUTrejiell K KOJOHHAM U TpHU
OJIMHAKOBOM HAarpy>K€HUU BEPXHHUX Y3JIOB cienyeT ompenenars no gopmyne 70, 6 CHull Il-
23-81*. [Ipu 5TOM B YaCTHBIX CiIydasx 3Ta (hopMyiia MOKET ObITh yIPOIICHa:

H = 0y 1+046n
PP = O =1 0930

(51)
e 110,397
= = |——:
2+154n
Ta6numa 26
Ne it Pacuernas cxema sjieMeHTa OrtHomenne Pacuernas mmHa ler(ler)
KOHCTPYKLIUHU YCUITHH
1 B naockocmu N, 1(0,170% + 0,83) > 0,8l
a= ;
”f"’vmax Ny N N
1>a>-0,55
grt
| pe
2 U3 nrockocmu 7 5 243
N £
/V/-me /v2 . Z ; l,|:0,75 +O,25[q_1J }20,51,
Nmﬂx
l, (9-1)=p5=-05
9> 2
3 B naockocmu . N, ; / ’0,59113 +036 206/
Nma\x
1>0>0




I_q{n
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z2
< 48
Nz
Ny =Nmax

4 U3 nnockocmu

g2

=Nmax

q

p= N ;
(9-1)=420

0,545 +0,6
Sw | 054806y

q

2051

%XL‘C/
X g X

p DopMYITBI JUTS OTpeIeIeHAS
kod(dunuenra
0 Ot 0,03 10 0,2 n+022
1,21
n+0,08
Cs.0,2 n+028
n
0 Ot 0,03 10 0,2
215 n+022
n
Cs.0,2
20 n+0.28
n
0,03<p <50 0

Puc. 14. Cxembl gedopmanuii HecBOOOAHBIX pam

a - OAHO3TAXHBIX; 0 - MHOT'O3TaXXHBIX; 6 - MHOT'OIIPOJIETHBIX

TabOnuua 27

6.11. Ilpy HanmU4YMM >KECTKOrO JUCKA MOKPBITUS WM TMPOAOJIBHBIX CBA3EH IO BEpXy
KOJOHH B pPAacyeTHbIM OJIOK JOMyCKaeTcs BKJIKYATh MO JIBE paMbl C KaXJAOW CTOpPOHBI,



MEPIEeHIUKYISIPHON TUIOCKOCTH paccMmarpuBaeMoil pambl. [Ipu sToM KOA(POUIUEHT Limax
pacueTHOM JUIMHBI HauOoliee HArpy>KEHHOW KOJOHHBI IOCTOSHHOTO CEYEHHUS B
MIPOU3BOJICTBEHHOM 3/IaHUU C KpaHAMH (MOCTOBBIMH WJIM TIOJIBECHBIMU) IIPU HEPABHOMEPHOM
pacnpezielieHuy Harpy30K OT KpaHa ClelyeT ONpeaesiTh o popmyie

kj+l 5 kj+l 5

Mo =0 D D 0D D %, (52)

=1 =1 =l =1

(uo He menee 0,7 1),

rie 4 - KodhHUIMEHT pacyeTHOW [UIMHBI paccMaTPUBAEMOW KOJIOHHBI OJHO- U
MHOTOMPOJICTHOTO 3JaHHsl TPU PAaBHOMEPHOM HArpy>KCHHH Y3JI0B, OMPEICICHHBII
corjacHo . 6.9 u 6.10;

3116Cb Nyax - yeusme B HauboJsiee HarpyEHHOU KOJIOHHE paccMaTpUBAaeMO MJIOCKOM pambl;

Nij - ycunus Bo BceX KOJIOHHAX (B TOM YHCIIE B pacCMaTpUBaeMOi) pac4eTHOTO OJI0Ka;
X ]l‘i/ .
i I - !
lcmax - MOMEHT MHEpUUHU HanOOJIee HAarpy>KEHHOM KOJOHHBI paccMaTpUBaeMOM IJIOCKOM
pamsbl;
l¢ij - MOMEHTBI MHEPIIMH BCEX KOJIOHH PacYeTHOTO OJIOKA;
=1, 2, .., k+1-H0oMep KOJOHHBI B ILIOCKOCTH paMbl (K| - 41CII0 TIpOIETOB);
1,2, 3, 4,5 - HOMEp paMBl.
6.12 (6.11*). KoapuiueHTsl 1 pacyeTHON UIMHBI HUXKHETO YY4acTKa OJJHOCTYIEHYATHIX
KOJIOHH TpU pa3IMYHOM KpPEIUICHHHM WX BEPXHUX KOHIIOB CIIEAyeT ONpEeAeysaTh B
3aBUCUMOCTH OT COOTHOUICHUS HArpy3o0K, IJIMHBI M JKECTKOCTEH BEpPXHEro M HUKHETO
y4acTKoB 1O (opmynam Tabna. 28, B KOTOpOH NpWUBEACHB KOHCTPYKTHBHBIE CXEMBI

MIPOU3BOJICTBEHHBIX 3/IaHUI, COOTBETCTBYIOIINE PA3IMYHBIM PACUETHBIM CXeMaM KOJOHH, U
Tadi. 29.

i
J

INPUMEPHBI OITPEJEJTEHUA PACUETHBIX JJIMH CTOEK PAM

IIpumep 1. PaccMoTpuMm ciydyau ompeneneHus Kod()PUIMEHTOB 4 PacuyEeTHOM JTMHBI
CTOEK IPH NMPEeNIbHbIX 3HAYEHUSIX 1 U p.
ITpu n u p, crpemsuxcs K 6eCKOHEYHOCTH, 10 (hopMyam Tabi. 27 HaXOAUM:

0,2+0,22
aA)upup = o UN=0,2 pu=1212——= =148;
) npHp = H= 021008
O)upup=w un=50 u= }52&:1,03_

IIpu p = 50w n = 0,2 uw n = 5,0 cormacio m. 6.10% CHull I1-23-81* momyuum
coorBeTcTBeHHO 1= 1,49 u u=1,03.

B cnywae mapuHupHOro 3akperieHuss B (GYHIAMEHTE CTOWKH OJIHOTO spyca pambl
peKoMeHayeTcs MoJb30BaThest popmynamu Tadn. 27 npu p =0 u n > 0,2. OTKyAa HaX0AUM:

a)nmpup=0un=10 u=2 /%:2;6;
O)mpup=0un= = u=2|" % _»f_s,
n



TabOnuma 28

Ne KoHcTpykTuBHAs cXeMa HPOU3BOICTBEHHOTO 3aHHUsA Pacuernas cxema KOJOHHbI DOpMyIIBI s OTIpeIeNieHnsT KOOQPHUIMEHTA L4 HIKHETO y4acTKa I'panuist
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3 018na’ (66—’ )+3,6(23 +a?) <22 5,
S I aa,
mpu o4 > 1,2
Ry n<135-035a
’ -
(2
2 <
Ipu oy £1,2 OSLSI,O;
‘/(076 0.13a, o 53n+1)+(53+n)] s
3 n+l 004 <L <ip;
opu & > 1,2 1,
‘/ (0,56 +0.039, o (530 +1)+ (5.3 +n)] 01<m<20
/ n+l1
(7
3
Necmaud Juck m(n+15)(p+m)+022n+[m> +1In(m — p)mp/Jn 0<L <10
3 041 +m? )+ 3nm(m +1) P
e 0,04 < L 1,0;
1|
-]
-~
-~
4 F'&
7 01<m<2,0
‘*"”"“’” Juck ~ m* (35— p*) 4 (m* +04m +1{026(n +6)(n +015) + mp(1/Aln +1)|
o m® 0’ +dn(m® +15m +1)
~ F
-
1 W
| 3
i |I ! K
z 7 l‘;’Fi

Obo3nauenus, npunamole 8 maon. 28:
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Tadonuuma 29

Ne Pacuernas VYecno- DopMysl IS onpeneaeHns KOdPOUIUCHTa £4j HIKHETO
IL.II. | CX€Ma KOJIOHHbI BUEC y4acTKa KOJIOHHBI
Harpy-
JKCHUA
KOJIOH-
HBI
1 F,=0 1= 2,0
2 F1=0 3 z
/] [ m(66n —m)[m@2n+1)+2n]+ (166 =05 m /n)(L3m* +2n*)
.{ 1 4 = n[0,18m (661 —m)+3,6(2.3n+3,6m)]
) f" 2
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3 F=0 0,76(53 + 1)
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Obo3nauenus, npunamole 6 maon. 29:



Ilpumep 2. Tpebyercs ompenenuTh 3HA4YCHHS KOI(PPHUIIMEHTOB pacUETHOW UTMHBI U
CPeIHUX KOJIOHH MHOTOTIPOJIETHBIX ¥ MHOTOJTa)KHBIX 3/IaHUH.

1. Ucxoonvie dannvie. JIByXUpoJjeTHas OJHOITAXKHAs pamMa C JKECTKHM 3aKpEIUICHUEM
KOJIOHH B (YHIAMEHTaX M IKECTKUM KPEIUICHHEM pHreied K KOJOHHAM [MOCTOSHHOIO
ceueHus. 3/1ech U aanee B nmpumepax npuHuMaeM lr1 = lrp = If; Ir1 = Iz = Ir; (oauHaKOBBIC
nposietsl U ceuenus purenein); I/l = 3; I/lr = 0,2;

a) 31aHue, HarpyxeHHoe cuiiaMu N Bo Bcex y3i1ax 10 BEpXY KOJIOHH.

I[Mpuk=2wu n]:nzzll”llr

rt e

=006

(n,+n)k 122
k+1 3

1o 1a61. 17, a CHull 11-23-81% = |%8+056 _ .
0,8+0,14

0) 37aHKEe TPU HEPABHOMEPHOM HArPYKCHHUH Y3JIOB B IJIOCKOCTH pambl (OJHOW KOJIOHHBI
cuioii N, a 1Byx npyrux - cuiiamu 0,5N).
ITo popmyne (52) npu 2ai=1+0,5+0,5=2u2X;i=3

H= I,ZE =098;

B) 37JaHH€ IIPU HAIMYMU [IPOAOJIBHBIX CBS3eH B KOHCTPYKLUHU M Harpy>KEHUU B PAaCYETHOM
Onoke (M3 MATH paM) OJHON KOJIOHHBI B cpenHell pame cuioid N M ABYX Opyrux KOJIOHH B
cpeaneit pame cuinamu 0,5N, a ocTabHBIX KOJIOHH B yeThIpex pamax - cuiiamu 0,3N.

TormaXei=12-0,3+2-0,5+1=5,6, u 2X; =15.

[To popmyne (52) u= 1,21{% =0,73;

) 3/1aHH€ IIPU Harpy>XeHUM OJHOW KOJIOHHBI B cpenHed pame cuioi N, AByX Apyrux
kosoHH cuiamu 0,3N U BceX KOJIOHH B OCTaBILMXCS YETHIPEX paMax pacueTHoOro Osoka
cmitamu 0,1 N.

MpuXei=12-01+2-0,3+1=2,8u2Xi=15no popmyne (52) yzl,z\/%=0,52.

BBIYHCIIUM n = 0,8,

Tak xax Berunciennoe i < 0,7, cnenyer npussats 4= 0,7 (cm. mo3. 2 tabin. 21);
1) KOHCTPYKIIHS obecrieyeHa OT BO3MOKHOCTH OOKOBOM NOTEPH YCTOMYMBOCTU CUCTEMBI B
LIEJIOM U €€ MOKHO OTHECTH K KaTeropuu HECBOOOAHOI pambl.

1+0,39-0,8
IT =0,8 51) pu= |—"—"—"=064.
pi n = 0.8 10 opuryae (51) = (FOBTE —o,

2. Hcxoonvle OanHvle. JIeCATHIIPOIETHAS OJHOITAXKHAS paMa C KECTKHM 3aKpETJICHUEM
KOJIOHH B (hyHJIaMEHTaX M KECTKHM KPEIUICHHEM pUTelieii paBHBIX MPOJETOB M CEUCHUH K
KOJIOHHaM IIOCTOSTHHOTO C€4YeHHUs HarpykeHa cuiioi N Bo Bcex y3nax:

a) I/le = 3; I/l, = 0,2.

11 12410

Mpuk=10u n,=—-<=06 n
11 11

rc

1o 16, 17, & CHulT 11-23.81% 4= [M9+056 6
1,09+0,14

6) Ir/lc: 3, Ic/lr: 2.
Mpuk=10w n =n, =2de—3.0-6 =210 _ 19,
11, 11

»

1o a6, 17, a CHulT [1-23-81% 4= 1024056 _, o)
109+0,14

=109,



IIpumep 3. Tpebyercs ompenenuTh 3HAYCHHUS KOA(DPHUITUESHTOB i PACUCTHOU JIJTMHBI
HIDKHETO ydJacTKa OJHOCTYIICHUYATBIX KOJIOHH TPH pa3IMYHBIX 3HAYCHHUSIX IapameTpoB,
MIPUBEICHHBIX B Ta0I. 28 u 29:

1) ons cxemor 1 ipu p=0,2, m = 2,0, I2/l1 = 0,5, n = 0,25 Beuucium o> = 1,6; npu 1,35 —
0,351 = 0,91 > n o popmysne no3. 1 Tadi. 28 1 = 3,28;

2) ons exemwur 1 ipu F1=0u m = 2,0, I2/1: = 0,5, n = 0,25 Beruucaum o> = 8,0; npu 1,35 -
0,351 = 0,36 > n o popmyne no3. 1 Tabmn. 28 s = 7,15;

3) ons exemwur 2 ipu p=0,2, m = 2,0, I2/l1 = 0,5, n = 0,25 Bbuucium o = 1,6; npu 1,35 —
0,351 = 0,91 > n o popmysne no3. 2 Tadu. 28 = 2,12;

4) ons cxemor 2 ipu p=0,8, m =20, I2/l: =1,2> 1, n=0,6 Berunciaum o’ = 2,7; npu 1,35
- 0,351 = 0,78 > n nmo dhopmyse mo3. 2 tabmn. 28 w1 = 2,59;

5) ons cxemor 3 mpu F2 = 0wm p=0, m = 2,0; 12/11 = 0,04, n = 0,02 mo popmyie mo3. 5
Tabmn. 29 = 1,86;

6) ons cxemwr 3 ipu F1=0wu p=1,0, m =0,1, Io/l1 = 1,0, n = 10,0 o popmysne mo3. 6
Tabn. 29 w1 = 0,77,

7) ons cxemor 4 ipu F2 = 0u p =0, m = 2,0, 12/l: = 0,04, n = 0,02 o popmysne mo3. 7
Tabmn. 29 = 1,83,

8) oz cxemwr 4 ipu F1=0wu p=1,0, m = 0,1, Io/l: = 1,0, n = 10,0 mo popmysie mo3. 8
Tab1. 29 11 = 0,55.

6.13 (6.15*). OrpanndeHusi THOKOCTEH CKATBIX CTEPXKHEH BBOISTCS C LENIBIO MOBBIIICHUS
HSKOHOMHYHOCTH M HAJSKHOCTH CTaJbHBIX KOHCTPYKIMHA. B onpeaeneHHOW Mepe 3TO
peanu3yercsi 3a cueT OoJiee IMOJHOTO HMCIOJIb30BaHUSI MPOYHOCTHBIX CBOKMCTB CTalld Kak
MaTepuasa, IMOCKOJIBKY C YBEIMYCHHEM THOKOCTH CTEp)KHEW YpPOBEHb HCIIOJIb30BAHUS
MPOYHOCTU CTAM yMeHbInaeTcs. OTCro/Ia CIIeyeT, YTO MPUMEHSATh BBICOKOIIPOYHBIC CTAJIN
mpu  OONBIIMX THOKOCTSIX 3KOHOMHYECKH HerenecooopasHo. OrpaHuveHHs THOKOCTEH
CIIOCOOCTBYIOT ~TaKXE YMCHBIICHUIO WCKPHUBJICHUH CTEp)KHEH TMpU HM3TOTOBJICHUH,
TpaHCIIOPTUPOBaHUH W MoHTaxke. [l crep:KHEW, CedYeHHs KOTOPBIX HA3HA4aroTCs I10

npCaAcIbHbIM FI/I6KOCT$IM, AOIIYCKACTCA YBCIUYNUTD IPCACIIbHYIO T'HOKOCTh B COOTBETCTBUH CO
CHulI 11-23-81*.



7. MPOBEPKA YCTOMUYNUBOCTH CTEHOK ¥ MOSICHBIX IUCTOB U3TUBAEMBIX 1
CXKATBIX 2JIEMEHTOB

OBIIHUE ITOJIOKEHUA

7.1. HpI/I pE€IICHUK BOIIPOCOB YCTOﬁqHBOCTH IJIaCTHHOK, O6paSYI'OH_II/IX CCUCHUs
3JIEMCHTOB CTaJIbHBIX KOHCprKLII/II;'I, 0OBIYHO paccMaTpruBarOTCA NPAMOYTOJIBHBIC INIACTUHKA
101 HeﬁCTBHeM BHEIITHEHN HarpyskKu B CpeI[I/IHHOI‘/'I IUIOCKOCTH IJIACTHHKH. B JOKPUTHYECKOM
COCTOSAHHMU IINIACTUHKH CUHUTAIOTCA UACAJIbHO IIJIOCKUMU (pI/IC 15)

3a KPUTHYICCKOC COCTOSIHUC IUNIACTUHKU TPUHUMACTCA MOMCHT 6H(1)ypKaI_II/II/I (pa3BeTBﬂeHI/IH) (bOpM cc
paBHOBECHA, KoOraa OJHOBPEMCHHO C IIOCKOM (bOpMOﬁ PaBHOBECHUA MOKET CYUIECTBOBATH (1)0pMa,
BO3HUKAIOIIAsA MpU BbITYUYUBAHUU TJIACTUHKH.

Oy T X

— e
— -

| 1?

6 ! S
E=={"

Puc. 15. Cxema 3arpy:keHus1 INIACTHHKHU

7.2. Pemienue 3a1auM yCTOMUMBOCTU IUIACTMHKM COCTOMT U3 JABYX 3TamnoB. Ha nepsom
omane BBIYUCIAIOTCS KOMIIOHEHTBl HaIpPsKEHHO-1e()OPMUPOBAHHOTO JOKPUTHUYECKOTO
COCTOSIHMS B IIpe/ienax YINpyrocTd WIH C NPUMEHEHHEM OJHON W3 TEOpU IIIACTUYHOCTH.
IIpu 3TOM 00BIUHO paccMaTpUBAETCs U30JIMPOBAHHAS IUIACTUHKA, 3arpYKEHHAs 110 KOHTYpPY
Harpy3koi, v Juist Jt00OM TOYKM C KOOpAMHAaTaMH X, ) BBIYMCISAIOTCS KOMIIOHEHTHI
HanpsbkeHuit U nepopmanuid. OHaKoO, LenecoodpazHee Ha ATOM FTare UCCIIE0BaTh paboTy
CTEpXHS, B COCTaB KOTOPOTO BXOJUT IUIACTUHKA, W OMNPENCIIUTh ISl HEE KOMIIOHEHTBI
HanpsKEeHHO-Ie(POPMHUPOBAHHOI'O COCTOSHUS.

Ha emopom smane pemaercs 3aj1a4a OnpeneaeHns KpUTUIECKOTO COCTOSIHUS TUIACTHHKM,
KOTOpass MOXeT ObITb CQOpMYJIHMpOBaHa B pazauMuHOM mocTaHoBke. [Ipu mpsMom xone
pelieHns 3ajaud A 33JaHHOM THUOKOCTH IUIACTMHKUM M BBIUMCIEHHBIX KOMIIOHEHTOB
HanpsHKeHHO-Ie(OPMUPOBAHHOTO  COCTOSIHMSA ~ OMNpeNeNseTcs  BHEIIHSAS  Harpyska,
COOTBETCTBYIOIIAsl KPUTUYECKOMY COCTOsIHUIO. [Ipn 0OpaTHOM X0/€ perieHust s 3alaHHOM
BHEIIHEH HAarpy3kM BBIUMCIAETCS THUOKOCTh  IUTACTUHKH, COOTBETCTBYIOIIAs €€
KPUTHYECKOMY COCTOSIHMIO. B ynpyromnacTuueckux 3agayax yaille NpUMEHseTCs 0OpaTHBIM
XOJl peUIeHMs], TaK KaK 3a IpPENejoM YNPYroCTH CBA3b MEXKIY IapaMeTpOM Harpys3ku H
nepopManusMU IJIACTUHKUA CTAHOBHUTCS HEOJHO3HAYHOHM, YTO 3HAYMUTENIBHO YCIIOXKHSET
IpOLeCC OIpEeesIeHUs] KPUTHYECKOM Harpy3ku Uil IUIACTUHKM 3aJaHHOM THOKOCTH.
Oco0eHHO TPYAOEMKHM CTAaHOBHUTCS ATOT MPOIECC MPHU HAIMUYUU HECKOJbKUX KOMIIOHEHTOB
HaIpsHKEHUN.

7.3. KommoHeHTsl HampsokeHWd # jaedopManuii, Kak TpPaBUIIO, BBIYUCISIOTCS C
UCIOJb30BAHUEM 3aBUCHUMOCTEM TEOpHUM MalbIX YHOPYTOIUIaCTUYECKHX JedopMalui,
paspaboranHoiit A. A. MWnstommueiM [20], mw ¢ ydyetrom konmeniuu Ilennu o
MPOJOJDKAIOIIEMCS] Harpy»KeHUU B MOMeHT Oudypkanuu. CrpaBeyInBOCTh 3TOW KOHLENIIUN
JoKa3aHa B psze pabot. B pabore 121] nokazaHo, 4To pe3ynbTaThl pacueTa, MOJTYYeHHBIE C
yueroM koHueniuu lllennu, Hanbosnee OMU3KM K IKCHEPUMEHTAJIbHBIM JaHHBIM. Kpome
TOTO, aKTUBHOCTh BCEX IUIACTUYECKUX JAeopMaluii B Mmpolecce MOTEPU YCTOMUHMBOCTH
YMEHBILIAET CONPOTUBIIEHUE IUIACTUHKU BBIMYYMBAHHIO, YTO MJIET B 3arac yCTOMYMBOCTH, a
TaKXe CYHIECTBEHHO YIIPOIIAET UCCIEAOBaHUS.

7.4. Tlpu pemieHuM 3a7a4d YCTOHUMBOCTU JUIS W30JIMPOBAHHBIX IJIACTUHOK BHELIHSS
Harpy3ka MpUHUMAeTcs B BHUJAE OIIOp KOMIOHEHTOB JAeopMaiuii Wi HanpssKeHUw,
YIOBJICTBOPSIIOIIMX ~YPAaBHEHUSIM paBHOBECHUsT B HHTErpajbHOM ¢opme (Hampumep,



BHEIICHTPEHHOE C)KaTHE M YUCTHIN CABUT). B 3TOM cirydae He paccMaTpHUBaeTCs TIEPBBIi dTan
pelicHud 3a1a4ud, 4TO OIrpaHUYIMUBACT 06JI8.CTI> MNPUMCHCHUSA MOJYUCHHBIX PE3YyJIbTATOB, TaAK
Kak JeMCTBUTEIbHOE pacrpesiesieHne KOMIOHEHTOB HaNpsKeHUH U Aeopmaliuii B ceueHusx

OJICMCHTOB HC BCETAa COOTBECTCTBYCT HpPIHSITOﬁ CXEMC pacucTa IJIaCTUHKU.

Bonee o6ocHOBaHHOIT sIBNISIETCS MOCTAHOBKA, BKIIIOYaromas o0a sTana pemeHus 3aaaqu. B atom ciaydae Ha
HIEPBOM JTalle OIPEIEIICTCs Harpy3Ka, COOTBETCTBYIOIIAs IPHHUMAEMOMY IIPEISIBHOMY COCTOSIHHIO CTEPIKHSL.
310 MOXeT OBITh TOYKAa MaKCHMyMa Ha KPHUBOW PAaBHOBECHBIX COCTOSHUU (puc. 16) mim apyras Todka,
COOTBETCTBYIOIIAst IPENCIEHOMY COCTOSIHUIO CTEP KHS. M3 peleHus 3a1auu 171t NpeJebHOIO COCTOSIHUS BCETo
CTEPXKHS BBIYUCISIOTCS KOMIIOHEHTHI HANPSKEHHO-IS(OPMUPOBAHHOIO COCTOSIHUS, KOTODBIE SIBIIIOTCS
HCXOMHBIMU JaHHBIMH IJIsL ONpENeNeHHsS KPUTUYECKOW TMOKOCTH IUIACTHHOK, COCTABIIIOIINX IONEePEYHOES
ceueHue cTepxkHs. Takoil MoXo/ MO3BOJISET peaar30BaTh MPUHIMI PABHOYCTONYUBOCTH, CYIITHOCTh KOTOPOTO
3aKJII0YaeTcsi B TOM, 4YTO IIpENEeNIbHOE COCTOSIHHE BCErO CTEP)KHS W DJIEMEHTOB CeYeHHs (IUIACTUHOK)
COOTBETCTBYET OJHOMY 3HAuUCHHIO BHEIIHEH Harpy3ku. OnucaHHas cXeMa peajn30BaHa B pacyerax
YCTOWYMBOCTH CTEHOK M TIOSICOB LICHTPAIbHO- M BHELEHTPEHHO-CXKATBIX CTEpXKHEH, KOrza HalpspKeHHO-
JneopMHUPOBaHHOE COCTOSIHHE B ONACHOM CEYEHHHM OIPEJESUIOCh U3 PEIICHNs] COOTBETCTBYIOLICH 3a1auul s
BCETO CTEPIKHSL.

P

Frax

L'

Puc. 16. KpuBasi paBHOBeCHBIX COCTOSIHMII CTEPIKHSA
P - napamerp Harpy3KkH; V - XapakTepHOE epeMELCHUE CTEPKHS

7.5. Ananu3 pe3ynbTaToB pelleHUs 3a/1ad JJIs 3JIEMEHTOB CEYEHHMM CTEep)KHEW MO3BOJIMII
MOJYYUTh JOCTAaTOYHO OOIYI0 3aBUCHUMOCTb KpPUTHYECKOM THMOKOCTM IJIACTUHKHU OT
BEJIMYMHBI JeOopMalnii U 3aKOHA UX pacipeneneHus. B odmem ciryuae ycinoBHasi THOKOCTh

IUIACTUHKU A = (b/ 1)\/R,/E MOXET ObITh BBIYMCIIEHA U3 (POPMYIIBI

7 0,934

- 53
S Ja-vhle, +k(5 -5, ©39

rze V - koag¢unment Ilyaccona;

G, K1 - k03ppunmeHTsI, MpuBeaecHHbIC B Ta0M. 30 115 Auarpammbl [IpaHaTiIs B 3aBUCHMOCTH
OT mapaMmeTpa «,=1-¢g,/&, XapaKTepHU3yIIIETro pacmhpenenaeHue aedopmaiuii 1o
LIMPUHE TUIACTUHKY;

z,&, - nehopMaIuy Ha MPOIOJIBHBIX KPOMKAX IJIACTHHKH ( Z, > Z, );

£, - ne(opMalus, COOTBETCTBYIOLIAs NPeIeTy NPONOPIHOHAIBHOCTH.
3nech & =6E/R ; &, =¢6E/R , &, ,=¢,E/R,.

Ta6auma 30
Venosuas | Koodumn- 3HayeHus 90 n kl IIPU O, PABHOM
TUOKOCTh EHTBI 0 0,5 1,0 15 2,0
Z o, 0,167 0,127 0,0896 0,0523 0,030
kl 0,361 0,249 0,1600 0,0898 0,0498
ZZ 6, 0,250 0,187 0,1290 0,0750 0,0419
kl 0,345 0,239 0,1520 0,0855 0,0475
Z o, 2,320 1,730 1,1700 0,8900 0,8650
kl 3,540 2,500 1,3300 1,1100 0,9280
Z 6, 2,320 1,450 0,5770 0,0800 0,0422
kl 3,540 3,320 1,0800 0,1280 0,0690
Z 6, 2,320 2,100 1,7400 1,4400 1,1600
kl 3,540 2,640 2,6200 1,3200 1,1700




Obo3nauenus, npunamole 6 maon. 30.

A, - yCIIOBHasi THOKOCTb CTEHKHU JABYTaBpa WM MPSIMOYTOJILHOTO KOPOOYATOrO CEUEHUs C
Y4€TOM YaCTHUYHOTO 3allleMJICHUS B TOSCaX;

A, - ycioBHas IMOKOCTh CTEHKH ILIBE/UIEpA MIIM KBaJPaTHOIO TPyO4YaTOro CeYeHUs NP IMIAPHUPHOM
3aKpEILICHHH NIPOJIONBHBIX CTOPOH;

A, - YCIIOBHAsi THOKOCTb MOJIKK JIByTaBpa MK KPECTOBOTO CCUCHHUSI;

Z - YCJIIOBHAasA ruOKOCTh OJWMHOYHOI'O CBECa, Hauboee HaIIpsAKCHHOI'O 110 3aernneHH0171
KPOMKE;

/TS - YCJIOBHaA THOKOCTh OJWHOYHOIo CBECa, Hauboee HAIIPsZKECHHOT'O 10 CBO60,I[HOI>1
KPOMKE.

B T1abn. 31 mnpuBemeHbl 3HAYCHUS YCIOBHOM THOKOCTH 7 B 3aBUCUMOCTH OT

MaKCUMaJbHOW IutacTuyeckod aedopmanuu z U mapamerpa «. Ilpu 3TOM yduThIBaIOCH
n3meHeHue kodddurmenta [lyaccona, BnusHUE HaYaIbHBIX HECOBEPIICHCTB IUIACTUHKY [22]
U yMeHblIeHHE 3(]QeKTa 3ameMiIeHuss NpH Pa3BUTHH IUIACTHYECKUX nedopmanmii. B

yrnpyroi o6nactu kKodhUIKUEHT YHIpyroro 3alleMJIeHHUs OMpPEesyics M0 JTaHHBIM PaboTh
[22].

Taonuma 31
a 2, 3HaueHus A, NpH Z,, pABHOM
1,0 15 2,0 25 3.0 4,0 5,0 6.0
Z 1822 | 1,471 | 1,162 | 1,155 | 1,040 | 0,891 | 0,805 | 0,746
7, 1644 | 1,356 | 1,204 | 1,109 | 0,938 | 0,882 | 0,800 | 0,745
0,0 7. 0,523 | 0433 | 0379 | 0,343 | 0,317 | 0,278 | 0,252 | 0,233
Z 0523 | 0433 | 0,379 | 0,343 | 0,317 | 0,278 | 0,252 | 0,233
7. 0523 | 0433 | 0,379 | 0,343 | 0,317 | 0,278 | 0,252 | 0,233
7 2,297 | 1,775 | 1,515 | 1,371 | 1,240 | 1,069 | 0,964 | 0,894
/Tzl 1976 | 1625 | 1,436 | 1,316 | 1,117 | 1,051 | 0,955 | 0,891
05 7, 0639 | 0519 | 0,451 | 0408 [ 0,378 | 0,329 | 0,299 | 0,278
Z 0,694 | 0508 | 0425 | 0,375 | 0,345 | 0,296 | 0,266 | 0,246
7. 0,576 | 0,484 | 0426 | 0,387 | 0,361 | 0,316 | 0,287 | 0,252
7 2,900 | 2,223 | 1,889 | 1,698 | 1,536 | 1,327 | 1,198 | 1,112
I; 2,467 | 2,029 | 1,785 | 1,627 | 1,387 | 1,306 | 1,189 | 1,110
1,0 7. 0,808 | 0,683 | 0601 [ 0,569 | 0,509 | 0,451 | 0,411 | 0,384
Z 1,151 | 0,866 | 0,730 [ 0,647 | 0594 | 0511 | 0,462 | 0,428
7. 0,662 | 0524 | 0,448 | 0402 [ 0,369 | 0,323 | 0,292 | 0,267
7 3366 | 2,996 | 2,527 | 2,248 | 2,036 | 1,762 | 1,592 | 1,179
Zzl 3353 | 2,733 | 2,385 | 2,256 | 1,841 | 1,735 | 1,881 | 1,477
15 7, 0,967 | 0,790 | 0,689 | 0,624 [ 0,572 | 0502 | 0,457 | 0,427
Z 3326 | 2,467 | 2,118 | 1,864 | 1,691 | 1,467 | 1,327 | 1,234
7. 0,760 | 0,646 | 0584 | 0,526 | 0,485 | 0,430 | 0,394 | 0,361
7 5489 | 4,085 | 3,414 | 3004 | 2,723 | 2,359 | 2,133 | 1,983
Z; 4,644 | 3,735 | 3,225 | 2,890 | 2,468 | 2,327 | 2,121 | 1,981
2,0 7. 1,002 | 0,842 | 0,736 | 0,664 | 0,612 | 0,540 | 0,494 | 0,463
Z 4,628 | 3,456 | 2,892 | 2,547 | 2,310 | 2.002 | 1,811 | 1,683
7. 0883 [ 0,725 | 0,632 | 0569 [ 0524 | 0,462 | 0,423 | 0,382

[IpumeHeHue B pacueTax AaHHBIX Ta0u. 31 MO3BOJISIET BHIUMCIATE HAHOOIBIIYIO THOKOCTh
JJIEMEHTOB CEYEHHUs (CTEHOK M TII0SICOB) B 3aBHUCHUMOCTH OT BHIAa HampsHKeHHO-
ne(GOpMHUPOBAHHOTO COCTOSIHUSI M YpOBHS HampspkeHuil. IIpuMeHeHune Takol MeTOIUKH
1es1ecoo0pa3Ho, KOTAa BHEIIHWE HAarpy3KH MEHBINE MPEIeNbHBIX IS BCETO CTEPXKHS, TaK
Kak B 3ToM ciyyae pacuer no ¢opmynam CHull 11-23-81* npuBoguT K H3IMIIHUM
ykecTodeHussM. OJHAKO JUTS TTOJIb30BAHMS NAHHBIMH TaOsl. 31 HEoOXOAMMO BBITOIHHUTH



pacuer BCEro CTEep)KHS JJIs ompejeieHus nedopmanuii B HanbOoliee OIMACHOM CEYCHHUU C
yuetom TpeboBanuit CHull 11-23-81*.

CTEHKH U ITOSICHBIE JIMCTBI HEHTPAJIBHO-, BHEHHIEHTPEHHO-C/)KATBIX, C)KATO-
N3TUBAEMBIX U U3rUBAEMBIX 3JIEMEHTOB

7.6 (7.1; 7.2*). IlpoBepka YCTOMYMBOCTH CTCHOK W IOSCHBIX JIUCTOB H3rHOAEMBIX H
CXKaTBIX D3JIEMEHTOB BBINIOJHIETCS Ha OCHOBE TEOPUHM YCTOWYMBOCTH TMPSMOYTOJIBHBIX
IUIACTUHOK, pabOTalolUX B YINPYrol CTaJAUM WIH 3a HPEIEIOM YIPYroCTH M HMEIOIIUX
COOTBETCTBYIOIIME IPAHUYHbIE YCIOBHs. OCTaTOUYHbIC HANPSDKEHHS, 3aKPUTHYECKAsT CTaIus
paboThl U HauadbHbIE HECOBEPUICHCTBA IUIACTUHOK, 32 UCKJIIFOUEHUEM CTEHOK TOHKOCTEHHBIX
0aJIOK, YYTEHbl KOCBEHHBIM ITyTE€M - KOPPEKTHPOBKOW PE3yJbTAaTOB, MOJIYYEHHBIX 0€3 ydera
3TUX (aKTOPOB.

Crenku 0aJioK, B KOTOPBIX JEHCTBYIOT BCE KOMIIOHEHTHI HANPSKEHHOTO COCTOSHUSA (O, T
U Oloc), PACCUUTHIBAIOTCA B MPEAIOIOKEHUH YIPYroi paboTel Matepuana. B cteHkax Oanoxk,
B KOTOPBIX OTCYTCTBYIOT MECTHbIE HaIpsbKeHUs (Oloc = 0), AOIMycKaeTcs ydeT pa3BUTHS
IUTACTHYECKUX JedopMaIiii Py BBITOJHEHUH YCIOBHM, yKa3zaHHbIX B 1. 7.5 CHull 11-23-
81*.

7.7 (7.3). YcraHOBJICHHBIC OIpAaHHYCHHUS YCIOBHOW TMOKOCTH CTCHOK HPUBEICHBI IS
Oanok, paborarommx B mpenenax ymnpyrux aedopmaruii. I[Ipu sTom Hanbonee omacHbIM
HANPSOKCHHBIM COCTOSIHUEM JJISl YCTOWYMBOCTH CTEHKH SIBJISIETCS YHCTBIA CIBUT, KOT/Ia
KacaTelbHbIE HAMpsDKeHUs B CTeHKEe paBHBI Rs. [Ipunumast B sTom ciydae B dopmyne (76)
CHuII 11-23-81* zr = Rs 11 = 2 (ycpenHeHHOEe 3Ha4YeHue), moayduM A, = 3,5. Jliust ceueHumit
0aJoOK, HAXOJSAIIUXCS TOJ JEHCTBHEM HM3TM0a, STH OTPAaHUYEHUS MOTYT OBITH HECKOJIBKO
yBeJIUYeHBI B cOOTBETCTBUU ¢ popmysnoi (75) CHull 11-23-81* npu oer = Ry.

I[JI?I 0asoK ¢ OAHOCTOPOHHHWMHU IMOACHBIMU IIBAMHU YKA3aHHOC 3HAYCHUC A CHIKEHO Ha

W

10 % B CBSI3U C YMEHBILICHUEM CTETICHH 3aIIEMJICHHS CTCHKU OaJIKU B MOsICaX.

7.8 (7.4%; 7.6*-7.9). IIpu 0JHOBPEMEHHOM JEHCTBUH B CEYCHHMH OallOK, pabOTarOIIUX B
YIpyroi 00JacTH, HOPMAIBHBIX O, KaCaTEIbHBIX 7 M MECTHBIX Oloc HANPSHKEHUH MPOBEPKa
YCTOMYMBOCTH CTCHOK BBINIOJIHAETCS HAa OCHOBE 3aBHCHUMOCTH JJsl  MpeleibHbBIX
MOBEPXHOCTEH  B3aUMOJICHCTBUS MEXKIY YKA3aHHBIMH  HANPSHKCHUSAMH,  TPHUHIIUTIBI
MOCTPOCHUSI KOTOPBIX TpuBeAeHbl B [23]. Ins mpakTUYeCKHUX pPacueToB 3TH 3aBHCHUMOCTH
npencrasnensl B CHull 11-23-81* B Bune popmyin (74), (79), (82) u (87).

Y CTOMYUBOCTE CTEHOK Oaaok MPOBEPACTCA C YUCTOM HX YAaCTHUYHOIO 3aIIEMJICHUA B I10sACAX, CTCIICHDL
KOTOPOIrO MpH yNpyrod pabore Oajikd 3aBHCHT OT COOTHOIICHHUS JKECTKOCTEeH mmosca W CTeHKH. Dddekr

3alIeMJICHUA CTCHKU MOINCPEYHBIMU pe6paM1/I JKECTKOCTH HC YYMUTBIBACTCA, U B MECTAX HX IMOCTAHOBKHU
MPUHUMACTCA IAPHUPHOC ONNMPAHUC KPOMOK.

®dopmyna (75) CHull 11-23-81* maer MUHHMaIbHOE 3HAYCHUE KPUTUICCKUX HAMPSHKCHHUN
IPU YUCTOM HU3rHO€ CTEHKH, KOTOpPbIE COOTBETCTBYIOT OTHOILIEHMIO JUIMHBI OTCEKa K €ro
BeicoTe a/hef = 0,667. Ecin otHotenue a/hef He kpaTHo 0,667, TO KpUTHYECKUE HAMTPSKSHUS
Oynyt Bbime. KoadduineHT, yuyuThIBAOIIMN yIOpyroe 3aiiemMieHHe CTEHKH B Moscax,
n3Mensiercs B npenenax ot 1,39 npu o = 0,8 mo 1,65 mpu & = 30, e o - onpenensercs mo
¢opmyne (77) CHull 11-23-81*. DT 3HaueHUs MOATBEPXKAAIOTCA Ppe3yJbTaTaMu,
MIPUBEJICHHBIMU B [22].

3HaueHHWEe KPUTUYECKHX KacaTeIbHBIX HAMpPsDKEHUH 3aBUCHUT OT OTHOIIEHHUS CTOPOH
pacueTHOTO OTCEKa, TMOKOCTH CTEHKH W YCIIOBHS 3aKPEIUICHUS €€ TPOJOJIBHBIX CTOPOH.
BrnusiHue >THX mapaMeTpoB JUIS YOPYToM IUTACTUHKH MOAPOOHO paccMoTpeHo B [22], rae
MOJTyYeHBI 3Ha4eHUsT K0d(D(UIIMEHTa, XapaKTEPU3YIOIIEro BIUSHUE YIPYTOro 3alleMIICHUS
MPOJONBHBIX CTOpOoH TuiacTuHKU. @Dopmyma (76) CHull 11-23-81* paer 3HaueHuUs
KPUTHUYECKUX KacaTelIbHBIX HAMPSKEHHH ¢ HEKOTOPHIM 3amacoM, KOTOPBIA COOTBETCTBYET
MUHHMQJIBHBIM ~ 3HA4eHUSIM  KOdPUIMEHTa O, XapaKTEePU3YIOIIEr0 COOTHOIICHHUE
KECTKOCTEH T0sIca U CTEHKH.

7.9 (7.6%). 3HaueHHUS KPHUTHYECKOTO JIOKAIBHOTO HAIPSIKCHHS Oloccr, BHIYUCIAEMBIE 11O
dopmyire (80) ¢ yaerom manHbIX Tadn. 23 CHull I1-23-81%*, mpuHUMAaroTcss He3aBUCUMBIMH



OT JUTMHBI pacrlpeesieHus NaBieHus kKoneca kpaHa ler. i3MeHeHue lef BIMseT Ha BETHMUUHY
koadunmenta p = (3,4/c)(let/her), Tae ¢ = 3,25 - i cBapHbIX 6anok; ¢ = 4,5 - i 6aJloK Ha
BbICOKOTIPOYHBIX OonTax. Tabm. 23 CHull I1-23-81* nmoxydena 11t MOCTOSHHOTO 3HAUYEHUS p
= 0,38. bonee TOYHO 3HAYEHHUE Olocer C YUETOM JUIMHBI paclpeAcsieHusl J1aBJeHUs KoJseca
JIOITYCKAETCS OMPENEATh 0 (hopMyIie

X(a, +a,p+a,p’)R,

ka,a' - T2 1 (54)
P,
p— a .
rge A, = h—,/RJ, /E
o
a,=a,+a,(alh,)+a,(alh,)’ 3Ha4eHUs Qjj, IPUBEJCHBI B TAONI. 32.
TabOnuma 32
| 3HavyeHHs aij IIPH j, pPABHOM
1 2 3
0 -0,815 4,577 -1,02
1 9,467 -25,50 16,93
2 1,011 22,84 -19,70

3HaueHus X npu 1< 6§ < {Z—a +0,5J BBIUUCIISIOTCS 10 (hopmyrie
»

X =16~ 0,06hi + 0,1\/[6,75 hi - 3](5 -1)- (0,223 hi - 0,055}(5 ~1*) (55)

o o o

[Ipu 6> (7a/hes + 0,5) 3HaueHUss X NPUHUMAIOTCS TOCTOSIHHBIMH, PABHBIMU 3HAYCHHIO X,
BeruriciieHHoMy Tipu O = 7alher + 0,5. Ilpu 0 < & < 1 3HaueHUsA X BBIYMCISIOTCS JIMHEHHON
UHTEpHosAred Mex 1y 3HaueHusaMu X = 1 u X = 1,6 - 0,067a/her.

Ipumep. Pacuer oOloccr mo npemraraemoit metoauke u CHull 11-23-81*.

Hcxoonvie oannvie: a = 150 cM, het = 156 e, ti =2 cm, t = 1,4 cMm, br = 60 cm, 115 = 1587
cM*.

BrruncnseMm HE00X0UMBbIE TAPAMETPHI:

1, =3,253f1fi7 =339 cm; a/hes = 0,962;

3
5 =2ﬂ(2’0j =224,

156\ 14
W3 tabn. 23 CHull 11-23-81* naxoaum ¢1 = 19,7; o, =197R /2. .
[To dpopmyse (55) Beruucnsiem X = 1,74; p :%% =0.227.

Beruucnsem ko3 dunmenTsl, Bxoasaimue B popmyiy (54):

a,=-0,815 + 4,577 - 0,962 - 1,02 - 0,962% = 2,644;

a1 =9,467 - 25,5 0,962 + 16,93 - 0,962 = -0,606;

a2 =1,011 + 22,84 - 0,962 - 19,70 - 0,962 = 4,753.

=1,74(2,644 — 0,606 - 0227 +4,753 - 0227 )% =2LIR, / 2.
0227 2 ’

[Ipumenenue hopmyn (54) u (55) naeT BOZBMOXKHOCTh YUUTHIBATh U3MEHEHHUE TTapaMeTpa O
Y TIPUBOJTUT K YBEITMUICHUIO Oloc cr-

7.10 (7.5). Ilpu pacuere cTeHOK O0aJOK, pabOTAIONMIMX 33 TMPEAENIOM YIPYTrOCTH,
pacripeieieHue HanpsHKeHUH B CTEHKE BBIYMCIIACTCS ¢ TPUMEHEHHEM 3aBHCUMOCTEHN TeOpHun
IUIACTUYHOCTH. BenuunHa  HampspkeHHss Ha  KpOMKax He  sBISETCS  OCHOBHOM
XapaKTepUCTUKOM HMX B3aHMMOJCHCTBHUS KaK B YHPYrod 00JacTH, MOITOMY B JaJIbHEHUIINX

Torma o

loc,er



pacuerax TNpU MPOBEPKE YCTOWYMBOCTH CTEHKHM HCIIOJIb3YeTCSl BEIMYMHA H3rHOaloIero
MOMEHTA, a HE KPaeBOr0 HaNPsKEHUSI.

[ToapoOHBI aHaMM3 pacyeTa YCTOMYMBOCTH CTEHOK M TOSCOB M3TMOAaEeMBIX 3JIEMEHTOB,
paboTaromyx 3a MpeaesaoM YIpyrocTu, IpUBEIEH B pasl. S.

7.11. Pa3mepbl CTEHOK M TOSCOB LIEHTPAJIbHO-CKATBHIX AJIEMEHTOB YCTAHOBJICHBI U3
YCJIOBUSI PAaBHOYCTOMYMBOCTH CTEP>KHS U JIEMEHTOB ero ceueHus. [IpenenbHoe cocTosiHMe
cTepkHS W JedopMalid B PACYETHOM CEUYEHHMM OIpeleieHbl C YYEeTOM CIy4YalHbIX
9KCLIEHTPUCUTETOB BHEIIHEH Harpy3KU U HaYaJIbHBIX HECOBEPIIEHCTB cTepxkHs. CiyyaliHble
AKCLEHTPUCUTETHl MPUHUMAIUCh OTHOCUTEIBHO OCH, MEPIECHIUKYISIPHON MOsicaM CEYECHUS
(puc. 17).

g, 0

¥

T

Puc. 17. K pacuety Ha yCTOMYHMBOCTH CTEHKHU CKATOIO CTEPIKHS

a - cXeMa CTepIKHS; 6 - CXeMa Ce4eHHUsI U JIIopHI JedopMannii

[Ipu BbIYMCICHUHM KPUTHUYECKONH THOKOCTH CTEHKH B pacueTHbIE (OpMYIbl HEOOXOIUMO
MOJICTABIISATh 3HAYCHHE THUOKOCTH CTEPXKHS A, KOTOPOE HCIIONB30BAIOCH IPH IPOBEPKE
o01Iel YCTOWYMBOCTH CTEPKHS. B CKBO3HBIX CTEPIKHAX YCTOWYMBOCTH CTEHKH KaXKI0 BETBU
MPOBEPSIETCSl Ha YCTOMYMBOCTH B TMpeZeNiaX ydacTKa MEXAY Y3JaMU PEeUIeTKH C Y4eTOM
pacyeTHOro 3HaYCHHUs THOKOCTH BETBH HA 3TOM YYacTKe.

7.12 (7.14%). ®opmysbl Tabm. 27* CHull 11-23-81* monydens! U3 pacyera yCTOWIUBOCTH
TUTACTUHKH, KOTOpast SIBJISIETCS CTEHKOH IIEHTPaJIbHO-CIKATOTO CTEPIKHSA U paboTaeT 1o cxeme
(cm. puc. 17). Ilpu 3TOM y4uTHIBAETCS YaCTUYHOE 3allleMJICHHE CTEHKH B IMOsicax, KOTOpPOe
3aBHCUT OT YPOBHS CXXHMAIOMUX AeGopManuii 1 OT COOTHOIIEHHS JKECTKOCTEH CTEHKH U
MOsICOB B ynpyroi obnactu. B [23] mokaszaHo, 4To yBeJIMYEeHHE TUIOIIAN MOSICOB HECKOJIBKO
VIIyqIIaeT YCIOBUS pabOThI CTEHKH, OJJHAKO JTO BIUsHUE He3HaunTenbHO U B CHull 11-23-

81* He yuuThIBaeTCA.

JU1s cTep KHel IIBEJUIEpHOro U KOpoOYaToro CEYeHUi MpU OJMHAKOBOM TMOKOCTH CTEp)KHS HEOOXOIMMbI
OoJiee TOJICTBIC CTEHKH, YeM ISl IBYTaBpa. DTO OOBACHACTCS TEM, YTO B CTEHKAaX TaKUX CTEP)KHEH BO3HHKAIOT
3HAYHUTENBHO OonbIIne AeopMaIun cKaThs, YeM B CTEHKE JAByTaBpa (puc. 18), a s ekt 3ameMineHus CTeHKA
B ITOJIKAX TAKHUX CEYCHUI MPAKTUYECKU OTCYTCTBYET.

) - 9 Y
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Puc. 18. Dmiops! nepopManuii cixxaThIX CTepsKHeH

a - Tpy04aToe ceyeHue; O - MIBEIIEP; - TABP

AnHanmu3 3apyOeXXHBIX HOPM M HCCIEIOBaHMHA pPabOTHl CTEpkKHEW C THOKOH CTEHKOM
MOKAa3bIBAET, YTO HWXHHMM TMpefes KPUTUYECKOM THOKOCTH CTEHKH JBYTaBpa MOKHO

IIOBBICUTH 10 1,31IE/R}, , TaK KaK YCJIOBUA pa60TBI CTCHKHN 6HaFOHpI/I${THGG, 4EM IINIACTHUHKH,

IIAPHUPHO OMEPTOH MO KOHTYPY, KOTOopas MpuHsATa B kadectBe pacdyerHou B CHuII 11-23-



81*. B To ke BpemMs HEOOXOAMMO CHH3UTHh BEPXHIOI TPAHMIY KPUTHUYECKOW THOKOCTH
crenky, npuHatyio B CHull 11-23-81%* paBHO#29,/E/R , Tak KaKk B TaKMX IIACTUHKaX

MOTYT OBbITh 3HAYUTEIbHbIE HECOBEPILICHCTBA, & TAKXKE YCUIIMBACTCS OTPULIATEIILHOE BIMSHHUE
Ha YCTOWYMBOCTb OCTaTOYHBIX HampsbkeHUd. llenecooOpa3sHo o0O0BEIMHUTH TpyOuaThle
NPSIMOYTOJIBHOE M KBaJPaTHOE CEUCHMs, TaK KaKk HET MPUHLIUIHUAIBLHOW pa3sHHLBI B paboTe
UX CTEHOK IIPH LEHTPAJIbHOM CXKATHH.

VYcnoBre yCTOMYMBOCTH CTEHOK LIEHTPAJIbHO- U BHELIEHTPEHHO-CHKAThIX CTEPIKHEW MOXKET
OBITH IIPEJICTABICHO HEPABEHCTBOM

.

w uw 1

IA

(56)

rae A, =(h, /t)JR,/E;

A,, - IpeenbHble (HauOobIINe) 3HAaUeHNU THOKOCTH YCTOMUMBOM CTEHKH, IPUBEACHHbBIE

B Ta0m. 33.

3Hauenuss A, SBISTIOTCS (QYHKIMEH pacdeTHOW TMOKOCTH CTEPKHS M 3aBUCST OT YPOBHS HAIPSDKCHHH B

uw?

CCUCHHU CTCPIKHA. HpI/I X BO3paCTaHUU YPOBCHb HaHpH)KeHVIIZ B CTCPIKHC CHHIKACTCHA, YTO IO3BOJIACT

IpUHUMATh Oosbinue 3HaueHus A, . Eciau ycnosue (56) He BBIIOMHAETCS, TO CTEHKA HEYCTOHUYMBA U B pacuer

BBOJIUTCS YACTh €€ BBICOTHI Nred, KOTOPAsk BHIYUCIIACTCS B COOTBETCTBUM ¢ TpeOoBanusamu 11.7.20% CHull 11-23-
81*.

Taonuma 33
OTHOCHUTENBHBII CeuyeHue dj1eMeHTa 3HadeHHs 1 u Zl DOopMYITBI UTS OMPeIeIeHUS ﬂ:y
OKCHEHTPUCHTET
m=0 JlByTaBpoBOE 7 < 20 A, =130+0,1527 2
2 220 2. =120+0351%,
HO He Ooutee 2,3
Kopo6uaToe, 1 <10 A, =12;
IIBEJUIEPHOE MIPOKATHOE 7 >10 _ _
B Aw =1,0+0,24 ,
HO He 6onee 1,6
IsennepHoe, Kpome 7 <08 2, =10;
IPOKATHOTO _
P Z 208 %, =085+0197 ,
HO He Ooree 1,6
m210  |loyrasposce, 7, <20 |, =130+0152%
KopoGuaToe — _ _
A =220 A, =09+054,
HO He 6ouee 3,1

Obo3nauenus, npunamole 6 maon. 33:

A - yCJOBHasi THOKOCTH 3JIEMEHTa, NMPHHHMAacMasi B pacueTe Ha YCTOWYHUBOCTH TPH
LEHTPaJIbHOM CXKaTHH;

/Tl - YCJIIOBHasd T'HOKOCTD OJICMCHTA, NIpUHUMAaEMas B pacucTte Ha YCTOI\/'I‘II/IBOCTB B
IJIOCKOCTH JIEMCTBUS MOMEHTA.
HDpumevanus: 1. K kopoOyaTeiM OTHOCATCS 3aMKHYTBIE MPSMOYrojibHbIE MPOQMIN (COCTaBHBIE, THYThIE NPSMOYTOJbHBIE U

KBaJ[paTHbIE).
2. B xopobuaTom cedeHuu npu M > 0 3HaueHUE ﬂ.“w ompeenseTcs A CTeHKH, apajlIelbHON IIOCKOCTH H3THOAIONIero MOMEHTA.
3. Ilpu 3Hagenmsx 0 < m < 1,0 3Hauurte ﬂ,w JUIS IByTaBPOBOTO M KOPOOUYATOTO CEUEHHH CIEMYEeT OMNpeeNnsITh IMHEHHON

HWHTEPTIONSAHEH MEK/Ty 3HAUCHHUSIMHE, BEIYUCIEHHBIMA iprt M =0 um = 1,0.

7.13 (7.14*). CTeHKn BHEICHTPEHHO-CXKATBIX CTEPIKHEH pabOTAIOT B YCIOBHUSIX CXKATHUS C
M3ruOOM M MX THOKOCTH OTPEAEISIETCS] BUIOM HaNPsHKEHHO-I1e(OPMUPOBAHHOTO COCTOSTHHS
B 3aBUCHUMOCTHM OT 3HAUY€HHUIl M3ruOaroniero MOMEHTa U NMPOJOJIbHON CHIIBI B MpPEIeTbHOM
COCTOSIHUM CTepkHA (cM. puc. 16). HezaBUCMMOCTb THOKOCTH CTEHKH 2, TaKUX CTEp)KHEH OT
3HA4YEeHUsI OTHOCUTENIBHOIO 3KCIEeHTpUcuTeTa M (popmynsl Tadba. 33) oObsACHIETCS TEM, UTO
BO3pacTaHre M MPUBOJIUT K YBEIHUYSHHIO MaKCHUMAIBHBIX JedopMaIiiii Ha KpOMKE CTEHKH,
OJTHAKO TPU 3TOM BO3pAcTaeT HEPABHOMEPHOCTh MX paclpelesieHus mo Beicote (puc. 19).
VYBenu4eHue z NMPUBOJUT K YMEHBIICHUIO 7 , a BO3pacTaHUe rpaJueHTta Jegopmanuii - K ee

YBEIMUYCHNIO. B3auMHO€E BIMSHHE DTHX (aKTOPOB, 3aBUCSIIMX OT 3HaueHUH M, 1 u AilAw,



MPUBOAUT K TOMY, UTO THOKOCTh CTEHKHU 7, MPAKTUYECKH HE U3MEHSETCS ¢ BO3pacTaHHeM M.

Ha puc. 19 noka3ano uzmeHeHue nedopmaimii 1uisi qByTaBpoBoro cedenus npu A#Aw = 0,5,
A 1= 1,5 B 3aBucuMocTH OT Bo3pactarus M ot 0,1 10 10, mpu 3TOM 3HAYEHHE 7, U3MCHSIETCS

B HE3HAUYMUTENbHBIX Npenenax ot 1,77 no 1,86.

—— 77 2,32 339 4,02

#p_;_ m=01 (= m-1 me§ ?ﬂifﬂ
/ £ A

[ S— e Y AP E 158 ¥7

Puc. 19. dniops! AepopManuii B cTeHKe IBYTABPOBOro ce4eHUs MPU BO3PACTAHUM IKCHEHTPUCUTETA

I[lpy m < 2
BBIYMCJICHHBIMHU I10 (bOpMYJ'IaM Tabmn. 33 AJI OEHTPAJIBHO-CXKATOI'0 U BHECIICHTPEHHO-CXKATOI'O
crepkHApu m =11 1 = 1 ..

7.14 (7.16*). Pacuer yCTOWYMBOCTH CTEHKH TPH CKaTuu ¢ u3rubom 1o dopmyne (90) CHull 11-23-81*
BBINIOJHACTCS B TOM CIIy4ae, €CIIM CTEP’KeHb TepseT OOIIyI0 yCTOHYMBOCTD MO M3THOHO-KPYTHIBHOH (opme B
mpefenax ymnpyrux gedopmammidc. ITta  (QopMyna IONydeHa Ha OCHOBAaHWH pe3ynbTaToB [23], rme
paccMaTpuBallach YCTOHYMBOCTH M30JMPOBAHHOW YNPYrod IUIACTUHKH MPU COBMECTHOM JICHCTBHU H3rHOa,
cxaTud U casura. [Ipu 3TOM He yUUTHIBAINCH TOTIOIHNTEIbHBIE HOPMAJIbHBIC HANPSDKCHNS, BO3HUKAIOIINE TIPH
neopMHUPOBaHNY 3JIEMEHTA.

Pacuer ycroitunBoctr cteHku mnpu 0,5 < a < 1 siBisiercst mpuOIMKEHHBIM, TTO3BOJISIOIIAM
ornpenessith hef/t ¢ HekoTOpBIM 3amacoM, Tak Kak Gopmyssl 1. 7.12 mpesmonaraT HaIM4Ynue
IIACTHYECKUX JeopManinii B CCUCHHH.

7.15 (7.17*). CHmkeHue THOKOCTH CTCHKH Ml JAPYruX (OpPM TOMEPEUYHOr0 CEUCHUS YUYHMTHIBACT
YMCHBIICHHE YIPYTOTo 3aleMIICHUS CTCHKH ITOSCaMH B 3THX CCUCHHSX.

7.16 (7.18*). OmnpeneneHue pa3MepoB DJICMEHTOB TaBPOBOI'O CEUYCHHUS BBIMOJIHEHO Ha
OCHOBAHUU PE3YJIbTATOB PEIEHUs 33/Ja4M, YUUTBIBAIOLIEH COBMECTHYIO PabOTy CTEpXHs U
IUIACTUHOK, 00pa3yroniux ceueHue. [Ipu BbIUMCICHUM KPUTHUECKON T'MOKOCTU CTEHKH TaBpa
hef/t IPUHATO MPEANONOKEHHUE, YTO IKCICHTPHCUTET € HAMpPaBJICH B CTOPOHY CBOOOIHOI
KpoMku (cM. puc. 18). CreHka TaBpa paccMarpuBalach Kak IUIACTHHKA, HMEIOIIAs
CBOOOJHBIN Kpail M 4YaCTUUHOE 3allleMJICHHE JPYroi npooiabHOi cTtopoHsl. [IpuHsTas cxema
3arpyKeHusi SBIseTCsl HaumOojee HEBBITOJHOM Ui YCTOMUMBOCTH CTEHKHM TaBpa.
[Tonmy4yeHHble pe3yibTaThl 0e3 ydera 3allleMJIEHUss KPOMKU MPUMEHHMMBI Ul ONpeAeiIeHus
pa3MepoB CBECOB PAaBHOOOKHMX YrOJIKOB, KOTOpbIE TEPSAIOT YCTOWYMBOCTH MO H3THOHO-
KPYTWIBHOM ¢opMe, UYTO NPUBOJUT K HEKOTOPOMY 3amacy YCTOMUMBOCTH, TakK Kak
nepopmanuu B HarOoJiee HaPSKEHHOM IOJIKE YTOJIKa MEHbIIE, YeM B CTEHKE TaBpa.

7.17. Tlpu mpOEKTUPOBAaHUU ILIEHTPAJIbHO- U BHELIEHTPEHHO-CXKATBIX CTEpXKHEW pacyer
CTEHOK JIONYCKAaeTCsl BBINOJIHATh TAaKUM OOpa3oM, YTO MpHU JIEHCTBUU PACUETHOM Harpys3ku
OHH JINOO COXPAHSIOT YCTOWYNBOE COCTOSIHHUE, TUOO YACTUYHO BBHITYYHBAIOTCSI.

YacTnyHOE BBITYYMBAHWE CTEHKM HE O3HA4aeT I[IOJIHOE HCYEpIaHUE HeCyllen
CIIOCOOHOCTH CTEPKHsI. B 9TOM cilyyae mpu onpeneneHuy HeCyIIel CoCOOHOCTH CTEPKHS B
nonepeyHoe cedyeHue (puc. 20) BKIIOYAETCS TaK Has3blBaeMas peAyLUpOBaHHAs BBICOTA
cTeHKH hred [21].

CICAYCT OIpPCACIIATh JIMHEIHOM I/IHTepHOHHHHeﬁ MCXKAY 3HA4YCHHAMU,
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Pbc. 20. PacueTHble ceuyeHHs CTepKHeH ¢ THOKUMH CTEHKAMH
B 3aBucHMOCTM OT COCTOSIHMSI CTEHKH (yCTOMYMBOE WM HEYCTOHYMBOE) IPOBEpKA
BBINOJIHAETCS B ABa 3Tana. Ha mepBoM 3Tame, KOTOPbIH HEOOXOAMMO BBIMOJHATH BO BCEX

cily4asix, IeMCTBUTEIbHAS THOKOCTh CTEHKHU Z =(h, /1), /R}, /E CpaBHUBAETCS C HAUOOJIBIINM

AONNYCTUMBIM 3HAUYCHUCM A KOTOPOC COOTBCTCTBYCT KPUTHUYCCKOMY COCTOSAHHUIO H

uw

BbIUMCIsIETCs 110 Tabu. 33.
Ecmu 4, < 4,,, CTeHKa yCTOi4YMBa U NMPOBEpKa Ha ITOM 3akaH4yuBaercs. Ecim 1, > 4,

uw

HEOOXOAMMO OIPENEIUTh HECYIIYI0 CHOCOOHOCTh CTEPXKHS C YYETOM pPEayLUupOBAHHOMN
BBICOTHI CTEHKH, KOT/Ia pacuyeTHas IJIONIa(b CCYCHHSI MEHBIIIE TEOMETPUYCCKOM.

[Ipy mpOEKTHUPOBAHMU CHKATBIX CTEP)KHEH ¢ TMOKMMHU CTEHKaMH HEOO0XOIUMO, YTOOBI
peaylpoBaHHas BbICOTA Nred COCTaBIsIa HE MEHEE MOJOBUHBI MOJHON BHICOTHI (Nred >
0,5hef). B mpoTuBHOM ciiydae B CBSI3M C YMEHBIICHHEM pACUCTHOW IUIOMIAAA CEUCHHS
HECyIIasi CiocOOHOCTh CTEPIKHEH MOXET CHWXKAThCs Ha 25 % u Oosee, 4TO SKOHOMUYECKU
HeIEeIecoo0pas3Ho.

7.18 (7.20%). PacuerHsie (opmynasl TaOI. 33 OnpeAensioT KPUTHYECKYIHO THOKOCTH
YCTOWYMBBIX CTEHOK, T. €. 0€3 yueTa 3aKpUTHYECKO# ctaauu padbotsl. Eciu 7, > 4, pacuer

uw >

BBITIOJIHSICTCS B COOTBETCTBUU ¢ TpeboBanmsamu 1. 7.20* CHull I1-23-81*. Korma
dakTHyeckoe 3HaucHHE Neft TpeBbIIaeT 3HAueHHe, ompenensemMoe Mo M. 7.14% (s
[EHTPAJIbHO-CKATBIX AJIEMEHTOB He OoJjiee 4eM B JBa pas3a), B pacyeTHhIX (opmynax 3a
3Ha4YeHUE A CjelyeT NPUHUMATh 3HAYCHUE Ared, BBIYHCICHHOE C BBICOTOW CTCHKH Nred (B
KOpOOYaTOM CEYCHUH OMPEaeOTCS Nred U Nred1, cM. uepT. 20, Is MUTACTHHOK, 00Pa3yIOMIHX
CCUCHHUE U PACIOJIOKECHHBIX COOTBETCTBEHHO MAPAIICIIBHO U MEPIECHAUKYISPHO TUIOCKOCTH
n3ruda):

IS IBYTABPOBOTO U MIBEIIEPHOTO ceueHUs Ared = A4 - (Nef - Nrea)t;

JUTSL KOPOOYATOro CEUEHUS:

npu HeHTpaabHOM CKATHH Ared = A - 2(Nef - Nred)t - 2(Nef1 - Nred)ts;

NIPY BHELICHTPEHHOM CXKAaTUH U COKATUU € M3TUOOM Ared = A - 2(Nef - Nrea)t.

3HaueHus Nred CIACTYET ONPEaCTATD:

JUTSL IEHTPAITLHO-CKATHIX AJICMEHTOB JIBYTaBPOBOT'O M KOPOOYATOTO CCUCHUS

= (4, - E
I ={,1W—(Z——lj(/lw—k)} = (57)

uw y

JUTSL IIBEJUICPHOTO CedeHus h,, =tA, JE/R, ,

uw

rae A, - yCIIOBHas THOKOCTh CTEHKH COOTBETCTBYIOIETO CeueHus 1o Tadi. 33 mpu m = 0;
=~ h, |R, .
A, =L ~ ~ YcuoBHas TMOKOCTh CTCHKH, TIPH BBIYKCICHUH Nred1 PHHUMAaEMast paBHOM

t

o 1 Vo
)

wl ¢ E

1

- h, |R
1 =—d

K - ko3¢ duIreHT, IPUHUMAEMBbIi PaBHBIM JUTs AByTaBpoBoro ceuenus kK = 1,2 + 0,151
(mpu 1 > 3,5 cnenyet npuHUMaTh A = 3,5) u s kopobuaroro ceuenus K = 2,9 +
022 -0,74, (mpu A > 2,3 ciexyer npuHUMarh A = 2,3); 31eCh A - yCJIOBHas
TUOKOCTH DJIEMEHTa, MpUHsTas B Ta0m. 33;

JUIS BHEIIEHTPEHHO-CXKATBhIX U CXKATO-M3rubaeMbIX 31eMeHToB mo Qopmyne (57), raoe
3HAYCHHUE A, CICAYIOT BBIYUCIATH 1O Tab. 33, a 3HaueHue K mpu 4 = 1 1.

ITpoBepka oO011el yCTOMYUBOCTH CTEP)KHS C PEIyLIUPOBAHHONW CTEHKOM BBIMIOJIHSIETCS IO
dopmyinam CHull 11-23-81*, B KOTOpPBIX BMECTO IUIOMIAJN CEYCHUS A TOJCTaBISACTCS
penyuupoBanHas omanb Ared = Kid. KoaddurmenT K1 yuuTbiBaeT yMeHbIIEHHE TIOIIAAN
CeUeHHs] TpPHU pPEAYIHPOBAHWM CTEHKH; €ro 3HAueHWs mpuBeaeHbl B Tabm. 34-39.
[IpuMeHeHHe JaHHBIX TaOJIMII MO3BOJISET BHIIOIHUTD PacyeT LIEHTPAIbHO-CKATBIX CTEPKHEH

JIByTaBpOBOT'O0 Ce4YeHMsI 0€3 BBIUMCICHMSI PEAYyILMPOBAHHOM BBICOTHI CTEHKH MO (popmyre
(57).



Jlnsi BHEIEHTPEHHO-C)KATBIX CTEP)KHEH peaylupoBaHHAs BBICOTA CTCHKH SIBIISICTCS
(GyHKIMEH THOKOCTH CTEPXKHS, OTHOCUTEILHOTO KCIIEHTPUCUTETA, COOTHOIICHUS TUTOMIACH
JJIIEMEHTOB CEYEHUS, a TAaKKe CTETNCHW DPAa3BUTHS IUIACTHYECKHX JeopMaiuii, KOTOphIC
BIUSIIOT HA CTETCHb 3alllEMJICHUS CTCHKU B Mosicax. Eciam TMOKOCTh CTEHKH MPEBBIIIACT
KPUTHYECKOE 3HAYCHHE, TO PEAYIIMPOBAHHAS BHICOTA CTEHKU ONpeaessiercs u3 (opMyIibl
(57). Ilpu aTOM A, OmpenenseTcss B COOTBETCTBUHU ¢ Tabil. 33, a B KOPoOYaTOM CEYEHUHU
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peayLupyIOTCcsl 00€ CTEHKH, MapaJlie/IbHbIE INIOCKOCTU ACHCTBUSI MOMEHTA.

Ecnu npu eHTpanbHOM CKaTHM U IpU 1 = 1 CTEHKa KOpoOYaToOro CeYeHHus HeyCTOWYHBA,
TO pacyeTHasi Iomangb Ared Ipu m < 1 BBIYHCISACTCS JTUHEHMHON WHTEPIONALUEH MEXIy
3HAYEHUSMHU, [TOJTYYEHHBIMU NIPU LIEHTPAIbHOM C)KaTUU (pPEAYLUPYIOTCS YETHIPE CTEHKU) U M
= 1 (penyuupyroTcs 1Be CTEHKH B IJIOCKOCTU JECWCTBUS MOMEHTA); MPU 3TOM JIOJKHA OBITH
o0ecrieyeHa yCTOWYMBOCTh IIOSICOB BHEIIEHTPEHHO-CXKATOTO CTEPXKHS B COOTBETCTBUH C
TpeboBanusmu 11. 7.26* CHull 11-23-81*.

IMpumep. [IpoBepHUTh YCTOWYMBOCTh CTEHKU JBYTABPOBOTO CTEPIKHS THOKOCThIO 1 = 1 u
OIIPEJICNIUTH €0 HECYIIYIO CTIOCOOHOCTb.

Pa3mepsi ceuenus: crenka 800 x 12 mm, nosica 400 x 20 mm, matepuan BCt3kn2-1 (TY
14-1-3023-80), Ry = 210 MITa (2150 krc/cm?).

[To popmynam Tabi. 33 BeIUUCISIEM

A =13+015-1>=145;

o

A, :%\/210/210000 =2,11.

Tabnuma 34
/T“ 3uauenus k; mpu AdA, = 0,25 u 2 , paBHOM
0 08 | 10 | 1,2 | 15 | 20 | 25 | 30 | 40 | 50
1,3 1,00 30Ha yCTOWYNBOH CTCHKH
15 | 0,904 | 0,950 | 0,998
20 [ 0,748 | 0,783 | 0,804 | 0,816 | 0,833 | 0,891 | 0,957 | 0,983 | 0,983 | 0,983
25 | 0655 | 0,690 | 0,701 | 0,701 | 0,727 | 0,763 | 0,788 | 0,832 | 0,836 | 0,836
3,0 0,652 | 0,678 | 0,714 | 0,732 | 0,737 | 0,737
35 2, >27,, 0,616 | 0,646 | 0,661 | 0,661
4,0 0,602 | 0,631 | 0,646 | 0,646
4,6 0,583 | 0,583
Taonuia 35
Z 3uauenus ky mpu AdA, = 0,5 n 2 , paBHOM
0 08 | 10 | 12 | 15 | 20 | 25 | 30 | 40 | 50
1,3 1,00 30Ha yCTOWYNBOM CTCHKH
15 | 0,928 | 0,963 | 0,982
20 (0812 | 0841 | 0,853 | 0,868 | 0,898 | 0,970
25 | 0,742 | 0,767 | 0,775 | 0,785 | 0,805 | 0,855 | 0,932 | 0,949 | 0,950 | 0,950
3,0 0,730 | 0,743 | 0,778 | 0,835 | 0,850 | 0,853 | 0,853
35 0,723 | 0,766 | 0,780 | 0,784 | 0,784
4,0 7 >21 0,714 | 0,728 | 0,732 | 0,732
46 0,679 | 0,685 [ 0,685
Tab6auma 36
Z‘ ! 3uauenus ky mpu AdA, = 0,75 u N , paBHOM
0 08 | 10 | 12 | 15 | 20 | 25 | 30 | 40 | 50
1,3 1,00 30Ha yCTOWYNBOH CTECHKH
15 [ 0,943 | 0,971 | 0,986
20 (0849 | 0873 | 0,882 | 0,894 | 0,921 | 0,976
25 | 0,793 | 0,814 | 0,820 | 0,828 | 0,844 | 0,884 | 0,945 | 0,959 | 0,960 | 0,959
3,0 0,784 | 0,795 | 0,822 | 0,868 | 0,880 | 0,882 | 0,882
3,5 0,778 | 0,813 | 0,824 | 0,827 | 0,827
4,0 1521 0,771 | 0,782 | 0,786 | 0,786
4,6 0,744 | 0,748 | 0,748




Taonuma 37

Z , 3navenus ky mpu AdA, = 1,0 u 1, paBHoOI

0 08 | 10 | 10 | 15 | 20 | 25 | 30 | 40 | 50
1,3 1,00 30Ha yCTOWYNBOH CTCHKH
15 0,952 | 0,976 | 0,988
2,0 0,874 | 0,893 | 0,902 | 0,912 | 0,932 | 0,980
2,5 0,828 | 0,845 | 0,850 | 0,857 | 0,870 | 0,903 | 0,954 | 0,966 | 0,966 | 0,966
3,0 0,820 | 0,829 | 0,852 | 0,890 | 0,900 | 0,901 | 0,902
35 0,815 | 0,844 | 0,853 | 0,856 | 0,856
4,0 7 >21 0,809 | 0,818 | 0,821 | 0,821
4,6 0,786 | 0,790 | 0,790

TaOnuma 38

Z ! Buauenus k; mpu AdA,=1,5u 1, paBHOM

0 08 | 10 | 12 | 15 | 20 | 25 | 30 | 40 | 50
1,3 1,00 30Ha yCTOINYMBOI CTEHKH
15 0,964 | 0,982 | 0,991
2,0 0,906 | 0,920 | 0,926 | 0,934 | 0,949 | 0,985
25 0,871 | 0,884 | 0,898 | 0,893 | 0,903 | 0,927 | 0,966 | 0,974 | 0,975 | 0,975
3,0 0,863 | 0,872 | 0,889 | 0,845 | 0,925 | 0,926 | 0,927
3,5 0,862 | 0,883 | 0,890 | 0,891 | 0,892
4,0 1 >21 0,857 | 0,863 | 0,866 | 0,866
4.6 0,839 | 0,842 | 0,842

Tabonuma 39

Z_,“ 3uauenus k; mpu AdA,=2,0 u 1, paBHOM

0 0,8 1,0 1,2 15 2,0 25 3,0 4,0 5,0
1,3 1,00 30Ha yCTOWYHBOW CTEHKH
15 0,971 0,985 0,993
2,0 0,925 0,936 0,941 0,947 0,959 0,988
2,5 0,897 0,907 0,910 0914 0922 0,942 0,973 0979 0,980 0,980
3,0 0,892 0,897 0,911 0,934 0,940 0,941 0,980
3,5 0,889 0,906 0,912 0,913 0,913
4,0 1 >21 0,886 0,891 0,893 0,893
4,6 0,872 0,874 0,874

Tak kak 1 <A

dbopmyite (57):

<2, , TO HEOOXOMMO BBIYUCIHUTEH PEIYIIMPOBAHHYIO BBICOTY CTECHKH IO

B =12 145 21 _
1,45

’ j(1,45 - 1,35)} x

x ‘212010000' =53.28 om; k=12+0.15-1=135.

B coorBerctBum ¢ mamabiMu 1. 7.20% CHull 11-23-81* Beruucnsem penynupoBaHHYIO
omanb Ared:

Ared =A '(hef - hred)t =256 - (80 - 53,28) 1,2 = 223,7 CM2.

Hecymas cnoco6HOoCTh cTepkHs N paBHa:

N = pA1R, 5 = 0,933 - 223,7R, %t = 209 R, ;
[Ipn nmpumenennn AaHHbIX Ta0d. 34-39 BbIYMCIEHUS YHPOIIAIOTCS, TaK Kak, MOIYYHB
yCIOBUE A, <A <24 , HHTEpIosnueil naHubix tab. 36, 37 naxomum wist AdAw = 0,83 ki =

0,874 u onpenensieM HECYIIYIO CTIOCOOHOCTh CTEPKHSI.

N = K1ARyj = 0,874 - 256 - 0,9337 = 209Rysc.



8. PACYET JIMCTOBBIX KOHCTPYKIIUI PACUET HA YCTOMUYMBOCThH
PACYET HA YCTOMYNUBOCTH

8.1 (8.5). 13BectHas B [21] popmy:a Ui KPUTHUYECKOTO HATIPSHKEHHSI YIIPYTOd KPyroBo
IWTHHPUYIECKON 000IOUKH TIPH OCEBOM CXKATUU

Ocr = 0,605Et/l’, (59)

MOJIy4€HHAsl HA OCHOBE JIMHEHHON TEOPUH, 1aeT 3aBbIIICHHbIC 3HAYEHUS Ocr IO CPABHEHHIO C
AKCIIEPUMEHTAJIbHBIMU JaHHBIMH. JTO OOBICHSETCS OOJBIION YYBCTBUTEIHHOCTHIO TaKUX
000J104YeK K Ha4aJIbHBIM HECOBEPUICHCTBAM M OCTATOYHBIM (CBAPOYHBIM) HAMPSHKEHUSM.

[Tockonpky aMIuMTYAa ¥ (opMa HayalbHBIX HMCKPUBIICHUHN SBISIOTCSA CIy4YailHBIMU
BelMYMHAMU ((QYHKIHMSIMU), TPAKTUYECKUNA pacdeT yNpyrux TOHKUX 000J0YeK Oa3upyercs
Ha pe3ylbTaTax »HKCIEePUMEHTAJbHBIX HcCclenoBaHuil. B 3ToM cioydae kputuueckoe
HampspkeHue onpenensiercs mo ¢opmyne (58), B koropyro Bmecto 0,605 BBoguTCS
KO3 GHUIHMEHT ¢, ABJISAIOIUICS yobIBaroei ¢pyHnkuueii mapamerpa r/t (tadma. 31 CHull 11-23-
81%).

8.2 (8.5). B cTponTeabHBIX KOHCTPYKIUAX YACTO IPUMEHSIOTCS 000JIOUKH, HAPSHKEHUS B
KOTOPBIX OJHM3KM K PAacyeTHOMY CONpPOTHBIICHHIO. Takue OO0OJOYKH PACCUUTHIBAIOTCS C
Y4ETOM BIIMSHUS HAYaJbHBIX HECOBEPILEHCTB M Pa3BUTHs IacTUuecKux nedopmanuid. Kak
MOKa3aJId MCCIIE0OBAaHUS, HEBBITOAHEWIIEH (OPMON HAYaIbHOTO HCKPHUBICHUS SIBISETCS
ocecuMMeTpuuHas ¢popMma, moJo0Hasi IepBOi COOCTBEHHOU (DYHKIIMU HI€aTIbHONU 000I0UKH.

B paboTe! yuer ocecHMMeTpHYHOTO HAYAIBHOTO HCKPUBJICHHS M PA3BUTHS TIIACTHUECKHX
nedopMaiuii CBEIGH K pacyeTy 3a MpeAesioM YINPYrocTH BHELEHTPEHHO-C)KATOTO CTEPXKHS,
JeKAIIEro Ha yINpyroM OcHOBaHWH. [Ipu STOM mMoOKa3zaHo, 4YTO st OOOJIOYEK MAJIOH H
cpenHeil TMOKOCTH yueT Heynpyroi paboThl MaTepuaa OKa3blBaeT CYHIECTBEHHOE BIHSIHHE
Ha TpeNeNbHYI0 Harpy3ky MpH moTepe ycToWdumBocTH. C HMCHONB30BaHUEM HEKOTOPBIX
JonyiieHuid monydyeHa pacdyetHas ¢opmyna (100) 8 CHull 11-23-81* nns mpakTuaeckux
pacueToB 000JI0YEK MPH TOCTATOYHO MAJIBIX 3HAYCHUSX I/t.

B cnyuae koMOMHAamMM OCEBOTO CKaTUs KPYrOBOHM IIMUIMHIAPUYECKON OOOJIOUKH C
BHYTPEHHUM pPaBHOMEPHBIM JaBICHHEM KPUTHUYECKOE 3HAUCHHUE OCEBBIX HAIMPSIKCHHMA
MOBBIIAETCs. [[71s1 MpaKTUYECKUX pacyeToB MOXKHO TMOJIb30BaThCs pekoMeHaanusmMu drurHa u
3exnepa®, NPUMEHHUMBIME K 000JI09KaM, TEPSIONIAM YCTOHYMBOCTh B Mpeenax yIpyroCTH.
OceBoe KpUTHYECKOE HANIPSKEHUE Ocr OnpezenseTcs no popmyie

Ocr — Ocrl +0,19 Oy, (59)

HO MPUHUMaeETCs He 6ojee yeM oer1 + 0,23Et/r,
rne o1 = CEtr - oceBoe kpuTHueckoe HamNpsHKEHHE TNPH OTCYTCTBUU BHYTPEHHETO
JaBJICHUS;

o, = Qr/t - okpy»XHOE HANPSDKEHUE OT BHYTPEHHETO JaBJICHHSI.

®opmynoit (59) MOKHO TOJB30BATHCS MPU KOMOMHALMU BHELEHTPEHHOTO CXKaTHs C
BHYTPEHHUM JaBJICHHEM. B 3TOM citydae 1moJl Ocri MOHMMAETCSl COOTBETCTBYIOLIEE 3HAUCHHE,
npuaumaemoe coriacHo 1. 8.5 CHull 11-23-81*. Cnemyer mom4epkHyTb, 4TO YKa3aHHBIN
croco0 MPUMEHUM JIMLIb B Ipeiesax yIpyrocT, T. €. npu oer < 0,8R,.

! Bpoyae B. M. OcobGeHHoCTH pacueTa Ha YCTOHYMBOCTh METAIMYECKUX 000J104YeK //
Ctpout, MEXaHWKa U pacyeT coopykeHun. - 1977.-Ne 4.- C. 35.

2 Bpoyae B. M. TIpakTudeckue MeTObl pacyeTa Ha YCTOMUMBOCTh TOHKHX 00004eK. - B
KH.: MccnenoBanus o CTambHBIM KOHCTPYKIUAM. Beim. 13. - M.: ['occrpoiinzaar. - 1962.- C.
57, 58.

8.3 (8.6). ®opmyna (101) CHulI 11-23-81* oTtHOCHTCS K Cay4ar0, KOTJa Ha CKATBIA WU
C)KaTO-U3rubaeMblil TPYOUaThIid CTEPXKEHb JISHCTBYET pacueTHas Harpyska, onpezaesseMas B
coorBeTcTBUM ¢ TpeboBanmsiMu pazn. S CHull 11-23-81*. Ecnm mpoBepka 1o 3TUM
TpeOOBaHMUAM JIaeT 3amac Hecyleil cnocoOHoCTH, npeBbimatomuii 20 %, To orpaHHYeHHUE 110



dbopmyne (101) CHull 11-23-81* MOXHO CHATH W O0OJOYKY B ITOM Cliydae HEOOXOIUMO
paccuuThIBaTh Ha YCTOMYMBOCTH NMPHU CXKATUU C M3THOOM COTJIacHO TpeOoBaHUsAM II. 8.5
CHulII I1-23-81%*, a pacueTHOE HaNpspDKEHUE O1 ONPEACIATH 1Mo (hopmyrie

0'1:01+L_ ) (60)

rae o= N/A - pacueTHOE 0CeBOE HANPSIKECHUE;
m = 2elr - otHocuTENbHBIN 3KcHeHTpUcHTET [¢ = M/N; M - pacueTHBIIi MOMEHT; B CiIy4ae
OCEBOT0 CKATHUs 3HAUEHUE e CIIeAYEeT MPUHUMATH 110 popmyre (19)];
A =2JR/E - ycnoBHas THOKOCTb TpyO4aToro ceueHus (A=1/i).

8.4 (8.8). TpeboBaHMe TPOBEPKH YCTOMYMBOCTH KOJIBIIEBBIX pedep B CBOCH IUIOCKOCTH
KaK C)KaThIX CTEp)KHEH U MOJydyaeMble MPHU 3TOM UX pa3Mephbl UCXOJIAT U3 TOTO, YTO pedpa
SBIISIIOTCSL JKECTKMMHU DJIEMEHTaMH, O00ECIeuMBaIOMIMMU 00pa3oBaHHUE Y3JIOBOM JIMHHM IO
OKPY>KHOCTH O0OJIOUKH.

B psne cimydaeB paccmarpuBaeMble KOHCTPYKIIMM MOTYT PAacCUMTBHIBATHCS KaK 0OOJIOUKH,
MOJKpEIJICHHbIe THOKUMH InmaHroyramu [21], mpu 3ToM yKa3aHHbIE TpeOOBaHUS Ui
KOJIBLIEBBIX pedep KECTKOCTH MOTYT OBITh HECKOJIBKO CMATYEHBI.

9. PACYET DJIEMEHTOB CTAJIbHBIX KOHCTPYKIIUI1 HA BBIHOCJIUBOCTbD

9.1 (9.1). BBIHOCITHUBOCTD CTATBHBIX KOHCTPYKIIMI 3aBUCHUT OT psifa (pakropos. I TaBHBIMU
U3 HUX SIBISIFOTCS:

BEJIMYMHA MAaKCHMAJIBHOTO HANpPSOHKEHUS B PACCUMTHIBAEMOM JJIEMEHTE Omax (MM
aAMIUTUTY/Ia HAPSDKSHUN Oy);

KOHIICHTPALIMs HANIPSDKEHHUH, 3aBUCSINAs OT KOHCTPYKIIMH JJIEMEHTa M THUIIA COCTUHEHUN
(Tpymmna 31eMeHTOB);

XapakTep HUKINYECKON Harpy3KH (CTallMoHapHasi, HECTallMOHAPHAS);

YHCIIO LUKJIOB HAarPY)KEHUH 32 IIepHO/I IKCIUTyaTallii KOHCTPYKLUIA;

TeMIepaTypa IKCIUTyaTallii KOHCTPYKIIMA | T. TI.

9.2 (9.2*%). Metoauka pacuera Ha BeiHOCIUBOCTH CHHII 11-23-81* ricxoauT u3 TOrO, 4TO
SIBJICHHSI YCTAJIOCTH B AJIEMEHTE BO3HUKAIOT TIOJ] BO3/ICHCTBHEM MaKCHMAaIbHBIX HATPSHKECHUN
Omax. CyllecTByeT W Jpyrod IMOJXOJ, COIIACHO KOTOPOMY OCHOBHOE BIIMSHHUE Ha
YCTAJOCTHOE Pa3pyLIEHHE OKA3bIBAET aMILIMTY/a HANPSHKEHUH MUKIA Oy = (Omax - Omin)/2.
[TockonbKy 00€ METOAMKH ONMHUPAIOTCS HAa OJHU U T€ XK€ DKCIIEPHUMEHTAIbHBIC TaHHBIE U
ABIISIIOTCSL  MX  aNlpOKCUMalMed, KOHEYHble pe3ylbTaThl, IOJIydaeMble TpU  HX
WCTIOJIB30BAHNH, MAJIO OTIIMYAIOTCS APYT OT JIPyTa.

9.3 (9.2*). [IpumeHeHue cTajell MOBBIILICHHONW M BBICOKOI MPOYHOCTU B KOHCTPYKIIHSX,
MOJIBEP)KEHHBIX [UKIMYECKUM BO3JIEHCTBHSIM, SIBISIETCS ONPABAAHHBIM TOJIBKO TIpH
OTCYTCTBUM B HHUX CYIIECTBEHHBIX KOHIIEHTPATOpOB HampsbkeHUd (1- u 2-1 rpymnmsl
anemeHToB Tadn. 83* CHull 11-23-81%*). B ocranpHbIx ciydasx (3 - 8- rpynimbl 21€eMEeHTOB
tabn. 83*CHull 11-23-81*) mnpumeHneHnue cTaneil C MOBBILEHHBIMH POYHOCTHBIMU
MOKa3aTesIMH K TIOBBIIICHUIO BHIHOCIIMBOCTH HE BEJIET M TMOTOMY UX MPUMEHEHHUE JTOJIKHO
HUMETh COOTBETCTBYIOIEE HMHKEHEPHOE U SKOHOMUYECKOEe 000CHOBaHHE.

9.4 (9.2*). loxaBnsiroriee OOJBITMHCTBO CTPOUTEIBHBIX KOHCTPYKIIMH, paOOTAIOIINX Ha
NepEMEHHbIE BO3/ICHCTBHS, HAXOUTCS B YCIOBUSAX U3MEHUMBOCTU HANPSXKEHUH BO BPEMEHU
(aMIuIMTYIa HANPSDKEHUH BO BPEMEHH HE SIBISIETCS TIOCTOSIHHOM), T. €. PEKUM Harpy3ok (u
HaNpsHKEHUI ) He SBJISETCS CTAllHOHAPHBIM.

VY4er HecTallMOHApHOCTH Harpy3ok mno3BojiseT Ha 10-20 % mOBBICUTH pacuETHYIO
BBIHOCTIMBOCTD [mpaBasi yacth ¢opmyisl (115) CHull 11-23-81*] nns Bcex rpymm 21eMeHTOB
[BIHSIHME HECTAIMOHAPHOCTH TPUOIMKEHHO YUYTEHO TIpM HAa3HAUYEHUH  YUCIIOBBIX
k03 durmenToB B popmynax (116) u (117) CHull 11-23-81*].



9.5. Dkcruryaranuss KOHCTpYKIHME mpu Temmeparype ao MmuHyc 40° C He CHMIKaer
BBIHOCIIMBOCTH CTaJIbHBIX KOHCTPYKIIUH.

[Tpu Gonee HU3KUX TemIepaTypax dKCIUTyaTalluyd TPEOYIOTCS CHEIUAbHBIE MEPOTIPUITUS
[0 TIOBBIIICHHIO BBIHOCIMBOCTH KOHCTPYKIMI: TPUMEHEHUE CTaJICH, YIOBJICTBOPSIOIIMX
TpeOOBaHUSAM IO yJApPHOW BSI3KOCTH; HUCKJIIOYCHHE COCAMHCHHN C HamboJiee OCTPHIMH
KOHIICHTPAaTOpaMK HarpspKeHui (7 U 8- TpyII AJIeMEHTOB); IPUMEHEHNE TEXHOJIOTHYECKUX
MEpPOIPHUATHIA 10 TOBBIIICHUIO BBIHOCIMBOCTH CBApHBIX COCIUHEHUH (MeXaHWYecKas
00paboTKa IIBOB, CIUIABJICHUE UX B CTPYE aproHa u T. II.).

PACUYET HA MAJIONUKJIOBYIO ITIPOYHOCTD

9.6 (9.3). Pacuer mMeTayuIMYeCKUX KOHCTPYKIMI Ha MAJIOLMKIOBYIO IPOYHOCTH BEACTCS
Ha T[EepeMEHHbIE YCWIMS TMPU HaJIMYUU CIEKTpa OKCIUTyaTallUOHHBIX HAarpy3oK H
pacrpocTpaHsieTcs Ha  METAUIMYECKHE  KOHCTPYKIMH, OSKCILUTyaTHpYIOIIUecs  Ipu
noHmxkeHHbIX (10 Munyc 40 °C), HOpMaIbHBIX U MOBBIMEHHBIX (110 250 °C) TemmepaTypax.

9.7 (9.3). Cpok 3KcIuTyaTallid METAIMYSCKUX KOHCTPYKIMH U CHEKTP ACHCTBYIOIINX
HKCIUTYaTAallMOHHBIX Harpy30K JOJDKHBI OBITh 3a[JaHbl MPU UX MPOEKTUPOBaHMHU. lIpumeps
CIEKTpa MEPEeMEHHBIX HArpy3ok mnpuBeqeHbl B Tada. 40 (Tasrosblaepbl a3poJAWHAMUYECKUX
TpyO) npu ko3 dunuente acummerpuu p = 0.

Tabnuma 40
JHawmckue, % ot p Yucno HarpyKeHHi YacTota Harpyxxenui, %
100 2 0,01
85 21 0,1
70 299 15
54 881 44
37 897 4,5
28 17930 89,5
HUroro N =2-10* 100,0

JInst BO3yXoHarpeBaresel JOMEHHbBIX Neuei UK N3MEHEHHsI BHYTPEHHETO AaBJICHUS OT
0 10 p ocTaeTcs TOCTOSHHBIM U 3a 20 JeT SKCIUTyaTaluu cocTapiseT 5-10%,

MarucTpansasie ra3o- 1 HedTenpoBoisl 3a 20 JeT SKCIUTyaTaluM HCIbIThiBaloT 7-10°
LIUKJIOB C U3MEHEHUeM JaBiieHust ot 0 10 p.
9.8 (93). IIpoBepka MAaJIOLUKIOBOW MPOYHOCTH OCHOBHOI'O METallula DJIEMEHTOB WU
coeNMHEHHi Ha cBapKe, 60JITaX MM IITHIPAX s 5-10° UKI0B Mpous3BoMTCS O GopMyIIe
o,.<aRy, (ﬂj , (61)
N
5.10° - 6a30BO€ YMCIO LMKIOB HArpyKEHHs IIPH PacdyeTe Ha MAalOLHUKIOBYHO
MIPOYHOCTE;
N - MaJoUMKIIOBasl JOJITOBEYHOCTh 3JIEMEHTAa METAUNIMYEeCKON KOHCTPYKIUH
(mpu N = Np, maHHBII pacueT u pacyer Ha BeIHOCTUBOCTH o CHull I1-23-
81* coBmanaroT);
m, m, - TapaMmeTphl, XapaKTEPU3YIOLIME Yroj HAKIOHA KPUBOM MAaJOLMKIOBOU
YCTaJIOCTH; M = MoC; Mo - TPUHUMAETCA 10 Tabm. 41;
¢ - K03 HUIMEHT, TPUHUMAEMBIH 10 Ta0. 42.

rae Np =

Tabnuma 41
HopmarusHOe Jlo 390 Cg. 390 Cg. 450 Cg. 490 Cg. 540 Cg. 590
BPEMEHHOE (4000) (4000) mo | (4600) mo | (5000) mo | (5500) mo (6000)
COIMpPOTHBIIEHUE 450 (4600) | 490 (5000) | 540 (5500) | 590 (6000)
cramu Ry, MITa
(xre/cm?)
[Mapametp m, 0,16 0,18 0,20 0,22 0,24 0,26
Tabauna 42
I'pymma s1emeHToB 1 2 3 4 5 6 7 8
o CHulT 11-23-81*
Koaddunuenr ¢ 1,0 0,90 0,80 0,75 0,72 0,68 0,65 0,62




OcranpHble 0003HaYeHUs TpuHUMatoTcs o 1. 9.2* CHull 11-23-81*.
Ipu N = Np = 5-10° ans 1- u 2-it rpynm snemMenToB o = 1,52, au1s 3-8-if rpyIin 21eMeHTOB
a = 1,85. Ilpu pacuerax Ha MaJIONMKIOBYIO HPOYHOCTH 1O ¢opmyne (61) 3HadeHue

N, "
MIPOU3BEACHUS Ry, W HE JIOJDKHO MPEBBIMIATh R, /y, .

Ilpumep pacuera. HeoO6xoaumo paccuuTaTh Ha  MAJIOIHUKIOBYI0 IMPOYHOCTD
TOPU3OHTAJIBHBIN Ia3roibaep BMecTUMOCTbI0 178 M3, HapyxubIM muamerpom d = 3250 MM,
mHOM 23 M. ['asrompaep usrotoBiieH u3 juctoBoi cramu Ct3 [on = 450 MIla (4600
KFC/CMZ)] TOJIIMHON CTEHKH B IWIMHApPUYECKON dacTu t = 16 MM, chepudeckux auum - 10
MM. ['asrosipaep Harpyxaercsi MyJIbCHPYIOLINM JaBiIeHneM 10 11 aTu ¢ sKCIuTyaTalmOHHBIM
upcioM 1mukinoB 4-10% Dkcmyaramms rasronsaepa MPOW3BOAMTCA HPU  HOPMATbHOM
TeMIieparype.

Jy1s mpoBepoYHOro pacuera BHIOpaHbI ABa BUIa CBAPHOI'O COCTUHEHUS:

IIEepBBIN BUJI - OCHOBHOM MeTa/ul HaJl mnaHroyrom (7-s rpynna coeaunennii no CHull |-
23-81%*). Ilpu pabouem nmaBiaeHuu 11 aTu HOpMalbHOE HANPSHKEHHE B OCHOBHOM METaJljIe
omax = 110 MIla (B HanpaBiIeHNH, IEPIICHUKYISIPHOM IIMAHTOYTY).

Mo CHull 11-23-81* omnpenensercs conpotupienue ycranoctu Roy mpu N = Np = 5-10°
LUKIIOB. [[71s1 3TOr0 BRIYUCIAIOTCS KOG OUIIUEHTH A Uy, !

2
o= 0,07( ”6) - 0,64( ”6) +22=185;
10 10

2.5
— > — 1 .
g 1,5-p 675
Ry = 3,6 MIIa (370 krc/cm?), Ta6o. 32 CHull 11-23-81*.
Takum o6pasom, mpu N = Np = 5-10° mukmnos Ry = Ry ey, = 36 - 1,85 - 1,67 = 111
MITa(1130 xrc/cm?).
Jlanee omnpenensieTcs mapameTp m:

m = mocC.

[Tapamerp m, nns nanHoM cranu paBeH 0,18, a koapduumeHt c ans 7-i rpymisl
coequHeHMH coorBercTByeT 0,65, T.€. m = moc = 0,117.

Omnpenensiercs CONPOTHBIIEHWE YCTAJIOCTH NPHU OSKCILTyaTallMOHHOM YHCJIE LIHMKIJIOB
narpyxenuit N = 4 - 10

5 0,117
R = llo(ﬂj -
4-10°

=149 MIla (1520 krc/em*) > o, =

max

=110 MITa (1120 krc/ cm?).

CrenoBarenbHO, CONMPOTUBIISIEMOCTh MAJIOIMKIOBOMY pa3pylieHHio obecnedeHa: 110 <
149;

BTOPOW BHJ - KOJBIIEBOM CBapHOW HIOB Ha CQepUUecKOl MOBEpXHOCTH (5-1 rpymma
coeuHeHui). B paccunThiBaeMOM 3JIEMEHTE NpPU BHYTPEHHEM JaBlIeHUHU, paBHOM 11 atw,
HOpMaIbHbIE HANPSKEHUS Omax = 110 MIIa (1120 krc/cm?).

B stom cinydae Ry = 60 MITa (610 krc/cm?) - Ta6m. 32 CHull 11-23-81*.

Takum o6pazom, npu N = Np = 5-10° UKIOB HapamMeTp m = moc ¢ y4eToM KodpdHIUeHTa
¢ = 0,72 ana 5-i rpynnsl coequHeHu (cM. Taba. 42) 6yaer paseH 0,13.

ConpoTHBICHHE YCTAIOCTH MPHU IKCILTyaTaIIMOHHOM YHCIIe ITUKIOB HarpyxeHud N = 4 -
10* pasHo:



5.10°\""

4-104j B

=256 MIla (2600 krc/em’) > o, =
=110 MIlIa (1120 krc/ cm?).

R, =60-185- 1,67(

ConpoTHBISIEMOCTh MAJIOIUKIIOBOMY pa3pyiieHuio odecnedena: 110 < 256.

10. PACUET DJEMEHTOB CTAJIbHBIX KOHCTPYKIIMIA HA ITIPOYHOCTH C YYETOM
XPYIIKOT'O PA3ZPYILIEHUA

10.1. OcHOBHBIMU (haKTOpaMH, BIHSAIOLIMMHM Ha CKJIOHHOCTh CTaJbHBIX KOHCTPYKLUH K
XPYIKOMY Pa3pyLICHHUIO, SBIISIOTCSA:

TeMIIepaTypa ¥ XapakTep €€ U3MEHEHUS B IIPOLIECCE IKCILTyaTaliH;

KOHIICHTPALIUs HANIPSDKEHUH, 3aBUCSIIAs OT KOHCTPYKTUBHON (POPMBI DJIEMEHTA UITH Y3J1a;

TOJIIIMHA DSJIEMEHTOB, C YBEJIMUYEHHEM KOTOPOH BO3pacTaeT CTelNeHb OOBEMHOCTH
HaIPSHDKEHHOTO COCTOSIHMS, a TAK)XKE IPYrHe FeOMETPUUECKHUE pa3Mepbl y3JI0B U KOHCTPYKIIMM
B LIeJIOM (MacIITaOHbII (akTop, ONpEeAeSIOIIMIA 3arnac ynpyroi S3Hepruu, HakarnjauBaeMoi B
cucTeme);

XapakTep HarpykeHus (HaJuuue yIapHbIX WM LUKIMYECKMX Harpy3ok, CO3AaroLIuX
YCIJIOBUS JHSI IOCTEIIEHHOT'O ¥ CKPBITOTO HAKOIUIEHUSI TIOBPEKICHUM B METalIe);

YPOBEHb pacTATMBAIOIIUX HANPSDKEHUHM U CTENeHb HEOJHOPOAHOCTH SIIOPHI HANPsKEHUH
(Harmpumep, U3rud, BHCIEHTPEHHOE PACTSDKEHHE);

Ka4yecTBO CTaJH (CTENEHb PACKUCICHUS, pa3Mep 3epHa, KOJMUECTBO BPEIHBIX 3JI€MEHTOB:
docdop, cepa, a30T, KUCIOPO, BOJOPO.I).

BBuay 3HauuTenpHOro umcia (pakTopoB, CIOCOOCTBYIOIIMX MEPEXOY CTalUd B XPYIKOE
COCTOSIHME, pa3pylICHHE KOHCTPYKLUUH HMEET BEpOSITHOCTHBIM Xapakrep. Iloatomy
OCHOBHBIE MEPONPUATHS MO NPEAYNPEXKICHUIO XPYIKOIO pa3pylleHus (PeKOMEHAALUH I10
BBIOOpPY MapOK CTajH, YKa3aHUS 110 KOHCTPYHUPOBAHHIO) JIOTIOTHEHBI IOBEPOYHBIM PacueTOM
U1 psAla KOHCTPYKTUBHBIX (DOpPM TOHM)KEHHOM XJIaJOCTOMKOCTH C LEJbI0 CHHU3HUTh
BEPOATHOCTb UX Pa3pyILEHUS.

10.2. B ocHOBY METOAMKHM pacueTa Ha MPOYHOCTb C YYETOM XPYNKOI'O pa3pyLICHHs
MIOJIOKEHBI JaHHbIE O MPOYHOCTH KOHCTPYKTHUBHBIX (OPM MOHMKEHHOW XJIaJ0CTOMKOCTH.
CHuXeHue TMpPOYHOCTHM B OONACTH KJIMMAaTMYECKHUX TEMIIepaTyp XapaKTepU3yeTcs
koappunuentTom L. Benmunna xo3dduirienta [ MeHsETCs B 3aBUCHUMOCTH OT TOJIIMHBI
JJIEMEHTAa B PAcUyETHOM CEUYEHHM, YPOBHS NMPOYHOCTH CTald M PACUETHOW TeMIEepaTyphl
pailoHa CTpOMTENBCTBA. Temmeparypa SKCIUIyaTallUM  KOHCTPYKLUMH  YYMTBIBAETCS
JOTOTHUTEIBHO B cOOTBETCTBUU C 11. 2.1%* CHulI I1-23-81*.

10.3. Ilpu pacuere Ha HPOYHOCTH C YYETOM XPYIKOTO DPa3pyLICHHs MaKCHUMabHbIE
pacTIrMBaoIIye HANpPsDKEHUs, NEHCTBYIONIME B PACUETHOM CEYEHHUU IO IUIOIIAau “HETTO”,
IpUHUMaKOTCs 0e3 y4yera KOd(p@UIMEHTa JWHAMUYHOCTH, IOCKOJbKY JIMHAMUYECKUN
XapakTep HMIIYJbCca, HE YYUTHIBAEMOrO B pacueTax, Y4YTeH MPUHATOM BETUYUHOMN
koaddunmenta f, ycranoneHHou B tabn. 84CHull Il 23-81*

10.4. Pacuer Ha MPOYHOCTH C YYETOM XPYIKOTO Pa3pymICHHs HE PaclpoCTpaHsSETCs Ha
KOHCTPYKIIMH, co/ieprKaline Ae(eKThl, MpeBbllaronme Hopmsl [8].

11. PACUET COEJVUHEHUM
CBAPHBIE COEJUHEHUA

11.1. TlonoxeHus AN pacueTa CBapHBIX COEIMHEHUH M3JI0KEHBI B [9], B KOTOpOM
MIPUBE/ICHBIL:

000CHOBaHME Ha3HAYCHHS PACUETHBIX CONPOTUBICHUN;

000CHOBaHHE HEOOXOAMMOCTH MPUMEHEHMsI CBapOUYHBIX MaTepHalioB, 00ECIEeUNBAIOIINX
BBICOKYIO IIPOYHOCTh METAJLJIA I11BA;



TaOJULBl PACUYETHBIX CEYEHHUU, IO KOTOPHIM MPOU3BOAMUTCA MPOBEPKAa MIPOYHOCTH
COEMHEHMI C YIJIOBBIMU IIBAMU B 3aBUCUMOCTH OT COOTHOILEHUS NPOYHOCTHBIX CBOWCTB
MeETaJula IBA U OCHOBHOT'O METAIIA;

TaOJIHIIBI IPEICTBbHBIX YCUIINN Ha CBAPHBIE COCMHEHUS C YTIIOBBIMH [IBAMU;

JAHHBIE JIJIs1 pacyeTa TaBPOBBIX COCUHEHUN C YIIOBBIMU ILIBAMM;

IIPUMEPBI pacueTa CBapHbIX COEIMHEHUN.

BOJITOBBIE COEJUHEHNUA

BoJToBble coequHeHUs1 €3 KOHTPOJIMPYEMOro HaTSKeHUs!

11.2. JInst 6ontoB kinacca mpouHoctd 10.9 U BEICOKOMPOYHBIX pacueTHBIE COMPOTHUBICHUS
Cpe3y M PacCTSHKEHHUIO CIIeNyeT ONpPEenessaTh Mo TeM xe hopmynam Tadm. 5* CHull 11-23-81*,
9TO U 17151 O0NTOB Kilacca MpoyHocTH 8.8.

Pacuernbie conpoTuBienus cpesy Ros v pactskenuto Ryt 601T0B Kitacca mpounoct 10.9
Y BBICOKOITPOYHBIX MPUBEICHBI B Ta0I. 43.

Tabnuma 43
Hanpsoxennoe YcnosHoe PacueTHoe conportusnenue, MITa (krc/cm?),
COCTOSIHUE 0003HayeHue 00JITOB
KJIacca MPOYHOCTH | BBICOKOIPOYHBIX € Ryun
10.9 = 1100 MITa (110
Krc/mMm?)

Cpes Rbs 400 (4000) 440 (4400)
PacrsikeHue Rpt 500 (5000) 550 (5500)

[IpenenpHble ycmims OOJNTOB Ha PACTSDKEHHE, CPE3 M CMSTHE DJIEMEHTOB IPUBEICHBI B
Tabun. 44.

113. TIpu pacuere MHOTOOOJTOBBIX COCAMHEHHUI 0€3 KOHTPOJIMPYEMOTO HATSKEHHS I10
dopmynam (127), (128) CHull 11-23-81* crnenyer yuuThiBaTh KO3()PHUIMEHTH yCIOBHIA
paboThI coeTMHEHMIA

= ije. (62)
IIpu onpeneneHuy pacueTHOrO YCHIINS, KOTOPOE MOKET OBbITh BOCIPUHATO OJAHUM OOJITOM
MHOTO0OJITOBOTO COEMHEHHS IIPU pacueTe Ha Cpe3 M CMATHUE, JJIs OOJITOB KJIacca TOYHOCTH
A w1 = 1, ana GontoB kimaccoB TouHocTh B m C 1 = 0,9. B pacuere Ha cmsTue
COCIIUHSEMBIX, JIEMEHTOB KOHCTPYKIIUN U3 CTaJH C TipeesioM Tekydectd 1o 380 Mlla (3900
Krc/cM?) TpH pacCTOSHUAX: @ (BAOMb YCHIMS OT Kpas dIeMeHTa [0 IHeHTpa Omukaiiiero
OTBEpCTHsI), paBHOM wiu Oojbmie 2d, u b (Mexay 1eHTpamu OTBEpCTHIi), PABHOM WU
oompme 2,5d (d - mmamerp otBepctusi), kodhduuueHt w2 = 1. Ilpu a = 1,5d, a B
MHOT000JITOBOM coeanHenun npu a = 1,5d u b = 2d 2 = 0,85.

Tabnuna 44
Knacc |Hanpsoken- | Bpemennoe | IlpenensHoe ycunue, kH, ogHoro Gonra (Ha cpes - Ha
[IPOYHOCTH HOE CONPOTHB- OJIHY TIOCKOCTb) AUAMETPOM, MM
Oonra COCTOSTHHE JIeHHe 16 | 20 | 22 | 24 | 27 | 30 | 36 | 42 | 48
cramu, MIla
(xkre/mm?)
5.6 Pacrsxenu - 33,0514 - [739]| - - - - -
e
Cpes - 3441537 - [77,3]| - - - - -
5.8 Pacrsxenu - 31,4490 - |[704]| - - - - -
e
Cpes - 36,2|565| - |813]| - - - - -
8.8 Pacrsxenu - 62,8980 - 141 - - - - -
e
Cpes - 5791904 | - 130 - - - - -
10.9 Pacrsxenu - 785 122 | 151 | 176 - - - - -
e
Cpes - 72,41 113|137 1163 | - - - - -
110 (mo | Pactsixenn - - | 135 | 167 [ 194 | 252 | 308 | 454 | 616 | 809
e
roCcT Cpes - - | 124 | 150 | 179 | 226 | 280 | 402 | 548 | 717
22353-77%)
110 (mo | Pactsmxenu - - | 135 | 167 | 194 | 252 | 308 | 454 | 616 | 809
e




TY 14-4- Cpes - - [97,0] 117 | 141 | 180 | 224 | 321 | 441 | 582
1345-85)
Bee kmaccer| CwmsTre ¢ 345 (35) |58,3(72,9(80,2|875]98,4( 110 | 131 | 153 | 175
MPOYHOCTH |  y4ETOM 355 (36) |60,5(756(83,2]|90,7| 102 | 113 | 136 | 159 | 181
=009, 365 (37) |63,4(79,2(87,11950] 107 | 119 | 143 | 166 | 190
paccuuran- | 370 (38) |64,8|81,0(89,1(97,2( 109 | 122 | 146 | 170 | 194
HOE 110 380 (39) |67,7(84,6(93,1| 102 | 114 | 127 | 152 | 178 | 203
(op-
myze (128) | 390 (40) | 69,8 87,3 (96,0 105 | 118 | 131 | 157 | 183 | 210
CHull 400 (41) |73,9/90,9| 100 | 109 | 123 | 136 | 164 | 191 | 218
11-23-81*) | 410 (42) |[75,6|94,5] 104 | 113 | 128 | 142 | 170 | 198 | 227
t=10 420 (43) |78,3197,9| 108 | 118 | 132 | 147 | 176 | 206 | 235
MM) 430 (44) |81,4| 102 | 112 | 122 | 137 | 153 | 183 | 214 | 244
440 (45) |84,4| 105 | 116 | 127 | 142 | 158 | 190 | 222 | 253
450 (46) | 87,3 109 | 120 | 131 | 147 | 164 | 196 | 229 | 262
460 (47) |90,2| 113 | 124 | 135 | 152 | 169 | 203 | 237 | 271
470 (48) |93,4| 117 | 129 | 140 | 158 | 175 | 210 | 245 | 280
480 (49) |96,5| 121 | 133 | 145 | 163 | 181 | 214 | 253 | 289
490 (50) |99,5| 124 | 137 | 149 | 168 | 187 | 224 | 261 | 295
500 (51) | 103 | 127 | 142 | 154 | 174 | 193 | 232 | 270 | 302
510 (52) | 106 | 133 | 146 | 159 | 179 | 199 [ 239 | 279 | 319
520 (53) | 110 | 137 | 151 | 164 | 185 | 205 | 247 | 288 | 329
530 (54) | 113 | 141 | 155|169 | 191 | 212 | 254 | 296 | 339
540 (55) | 116 | 145 [ 160 | 175 | 196 | 218 | 262 | 305 | 349
550 (56) | 120 | 150 | 165 | 180 | 202 | 225 | 270 | 314 | 359
560 (57) | 123 | 154 | 170 | 185 | 208 | 231 | 278 | 324 | 370
570 (58) | 127 | 159 [ 174 | 190 | 214 | 238 | 285 | 333 | 381
580 (59) | 130 | 163 | 179 | 196 | 220 | 245 | 294 | 342 | 391

[pu 3HauCHUSAX @, TPOMEKYTOUHBIX Mexay 1,5d u 2d; u b - mexny 2d u 2,5d 2 cnenyer
ONpEIENATh JINHEWHOU UHTepnonsauue. [Ipu 3ToM B cilydae 0JHOBPEMEHHOI'O YMEHBUICHHUS
a v b crenyer npUHUMATh MEHBIIICE 3HAUCHUE Jh2.

Mpumep. Coenunenne ¢ 6ontamu Kiacca TO4HOCTH B - 1 =0,9; a = 1,8d, 2 =0,94; b =
2,1d; %2 =0,88.

[Tpunumaem m2 = 0,88; 1 = 1 w2 = 0,9 x 0,88 = 0,792.

boaroBblie COCIUHCHUSA C KOHTPOJIUPYEMBIM HATHKCHUECM
@puKl/;MOHHble coeOuHeHUs Ha B8bICOKONPOUYHbIX bonmax

11.4. TIpoBepKy NPOYHOCTH (PPUKIMOHHOTO COCTUHEHHS HA BBICOKOIPOYHBIX OONTax
CJIEyET BBINOJIHATH UCXOS U3 YCIOBHUS

T < Qoh = Ronh Aon 126/ 1, (63)

rne 7 - cABWraromiee yCWiMe OT yYUTHIBAEMBIX PACUETHBIX HArpy30K, MPUXOJIIeecs Ha

OIMH  OONTOKOHTAKT, OIpeJeNsseMOe B  TNPEANOJIOKEHUH  PaBHOMEPHOIO
pacripefiefieHusi TOJHOM  CHBHUTAIOIIEH CHiIbl  Mexay Oontamu. MoMeHT,
JeMCTBYIOIMHI B IUIOCKOCTH COEAMHEHUS], YPaBHOBEILIMBAECTCS MTapaMu C/IBUTAIOIINX
YCUJIMH, OJMHAKOBBIX [0 BEJIMYMHE W TPUXOMALNIMXCS Ha OAWH Oont (B
HPENOI0KEHUHU MPSMOYTOJIbHBIX 3MIOP PACHpPEeNCHUs YCUIHH MEXTy O0onTamu).
Mexay »IeMeHTaMH CThIKAa WM y3Ja YCHJIUS pachpeAemsioTcss 0e3 ydera
HOJATIUBOCTH (DPUKIIMOHHBIX COEAMHEHHH M B MPENNONOKEHUH YIPYroil paboThl
CTanm,

Qbh - pacueTHOE CIBUTAOLIEE YCHIIUE, KOTOPOE MOXET OBbITh BOCIHPHHATO KayKIOH
KOHTAKTHOM MOBEPXHOCTHIO COSMHSIEMBIX 3JIEMEHTOB, CTSIHYTBIX OJTHUM OOJITOM;

Roh - pacueTHOe CONPOTHBIEHHE BBICOKOIPOYHOTO OOJNTAa PACTSIKEHUIO TPH
IpeBapUTEILHOM HANPSHKEHUH ¢ 00)KaTHEM ITaKeTa, IPHHIMAEMOE B COOTBETCTBHU
¢ . 3.7 CHull 11-23-81*. PacueTHO€ CONMpPOTHBIEHHUE YBEIMYEHO M HA3HAUYEHO C
Y4€TOM HKOHOMMYECKH OIpaBAaHHOTo uyucia OonroB (1-2 6Gonara uz 1000),
pa3pyLIAOMIUXCS TPU HATSHKEHUHM ¢ KOHTposmpyeMmbiM ycuiueM P = 0,7Rbundba.
[Tpu 5TOM CpeaHecTaTHCTUYECKOe 3HAYeHHE YCHITUS HaTsDKeHus: 6ontoB Ha 8-10 %
IPEBBIIIAET KOHTPOIUPYEMOE;

Apn - TUIOMAAB CeYeHHs OonTa “HeTTO”, MpWHMMaeMmas mo Tadn. 62* CHull 11-23-81*.
3Ha4YeHUs1 KOHTPOJIUPYEMOTO YCUIINS HAaTSHKEHUs P 171 BBICOKOTIPOYHBIX OOJITOB U3
ctanmu 40X “cenext” mpuBEeACHBI B Ta0. 45;



M - KO3 bULIMEHT TpeHUsl, TpUHUMaeMbIi, mo Tadm. 36* CHull I1-23-81* u 3aBucsmmii ot
cocoba  00paboTKM  (OYMCTKH)  COCNMHSEMBIX  TMOBepxHocTed.  Hopwmbr
pPETTIAMEHTHPYIOT CpPeAHHE CTaTUCTHYeckue (Hambosee BeposTHhIE) KOA(D(DHUIIMEHTHI
tpenus. CormacHo pe3yibTaTaM JOCIEJOBAaHHHM YCTAHOBJIEHO, YTO KO3(DPUIMEHTHI
TPEHHSI HE 3aBUCAT OT MPOYHOCTH CTAJIM COCIUHSIEMBIX JJIEMEHTOB. B (hpUKIMOHHBIX
COCIMHEHHUSX C YHUCIOM OOJITOB B Y3J€ 1O YEThIPEX, BBIIOJHEHHBIX M3 CTall C
BPEMEHHBIM CONpOTHBIEHHEM He Oomee 370 MIla (3750 xrc/cm?), paspemaercs
BMECTO Ta30IIaMEHHOW O0OpabOTKM HCIONb30BaTh BHEAPSIEMbIN IMPOBOJOYHBIM
9JIEMEHT B BUJIE 3BE€3/Ibl, U3TOTOBJIEHHBIM U3 BBICOKONpPOUYHOU npoBojoku no I'OCT
9389-75*, I'OCT 7372-79*, TOCT 14963-78* B cOOTBETCTBUH C Ta0I. 46.

Tab6numa 45
HomunansHbIi 16 20 22 24 27
nametp dp, MM
P, xH (1¢) 121 (12,1) 189 (18,9) 233 (23,3) 271 (27,1) 353 (35,3)
Tabonuma 46
Homunans- | Ycunue Juamerp Jmna  |Buyrpennuii| Beicota | Yucio BonH
HBIH HATSDKEHHS | IPOBOJIOKH, | IPOBOJIOKH, | HaMeTp | BOJHBI, MM
aMeTp 6omnra, kKH MM MM IIPOBOJIOYHO
Oosnra, MM (tc) ro
JJIEMEHTA,
MM
22 233 (23,3) 0,7 141 32 5 7
24 271 (27,1) 0,8 142 34 5 7

Jlnst GpUKLMOHHBIX COEAMHEHUH JoIycKaeTcsi 00paboTKa KOHTAKTHBIX IMOBEPXHOCTEN
POTAlIMOHHBIM CIIOCOOOM CTAJIBHBIMU TIapukaMu [24] ¢ kodhpHuIHeHTOM TpeHUs i =
0,50, a Tak)Ke MEeCKOCTPYHHBIM, JPOOEMETHBIM WM IPOOECTPYHHBIM CIOCOOOM OJTHOM
MIOBEPXHOCTH, CTAJIbHBIMU LIETKaMHU - APYroil HOBEPXHOCTHU ¢ K03(purmeHTom TpeHus
u=0,42;

b - KodhdULUEHT yCIoBUl padoThl, onpenensemMblid B cooTBeTcTBUM ¢ m. 11.13* CHull
[1-23-81* u y4yuThIBalOmIUN YMEHBIICHHE CABHUTAIOIIETO YCUIIHS, MPUXOJALIETOCS Ha
OJUH 0OJT, U3-32 YMEHBIICHHUS YHciIa O0NTOB B coequHeHnd. C yMEHBIICHHEM YHUCIia
O0JITOB B pe3ysbTaTe HEOIAronpUATHOTO BIUSHUS CTATUCTHUECKOTo pazdpoca ycuiui
HaTSOKeHUsT OOonTOB M KOA((UUMEHTOB TPEHHUS B 30HE IUIOTHOIO KOHTAaKTa
YBEITUYMBACTCSI BEPOSATHOCTh CHMIKEHUS CONPOTUBIICHUS CHIBUTY, MPUXOJAIIErocs Ha
oJuH OOJIT;

/h - KO3(hQUIMEHT HaleKHOCTH, NpuHHUMaeMmblii mo Tadn. 36* CHull 11-23-81* u
YUUTHIBAIONIMNA TpPeOyeMyl0 CTENeHb CABHTOYCTOHYMBOCTH COCIMHEHHS, a TaKXKe
U3MEHYMBOCTh  KOI((UIMEHTOB TpeHHsT M YCHIMH HaTskeHus OontoB (B
MHOT'00OJITOBBIX COETUHEHUSIX).

11.5. IpexycMaTpuBaeTcs 1Be CTENEHH CBUTOYCTOMYUBOCTH COEJUHEHUS - MOBBILICHHAS

u HopMmanmbHas. TpeOyemass CTeleHb CIABHUTOYCTOHYHMBOCTH 3aBHCHT OT pa3HOCTH
HOMHUHAJIBHBIX UaMETPOB OTBEPCTHH M OOITOB O M OT XapakTepa Harpy3ok - IHHaMHYECKOU
(ecntu Hapsoy CO CTaTUYECKUMHU BOCHPHUHUMAIOTCA TaKKe YUYMThIBA€Mble B pacyere
MOJIBMKHBIE, BUOPAIIMOHHBIE, YIapHbIE WIN JIPyTHe TUHAMHYECKHE HArpy3KH) WIH TOJIBKO
cratuueckoil. IloBblIeHHast CABUIOYyCTOMUMBOCTH TpeOyercs Uit 6 = 2 MM 1pHU
JTUHAMAYECKOW W o6 > 5 MM Tpud CTaTHYECKOM HArpy3kax, a HOpMaJIbHast
CABUTOYCTOMYMBOCTh Ui 0 < 1 MM NIpu JUHAMUYECKOW M O < 4 MM IpU CTaTUYECKOU
Harpyskax.

Pa3HocTe nuameTpoB OTBepCTHH W OONTOB B 3HAYUTENIBHON CTENEHM OIpenesseT
BEIMYMHY CMELIEHUH B IIEHTPax COEAMHEHHH IMocie MPeoJOJCHUs CUJI TPEHHsI M OOLIMX
MepeMeIIeHi B KOHCTPYKIIMH, a TakkKe mepepacnpesiefieHHe YCHIMH B CTaTHYECKH
HEOIpEeeIMMBIX KOHCTPYKUUsX. HeOonpliye CcOBUTM MOTYT HapyliaTh TI'e€OMETPHUIO
KOHCTPYKIIMK M CTPOUTEIBHBIN TMOABEM, W UX CIEAYeT paccMaTpHBaTh KakK MpeIesbHOe
coctosinue Il rpynmbl, XxapakTepuzyemoe 3aTpyAHEHUSIMH JJIi HOPMAJIbHOM IKCIUTyaTaluH.
3HAYNTENBHBI  CABUT  YCTAaHABIMBAET TMpeAed  AKCIUIYaTalldOHHOW  TPUTOAHOCTH



KOHCTPYKLIMU M SBJISIETCS KPUTEpUEM IpelesIbHOro cocTossHus | rpynnel. BemuunHel
IIPEACIIbHBIX CMEILCHUH IIPU JUHAMUYECKON HAarpy3Ke MEHBIIE, YEM IIPU CTATUYECKOM.

IloBbllIeHHass  CABUIOYCTOHYMBOCTh  COEAMHEHHUS  TrapaHTUPYeT OT  IOSBICHUSA
NpeeNbHOr0 COCTOSIHUA | Trpynmbsl M COOTBETCTBYIOIIMKA KOX(PQHUIMEHT jh CO3JaeT
00ECIeYeHHOCTh B TPU CTAaHAAPTa OT HACTYIUICHHUS MPENEeNbHOT0 cocTosHus. HopmanbHas
CIIBUTOYCTOMYMBOCTh COEAMHEHUS TapaHTUPYET OT IMpenenbHOro coctosHus |l rpymmel, a
KOA(QPHUIHUEHT ) CO3/1aeT OOECIIEYCHHOCTh B JIBa CTaHIApTa OT HACTYIUICHUS MPEeTbHOTO
COCTOSIHUSI.

KoadduuneHnTs! HaIeKHOCTH h 3aBUCAT OT CHOCO0A PETYIUPOBAHUS YCHUIIUSA HATSKCHUS
6onroB. Ilpu perynmupoBaHuM 1O Yy MOBOpPOTa TaWKH YyCWJIME HATSHKEHHS OoiTa
nosyyaercss B cpeqHeM Ha 20 % Oosblue ycwins P, COOTBETCTBYIOLIETO pacueTHOMY, T. €.
npumepHo Ha 10 % Oosnblile, YeM NpU peEryIupoBaHUMU 110 MOMEHTY 3aKpyuuBaHus. OOpbIBbI
OONTOB NHpU  OTOM  MCKIIOYAIOTCA  BCIEACTBUE  A(pdeKTa  caMOperyJIMpOBaHUS.
COOTBETCTBEHHO MPHU PETYIUPOBAHUHU 10 YIIIY MOBOPOTA FAMKH KO3(PPHUIHUEHT h TPUMEPHO
Ha 10 % MmeHble, YeM IpU PEryJIMpPOBAHUY 110 MOMEHTY 3aKpyYUBaHMUSL.

B ciyyae HEBO3MOXKHOCTH oOOecreueHHsl HATSHKEHHsT OOJNTOB IO YIJIy IOBOpOTA
peryaupoBaHUe YCUIIMI JOMyCKaeTcs MPOU3BOAMTH 110 MOMEHTY 3akpyuuBaHus. [Ipu 3Tom
pacyeTHBI MOMEHT 3aKpY4YHBaHU T0JKEH ObITh yBeanueH Ha 10 %.

[Mpenenpabie ycwmus Qbh GPUKIIMOHHBIX COSAMHEHHWN HAa BBICOKONPOYHBIX OonTax M24
IIPUBEJCHBI B Ta0I. 47.

Taonuuma 47

Cnoco6 VYenmue, kH (1¢), Ha OIUH OONTOKOHTAKT MPU
nuamerpe 6onta 24 MM Rpyy = 1100 MITa (110
KFC/MMZ) M 4yucie 00JITOB B COEIUHEHUH

00paboTKU (OUNCTKH) | peryaupoBaHHSI n<4 n=>5-9 n>10

COEJIMHIEMBIX HaTSKEHUS Qoh1 Qbn2 Qbn Qoh2 Qbn Qoh2
MTOBEPXHOCTEN 060JITOB

TleckocTpyiiHblid, o MomeHty| 93 112 104 126 116 140

IpobecTpyiHBIi win|3akpyauBanus M | (9,3) | (11,2) | (10,4) | (12,6) | (11,6) | (14,0)

IpoOeMeTHBIN IIBYX

MOBEPXHOCTEH

KBApLEBBIM [IECKOM HIIH

npoObIo 6e3|Ilo yriy moBopora| 105 123 118 139 131 154

KOHCEpBaIii a (10,5) | (12,3) | (11,8) | (13,9) | (13,1) | (15,4)

To xe, ¢ xoHcepBarueii,|Ilo Momenty| 80 97 90 109 100 121

MeTauTH3anuei sakpyumBanmst M | (8,0) | (9,7) [ (9,0) | (10,9) | (10,0) | (12,1)

pacmbUIeHHEM uunka|llo yrmy moBopora| 90 106 102 120 113 133

WITH QJIFOMHHHS a 9,0) | (10,6) | (10,2) | (12,0) | (11,3) | (13,3)

Ksapressiv neckom mi|(Ilo Momenry| 80 97 90 109 100 121
npobbr0 ofIHO# moBepx-|3akpyunsanus M | (8,0) [ (9,7) | (9,0) | (10,9) [ (10,0) | (12,1)
HOCTH C KOHCEpBalus
MOJIMMEPHBIM ~ KIIEEM U
TIOCEIMIKOH ~ KapOopyH-

JIOBBIM HOPOIIIKOM,
CTAJbHBIMH  IIETKAMH
6e3
KoHcepBauuu  apyroii(Io yriay moBopora| 90 106 102 120 113 133
MTOBEPXHOCTH a 9,0) | (10,6) | (10,2) | (12,0) | (11,3) | (13,3)
Tasonnmamennslit  nByx|(I1o MoMeHTy| 67 82 76 92 84 102
TIOBEpXHOCTEH Oe3 sakpyumBanmst M | (6,7) | (8,2) | (7,6) | (9,2) | (8,4) | (10,2)
KOHCEpBaIUH Io yriy moBopora| 76 90 86 101 95 112
a (7,6) | (9,0) | (86) | (10,1) [ (9,5) [ (11,2)
CrampHbiMu  mieTkamu|(ITo MOMeHTy| 56 65 63 73 70 81
JIBYX MOBepxHOCTe# Oe3 [3akpyumsanus M | (5,6) | (6,5) | (6,3) | (7,3) | (7,0) | (8,1)
KOHCEpBaIHN ITo yrmy moBopora| 61 72 68 81 76 90
a 6,1) | (72) | (68) | 81) [ (7.6) [ (9,0
Bes 06paboTku ITo MoMeHTy| 32 42 36 47 40 52

3aKpy4MBaHHS (32 | 42 | B6) | 47 | 40 [ (52
Mo yriy moBopora| 36 45 41 50 45 56
o (36) | 45 | 41) | (50) [ (45) | (56)

Obo3nauenus, npunsamole 8 maon. 47:

Qbh1 - ycnie Ha OMH OOJNITOKOHTAKT TPH ICHCTBUH JHHAMUYECKHAX HArPY30K U O = 3-6 MM,
CTaTUYECKUX HArpy30K U 0 = 5-6 MMm;



Qoh2 - ycmime Ha OAWH OOJNTOKOHTAKT MPH ACHCTBUU JTUHAMHYECKHX HAarpy30k U o = 1 Mm,
CTaTHYECKUX HArPy30K U 0 = 1-4 mMm;
O - Pa3HOCTb HOMHUHAJIBHBIX IMAMETPOB OTBEPCTUN U OOJITOB.

@pum;uomw-cpe%bze COeOUHeHUsl Ha 6blCOKONPOYHbIX bonrmax

11.6. IlpoBepky MNPOYHOCTH MO YCJIOBUIO TPEAYNPESKICHUS cpe3a OOJITOB IS
(PUKIIMOHHO-CPE3HBIX COCIWHEHUN Ha BBICOKONPOYHBIX OONTAaX BBIMOJHSIOT, KaK H JUIS
COCIMHEHMI Ha 00aTax 0e3 KOHTPOJIUPYeMOoro HaTshkeHus, mo ¢opmyne (127) CHull 11-23-
81*. Ilpu momamaHuu pe3bObl B MIIOCKOCTh CPe3a B pacyeTe ClIeAyeT YYUTHIBATH IJIONIAb
cedeHus 06oaTa “HETTO”.

[TpoBepKy MPOYHOCTH MO YCIOBUIO MPEAYNPEKICHHUS YpE3MEPHBIX EPEMEIICHHH C/IBUTA
u aegopmaluii cMATHS B COSIMHEHUU BBIIOJHSIOT UCXO0/I U3 YCIOBUS

r<g, = Qbhmp + 1_130'/7/1)N1m ) (64)

[lepBrlii WiieH 3TOr0 yCI0BHUS OTBEYAET TPEHHIO, BTOPOU - CMSITHIO.

Pacyer ocHOBaH Ha UCHONB30BaHUU Je(HOPMAIMOHHBIX KPUTEPUEB IMPEACIHLHOTO
cocrosiHus. Crioco6 0o0pabOTKM (OYMCTKU) KOHTAKTHBIX MOBEPXHOCTEH MPUHUMAETCS, Kak
MIPaBWIIO, CTATHLHBIMU IIETKaMK 0€3 KOHCepBamuu, Koraa ko3 duruent tpeaus y = 0,35.

B dopmymne (64):

T - cnBuTaroniee yCUJIME OT YYUTHIBACMBIX PACUCTHBIX HArpy30K, MPUXOSAIICECS HAa ONH
00nT, BOCHPUHHMMAaeMOE€ TPEHHEM U OJHOBPEMEHHO CMSTHEM COEIUHSIEMBIX
DJIEMEHTOB. MEXKIy OJJIEMCHTaMU CThIKA WM Y3Jla YCHIIUS pPaclpeiciisaioT B
MPEIOJIOKEHUN YIPYTol paboThl CTaId, HO C yYETOM MOJATIMBOCTU COSAMHEHUN B
IPEIeTbHOM COCTOSTHUMY;

Qbn - pacdyeTHOE cIBUTAIOIIEE YCHIINE, BOCTIPUHUMAEMOE OJTHUM OOJITOKOHTAKTOM;

Qoh-cMm. 1. 11.4;

Mp - KO3PGUIUEHT, YUUTHIBAIOIINI YMEHBIICHUE HAYaJIbHOTO HATSHXKEHUS OOJITOB IMOCIe
00mIero cBUra B COSAMHCHUH U TPHHUMACMBIH 110 Ta0I1. 48;

Tabnuma 48
PacueTHoe conpoTusienne cramu 3HaueHus m, IIPU Harpys3Ke
coeHUHsIEeMBIX 3JIeMeHToB, Ry, MIla JTMHAMUYECKON CTAaTHYECKOM
(kre/Mm?)
1o 260 (27) 0,90 0,90
CB. 260 (27) 0,85 0,80
a - KOB(i)(l)I/IHI/IeHT HCIIOJIb30BAHHUA HOPMATHBHOTO YCUIUA CMATHA IIpU  YCIIOBHUU

orpanudeHus aegopmanuu cMatus. s coeqUHEeHnH ¢ npeaBapuTeNbHON BEIOOPKOI
3a30poB @ = 1, 6e3 mpeABapUTEIHHOM BRIOOPKH ¢ TPUHUMAETCS 10 Tad. 49;

¥ - K03 unmenT ycioBuii paboThl, YINTHIBAIONINI N3MEHEHNE PAa3HOCTH HOMUHAIBHBIX
JIMaMeTPOB OTBEPCTUN M OOJITOB, HEPABHOMEPHOCTh PACHPECNICHHS YCHIINH MEXIY
OonTamMu ¥ MPUHUMAEMBIH 1o Tad. 49;

Tab6numa 49
Koaddumuent Harpy3ka Pasnocts Unco 601TOB B COSTHMHEHHI
HOMHHAJIbHBIX 1-4 5-9 10 u Gonee
JIMAMETPOB O, MM

a Junamuyeckas 1 1,00 1,00 1,00

3 0,45 0,55 0,60

CraTtnueckas 1 1,00 1,00 1,00

3 0,60 0,65 0,70

W JTrobas 1 0,85 0,95 1,00

3 0,75 0,90 1,00
N bn - HOPMATHBHOC YCHIHNEC CMATHA TJIA  pacCMaTpuBacMoOro Cpesa Oonra

(OONTOKOHTAKTa), BBI3bIBaIOIIEE JAe(POpPMAIUIO CMATHS COBUTAEMBIX HJIEMEHTOB,
paBHYIO HOpMAaTHBHOW JedopManuu cMATUSA A,, TpUHUMaeMol paBHOM 1 MM mpu



JTUHAMHUYECKHX U 1,5 MM - mpu cTaTHYecKuX Harpys3kax, Npn ompesaensieTcs: mo Taour.
50 B 3aBHCUMOCTH OT TOJIIHH t1 1 {2 COETUHICMEBIX 3JICMECHTOB.

B onHocpesHom coeauHenuu ti u to paBHBI AEHCTBUTEIBHON TOJIIMHE COEIMHSIEMbBIX
3JIEMEHTOB; B JABYXCPE3HOM COCIMHEHUHU 11 - TOJNIIMHA HAKIAAKH, t2 - MOJOBUHA TOJIIUHBI
CTBIKYEMOTO JIUCTA.

11.7. ®puUKIMOHHO-CPE3HBIE  COEAMHEHHWS Ha  BBICOKONPOYHBIX  Oodrax  (c
KOHTPOJIUPYEMBIM HATSKEHHUEM), IPUMEHSIEMbIC B KOHCTPYKIHSIX, B KOTOPBIX MEPEeMEIIECHUS
CABUTa B COCOUHEHHUSX HE OrPaHUYEHBI, JOMYCKAETCS pPACCUUTHIBATH HA CMATHE Kak
COCIMHCHHE Ha BBICOKOMPOUYHBIX 0O0aTax ©0€3 KOHTPOJUPYEMOro HATSIKEHUS, €CIU
BOCIIpUHUMaeMoe caBuraromee ycuiie Np Mpy TaKoM pacdeTe MoaydaeTcs 0oJIbIle, YeM IpH
pacdere 1o aedopMamoOHHOMY KpuTepuii (cm. 1. 11.6).

IIpu pacyeTHOU OICHKE BIMSHUS [EPEMEIICHUA CABUTAB COCAMHEHHUSAX  Ha
pacrnpesiefieHde YCUJIMH B CTaTHUYECKH HEOMNPEEIUMBIX CHCTEMaX PAaCYCTHYIO BEIUYUHY
nepemenieHus (caBura) As B KaKJI0M COCTMHCHHUH TONyCKAETCsl TPUHUMATh PaBHOM:

JUUISL OJTHOOOJITOBOTO COCAUHCHUS

As=(6+0,50)) ¢, (65)
JUTSL coeuHeHns ¢ urcioM 0oaToB 10 u 6oiee
As =0,5(0+ 0,5A))a. (66)

[Tpu uncie 601toB cBbitie 1 10 10 momyckaercs JIMHEHHAS HHTSPIOISIIUS.

[IpenenpHble ycmius (DPUKIIMOHHO-CPE3HBIX COCIWHEHUN Ha BBICOKOMPOYHBIX OO0ITax
M24 ¢ Rpun = 1100 MITa (110 Kkrc/MM?) mp OUMCTKE KOHTAKTHBIX OBEPXHOCTEH CTaTbHBIMU
IIETKaMH, PETYJIUPOBAHUU HATSHKEHHUS OOJTOB 1O YIIIy MOBOPOTAa TaKK M OTCYTCTBHH
MPEIBAPUTEIILHOM BEIOOPKU 3a30pOB MPHUBEICHBI B Ta0I. S1.

Ta6numa 50
to, MM 3uauenust Ny, KH, U151 5J1eMEHTOB U3 CTalIN
YIJIEPOIUCTOM | HU3KOJICTHPOBAHHOI
1pu t;, paBHOM, MM
5 10 15 20 25 5 10 15 20 25

5 40 50 54 55 55 48 60 64 65 66
57 61 62 63 63 65 80 86 89 9
10 50 75 85 89 90 60 86 | 103 | 110 | 112
61 98 | 110 | 114 | 118 | 80 | 115 | 125 | 133 | 137
15 54 85 9% 98 | 100 | 64 | 103 | 115 | 120 | 125
63 | 110 | 26 | 133 | 140 | 86 | 125 | 145 | 158 | 168
20 55 89 98 | 107 | 110 | 65 | 110 | 120 | 135 | 138
63 | 114 | 133 | 145 | 152 | 89 | 133 | 158 | 175 | 180
25u | 55 90 | 100 | 110 | 115 | 66 | 112 | 125 | 138 | 140
Oomee | 63 | 118 | 140 | 152 | 153 | 90 | 137 | 168 | 180 | 182

I[Ipumeuanue. 3HaueHHs HaJ 4YepTOH - IpU AMHaAMUYeckon (A, = 1 MM), o1 uepToil -
npu cratuueckoil (A, = 1,5 mm) Harpyskax. Ilpu npomexxyrounsix 3HaueHUsX (f1 ¥ t2 Npn
ONPEIEAIOT TUHENHON UHTEPIIOISALUEN.



Tabomnuma 51

Pacuernas Ipenensusle yeumus Qpn, KH, Ha ogue 601t M24 npu 0fHO# IIOCKOCTH cpe3a BO (PUKIHOHHO-CPE3HBIX COSIMHEHHIX Ha BEICOKOIPOUHBIX 00ITaxX NPH HATpy3Kax
TOJILLHA CTaTHYECKOM JIMHAMHYECKON
COCTHHSIEMBIX JUISL DJIEMEHTOB M3 CTallH
3JIEMEHTOB YIIIEPOUCTOM | HU3KOJIETHPOBAHHOM I YIJIEPOJUCTO | HU3KOJIETMPOBAHHOM
ti =t MM pu 5, MM
I I I 1 I 3 I I I
C YHCJIOM OOJITOB B COSAMHEHUH
n<4 n>10 n<4 n>10 n<4 n>10 n<4 n>10 n<4 n>10 n<4 n>10 n<4 n>10 n<4 n>10

5 84 112 112 125 86 116 107 131 65 87 90 112 67 91 95 118
10 98 134 128 156 104 143 139 169 74 103 113 139 77 108 120 147
15 108 149 146 178 114 159 159 179 80 112 126 154 85 121 139 169
20 114 159 159 179 125 175 178 179 83 118 134 163 90 131 152 179

25 u Gonee 117 163 164 179 127 179 179 179 85 121 139 169 91 133 156 179




Pacuem na svinociusocmo

11.8. Pacuer Ha BBIHOCIMBOCTb COEAMHEHUII Ha BBICOKONPOYHBIX OoNTax C
KOHTPOJIUPYEMBIM HATSHKEHUEM CJICTYET BBITIOJIHATH B COOTBETCTBUU ¢ 1. 9.2* CHull 11-23-
81* orHOCS (PpUKUMOHHBIE cOeAMHEHUs K 1-i, (QPUKIMOHHO-CpE3Hble COCTUHEHHS Ha
BBICOKOIIPOYHBIX 00JITaX U3 HU3KOJICTHPOBAHHOW CTAJIU - KO 2-i, U3 YIIIEPOJUCTOMN CTaIH - K
3-#1 rpyme 3J1eMeHTOB.

Yuem ocnabnenuu

11.9. TIpoYHOCTH COEAMHSEMBIX JIICMEHTOB, OCIAOJCHHBIX OTBEPCTHSAMH  IOJ
BBICOKOITPOYHELIC 0O0JITHI B (pr/IKHI/IOHHBIX COCAUHCHUAX, IIPOBEPAIOT B IIPEAIIOIONKECHUH, YTO
50 % ycuius, NPUXOISAIIETOCS Ha KaXIblii OOJT B pPacCMaTPUBAEMOM CEYEHHH, YiKE
NnepcaaHo CujiaMu TpCHUA:

N n
7(1 - 0,5—‘) <R, (67)

rzae N - pacyeTHOe ycuiMe B JIEMEHTE;
An - pacueTHas IJIOLIAAb CEUYEHHUS dJIEMEHTa, IPUHUMaeMasi B COOTBETCTBUM ¢ 1. 11.14

CHulT 11-23-81%;
Nj - 9icI0 paboYrX OONTOKOHTAKTOB B IPOBEPSEMOM CEUCHHH;
n - 4ucio pabouynx OONTOKOHTAKTOB B COEAMHEHUM, paBHOE 4YHCIy OOJTOB,

YMHO>KEHHOMY Ha 4HMCJIO IIOBEPXHOCTEH TPEHUS;

Ry - pacyeTHOE CONTPOTUBICHUE CTAIIH.

[IpoyHOCTE  37€MEHTOB, OCHA0JICHHBIX OTBEPCTUSMH BO  (PPUKIMOHHO-CPE3HBIX
COCIMHEHUSX HA BBICOKOMPOYHBIX OONTaX, U B COCAMHEHMSIX 0€3 KOHTPOIHPYEMOIO
HATSOKCHHSI OOJITOB, TPOBEPSIOT C YYETOM IOJIHOTO OCHAOJICHUS CEYCHHH OOJNTOBBIMH
OTBEPCTHUSIMHU.

Hiis  coemuHeHuid Ha Oonrax kiacca mnpouHoctd 10.9 W BBICOKOMPOYHBIX  0e3
KOHTPOJIMPYEMOT0 HATsDKEHUST He0OXo/IMMa IpoBepKa KpaifHell 30HbI Ha BBIPHIB MaTepuaia
o ¢popmyre

N, <R, (a - %j 3t (68)

TAC a - paCCTOAHUC BAOJIb YCHUIIMA OT Kpas 3JIEMCHTA 10 LIEHTpA Omkaiero OTBCPCTHAL.

12. MPOEKTUPOBAHUE CBAPHBIX COEJIMHEHHUIA

12.1. PexomeHaanuu 1Mo MpOeKTHPOBAHUIO CBAPHBIX COSAMHEHUI mpuBeneHbl B [locoOun
[9], B KOTOpOM JaHbl WJUIIOCTPAaTHBHBIA MaTepual, pPacKpbIBAIOIIUN COJEPIKAHUE
peKOMeHalui, U TMpUMEpPbl NPUMEHEHHUS OJHOCTOPOHHHMX YIJIOBBIX IIBOB B CTaJIbHBIX
KOHCTPYKLHUSX.

12.2. Tlpn mpOEKTUPOBAaHUM CBAPHBIX Y3JIOB, OJUH M3 DJIEMEHTOB KOTOPHIX HCIBITHIBACT
pacTIATMBAOIINE HAMPSDKEHMS 10 TOJILIMHE JIMCTA, CIEAYET NPUHUMATh KOHCTPYKTHUBHBIE
pelIeHrs TaBPOBBIX M YIJIOBBIX COEAMHEHHH C YMEHbIIEHHBIM PHUCKOM BO3HUKHOBEHHS
CIIOMCTBIX TPEIIUH, I 3TOr0 HEOOXOMMO:

0TKa3aThCsl OT MPUMEHEHUSI OJJHOCTOPOHHETO YIJIOBOTO I1IBA U MEPEUTH K ABYCTOPOHHEMY
CO CBEICHHEM K MUHUMYMY KOHIIEHTpauuu Jegopmaiuii B BepIInHe cBapHOro msa (puc 21,

a);
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Puc. 21. TaBPOBbIe U YIJIOBBI€ COCIUHECHHSI, B KOTOPbIX BO3MO’KHO BOSHUKHOBCHUE
CJIOUCTBIX TPCIIMH B OCHOBHOM M€ETAJLI€

Cuneea om cmpenox

a - ¢ OJHOCTOPOHHHMH IIBaMU 0e3 cKoca KPOMOK; 0, 6-c IBYCTOPOHHHMH IIBaMH C JBYMSI CKOCAMH OJHOHW KPOMKH; 2-¢ - C
OJTHOCTOPOHHHMH ILIBAMHU CO CKOCOM OJTHOM KPOMKH; J/C - C AIBYMSI IPUKPEIUIIEMBIMU YEPE3 JIMCT-TIPOKIIAJIKY dIIEMEHTaMU

Cnpasa om cmpejiok TIOKa3aHbI IIPEANTOYTUTEIIBHBIC TUIIBL COCIMHCHU

B TEX CIydYasx, KOTJa 3TO BO3MOXKHO, TIPUMEHATh COCINMHEHHS 0e3 pa3leNKh KPOMOK C
MUHUMAJIbHO BO3MOXKHBIM OOBEMOM HAIUIABJIEHHOTO MeTajyla B3aMEH COCIUHEHUH C
MOJIHBIM TpoIUIaBieHueM (puc. 21, 6);

HOPUMEHSTh [PU CTATHYECKUX HArpy3Kax COCAMHEHMs ¢ paszienkoil kpomok (h < t/3) u
HEMOJIHBIM NPOIUIABIEHUEM, KOTOpblE NPEANOYTUTENIbHEE COEAMHEHUH C  MOJHBIM
nporuiaBieHueM (puc. 21, 6);

10 BO3MOYKHOCTH M30eraTh NpUMeHeHus: V-00pa3Hoil pa3nenku, npuMmensas K-oGpasnyro
paznenky (puc.21, 2);

BO BCEX CllyyasX, KOIJla 3TO BO3MOYKHO, NPHUMEHSTH TaBPOBHIE COEAMHEHHUS BMECTO
yrioBsix (puc. 21, 0);

JUISL CHUDKEHUS PACTATUBAIOUINX HANpPsKEHUH MO TOJIIMHE JUCTa IPUMEHSATh HETUIIOBBIE
pelIeHH s pa3/IelIKi KPOMOK B YIIIOBBIX COeMHEHHsX (puc. 21, e);

B YIJIOBOM COEJMHEHHM C JABYMS MPHUKPEIUIIEMBIMH 3JIEMEHTaMH JIMCT-TIPOKIIAJKY
MIEPEKPHIBATh CBAPHBIM IIBOM JO MOJOBHHBI TOJIIUHBI IMPUKPEIUISIEMBIX JIEMEHTOB (4epT.
21, ac).

13. MPOEKTUPOBAHUE BOJITOBbIX COEJJUHEHUI
BH/IbI BOJITOBBIX COEJIMHEHUM U YCJIOBUS UX IPUMEHEHUS

13.1. B CTpOHTENBHBIX CTAIBHBIX KOHCTPYKIHUSIX NMPUMEHSIOTCS PAcUETHBIC COCIUHEHHUSI
Ha OosiTaX KaK C KOHTPOJIMPYEMBIM, TaKk M 0e3 KOHTPOJUpPYeMOro HatrshkeHus O0ontoB. K
COEIMHEHHSM C KOHTPOJIUPYEMbIM HATSHKEHUEM OOJITOB OTHOCSATCS:

(PUKIMOHHO-CPE3HbIE Ha BBICOKOIIPOYHBIX 0O0JTaX, MPHU pacyeTe KOTOPBIX YUUTHIBAETCS
BCS COBOKYITHOCTh COIIPOTHBJICHUN TPEHUIO, CMATHUIO U CPE3Y;

(naHueBble, IPU pacueTe KOTOPHIX YUUTBHIBAIOTCS COMPOTUBICHHUS PACTSDKEHHIO OOJTOB
(B HEOOXOAMMBIX CIyYasiX U APYTU€ COMPOTUBIICHUS).

drnaHIEeBbIE COCTUHEHNS Ha BBICOKOMPOUYHBIX OOJTaxX NMPUMEHUTENIBHO K CTHIKaM (epm
paccMOTpeHsI B pasa. 27.

B coenuHeHusx 0e3 KOHTPOJIMPYEMOIO HATSXKEHHS MOTYT MCIIOJIb30BAaThCS  OOJNTHI
pa3IMyYHBIX KJIACCOB IMPOYHOCTH, B TOM YHCIE M BBICOKONpOUHbIE. B pacuerax Takux



COEIMHEHUI YUUTHIBAIOTCS CONPOTHUBIICHMS PACTSKEHHUIO, CMATHIO U Cpe3y 0e3 ydera CHIl
TPEHHUSL.

13.2. Ob6nacTu nmpuMEHEHUsI COETMHEHU Ha 00aTaxX MpUBEACHBI B Ta0. 52. B pacueTHbIX
COCIMHEHUSIX, KaK MPAaBWIIO, CIAEAYET NMPUMEHSTH OONTHI KJaccoB mpouHoctu 5.8, 8.8, 10.9
nmo ['OCT 7798-70* m Bwicokompounbie mo ['OCT 22353-77* u TY 14-4-1345-85. B
COCTMHEHUSIX, PACCUMTHIBAEMBIX Ha Cpe3 M CMATHE, JUAMETP TJIAJKONH YacTH CTEpIKHS
MPUMEHSIEMbIX OOJTOB JOJDKEH OBbITh paBeH, KakK MPaBHJIO, HOMHUHAJIBLHOMY JIHAMETPY
pe3b0Bl, B CBSI3M C 4YeM NPHUMEHEHHE TaK Ha3bIBAEMBIX OOJIETYCHHBIX OONTOB (AHAMETpP
IJIAIKOM YacTH CTEPXKHsS paBeH cpeaHeMy auamerpy pe3bObl) mo ['OCT 7798-70* wu
BBICOKOTIPOYHBIX 10 TY 14-4-1345-85 He pexomeHayercs. bonTel ki1accoB mpoyHOCTH 4.6,
4.8, 5.6, 6.6 umeroT Te ke 00JIaCTH MPUMEHEHUs, YTO U OOJTHI Kiiacca mpoyHocTH 5.8. B
KauecTBE COOPOYHBIX [UJIsi CBAapHBIX COCIWHEHUN MOTYT HPUMEHATHCA OONTHI KIIACCOB
IIPOYHOCTU HE HUXKE 4.6 U He Bhlle 8.8.

TaOnuma 52
O06nacth IpEMEHEHH s pabOTaIOIIUX Ha CIBHUT OOJTOBBIX coenuHenui (“+” momyckaercs, “-
HE JIOIYCKAeTCs1)
C KOHTPOJINPYEMbIM HaTsDKEHHEM OO0JITOB 6e3 KOHTPOJIMPYEMOTO HATSKEHMs GONITOB?
YcnoBus paboThl COSTMHEHUI (bpUKLIHOHHBIE Ha | QPUKLHOHHO-CPE3HBIE
BBICOKOIIPOYHBIX | Ha BBICOKOIPOYHBIX
Gonrax Gonrax
Knacc npounoctu 60mtoB (o 'OCT wiu TY
110; 110XJT 110; 110XJI ('OCT 110; 110XJI(I'OCT | 5.8 (TOCT 7798-70*)
(I'OCT 22353-77* 22353-77*) 22353-77*); 10.9; 8.8
TV 14-4-1345-85) (T'OCT 7798-70*)
Pa3sHOCTh HOMHHAJIBHBIX HAMETPOB OTBEPCTHH U OOJITOB J, MM
1-6 1 3 1 2-3 1 2-3

B KOHCTpYKLHMSX, HEMOCPEACTBEHHO + + - + - + -
BOCIIPUHUAMAIONINX  JHHAMHYECKHE
Harpysku
B MHOroOOJTOBBIX  COEIMHEHHUSIX + + - + - - -
KOHCTPYKIMI M3 CTald C IIPENesioM
Texyuectu cB. 380 MITa (39 krc/mm?)
B coenunenusx, tpeOyromux pacuera + + - - - - -
Ha BBIHOCJIBOCTD
B koHCTpyKkumsx, A1 KOTOPBIX + - - - - - -
HepeMeleHHs CIBHra B LEHTPax
COCMHEHHWI HENONMYCTHMBI, H B
60ITOCBAPHBIX COEIUHEHUSIX
B koHCTpykmmsx, B  KOTOPBIX + + + + + + +
TIepEMEIIICHUS] CABUTa B COSANHEHMSIX Ilpu p>0 |IlIpu p>0|Ilpu p>0| Ilpu p>0
HE OrPaHUYCHBI
B cnabo HarpyXeHHbBIX COCAMHEHUSIX + + + + + + +
(cBsi3eid, (haxBepKa, MPOTOHOB U T. 11.) Ipu p< 0 |[Hpu p>0|Ipu p< 0| Ipu p>0

! Tlpu p < 0 ycunue, MeHbIee 1O aGCOMOTHON BeJMUMHE, MOIKHO BOCHPHHHMATHCS TPEHHEM, Tie O = Tmin/Tmax (3HaueHus T
MPUHUMAIOTCS] B COOTBETCTBUH C 1. 11.6).

2 OTKJIOHEHHE TUaMETpa 1 OBAILHOCTh OTBEpCTHit + 1,0 MM.

13.3. [l BBICOKONPOYHBIX 001TOB, M3roToBIeHHBIX 10 ['OCT 22353-77* nmomyckaercs
YCTAHOBKAa OJHOM IIaii0bl TOJBKO MOJ BpaIlaeMbIM 3JIEMEHTOM (TOJIOBKOM Oonra win
raifkoif) mpu pa3HOCTH HOMMHAJIBHBIX IMaMETPOB OTBEpCTHS M 00JiTa, HE IMpeBbllIatomen 4
MM, B KOHCTPYKLHSX, U3TOTOBJIEHHBIX M3 CTaJIM C BPEMEHHBIM COIPOTHUBIICHUEM HE HUXKE
440 MITa (4500 krc/cm?).

13.4. Pe3pba OGonra nOKHA, Kak MpPaBUIIO, pacloyiaraTbCs BHE IUIOCKOCTEH cpe3a |
OTCTOATH OT OJKaillme W3 HUX HE MeHee 4eM Ha 5 mM. [0yioBKM OONTOB ciemyer
pacrioyiaratb CO CTOPOHBI 60JIee TOHKOTO JIEMEHTA.

13.5. Tlpu pasmemnieHnH OOJTOB, MPUKPETUISIONIMX OJUHOYHBIN YTOJIOK, B IIaXMaTHOM
NopsiIKE OTBEPCTHsL, HanOoJiee ylajleHHbIe OT KOHIIA YTOJIKa, CIelyeT pacloyiarath Ha pHcKe,
Onmxaiiien Kk 00yIKy.



®EPMbI U3 OJUHOYHBIX YI'OJIKOB
OBIIME IMOJIOKEHHUA

14.1. PexoMeHJanMy HACTOSIIETO pasliesia PacHpoCTPaHSIOTCS Ha IMPOCKTUPOBAHUE
IUTIOCKUX (epM C TosicCaMd U PEUICTKON W3 OJAMHOYHBIX YrOJKOB, MPUKPEIUISIEMBIX B y3Jax
MPEUMYIIECTBEHHO OJHOM TOJKOM (BHAXJECTKYy), C COEAMHEHHUSIMH, BBIIOIHIEMBIMU
CBapKOH YTJIOBBIMH IIIBAMH, JIyTOBOM TOYCUHOW CBApKOH (B TOM YHCIIE NMPOIUIABICHUEM) HITH
Ha 001Tax (B TOM YHCIIE BHICOKOIIPOUHBIX).

14.2. TTnockue Gpepmbl U3 OJTMHOYHBIX YIOJKOB I1€JI€CO00pa3HO MPUMEHSThH B MOKPBITHUAX
3MaHUI BMECTO TPAIUIMOHHBIX ()epM U3 MapHBIX YrOJKOB, TaBpOB M T. I. Kak Ooiee
TEXHOJIOTUYHEIE.

XapakTepHOH 0COOEHHOCTHIO OJHOYTOJKOBBIX (JepM SIBISAETCS aCUMMETpPHUS CEUYCHUH H
MPUKPEIUICHUH 3JIEMEHTOB OTHOCUTEIBHO IUIOCKOCTH ()EPMBI, BBI3BIBAIONIAS CMEIICHHE
MPOJOJIBHBIX CHJI C OCEH YroJKOB B CTOPOHY TOJIOK, MapajuIeIbHBIX MJIOCKOCTU (pepmbl (B
cTOpoHy 06ymKkoB)!. BemuunHa 3TOro CMeIIeHMs 3aBHCHT OT psaaa (aKTOpOB: JKECTKOCTH
CEUCHMsI TOSICHOTO YrojKa Ha KpydeHHe, CTETEeHU 3allleMJICHHS €ro OT CKPY4YHMBAHUS,
M3rHOHOW JKECTKOCTH €ro IOJIOK, THIa y3ia (Hauu4us W pa3MepoB (aCOHKH, HATUYHUS
MPUKPEIUICHUH 10 BTOPOW MOJIKE, YMCIa CXOAIINXCS B y3JIe 3JIEMEHTOB PEIIETKH, 3HaKa U
BEJIMYMHBI YCHIIMH B HUX, YIJIOB PUMBIKAHUS K TOSICY) U APYTHX.

! Pemernukor B. H. OcobeHHOCTH JIeHCTBUTENBHON paboThl M pacyeTa 3J1eMEHTOB U3 OJMHOYHBIX YTONKOB B COCTaBE PEIIETYATHIX
KOHCTPYKIMH. - B kH.: MccienoBanue MpOYHOCTH AJIEMEHTOB CTPOUTENBHBIX MeTammmueckux KoHCTpykuuit/[ITHMMCK nm. Kydepenko. -
M., 1982. - C. 35-44.

Bosnuxkaromiue IIpyu 3TOM B YTOJKax I/ISFI/I68.IOIJ_II/IG MOMCEHTBI MOTYT OBITH Ha3BaHBI
MOMEHTaMH  OT  HEOJHOPOAHOM  KECTKOCTM  NPUKPEIUICHWH. Y CTaHOBJICHHBIC
OKCICPUMCHTAJIBHO IJIsI 3JIEMCHTOB PCHICTKU 660(1)8COH0‘1HBIX (bepM paC4Y€THBIC 3HAYCHUA
OKCOCHTPUCUTCTOB  IMPOJOJIBHBIX CHJII U3 IINIOCKOCTHU (bepMI)I (“BKCIIGHTpI/ICI/ITeTOB
HpI/IerHJ'ICHI/I}I”) €y, OTHECCHHBIX K reOMeTpHHeCKOﬁ XapaKTECPUCTUKE CECUCHUS Z, IPHUBEACHBI
B Ta0JI. 53 (3HAYCHUS &).

TeOpeTI/I‘leCKI/I u BKCHepI/IMeHTaJ'ILHO]' YCTAHOBJICHO, YTO IIPU KCCTKUX HPHUKPCIIJIICHUAX
OANHOYHBIX YTOJIKOB IIO OJIHOM TIOJIKE (CBapKOﬁ i Oojiee 4ueM OJHHUM 6OJ'ITOM) B HHUX
BO3HHKAKOT 2106aBOqHI>I€ (HOMI/IMO MOMCHTOB OT BHey3HOBOI>'I HarpyskKku, pacCucHTPOBKHU
Y3JI0OB U KCCTKOCTU y3J'IOB) I/I3FI/I63.IOH_[I/IC MOMCHTABI TaKK€ U B IINIOCKOCTHU (I)epMLI. ITo 3HAKy
OTWU MOMCHTBI TaKHWEC, YTO BLI3BIBAIOT CMCIICHUC IIPOJAOJIBHBIX CHJI B CTOPOHY IICPHCB
YroJIKOB, a IIO a0COJNIIOTHOM BEJIWYUHE COCTABIAIOT oOkoilo 60 % COOTBCTCTBYIOIIIUX
MOMCHTOB U3 IIJIOCKOCTHU q)eprL OTHeceHHBIE K Z OMIIMPUYCCKHUE 3HAYCHUA
“SKCHCHTpI/ICI/ITeTOB MNPUKPCIUICHUA B  IIJIOCKOCTU (I)epMLI” €xa (COOTBCTCTBYIOIJ_[I/IX
yKa3aHHBIM JI00aBOYHBIM MOMEHTAM) TaK)Ke MPUBEACHBI B Ta0J. 53 (3HAUCHUS ).

! Baapun B. A., Pemernukos B. H., T'ykosa M. U., Meaxkymsn B. C. Vcnbiranust GpepM TOKPBITHIE M3 OTMHOYHEIX YTOJKOB C
COCJIMHEHUSIMU JIyrOBOM TOYEYHOW CBapHOW B COCTaBE IPOCTPAHCTBEHHBIX OJOKOB. - B kH.: HOBbIE KOHCTPYKTHBHBIC pEIICHUS
cTpouTenbHbIX MeTanyeckux Koncrpykuuit/ THMUCK um. Kyuepenko. - M., 1983. - C. 32-47.

Tab6auma 53

DOneMeHTHI pemeTKy (hepM U3 PaBHOMOIOTHBIX OTHOCHUTEINIbHBIE YKCIIEHTPUCUTETHI
YTOJIKOB TIPUKPETIEHUS
B IUIOCKOCTH (DEPMBI &, W3 IIIOCKOCTH (epMbl
IIpukperuisemsie 0 OAHON MOJIKE:

pacTsHyTbIe 0,36 -0,6
CXKaThIe 0,48 -0,8
pacTSHyTBlE U  CKAaTble, NPHUKpPEILISEMBbIE a-z, -1,0

OIHUM 0OJITOM -

TpuKperisieMple 110 JBYM MOJIKaM:
pacTsHyTbIe 0,12 -0,2
cKaThle 0,24 -0,4

Ob6o3nauenus, npunamole 6 maon. 53:

a - pacCTOsIHUE OT 00YIIKA YroJika 10 ocH 00JTa (PUCKA YrolKa);
Zo, Z- cM. 11. 14.4,



14.3. B ornuume OT NPOCTPAHCTBEHHBIX PELIETYATHIX KOHCTPYKLUMH M3 OIMHOYHBIX
yronkoB tumna onop JISII miockue gpepmbl MOKPHITUI XapaKTEpU3yIOTCs: 00jee BHICOKUMU
COOTHOIICHUSIMU YCHJIMH B DJIEMEHTAaX PEIICTKH U IOSICOB M, COOTBETCTBEHHO, MEHBIICH
pasHUIE CEYEHUH OTHX OJJIEMEHTOB; HAJMYUEM PpACTSIHYTBIX M, TpPU OeCIpOroHHBIX
peleHmsIX, N3rudaeMbIX IMOSICOB; 3aKPEIJIEHUEM C)KaThIX MOSCOB (IPOrOHAMH B y3/1ax WIH
HacCTWJIOM 110 BCEH [JIMHE) OT CKPYYMBAaHUA. YKa3aHHbIE OCOOEHHOCTH OIPEACIUIN
UCIOJIb30BaHUE AJIS IUIOCKUX (pepM 0co0Oi METOIUKM pacdyeTa, OCHOBAHHOM Ha MIPSMOM
ydeTe BHEIICHTPEHHOCTH YCHIIUN B CTEPXKHAX (hepM.

PACYET

14.4. Pacuer sneMeHTOB (epM M3 OJMHOYHBIX YTOJIKOB CIEAYET BBIIOIHATH C y4ETOM
M3ru0aroIMX MOMEHTOB B INIOCKOCTH (hepMbl My 1 U3 mockoctu hepmbl My, onpenensieMbIx
o gpopmynam:

rae M, = Mq + M. + M,
Mg, M., Mt - uzrubaroiiye MOMEHTHI COOTBETCTBEHHO OT BHEY3JIOBOM Harpy3ku, OT
PAcCUEHTPOBKM CTEpKHEH B y3Jlax M OT TNEpPEeMEIIeHH cuctemsl (OT
KECTKOCTH Yy3IIOB);
N - mpomonbpHas cuiia, MPUHUMAaeMasi CO 3HAKOM, COOTBETCTBYIOIINM 3HAKY yCHIIHS
“IUI0C” - IPU PACTSHKEHUU, “MUHYC” - TIPU CXKATHH);
Z =120 - 0,5d - paccTrosiHuE OT IICHTPAIBHON OCH JI0 CEPEAMHBI TOIIIMHBI IOJIKH yroJIKa;
Zo - pacCTOSIHUE OT LICHTPAJIbHOM OCH J10 HAPY>KHOM I'paHu MOJIKH YTrOJIKa;
&w, & - OTHOCUTEIIbHBIE KCIIEHTPUCUTETHI MPUKPEIICHUS, ONpeaessieMbie o Tabdn. 53
(1st TOSICOB hepM & = & = 0).

Wzrubaromme momeHTsl Mg, M., Mt, M, ciienyer npuHUMATD MOJIOKUTEIbHBIMU, €CIIA OHH
BBI3BIBAIOT PACTSHKCHHE HA TIEPEe YroJika, U OTPUIATEILHBIMH - B 0OPaTHOM cllydae.

MOMEHTHI OT KEeCTKOCTH y3710B Mf MpH pacuere pacTSHYTHIX AJIEMEHTOB, a TaKXKe MPHU
OTCYTCTBUM MOMEHTOB Mq 1 M, foryckaercst He y4UThIBATh.

14.5. Pacuer Ha MPOYHOCTH BHEIEHTPEHHO-CXKATHIX, CKATO-U3THOAEMBIX, BHEIICHTPEHHO-
pPacCTSHYTBIX M  PACTSIHYTO-U3TUOAEMBIX JJIEMEHTOB U3 OJMHOYHBIX YTOJKOB, HE
MOABEPTalOIINXCS HEMOCPEICTBEHHOMY BO3JIEUCTBUIO JMHAMUYECKUX HArpy30K, CIEAyeT
BBITIOJTHATH IO popMyIie

— <Ry, (70)

rae V - kodpduiueHT, omnpeaenseMbliii 1o Tabia. 54 B 3aBHCUMOCTH OT YCIOBHBIX
OTHOCHUTEJIbHBIX SKCIIEHTPUCUTETOB & H &,
Je - KO3 PUIMEHT yCTIOBUI paObOThI, ompeessieMbli o 1o3. 6 Tabn. 6* CHull 11-23-81*.

Tabnnma 54
VenoBHbIi oTHOCHTENBHBI | KOI(dUIMENT V IPH yCIOBHOM OTHOCHTENBHOM SKCUEHTPUCHTETE U3 IIIOCKOCTH
9KCLIEHTPHCHTET B IIOCKOCTH (bepMbI 2y, paBHOM
(bepMbl & 0 -0,2 -0,4 -0,6 -0,8 -1,0
-1,0 0,60 0,56 0,52 0,48 0,44 0,41
-0,8 0,67 0,62 0,57 0,52 0,48 0,44
-0,6 0,74 0,68 0,62 0,57 0,52 0,48
04 0,82 0,75 0,68 0,62 0,57 0,52
-0,2 0,90 0,82 0,75 0,68 0,62 0,56
0 1,00 0,90 0,82 0,74 0,67 0,60
0,05 0,93 0,93 0,84 0,76 0,68 0,61
0,10 0,90 0,90 0,85 0,77 0,70 0,62
0,15 0,87 0,87 0,87 0,78 0,71 0,63
0,20 0,83 0,83 0,83 0,80 0,72 0,65
0,25 0,81 0,81 0,81 0,81 0,74 0,66
0,30 0,77 0.77 0,77 0,77 0,76 0,67
0,4 0,71 0,71 0,71 0,71 0,71 0,70
0,6 0,63
038 0,55
1.0 0,50




1.2 0,45
14 041

3Ha4YeHHUs & CIEAYeT ONpeNeNiaTh o hopmyre
e =%, (71)
zZ

i€ ex - SKCIEHTPUCHUTET MIPOIOJIBHOM CHIIBI B TUTOCKOCTH (epMbl (ex = My/N), BhIUuciIsseMblii
C Y4ETOM 3HAKOB HM3THOAIOIIMX MOMEHTOB U TMPOJOJIBHON CHIIBI (TIOJIOKUTEIBHOMY
HKCLEHTPUCUTETY COOTBETCTBYET HANPABICHHUE K MEPY, & OTPULATEILHOMY - K OOYIIKY
yroJIKa).
DOKCUEHTPUCUTET  MPOAOJIBHOW  CHJIBl M3  IUIOCKOCTH  (epMbl  COBIAJaeT ¢
aKcueHTpucuTeToM npukperuieHus (e, = My/IN = gz; g - cm. 1. 14.4).
B ocTanpHBIX cilydasx pacyeT ciaeayeT BBIIOJHATH Mo Gopmyrie
N M.

M
Ty 4oy <Ry 712
L TN ET RS RY (72)

Xoh Yol

TJIe Xo M Vo - KOOPJAWHATHI PACCMATPUBAEMON TOUYKH CEUYCHHUS YTrOJKa OTHOCHTEIHHO €Tro
TJIaBHBIX Ooceil (puc. 22).
Wsrubaromue MOMEHTEL M, ¥ M, CIELyeT ONpeneaTh o GopMyiam:

M, =M, cosa- Mysin o, (73)
M, =M;sin a+ My cosa, (74)

Il @ - Yrojl HakJOHA TJIABHBIX OCEH CEYCHHS YTrojKa K TOJIKaM, OTCUHUTBIBAEMBIH OT
TOPU3OHTAIILHON OCH (CM. pHC. 22).
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Puc. 22. CeveHust 371eMeHTOB U3 OAMHOYHBIX YTOJIKOB

a - PaBHOIIOJIOYHOI'O; 6- HEPABHOIIOJIOYHOTO



Nzrubaromme momeHnTsl My 1 My crieyer nmoactasisate B popmyisl (73) u (74) co cBouMu
3HaKamHu (cM. 1. 14.4).
MomenTsl MHEpUMY CeYeHus [, ¥ [, JUI PABHOINOJOYHBIX YTOIKOB CIEIYET OIPEICIATh

no copramenty I'OCT 8509-86. [l HEPaBHONOJIOYHBIX YTOJIKOB [, CIEMYET ONPEAEIATH

o copramenty 'OCT 8510-86 (0o60o3nauenuto |, B HeM cooTBeTcTBYET 0003HaueHue lumin), a
I, - 10 popmyie

[xo = Ix + Iy - Iya . (75)

14.6. Pacuer Ha NPOYHOCTh BHELEHTPEHHO-CHKATBIX M C)KATO-U3rMOAEMbIX BEPXHHMX
MOSICOB (hepM M3 OJJMHOYHBIX YTOJKOB, HEMPEPHIBHO PACKPEIUICHHBIX U3 IUIOCKOCTH (epMbl
KECTKMM HACTUJIOM M HE IIOJBEPralollMXCsi HENOCPEICTBEHHOMY BO3ACHCTBUIO
JMHAMUYECKUX HArpy3oK, cieayer mpoBepiate mo ¢opmyne (49) CHull 11-23-81*
paccMaTpuBas CeYEHUE II0Aca KaK TaBpoBOE€, MpU ITOM KodpduuueHT N 1mpu
SKCLEHTPUCUTETE B CTOPOHY NOJKM (00yliKa) cieayeT NpUHUMaTh paBHbIM 3,0, a mpu
HKCLIEHTPUCUTETE B CTOPOHY CTEHKH (1iepa) - paBHbIM 1,0.

14.7. Pacuer Ha yCTOMYMBOCTh BHELEHTPEHHO-CKATBIX M CKAaTO-U3THOAEMbIX 3JIEMEHTOB
U3 OJUHOYHBIX YrOJKOB, HE HMEIOIIUX MPOMEXKYTOUHBIX 3aKpEIUICHUH B OJHOM
HaNpaBJICHUH, CIeAyeT BBIMONHATH 1o Qopmyne (51) CHwull 11-23-81*, B koropoi
KO3 QHULIHUEHT @ PEKOMEHIYETCS ONIPENEIIATh 110 popMyIie

1

_ _ . (76)
g, +(2-022 )1/p, ~1/p,..)

?.

Jlis paBHOMOJIOYHBIX YroJkoB Ipu & = -0,8 (T. e. uId CXKaTbIX 3JIEMEHTOB PELIETKH,
MPUKPEIUIIEMBIX 10 OJHOHM IOJIKE CBApKOW WM OXHUM OoinTOM W Ooyiee) 3HAYCHUSA (e
PEKOMEHAYETCsI OIIPENENATh 10 Tab. 55.

TaoOnuma 55
Vcenosubli Koaddunuent ¢, npu & = -0,8 u npu ycinoBHoH riOKOCTH B IIIOCKOCTH
OTHOCHUTENbHBIH . 7 .
SKCIICHTDHCHTET B HANMCHBILICH KECTKOCTH yronka A, ., paBHOI
TIOCKOCTH (PEPMBI &
0 05 1,0 2.0 3,0 4,0 50
-1,0 0,44 0,43 0,42 0,40 0,32 0,26 0,22
-0,8 0,48 0,46 0,44 0,40 0,32 0,26 0,22
-0,6 0,52 0,49 0,46 0,40 0,32 0,26 0,22
-0,4 0,57 051 0,47 0,40 0,32 0,26 0,22
-0,2 0,62 0,54 0,49 0,41 0,33 0,27 0,22
0 0,67 0,57 051 0,42 0,34 0,28 0,22
0,2 0,72 0,59 0,52 0,43 0,36 0,29 0,23
03 0,76 0,60 0,52 0,44 0,37 0,30 0,23
04 0,71 0,61 0,53 0,45 0,38 0,31 0,23
0,6 0,63 0,58 0,53 0,46 0,39 0,32 0,24
08 0,55 0,53 0,51 0,45 0,38 0,31 0,23
1,0 0,50 0,48 0,46 0,42 0,36 0,30 0,22
12 0,45 0,43 0,41 0,38 0,33 0,27 0,21
14 041 0,39 0,37 0,34 0,30 0,25 0,20

B ¢dopmyne (76) xoohpduumentsl ¢, U ¢, CIEAYyET ONPENENATh B COOTBETCTBUM C II.

5.27* CHuII 11-23-81* B 3aBHCHMOCTH OT YCJIOBHOM TMOKOCTH A .. W A . (BBIYMCIAEMOM

X min Vo max

COOTBETCTBEHHO OTHOCHUTEIBHO OCEH Xo-Xo U Vo-Vo) WU TNPUBEIECHHOTO OTHOCHUTEIHHOTO
DKCUEHTPHUCHUTETA m, W m, JUI1 PABHOIOJIOYHBIX YTOJIKOB ONPENEIAEMOro no Gopmymnam:

m, =1,06¢, ; (77)
My, =212¢, (78)
rac
M
== (79)



g =S (80)

3HaucHUS I/I3I‘I/I6aIOH_II/IX MOMCHTOB Mx,, n Myﬂ , HCO6XOI[I/IMBIG AJI1 BBIYMCJIICHUSA YCIIOBHBIX
OTHOCHUTCIIBHBIX JSKCHCHTPUCUTETOB g, n g, IIpu pacyeTrc Ha YCTOﬁqHBOCTL, clIeayer

NPUHUMATH JJIs CEYCHHWU C HAWOOJIBIIUM W HAaWMEHBIIMM 3HA4YeHUsSMH M, B Tpemenax
CpeIHEH TPETH ITMHBI CTEPIKHS.
Kosppuuuent ¢ . cnenyer onpenensars B coorBercTsuu ¢ 1. 5.3 CHull 11-23-81* s

Xp Max

HAMMEHBIIEH THOKOCTH CTEPKHS (OTHOCHTEIBHO OCH Xo-Xo).

14.8. Pacuer Ha yCTOHYHMBOCTH BHEIICHTPEHHO-CXKATHIX M CXKATO-MU3rHOAEMBIX BEPXHHX
MOSICOB (pepM M3 OJIMHOYHBIX YTOJIKOB, HEMPEPHIBHO PACKPEIICHHBIX M3 IUIOCKOCTH (hepMbI
KECTKUM HACTHIIOM, & TaK)K€ YCTOWYMBOCTH JIPYTHX 3JEMEHTOB, UMEIOIINX MEXIY Y3JIaMH
MIPOMEKYTOYHOE 3aKPEIUICHUE B OJHOM HAIPaBJICHUH, CICAYET BBINOJHATH B COOTBETCTBUHU
¢ m 5.27*% CHull I1-23-81* npunumas B kauectBe A, € u W COOTBETCTBYIOLIME
XapaKTePUCTHKH B INIOCKOCTH, TIEPIICHINKYJISAPHON K IMJIOCKOCTH 3aKPEIUICHUS.

14.9. PacyerHbie JUIHHBI lef 371eMEHTOB epM M3 OJUHOYHBIX YTOJKOB CIICAYET MPHHUMATH
o Tad. 56.

Tab6numa 56
DeMeHTs! Gepm PacuerHas muinHa les
Csxatble U PacTSHYTHIC [05ICa, OLIOPHBIE PACKOCHI M OIIOPHBIE CTOMKI 0,91
CoxaTo-m3rudaemMble mosica (B IIOCKOCTH (hepMbI) 0,8l
Packochl ¥ OCHOBHBIE CTOMKH (IIEPEIAIOIIIE MOIEPEYHYIO CHITY) 0,81,
JlonoNHUTENbHBIE  CTOWKKM  (BOCIPHHHMMAIOIIME TOJBKO  MECTHYIO 0,91,
HArpysKy)

Ob6o3nauenus, npunamole 6 maon. 56:

|- TEOMETpHUUCCKas MJIMHA DJIEMEHTa (paCCTOﬂHHe MEXIY LEHTpaMH Y3JIOB; IIPpU HEHCHTPUPOBAHHBIX Yy3JIaX - PAaCCTOAHUE MEXKIY
TOYKAMH [1EPECEYECHHS TE€OMETPUUECKUX OCEH JIEMEHTOB) B INIOCKOCTH (hePMBI;

|1 - paCcCTOAHUE MEKITY OIIKAUTITMHA y3J1aMH 110 JUIMHE 3JIEMEHTA.

14.10. Ilpu GechacoHOUYHBIX y3/Iax CIEIYET NPOM3BOIUTH PACUET MOSICHBIX AJIEMEHTOB B
y3Jlax Ha y4acTKax MeXay MPHUKPEIUICHUSMHU 3JEMEHTOB PELIeTKH Ha CIBUT 1O (opmyine
(29) CHulI 11-23-81* npunumas B kauectBe Q pa3HOCTh MEPICHIUKYISIPHBIX K OCH MOsica
COCTABIIIOLINX YCWIMH B 3JIeMEHTax peuleTkd, a B kadectBe |, S m t - reomerpuyeckue
XapaKTEPUCTUKHU CEUEHUS YTOJIKa OTHOCUTEIBHO OCH X-X.

14.11. Pacuer cCBapHBIX TOYEYHBIX COCIUHEHUH B MPHUKPEIICHUSAX DJIEMEHTOB U3
OJIMHOYHBIX YroJKOB (puc. 23), Ha JEHCTBUE MPOJOJIBHOM CHUJIBI U MOMEHTAa B IJIOCKOCTHU
PacIoyIoKeHMs TOUEK CIEAYEeT MPOU3BOAUTE MO (GOPMYyTIaM:

Ha Cpe3 TOYeK
N:\/(l+£j +(ij <N, (81)
n a a

rIe

1 n
a= —Z(uf +v7);
4 i=1

Ha CJOXHOE€ paspylieHue (cpe3 M paspblB WIM CKaTHE) OCHOBHOIO MeTallla,
OKPY’KAOIIIEro TOUKH:
a) B IPUKPEIIIEMOM 3JIEMEHTE:

npu g > 0,58 (f+ 1)

N <08R (82)
[L16(f + D) +d +m]t ’

npu g <0,58 (f + 1)

N <08R ; (83)
[0,58(f +1)+0,5d + m+ gt ’



0) B IMOSICHOM DJIEMEHTE:
npu tg 6> 0,58 (6> 30°)

N
[L16(/+ 1/ sin@) +d +mt

<08R,; (84)

mpu tg #< 0,58 (6< 30°)

N
<
[(0,58t¢0+0,5d +m+2h | cos O]t

0.8R .

y

(85)

Puc. 23. CxeMa cBAapHOI0 TOYEYHOI'0 COeIMHEHUS ABYX 3JIEMEHTOB U3 OJMHOYHbIX
YI0JIKOB

KOHCTPYUPOBAHHUE

14.12. Tlpu npoexkTupoBaHWUU (EepM M3 OJWHOYHBIX YTOJKOB CIEAYeT CTPEMHTHCS K
BBINOJIHEHUIO Y37I0B 0e3 (PacoHOK, A 4ero peKOMEHAYeTCs NMPUHUMATh pa3Mephl MOJIOK
YTOJIKOB B IJIOCKOCTU (pepMbl BO3MOKHO OOJIBIIMMH JIJISl TTOSICOB M BO3MOXHO MEHBIINMHU -
JUIS DJIEMEHTOB PELIETKH.

14.13. TommmHa NPUKPEIUISIEMBIX DJIEMEHTOB PEMIETKH, KaK IPaBHJIO, HE JOJDKHA
IIpPEBBIIATh TOJIIMHBI M0AcOB. CymMMapHas TONIIMHA IIAKeTa JeTaled, COeAUHIEMBIX
JyTOBOM TOYEYHOH CBapKOW CO CKBO3HBIM IPOILIABICHUEM, HE JOJIKHA MPEBBILIATE 26 MM.

14.14. PaccTtosiHUS MEXIYy KpasMH CMEXKHBIX AJIEMEHTOB PELIETKH B Yy3Jax ClEAyeT
NpUHUMATh HE MEHee 5 MM, a pacCTOSHHUA MEXAY KpasMU DJIEMEHTOB pELIETKH U
BHYTPEHHEH CTOpPOHOW BBICTYNAIOIIEH IIOJKM YrojKa Iosca - HE MeEHee paauyca
3aKpYTJIEHUS MEXY MOJIKaMH 3TOTO YTroJjKa.

14.15. JIns obecriedeHusi pa3MelIeHUs CBAapHBIX IIBOB WJIM OOJTOB B Mpeienax MOJOK
MOSICHBIX YTOJIKOB 0€3 WX ymupeHus B y3max (6e3 ¢acoHOK), a Takke I 0OecTeueHHs
PE3KU YroJKOB pemeTKH 0e3 cKoca MOJIOK JIOMYCKAaeTCs CMeNaTh TOUYKU MepeceueHms ocen
AJIEMEHTOB PEIIEeTKH B y3J1aX C OCed IMOSICOB B CTOPOHY OOYIIKOB (C COOTBETCTBYIOIIMM
y4E€TOM BO3HHMKAIOUIMX MPU 3TOM M3THOAIOIINX MOMEHTOB B CTEPXKHSIX M., cM. 1. 14.4).

14.16. B cimydae HEOCTaTOYHOTO pa3Mepa TMOJIOK MOSICHBIX YTOJIKOB JUIsl PUKPETIIICHAS K
HUM 3JIEMEHTOB PEIIETKU B OTJAENbHBIX y3/ax (epM clefyeT MpeaycMaTpuBaTh YIIUPEHHE
ATUX TOJIOK NMPUBAPKOW K HUM (PACOHOK BCTHIK C 3aYMCTKOM IIBAa C BHYTPEHHEH CTOPOHBI
MOSICHOTO YTOJIKA 3all0JINLIO C IOBEPXHOCTHIO IOJIKH.

14.17. CBapHble TOYKH B MPUKPEIUVICHUSX JIEMEHTOB W3 OJMHOYHBIX YTOJKOB ClEAyeT
pasmerniaTb B COOTBETCTBHUH C BO3MOXKHOCTSMHU HMEIOIIErocsi 00OpYJOBaHUS Ui CBapKH.
Touku cnenyer pacnosaraTe Ha MAKCUMaJIBHBIX PACCTOSTHUSAX APYT OT Apyra B OJIUH WJIH J1Ba



psida mapamienbHO ocH yrojika. Kaxaplii KoHell 3jieMeHTa clieyeT MPUKPEIUIsTh HEe MeHee
4eM JByMsI TOYKaMu. PaccTosiHUS MEXIy EHTpaMH TOYEK B JIFOOOM HAMPABICHHUH CIECIYeT
NpUHUMaTh HEe MeHee 1,50, a paccTosiHUs OT IEHTpa TOYKH 10 KpaeB dyieMeHTa (Iepa WiIu
Topua yroiyika) - He meHee |,2 d, riae d - HOMUHaNBHBIA AMaMETP TOYKH B INIOCKOCTH CPe3a.

14.18. 3a oceByr IIOCKOCTHh (hepMbI (COBMEIIAEMYIO ¢ pa30MBOYHON OCBIO B IUIAHE M C
LEHTPOM OIOPHOTO pedpa) ciaenyeT NPUHUMATH TUIOCKOCTh, YAAICHHYIO OT OOYyIIKa yrojka
BEPXHETO M0sICa Ha PACCTOSHUE, PABHOE PACCTOSHUIO /10 LIEHTPA TSXKECTH CEUEHUsI BEPXHETO
nosica C OKPYIJICHHEM JI0 5 MM B MEHBIIIYIO CTOPOHY.

14.19. Cxatble ONOpHBIE PACKOCHl U CTOMKU W APYrue CHUIbHO HArpy>KEHHBIE 3JIEMEHTHI
pEUIeTKH U3 OJUHOYHBIX YTOJIKOB PEKOMEHAYETCS BBIMOJIHATH C MPUKPEIUICHHEM UX B y3J1ax
[0 JIBYM TIOJIKaM, T. €. C TIPUKPEIJICHUEM TIOJIKH, IePIEHIUKYISIPHON MIIOCKOCTH (epMBbl, K
COOTBETCTBYIOIIUM IOJIKAM TIOSICHBIX YTOJKOB WJIM K OHOpHOMY peOpy depmbl
(HEeTOCPEICTBEHHOW MPUBAPKOI BIPHUTHIK JMOO C IMMOMOIIBI0 TMPUBAPCHHON IUIAHKU WIIH
MIPOKJIAJIKH ).

15. ®EPMbI U CBA3U U3 THYTOCBAPHBIX ITIPO®UJIEM
MATEPHAJIBI

15.1. Jlns snemeHTOB (hepM | CBsI3ei MPUMEHSIOTCS THyTOCBapHbIe ipodunu mo TY 36-
2287-80.

Marepuan npoduield HazHadaeTcss B cooTBeTcTBUM ¢ TpeboBanusimu CHull 11-23-81%*.
[Ipodunu U3roTOBNSAIOTCSA U3 TUCTOBOM ropsYeKaTaHON CTalH, OCTABISEMOM B PYJIOHAX IO
I'OCT 19903-74%*): yriepoaucToii 001ero HasHa4eHus TOMmuHON 4 MM 1 6onee - mo TOCT
14637-79, tommmaoN 3 MM - o I'OCT 16523-70%*; HU3KOJETHPOBAHHON TOJIIIMHOW 4 MM U
6onee - mo 'OCT 19282-73* tommuuoii 3 mm - mo FOCT 17066-80*.

15.2. Jna MOHTaXHBIX (IAHLEBBIX Y3JIOB PACTAHYTBHIX TMOSICOB TMPUMEHSIOTCS
BbICOKOTIpouHBbIe 00ThI U3 cTanu 40X “cenext” mo 'OCT 22353-77* wim TV 14-4-1345-85
¢ xapakrepuctukoit 6¢gl110XJI1 wmm 8gl10XJI1, raiiku mo ['OCT 22354-77* c
xapaktepuctukoi 6h 110 wau 7h 110.

15.3. Jlna ¢dnaHIeB pacTAHYTHIX MOSCOB MPUMEHSETCS TOJICTOJIMCTOBAs TOpsueKaTaHas
TepMooOpaboTanHass cranb Mapku 14[2AD mo TV 14-105-465-82, pacuerHoe
COMPOTHUBIIEHUE KOTOPOW B HAMPABIEHWU TOJIIMHBI MPOKATa MPUHUMAETCS PaBHBIM Rin =
275 MIla (2800 xrc/cm?). JlomyckaeTcss H3rOTOBIEHHE (DIAHIEB M3 APYTHX Mapok
HU3KOJIETUPOBAHHBIX  CTajieil, MPUMEHSEMBIX Ui CTPOUTEIhCTBA C  MPOBEPKOIA
MEXaHUYECKHX CBOWCTB CTalld B HANpPaBICHUH TONIIUHBI IpPOKaTa IO CIEHATFHON
METOJIUKE, U3JI0KEHHOM B [25].

15.4. PacueTHble CONPOTHUBJIEHMS] THYTOCBAapHBIX MNpOoQuiIeH cieayeT MNPUHUMATh IO
CHulT 11-23-81 *

PexomeHayeTcsi yduuTHIBaTH TIOBBIICHWE TMIpe/eia TEKy4eCcTH Marephaja 3a CuYeT
YIPOYHEHUs 30H U3ruda B COOTBETCTBUH C METOJUKOM, MpUBeaeHHOH B 1. 2.3.1 [26].

15.5. IlpodunupoBaHHBI HACTWJI  PEKOMEHJAYeTCs MPUKPEIUIITh K  IroscaM
camoHape3atoumu 6oiaramu M6-8g x 20.56.099 o OCT 34-13-016-77, ToueuHoil cBapKoii
B COOTBETCTBUHU C [27] wiu arodensmMu B cooTBeTcTBUU € [28] 1 OCT 36-122-85.

PACYET 3JIEMEHTOB KOHCTPYKIIUI

15.6. Pacder »11eMeHTOB Ha MPOYHOCTH CIEAYET MPOU3BOIUTH B COOTBETCTBUU C pasi. 5
CHull 11-23-81* u n1. 15.4 nacrosmero [Tocobus.
[TpoBepKy yCTOMYMUBOCTH DIIEMEHTOB HEOOXOIMMO OCYIIECTBIIATH B COOTBETCTBHHU C Pa3/l.
5 CHull 11-23-81* cTeHOK M MHOJIOK - B COOTBETCTBHMH ¢ mm. 7.14*, 7.20%, 7.26* CHull II-
23.81* m m. 2.2.2 [26] [ans dmeMEHTOB, paccUuThiBaeMbIX 1o ¢opmyne (56) CHull 11-23-
81*].
MECTHASI YCTOMYUBOCTHh CTEHOK ITPU COCPEJOTOYEHHBIX HAI'PY3KAX

15.7. Tlpu coBnajieHNH TUIOCKOCTH JEHCTBUS HArpy3KH C IJIOCKOCTBIO CTEHKU (ONMUpaHue
[0 TUIy, YKa3aHHOMY Ha pHC. 24, 6) HanOOJbIIYI0 BEITUYUHY COCPEAOTOYCHHON Harpy3ku
WIN PEaKLUU B OIOPHOM CEYEHHUH, IEHCTBYIOIIEH Ha KaXKIYIO CTEHKY, CIEeIyeT OlpeaelIsiTh:



a) peakInio KpaiHeH OMmopsl, HArPY3Ky Ha KOHIIE KOHCOJH W Ha ydacTkax 1,5h’(rme h’=
H - 2t, cm. puc. 24, a), npuiieraromux K onopam, mo ¢gopmyse

P< tzRy;/U[7,4 + 0,93\/% ; (86)

0) peakuui0 MPOMEXKYTOYHOM OMOpPHI M ONOPHl KOHCOJIM, HArpy3Ky Ha ydyacTKax,
pacnosoKeHHbIX Ha paccTostHuu 6osee 1,5h "ot onop, o Gpopmysie

P, < tzR}}/c(ll,l +2,4\/a . (87)

Puc. 24. K pacuery MecTHOIi yCTOIYHBOCTH CTEHOK 3J1eMEHTOB M3 THYTOCBAPHBIX
npogpuiei
a - CX€Ma Harpysok u peakunﬁ; o - OITMpaHue 9€PE3 NPOKIIAAKY; 6 - HENNOCPEACTBEHHOC OITMPAaHUE

15.8. Ilpu HecoBmaJeHUM IUIOCKOCTH JEMCTBUS HArpy3Kd C IUIOCKOCTBIO CTEHKH
(omMpaHue Mo THIy, yKa3aHHOMY Ha puc. 24, 6):

P<5. 10-3z2R},y((980+42§ —o,zzztiz— 0,1 1}’7ij ; (88)

3,2 z zh' h
P <510°FRy, 3050+23?_0’097_57 0 (89)

31€Ch

—(115 015’)(133 0,33 R-“j' (90)

p] - ) ) t > ) 230 ]
p, = (1,06—0,061)(1,22—0,22 R, j . (91)

t 230

B ¢popmynax (86) - (91):
t - TonmMHA CTEHKH TPOdUIIS;
Z - yCIIOBHAS JUTMHA PACTIPEIEICHHs COCPEIOTOUCHHOTO TPy3a, HE MOBBIIIAOIIAS BEICOTY

creHku h';
I - BHYTPEHHUI painyc 3aKpyTJICHUS, HE MPEBBINIAIONINI 4;
Ry - B MIla;

Piu P> - B kH.



BECOACOHOYHBIE Y3JIbl ®EPM

15.9. Becdaconounsie y3ibl depm (puc. 25), COCTOAININE U3 TMOSICA U MPUMBIKAIOMINX K
HEMY 2JIEMCHTOB PEIICTKH, CIIEYeT POBEPSITh Ha:

MPO/IaBIMBaHKUEe (BBIPHIBAHME) Y4aCTKa CTCHKHU MO0sICa, KOHTAKTUPYIOIICH C 3JEMEHTOM
PEIICTKH;

HECYIIYI0 CIIOCOOHOCTh y4acTKa OOKOBOM CTEHKH Mosica (TMapajuiesbHOM IIIOCKOCTH Y3I1a)
B MECTE MIPUMbBIKAHHS CKATOT'O JIEMEHTA PEIICTKH;

HECYIIYIO CIIOCOOHOCTbD 3JIEMEHTA PEIICTKH B 30HE MPUMbBIKAHUS K MOSCY;

MPOYHOCTh CBApPHbIX IIBOB MPUKPEILICHUS JIEMEHTA PEHIETKU K TOSCY.




-

by
=1

Puc. 25. becdhaconounsie y3ibl hepm

a - K-00pa3Hblif; 6 - paCKOCHBIH; 6 - ONOPHBIIL; 2 - X-00pa3Hsblii; 0 - T-00pa3HbIit

15.10. B ciyuae 0JHOCTOPOHHETO MPUMBIKAHHS K TMOSACY JBYX DJIEMEHTOB PEIICTKH WIIH
0oJjiee ¢ YCHIIHSIME Pa3HBIX 3HAKOB (CM. puc. 25, a, 6), a TaK)Ke OJHOTO JICMEHTA B OTIOPHBIX
y3nax (cm. puc. 25, ¢) mpu d/D < 0,9 u c/b < 0,25 Hecymyo CHOCOOHOCTH Mosica Ha
NpOJIaBiuBaHue (BBIPBIBAHKE) CIIEAYET MMPOBEPATH JUIA KaKIOTO MPHUMBIKAIOIIETO 3JIEMEHTA
o ¢popmyie

M LM _ 7.7, R G+ e 2D7) (92)
d, = (04+18c/d)fsina

rae N - ycuiue B IPpUMBIKAIOIIEM 3JIEMEHTE;

M - u3rubaromiuii MOMEHT OT OCHOBHOI'O BO3JEHCTBMSI B IPHUMBIKAIOIIEM 3JIEMEHTE B
IJIOCKOCTH y3JIa B CEUEHUHU, COBIMAJIAIOLIEM C MPUMBIKAIOIIEH MOJNKON osica (MOMEHT
OT ’KECTKOCTH Y3JIOB JIONYCKAETCS HE YUUTHIBATD);

Je - KOOPPUIUEHT YCIOBUH pabOThI, MpuHUMaeMbIi 1o mo3. 1 u 2 tadm. 6* CHull 11-23-
81*;

Jd - KOOQQUIMEHT BIUSHUS 3HAKa YCWJIMS B MPHUMBIKAIOIIEM 3JIEMEHTE, MPUHUMAEeMbIi
paBHbIM 1,2 ipu pacTskeHuu U 1,0 - B OCTaNbHBIX CIyYasx;

Jb - KO3(GOUIMEHT BIMSHUS MPOAOIBHON CHIIBI B MOSCE, ONpPEeNsieMblii IPU CXKaTUU B
nosice, ecu |F| / (ARy) > 0,5, o dopmyie

w=15-|F / (ARy), (93)

B OCTAIBHBIX CiTydasx i = 1,0;
F - nponionbHas cuia B osice cO CTOPOHBI PaCTSIHYTOTO 3JIEMEHTA PEIIETKH;
A - TuI0Ia b IONIEPEYHOI0 CEUEHUS T0ACa;
Ry - pacyeTHOE CONIPOTUBIICHHUE CTAJIM I105Ca;
t - ToNIIKMHA CTEHKU MO05Ca;
b - anuHa ydvacTka JMHHUM TIEPECCUCHHsS TMPUMBIKAIOMIETO JJIEMEHTa C TOSCOM B
HaIpaBJICHUHU OCH Tosica, paBHas dv/Sing,
¢ - TIOJIOBUHA PACCTOSIHUSA MEXIY CMEXHBIMH CTEHKaMU COCEJHUX 3JIEMEHTOB PEIIETKH
WM TIOTIEPEYHOM CTEHKOM packoca U OTOPHBIM pedpoM;
f=(D-d)/2,
¢ - YTOJl IPUMBIKAHUS 3JIEMEHTA PEIIETKH K MOsCY.
®opmyna (92) otHocutca K y3nam K-oOpa3zHoro THma, T. €. aHTUCUMMETPUYHBIM I10
YCWIHMAM B MPHUMBIKAIOMIUX DJE€MEHTaX, NpU HE CIUIIKOM OOJIbIIMX OTHOIICHUSAX
MIONEPEYHBIX Pa3MEPOB DIIEMEHTA PEIIETKHU U Iosica U MaJlod pa3JBUXKKE packocoB. [Ipu
BbIBOJIE (POPMYJIBI MCIOJIb30BaHbl OINBITHBIE JAHHBIE U TEOPHs MPENEIbHOIO PAaBHOBECHS B
KuHeMaTuyeckoM BapuaHte. @opmyna (93) nosnyueHa ¢ y4eToM ONBITHBIX JaHHBIX.



15.11. Hecymyto criocoOHOCTH Tosica Ha TPOJIaBIMBAHKUE B KPECTOOOPA3HBIX, T-00pa3HBIX
y3nax (cM. puc. 25, ¢, 0), a Takke B y3lax, ykazaHubeix B 1. 15.10 mpu c/b > 0,25 cnenyer
MPOBEPSITH IO popmyie

777 oRE (b+22Df) _ (94)

|N|+1,7|M|/d, < _
fsina

dopmyna (94), monydeHHas aHATUTHYECKH, OTHOCUTCS K T-, Y- u X-00pa3HbIM y3liaM, a
TaKXKe TPU JOCTATOYHO OOJBIION pa3JIBUKKE packocoB - K y3iam K-oOpasHoro tuma. B
MOCIIEHEM CITy4ae YCIOBHOW TpaHUIeH obnactei mpumenenus dopmyn (92) u (94)
siBisiercst 3Hauenue ¢/b = 0,25 (Ha camoMm jene 3To 3HadeHue 3aBUCUT OT napamerpos d/D u
b/D).

15.12. Hecymyto crocoOHOCTh CTEHKH I0sCa B IJIOCKOCTH Y3Jla B MECTE NMPHUMBIKAHHS
ckatoro aemenTa perrerku npu d/D > 0,85 ciieayeT npoBepsTh 1o hopmysie

N <2y .y kR td, /sin’ a (95)

rae % - KOd((OUIMCHT BIMSHUS TOHKOCTEHHOCTH I0sica, s OTHomieHud Dp/t >25
npuHUMaeMblid paBHbIM 0,8, B ocTanbHbIX ciydasx - 1,0;
K - ko3¢ ¢uuueHT, NpUHUMAeMbIi B 3aBHCUMOCTH OT TOHKOCTEHHOCTH mosica Dp/t u
pacyeTHOro CONpOTUBIEHHUS cTraiu Ry mo Qopmymnam, COOTBETCTBYIOUIMM TpeM
o0JacTsiM, IPUBECHHBIM Ha Tpaduke 26.
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Puc. 26. I'paduk st onpenesienusi 3HaueHnii ko3gduuuenta K B 3aBUCHMOCTH OT
TOHKOCTEHHOCTH IO0sica

®opmyrnoi (95) yureHa BO3MOXHOCTh HCYEpIAHUS HECYIIeH CrIocoOHOCTH y3ia OT
BBINIYYMBAaHUSI OOKOBOIM CTEHKH MMOsica MPU JAOCTAaTOYHO OoJbmIuX oTHouieHusx d/D (korma
npoJaBIMBaHue 3aTpyaHeHo). KoaduimeHT K yanThiBaeT BO3MOKHOE CHU)KEHHE HECyIIen
CIOCOOHOCTH Y4acTKa CTEHKH I0siCa KaK CXKaTOM IJIACTMHKH, paboTarolieil B ynpyroi uiu
ynpyro-tutactiuueckoi ctaanu (K = oc/Ry; ocr - kKpuTHueckoe Hanpsbkerue). Jlis craneit ¢ Ry
< 400 MITa (4100 xrc/cm?) mpu otHOmeHmsx Dp/t <40 k = 1,0.

15.13. Hecymiyto crmocoOHOCTb 3J€MEHTa PEUIeTKH B 30HEe MPUMBIKaHUS K MOACY CIIEAYeT
MIPOBEPSATE:

a) B y3Jlax, yka3aHHbIX B 1. 15.10, npu yrnax npumsikaaus o = 40 - 50° - mo popmyne
0.3M| _ r.y,/R,A

< e (96)
d, ~ 1+0013D/¢

V] +

rne k - ompemensiercs, kak ¥ B 1. 15.12, HO ¢ 3aMEHOW XapaKTEPUCTHK TMoOsica Ha
XapaKTepUCTHKH deMenTa pemreTky (Dp - Ha Oonbinee u3 3naueHuii d u dp; t Ha tg; Ry
Ha Ryq);
Ryd - pac4eTHOE CONPOTUBIIEHUE CTANIN HJIEMEHTA PEIIETKHU;



Ad - TUIOIIA T TOTIEPEYHOTO CEUEHUS JIEMEHTA PEIIETKH;
td - TOJIIMHA CTEHKU AJIEMEHTA PEIIeTKY;
JUIS DJIEMEHTA PEeUIeTKH HEKBaAPaTHOTO CEYEHUS B MPaBylo 4acTh Gopmyssl (96) cienyet

BBOJIWUTH MHOXUTECIIb 2(1 +;j ;
3 1+d/d,

0) B y31ax, yka3zaHHbIX B 1. 15.11, - mo dopmye

0.5M| _ 7.7 kR, A,
d, ~[1+0,0133+5d/D-0]d,/t,)D/t]sina

¥+ (97)

Bripaxkenne B Kpyribix ckoOkax ¢opmynsl (97) He nomkno ObiTh Menee 0. s
3JIEMEHTOB PELIETKM HEKBAaJPAaTHOTO CEYeHHs B MpaBylo 4YacTb (opmynsl (97) ciemyer
BBOJIUTH MHOXHTEJb

2
1+d/d,"

15.14. Hecymiyto ciocoOHOCTh CBapHBIX IIBOB, MPUKPEIUISIIOIIMX SJIEMEHTHI PEIIETKU K
MOSICY, CIIEIYET MPOBEPSITH:
a) B y3JlaX, yKa3aHHbIX B 11. 15.10, npu yrnax npumeikaaus o = 40 - 50° -mo ¢popmye

0,5
d

b

N+ M| 075+001D/¢ <y Ry, (98)

Bk, (2d, /sina+d)

rae [, ke, sf, Rwt clieiyet mpuHHUMaTh coriacHo ykaszanusM pasma. 11 u m. 12.8 CHull 11-23-
81*,
0) B y31ax, yka3aHHbIX B 1. 15.11, - mo popmyrne

0.5M|)[1+0,01(3+5d/D-0,d, /t,)D/t]sina
N+ s
d, 4B k,d, (99)
ST R, Y.

B) CBapHBIC IIBBI, BHIMIOJHEHHBIE TIPU HAJIMYUH YCTAHOBOYHOTO 3a3opa, pasHoro 0,5-0,7
TOJIIIMHBI CTEHKH MPUMBIKAIOILETr0 3JEMEHTA, C IMOJHBIM MPOIUIABICHUEM CTEHKH Mpoduis,
CIIEIyeT PACCUUTHIBATh KaK CTHIKOBEIE.

15.15. ®opmynsl (96) - (99) yuuTsIBatOT HEPaBHOMEPHOE paclpeieiieHne HapsHKeHuH 1mo
MEPUMETPY TOpIIa dJIEMEHTA PEISTKH U ITPH OTHOCHTEIHHO BBICOKOM HECYIIel CrToCOOHOCTH
nosica MOTYT JIMMUTHPOBAaTh PAacUETHYI HPOYHOCTh y3ia. OHM MOJNydyeHbl Ha OCHOBE
aHanM3a U 00pabOTKM IKCIEPUMEHTANbHBIX JaHHbIX. Koaddumnment K B popmymnax (96) u
(97) umeet TOT e cMbIcH, YTO B popmyiie (95).

Y3JIbl CBSI3EN

15.16. Y31sI cBsi3elt M3 THYTOCBAPHBIX Mpoduiieii (puc. 27) MPOBEPSIOT:

a) Ha TPOYHOCTh M YCTOMYMBOCTH AJIEMEHTOB y3Ja W MPUMBIKAIOMIEH K Y37y 30HBI
npodus;

0) HA MPOYHOCTH CBAPHBIX COCTUHEHHIA.
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Puc. 27. Y3ibl cBsi3eil M3 THYTOCBapHBIX Npoduiie

a - TUTTBI XBOCTOBHKOB; 6 - COEIMHEHNE C (PACOHKOM; 1 - IMHMSA EHTpa TSKECTH CeUeHNs (PaCOHKHM CBSI3U C PeOPOM; 2 - 0Ch (HaCOHKH
thepmsr; 3 - och poduILs

15.17. Hecyuryto crnocoOHOCTb IPU PACTSDKEHUH JIEMEHTA CBSA3U IPOBEPSIOT:

a) st y3noB tuma d(cm. puc. 27, a) - o popmyie

N<R, D, /(d,~3t,)+Rtd,, (100)

YOS

rae N - ycunre B 2JIeMEeHTE CBS3H;

Ryf - pacyeTHOE CONPOTUBIIEHUE CTAIH (PIIaHIIa;

Dt - nnmuna ¢umanna Booias GacoHKH CBSI3U;

Ryd - pacueTHOE CONIPOTUBJIEHHE CTAJIM JIEMEHTA CBSA3H;

¢dbopmyna (100) momydeHa Ha OCHOBE JOMYIIEHUsT 00pa30BaHUs B IUIaCTHHE (IIaHIIA B0
(hacoHKH CBSI3M JIMHEWHBIX IUIACTUYECKUX ITAPHUPOB;

0) mst y3moB Tuna ®u (cM. puc. 27, a) - no ¢popmyie (100), Ho ¢ 3ameHO# tg Ha tg + 0,6th,
rae th - TOMIMHA HAKITAgKY;

B) JuIs y3510B THIa B (cM. puc. 27, a) - 10 yCIOBHUIO

N<AR,y,, (101)



rne A - IIonaas MONePEeYHOTO CEYCHUS IIEMEHTA CBSI3H;
74 - KOOQQUIUHUEHT BIUSHUS TTTyOHMHBI BPE3KH, TPUHUMACMBbIIA:
npu 0,8 < ly/dp, < 1,6 #=0,51 l/dy + 0,18;
?ly/dp > 1,6 #=1,0.
15.18. Hecymyro crmocoOHOCTb MPU CHKATHH 3JIEMEHTOB CBSI3€H CIIeIyeT IPOBEPATH:
a) 11 y3noB tuna @ (cMm. puc. 27, a) - no popmyse (100) u o hopmysam:

N Nep,; (102)

A, W,

N Ne

NNk, (103)
6) mis y3noB tunoB @, u By - o popmyne (103) u no popmysne

NN g (104)

A /4 ‘

fe Je

B dopmynax (102) - (104):

e, €1 - PacCTOSIHUSI COOTBETCTBEHHO OT OCH (haCOHKH 3aKPEIUIIEMON KOHCTPYKIIMU JI0 OCH
JJIEMEHTa CBSI3M W JIO IEHTPa TSHKECTH TaBPOBOTO CEYEHHUs (DACOHKU CBSI3U C
pebpom (cMm. puc. 27, 6);

A, W - COOTBETCTBEHHO IUIOMIa/lb CEYEHUS W MOMEHT CONPOTUBICHUS MNPOGUIIS
OTHOCHUTEIILHO OCH (DaCOHKHU CBSI3H;

Atc, Wie - COOTBETCTBEHHO IUIOIIAAb U MOMEHT CONPOTHUBICHUS (PaCOHKU CBS3H C YUETOM
pebpa (IIpu ero HaATMYHHN);

7 - KO3(hOUIMEHT YCIOBUI pabOThl, NMPUHUMAEMbIH B 3aBUCHMOCTH OT HauOOJIbIICH
YCIOBHOM T'MOKOCTH TIPOGUIIS:

npu 1 <05 #=0,6;

”21>045 n=054+0,151,
HO He Ooitee 1,0.
@opMyITbl CHpaBEeTMBBI TP COOTHOIICHUH pPa3MepOB MOIMEPEYHOTO CEYCHHS DIIEMEHTa

d
cBs3U 0,75< 7’ <1,1 ¥ OTHOIICHUH OOJIBIIIETO pa3mepa MpoduiIs K TONIIHUHE He OoJee 45.

15.19. Pacuer cBapHBIX coenuHeHHN MPOGUIIS ¥ (PaCOHKU CBSI3H C (IIAHIIEM Y3JIOB THIIOB
@, Ou, Op cnenyer nmpouszBoauTs B cooTBercTBUM ¢ 1. 11.2* CHull 11-23-81* ¢ yuetom
kod(pdurmenta ycnoBuir paboTel yf = 0,8, YUUTHIBAIOMIEIO HEPAaBHOMEPHOCTH IMepeaadun
YCWJINH, U 10 METaJly TPAaHUL[bl CILIABICHUS ¢ (DJIaHIIeM B HAIllpaBJICHUU TOJIIMHBI ITpOKaTa
o opmyne

ﬁ < Rthj/wzj/(:/. . (105)

N
fhw
NMPOEKTUPOBAHUE

15.20. PacuetHas [yiMHA MaHesJeld BEPXHUX MOSCOB (epM OECHPOTrOHHBIX MOKPHITHHN lef
ompeaensercs mo hopmyie

let = let 4, (106)

rae | - nmHa nanenu;
M - KOO(pGUIMEHT pacueTHOM IMHBI, TIPUHUMAEMBIIA:

10° +1 .
=065 ,% - JUId TaHeNnd TIosca, HE TpaHWYalled C IIapHUPHBIM Y3JI0M
n-10° +0,

(mampumep, (QraHIEeBOE COeAMHEHHE Ha OO0NTax), U MPU HAIMYUU PABHOMEPHO
pacrnpezieleHHOM Harpy3KH Ha COCETHUX MaHesIX;



©=08 /% - JUI TaHEeNIW I05ca, I'PaHUYalled C MIAPHUPHBIM Y3JIOM WIH C
n-10° +0,

IIAHEJIbIO, HE 3arPy’KEHHOM PAaCIpeleICHHON HArpy3KOu;

qH 9 HH) .
30€Ch n= N napamMeTp pacopeCICHHON Harpy3ku | 0<n<4 )

q - pacmpenielieHHast Harpy3Ka Ha IMosic;

N - mpojonbHas cuia;

H - BpICOTA CeUeHHUS MOsICa;

H - BbICOTa (hepMBI 110 OCAM MOSICOB;

L - mponer dhepmsL.

15.21. OtHOMIEHNE BBICOTHI TIOSICOB K TOJIIMHE CTEHKH CJIEAyeT MPUHUMATh He Ootiee 45,
AJIEMEHTOB PEIIeTKH - He Oonee 60.

15.22. Pa3mepbl 2JIEMEHTOB PEIICTKH IO IMUPUHE (M3 TUIOCKOCTH KOHCTPYKIIMH) HE
cieayeT npuHUMaTh cBbiie D - 2 (t + tg) 1y ynoOcTBa HAOKEHUST CBAPHBIX IITBOB.

15.23. Jlns snmeMeHTOB pemeTkd pasmep d pekoMeHayeTcss mpuHHMaTh He MeHee 0,6
MoTepeyHoro pasmepa nosica D.

15.24. PaccrosiHue MEXJy CMEXKHBIMH CTEHKaMH (HOCKaMH) PAacKOCOB IOJHKHO OBITh
MUHUMAJTBHBIM U3 YCIOBHS HAJIOKEHUS JABYX CBapHBIX IITBOB.

15.25. 3aBoackue CTHIKM JJIEMEHTOB PEKOMEH]IYEeTCS BBINOJIHATH CBApKOW BCTBHIK Ha
ocrarouiecs mnoakiaanake. Pa3MemeHue OSTHX CTBIKOB B PAacTAHYTBIX DJJEMEHTax ¢
HanpspkeHusMu cBbiie 0,9 Ry He pekoMeHTyeTcsl.

15.26. MoHTaXHBIE CTHIKH PEKOMEHIYETCS BBITIOIHATE (DJIAHIICBBIMUA HA BHICOKOIPOYHBIX
MIPeIBAPUTENILHO HAMPSIKEHHBIX 00JITaX ¢ y4ETOM MOJIOKEHUH [25].

16. ®PEPMBbI C TIOACAMMH U3 HMINPOKONMOJIOYHBIX IBYTABPOB
OBIIME MMOJIOKEHHUA

16.1. PekoMeHIay HACTOSIIETO pa3zelia pacpOCTPAHSIIOTCS Ha IPOSKTUpOBaHUEe (hepm
MOKPBITUH U3 ABYTaBPOB C MapauleIbHBIMU TPAHAMHU MOJOK (IIMPOKONOJIOYHBIX) THra K
mwim Il ¢ pemerkoil U3 3aMKHYTBIX THYTOCBAapHBIX HpoduUiIe M IIHPOKONOIOYHBIX
JIBYTaBPOB, HEMOCPEJCTBEHHO MPUMBIKAIOIIUX K IOJIKAM IOSICOB, JUIs pallOHOB C pacueTHOMN
temneparypoit Mmunyc 40 °C u BblIE.

JIns yka3aHHEIX (epM CieyeT MCHOb30BaTh cTamb ¢ Ryn < 380 MIIa (3850 krc/cm?) u
cBapouYHbIe MaTepuansl ¢ Rwun = 490 MIIa (5000 krc/cm?).

16.2. Pacuer depm cieayeT mpow3BOAUTH B cooTBercTBUU ¢ 1. 13.8 CHull 11-23-81*.
V3110BbIe IKCLIEHTPUCHTETHI (puc. 28, 29) nomyckaercs He yuutsiBaTh npu €/Dp < 1/10 (tme
Db - BbIcOTa ceueHHs MOsica; e - PAcCTOSHHUE OT TOYKU MEPeceueHHs] OCeil 3JIeMEHTOB
PELIETKH JI0 OCH MOosca).

16.3. Msrubaromme MOMEHTHI OT Y3JIOBBIX AKCIEHTPHUCUTETOB U KECTKOCTH Y3JOB B
ayeMeHTax (epM ¢ TOCTOSHHBIM 3HAKOM HOPMaIbHOTO ycwiHus (TpU  OTCYTCTBHHU
MOTIEpEYHON HArpy3KU Ha CTEPXKEHb) JIOMYCKAeTCs YUUTHIBATh 10 popmyie

@ + % <13R7,, (107)

rae N u M - cooTBETCTBEHHO pacyeTHbIE HOPMAJIbHOE YCUIINE U MOMEHT;
A u W - COOTBETCTBEHHO IUIOIIAJb MOMEPEYHOI0 CEUYEHUS U MOMEHT COINpPOTHBIICHUS
CTEPKHSI.
IIpu »>TOM 3HaYeHHS MOMEHTOB OT Y3JIOBBIX OJKCIIEHTPUCUTETOB Me 1oKHBI
Y/IOBJIETBOPSTE YCIOBHIO™

Me < W(R, - N/A), (108)

rane W, 4, Ry - cOOTBETCTBEHHO MOMEHT COMPOTHBIICHHUS, TUIOIIAh CEUCHUS M PacueTHOE
CONPOTHUBJICHUE CTAJIM OJTHOW M3 MaHEJEel Mmosica pacleHTPOBAHHOIO y3Ja.



! JleBuranckuii U. B., Kykiun ®.®. Pa3paboTka U dKCIEPUMEHTAIBHBIE MCCIIEAOBAHMS HOBBIX TUMOB CTPOUTENBHBIX (epM U3
IIMPOKOIIOJIOYHBIX M THYTOCBAPHBIX Hpoduieii. - B KH.: DKCIepUMEHTAIBHBIC HCCIICIOBAHMS KOHCTPYKIHUH POM3BOACTBEHHBIX 3[IaHUI
/C6. nay4. Tp. LIHUWnpoekTcTanbkoHCTpyKUMK UM. MenbHuKoBa. - M.: Crpoiiusnar, 1984. - C. 52-61.

@®opmyna (107) yduThIBaeT MONMYCTUMOCTH IUIACTHYECKHUX Aedopmanmii Meramia B
KOHIEBBIX CCUCHUAX CTCp)KHGfI.

16.4. Ins pacTsHYTHIX 3JEMEHTOB PELIETKH, PACCUUTHIBAEMBIX 0€3 yueTa M3rHOaronmx

MOMEHTOB, CJIEIYeT MPUHUMATh KOG OHUIIMEHT yciaoBuil padoTsl ). = 0,85.

a) |

Puc. 28. Tunel conpsizkeHuii ABYTaBPOB ¢ NPSIMOYT0JIbHBIMU THYTOCBAPHBIMH
npopuasaMu

a - K-obpaszHoe; 6 - T-o0pa3Hoe; 6 - onopHoe



Puc. 29. Tunsl conpsizkeHnu IBYTABPOB

a - K-obpasHoe; 6 - onopHoe

16.5. Pacuer yCcTOMYMBOCTH CXKATBIX CTEP)KHEH MpPH OTCYTCTBHHM Ha HUX IMONEPEYHOM
Harpy3ku BbINOJNHsAETCS ©Oe3 yuyeTa UW3rMOAlomIMX MOMEHTOB. PacdeTHble AJIUHBI
npuaumarotcs mo tadn. 11 CHull 11-23-81*.

Jns depM, mpu pacueTe KOTOPBIX YUHUTBIBAIOTCS M3rHOAroIIMe MOMEHTHI, JOIYCKAeTCs
YMEHBIIATh PACYETHBIC UIMHBI SJIEMEHTOB PEUICTKH B IJIOCKOCTH ()EPMBI C Yy4eTOM HX
YIIPYTroro 3alieMIeHus: B 000uX Mosicax.

[Ipu oTcyTcTBUM B y3JIax CKATOTO MOsCa PJIEMEHTOB ycuieHus (cMm. 1. 16.19) B pacuere
€ro Ha YCTOHYMBOCTb CJIEyeT MPUMEHTh KO3 PuLneHT ycaoBuit padotsl 7. = 0,85.

DJNeMeHTHI, PAaCKPEIUIIONINE CKATBIA MOSIC U3 IJIOCKOCTH (epMBI, U HMX KpPEIUICHHS
TOJKHBI OBITH paccurTanbl B coorBeTcTBUM ¢ 1. 5.11 CHull 11-23-81*.

PACYET Y3JIOB

16.6. HenonkperuieHHsle y3ibel gepM (cMm. puc. 28, 29), cocrosiiye U3 JBYTaBPOBOIO
nosica ¥ MPUMBIKAIONINX K HEMY JIEMEHTOB PEUIETKH, CIEAYET MPOBEPSITh:

Ha OTTu0 ydacTKa MOJIKM M0sica, KOHTAKTUPYIOLIEH ¢ 3IEMEHTOM pEIleTKY;

Ha HECYIIyI0 CIOCOOHOCTh Yy4YacTKa CTEHKHM II0SiCA, COOTBETCTBYIOLIETO CXKaTOMY
9JIEMEHTY PEIeTKY;

Ha HECYIIYIO CIIOCOOHOCTH MONEPEYHOT0 CEUCHHUS T05ICa;

Ha HECYIIYI0 COCOOHOCTh 3JIEMEHTA PEIIETKH B 30HE IPUMBIKAHUS K TOACY;

Ha MPOYHOCTH CBAPHBIX IIBOB NMPUKPETUICHHS HJIEMEHTA PEUIETKH K IOSICY.

16.7. B HemoJKpemeHHbIX NPUMBIKAHUSAX K MOSCY HPSIMOYTOJBHOTO THYTOCBapHOTO
npoduist B K-00pa3HbIX 1 ONOPHBIX y31ax (cM. puc. 28, a, ) pu ¢ < 15 MM (¢ - moioBuHA
paccTOsIHUS MEXIY HOCKaMH 3JEMEHTOB PELIETKH) HECYIYIO CIIOCOOHOCTDH Mosica Ha OTTHO
TIOJIKU CIIEAYET MPOBEPATH ISl KAKI0TO IPUMBIKAHUS B OTACITHHOCTH 10 (hopMyre

IN|+|M|/d, <y.[y,Ri*(4/sina+2v2D/d,)+ R, t,d], (109)

rrae N - ycunue B 3JIeMEeHTe pelIeTKH;
M - uzrubaronii MOMEHT B NPUMBIKAIOUIEM 3JIEMEHTE B IUIOCKOCTH y3Jla B CEUEHMH,
COBIAJIAIOLIEM C IPUMBIKAIOIIEH MTOJIKOW MOsICa;
Ye - KOO(QOUIMEHT YCIIOBHI paboThI, mpuHUMaeMsblit o tadn. 6* CHull 11-23-81%;
0 - K03 dunreHT, paBubii 1,5 - ofRy, eciu nosic cxar npu ofRy > 0,5, 1 1 - B ocTalIbHBIX
CIIy4asix;
O - IPOJI0JILHOE HANpPsKEHUE B MTAHEJIN T05Ca CO CTOPOHBI PacTAHYTOI0 packoca;



Ry - pacyeTHOE CONPOTUBIICHHUE CTAJIH I105Ca;

Ryd - pacueTHOE CONPOTUBIECHUE CTAIM SJIEMEHTA PEILIETKH.

16.8. B HenmonaKpeIieHHbIX MPUMBIKAHUAX K MOSICY MPSMOYTOJbHOTO THYTOCBApHOTO
npoduis B y3nax T-oOpasnoro tuma (cMm. puc. 28, 6), a Takxke B K-00pa3HbIX U ONOPHBIX
y371ax mpu ¢ > 15 MM HecyIllyro CrocOOHOCTH Mosica Ha OTTUO MOJKU CIEAYEeT MPOBEPSTH MO

dbopmyiie

IN|+|M]|/ d, < 0,970[%1%},# 22D+d, Rvdtdd] . (110)
dsina :
ITpu dy = d MOXHO TI0JIB30BATHCS POPMYIION
Rt*D
|N|+|M|/d, < 7((3% m + R),dzde . (111)

16.9. B HemoAKpeIUIeHHBIX MPUMBIKAHUAX K TOSCY LIMPOKOIIOIIOYHOrO JByTaBpa B K-
00pa3HBIX U OMOPHBIX y3Jax mpu ¢ < 15 MM (cM. puc. 29) Hecylylo ClIOCOOHOCTh MosAca Ha
OTru0 IMOJIKY CIeAyeT MPOBEPATH 10 PopMmyIie

Rt :
IN|+| M|/ d, < 7{M[ﬂ+2+ 2\/§Dj +R (4, —t/dd)} , (112)

d \sin"a d, sina

rze Ad - TUTOIIAb ITOTIEPEYHOr0 CEUCHUS pacKoca.

16.10. Hecymyroo cmocOOHOCTh CTEHKH HEMOAKPEIUICHHOTO JBYTaBPOBOTO TMOsICA TIOJ
BO3/ICHCTBUEM CXKATOTO AJIEMEHTA PEIICTKUA U3 MPSMOYTOJIBLHOTO THYTO-CBAPHOTO MPOQUIIS
CJIeTyeT IPOBEPATH 1O hopMyJie

N < 10se0R,tw(t + tg)/sine. (113)

16.11. Hecymytoo CHOCOOHOCTh CTEHKH HEIOAKPEIICHHOT'O JIBYTaBPOBOTO ITOsica TIOJ
BO3JICHCTBUEM CKAaTOTO DJEMEHTa PEHIeTKH M3 MIMPOKOMOJIOYHOrO [BYTaBpa CIEIyeT
MPOBEPSITH IO PopmyIie

N < 1,550R,dotw/sin?c. (114)

16.12. Hecymyro cmocoOHOCTh MOMEPEYHOr0 CEUCHUS HEMOJIKPEIUIEHHOTO JIBYTaBPOBOTO
Tosica IO/ BO3/ICHCTBUEM TONIEPEYHOM CHIIBI B y3JI€ CIIEIYET MPOBEPATH 10 (popmyrie

Q<y.y,R[A= 2= Dt +(t,+2r)1], (115)

rne Q - momepeuyHast cuia B y3ie, paBHas B y3nmax K-o00pa3HOro Tuma MEHbBIIEMY U3
npoussenenuit Nsin «;

7. - koadunmenrt, pasusiii 1,3 - o/Ry, HO He Gonee 1,0;

Rs - pacueTHOE CONPOTUBIIEHHE CTANIN TI0sICA CPE3Y;

A - monia e MONepeYHoro CeYeHus 1mosca;

y=1/J1+16c" / (3t%) ;

I - panuyc 3aKpyriieHus TpoQuIIs mosca.

16.13. Hecymyrm CrIOCOOHOCTh JJE€MEHTa pEIIeTKH B 30HE MPHUMBIKAHHS K
HETIOIKPETIJICHHOMY JIBYTaBPOBOMY MOSICY CIIEAYET MPOBEPATH 10 popmyrie

N<yy R, A, 1(1+& /1), (116)

rae y - KO3 UUIUEHT BIMSHUS 3HAKa YCUJIUS B MPHUMBIKAIOIIEM 3JIEMEHTE, IPUHUMAEMbIi
paBHbIM 1,2 ipu pactskennu u 1,0 - mpu cxxatuu;
Ryd - pacdeTHOE CONPOTHUBIICHUE CTAJM JIEMEHTA PELICTKH,
& - ko3 PULIMEHT, paBHBIN AJI IEMEHTOB MPSIMOYTOJbHOTO THYTOCBAPHOTO MPOQHII B
y3/1ax:
a) K-o6pasnoro tuna - 0,14;
0) omopusIx - 0,06;



B) T-o6pa3noro tuma - 0,10.

Jlnisi 37IeMEHTOB M3 IIHMPOKOMOJIOYHOT0 JByTaBpa B K-00pa3HBIX M OMOPHBIX y3max & =
0,05.

16.14. Cpapsble IIBBI, NPHUKPEIUISIONINE DJIEMEHTHl PEIICTKH (B HEMOAKPEIUICHHBIX H
YCUJIEHHBIX Yy3JaxX), CJIEAyeT pacCUUTHIBATh I10 IPOYHOCTU YYACTKOB (CTEHOK, IIOJIOK)
3JIEMEHTA PELIETKH.

16.15. B y3nax ¢epm, yCHIEHHBIX HAKIIOHHBIMHU ITaHkamu (puc. 30), crieayeT mpoBepsTh
HECYIIYIO CIIOCOOHOCTh Y4acTKa CTEHKH JIByTaBPOBOI'O I05Ca, COOTBETCTBYIOIIETO JJIEMEHTY
pemeTky, mo popmyne

|N|+|M|/d, <2y.y,y,Rt,d/sina. (117)
11
- E
&l 1\ s0-55°

Ne Ne 1

Puc. 30. Y3en ¢pepmbl, yCHIeHHBIH HAKJIOHHBIMY IVIAHKAMH

16.16. B ys3nax, yka3aHHBIX B 1. 16.15, pekoMeHIyeTcsi TPOBEPSITh TAKKE HECYIIYIO
CIIOCOOHOCTh HAKJIOHHBIX IJIAHOK, OMpenesss ACHCTBYIONIYI0 Ha HUX CHUJy KaK Pa3HOCTb
MEeX1y ycuiaueM B oayeMeHTe pemeTkh N U Hecymeil CHoCOOHOCTBIO 3JIEMEHTA,
BBIYMCIICHHOW B COOTBETCTBUU C PEKOMEHAAMAMH 11. 16.13.

16.17. ®opmynber (109)-(112) mocTpoeHB Ha AOMYIIEHWH OJHOBPEMEHHOTO Pa3BUTHS
IJIACTUYHOCTU B TMOJIKE IM0SICA U KOHTAKTUPYIOIEM C He y4acTKe CTEHKH IOJIKH 3JIEMEHTa
pemetku®. ®opmynsr (113), (114), (117), a Taxxe (115)? ocHOBaHHI HAa YIPONIEHHBIX
NPEJCTaBICHUAX O paboTe MOSCHOM CTEeHKM B 30HE y3ia. Pacyer mo ocHOBaHHOM Ha
ONBITHBIX JaHHBIX (opmyse (116) mpuMbIKaHWI 3JEMEHTOB pPELIETKH W3 THYTOCBApHBIX
npopuiell JTUMUTHPYET HECYIIYH0 CHOCOOHOCTh HEMOAKPEIUIEHHBIX Y3JI0B B JOBOJBHO
IIMPOKOM JlMana3oHe IapaMeTpoB, 3HAUUTENBHO CHMKas KOA(PQUIMEHT HCIIOJIb30BAHUS
CEUEHMsI 3TUX DJIEMEHTOB PELIETKU U TpeOysl, TeM CaMbIM, HOJKPETICHHs MOJOK MOSCHBIX

JIBYTaBpPOB.

Hermna b. C. Ipakrudeckuii cocod pacdera y3ioB (epM ¢ MoscaMH U3 OBYTaBpoB. //CTPOUT. MEXaHHKA M pacdyeT COOPYKSHUH. -
1983. -Ne 1.- C. 71-73.
Wardenier J. Hollow Section Joints. Delft University Press, 1982. - 544 c.

KOHCTPYUPOBAHHUE

16.18. IIpuMbIkaHHsI D>JIEMEHTOB pELIETKH K TMosicaM CIEeAyeT IMPOEKTUPOBATh
6ecacoHOUYHBIMU CBAPHBIMHU.

16.19. /Ins obecniedeHus HecyIel CIOCOOHOCTH y3JI0B PEKOMEHIYETCsI TIOJIKU JIBYTaBPOB
B MECTE€ NMPUMBIKAHHS K HUM 3JIEMEHTOB PEIIETKH TOJKPETUISTH MPOAOIBHBIMI HAKIIOHHBIMA
r1aHkaMu (cM. puc. 30). B MecTax mpuMBIKaHUs SJIEMEHTOB PEIIETKU U3 JABYTaBPOB, a TAKXKE
B T-00pa3HBIX y37ax CO CTOMKaMH TpPH HaJHMYUM BEPTUKAIHHBIX (ACOHOK IS KPETUICHUS
CBsI3€H JIOMyCKaeTCs yCTaHOBKA MApHBIX pedep jKeCTKOCTH.

16.20. VkpynmHHTENbHBIE CTBIKH (EepM PpPEKOMEHIYeTCsl TPOEKTHPOBATH OOJTOBBIMHU
(aHIEeBBIMU: B YPOBHE CXATOTO MOsica - HA OOBIYHBIX, B YPOBHE PACTSIHYTOIO IMOsica - Ha
BBICOKOITPOYHBIX OoJsiTax (cMm. pasm. 27).

16.21. I'opusoHTaNbHBIE CBS3U MO (epMaM JOMYCKAETCS KPENUTh K HAPYXKHBIM HOJIKAM
TIOSICOB.



16.22. B coeauHeHWW C KOJOHHAMH (HAIKOJOHHHUKAMH) HEOOXOAMMO HCKIIOYATh
BEPTHUKAIbHBIC MIEPEMEIICHUS KOHIIA BEPXHETr0 Mosca U 00eclednBaTh €ro TOPH30HTAIBHYIO
MOJIBMKHOCTh Ha BEIMUMHY CMEUICHHS] OTHOCUTEIHHO OIMIOPHOTO Yy3JIa.

16.23. YrioBbIie MBI HA HOCKAX 3JIEMEHTOB PEIICTKU U3 THYTOCBAapHBIX Mpoduiei npu tg
> 5 MM PEKOMEHYeTCsI BBIMOJIHATE C IPEIBAPUTEILHON OATOTOBKOM KpOMOK (puc. 31).

S
;Z: 2-3wm

Q, Tpajn B, Tpax S, MM
35-45 90 2-3
46-60 75 3-4
61-90 55 3-5

Puc. 31. leTajb npuBapKH HOCKOB HYTOCBapHbIX NpoduJiei

16.24. PaccrosiHuE MEXAy MONEPEYHBIMH IBAMH Ha TTOJIKaX MOsCOB (Y HOCKOB 3JIEMEHTOB
PELIETKH) CIeyeT MPUHUMATD:

B OTNOPHBIX Y3J1aX U CTBIKOBBIX y3J1aX C)KAaTOT'O M0sACa - HE MEHEE 5 MM;

B OCTaJIbHBIX Cllydasx (cM. Hanmpumep, g Ha puc. 30) - He meHee 20 MM.

17. ®EPMBI C IIOSICAMH U3 IIAPOKOIIOJIOYHBIX TABPOB U IEPEKPECTHOM
PEIIETKOM U3 OJJMHOYHBIX YT'OJIKOB

OBILIUE MMOJIO)KEHU S
17.1. PekoMeHAalMK1 HACTOSIIETO pa3fieia pacCIpOCTPAHAIOTCS Ha (EepMbI C TOsICAMH U3

LIIMPOKOIOJIOYHBIX TAaBPOB M IEPEKPECTHOM PEUIETKOW W3 OAMHOYHBIX PaBHOIIOJIOYHBIX
YTOJIKOB JIJIsl MOKPBITHIA IPOU3BOICTBEHHBIX 3MaHu# (puc. 32).

A)—\ i{5% it5%

azw 92n
L»78,Zvud0n

Puc. 32. Cxema u y3ea ¢pepmbl

17.2. B pa3znmene mpuBeneHa NOATBEPKICHHAS pe3yJbTaTaMH HWCIBITAHHNA METOMKA
pacuera pacKoCOB MEPEKPECTHON PEelIeTKH U3 OJAMHOYHBIX YIOJKOB A (hepM C moscaMu u3
LIUPOKOIOJIOYHBIX TABPOB.

OCoO6EeHHOCTh METOJIMKH 3aKJII0YaeTCsl B TOM, YTO pacdeTHas JUIMHA CXKAaTOro packoca U3
IJIOCKOCTH (hepMbl OMPEEIIeTCsl KaK Ul LIEHTPAIbHO-CKATOTO CTEPHKHS € MIPOMEXYTOUHOMN
YIPYroil ONnopod C Y4eTOM BHELEHTPEHHOCTH IEpefaud YCWINS B IOJJAEpKUBAIOIIEM
packoce. [lockonbKy pu paboTe B MEPEKPECTHOM pelIeTKe CKATOrO packoca C PacTIHYTHIM
(OCHOBHOI citydaif) cOOCTBEHHBII MPOrud PacTIHYTOTO packoca M3 IIOCKOCTH (epmbl (6e3
ydera COBMECTHON pabOThl pacCKOCOB) HaMpaBJieH B Ty K€ CTOPOHY, YTO U CXKATOT0, BIUSHHE
PacTSIHYTOr0 packoca Kak IMOAJEP>KUBAIOIIETO CTEP)KHSI YMEHBIIAETCSI. JTO MPOSIBISETCS B
YBEJIMUEHUU  pPAaCyeTHOM  JJMHBI  CXKATOr0  packoca  MEepPEeKPecTHOW  pelIeTKH.



[IpenycmarpuBaercsi, YTO PacKOChl UMEIOT PaBHBIC JUIMHBI, @ Y3€J MepeceueHus: JeIUT UX
MOTOJIaM.

PACYET 2JIEMEHTOB PEHIETKHA

17.3. Pacuer cxkaThIx packocoB npousBoautcs mo ¢opmyne (7) CHull 11-23-81%c yuetom
koddurmenta ¥ = 0,75.

PacuetHast mnwHa lef cxaToro packoca B IUIOCKOCTH ()epMbl NMPUHUMAETCS PaBHOU
MOJIOBUHE T€OMETPUUECKOM JUTHHBI ld packoca.

Pacuetnas mummHa lef coxaToro packoca u3 miockoct GepMsl orpezaessiercs mo hopmyie

= l— : (118)
|, 0020,

VEI,

of

rae Q - momepeyHasi cuia B y3Je MepecedyeHus] pacKocoB, OnpenesieMasl B 3aBUCUMOCTH OT
XapakTepa YCWIHS B MOJJIEPKUBAIOIIEM packoce Mo Gpopmysam:

IIPU PACTSKEHUU
oM I, (1+n)-MI(1-n)].

0 ld[1/1(1+"h)+1<:(]1(¥nr)] , (119)

IIPY HYJIEBOM YCWIHH

6M(,1h .
Ol La-n)’ (120)

IIpH C)KATHUH

Q: 6[]‘14(‘111(1_”}1)—"_Mhlr(l_nc)] ’ (121)
L, (=n)+1.(1-n,)]
y - Tporud y3ima TMepecedeHHs] PacKOCOB U3 IUIOCKOCTH (DepMbl, OMpeAesieMblid IO
bopmyne
— lj (6Mg — Qld) . (122)
48EI (1-n) '

lc, In - MOMEHTHI MHEPIMH CEYEHMsI YTOJIKOB OTHOCUTEIBHO OCH X-X COOTBETCTBEHHO
C)KAaTOTO0 U MOAIEP>KUBAOIIETO PACKOCOB;

Mc, Mh - H3r1/16a}0mue MOMCHTBI COOTBC€TCTBCHHO B CXKXAaTOM MW MNOJACPKUBAIOIIEM
packocax, omnpeaenseMble kKak rnpoussefeHne ycusauss Ne 1 Nh COOTBETCTBEHHO B
C’KaTOM U PacTSIHYTOM PacKoce Ha 3Ha4EHUE Zo YTOJIKOB PACKOCOB;

Nh, Nc - O6e3pa3MepHbIe MapaMeTpbl COOTBETCTBEHHO UIS MOJIEPKUBAIOIIETO U CKATOrO
PacKocoB, oIpeensaeMble o (GopMyIam:

p = WL (123)
" EI

=Wl (124)
¢ El

¢

Pannyc uHepuuy | ceyeHus yroijika cyKaTroro packoca MpHHAMAETCSL:

MPU PACYSTHOMW JIJTMHE B IUIOCKOCTH (epMbl - MUHUMAIBHBIH (I = lyo min),

NIPY PacYETHOM JJIMHE U3 TUIOCKOCTH (PepMBI - OTHOCHTEIILHO OCH X-X (I = Ix).

17.4. Pacuet pacTIHyTOro MOJJEP>KUBAIOIIETO PacKoca BBIMOIHIETCS Ha MPOYHOCTH MO

bopmyie

( N, J KM, =N,y +02501,) (125)
AR, Az R

o™ty

e An - TUTOIIAb CEYEHHUS YroJIKa packoca,;



K - koa¢durmenT, paBHbIi 1715 packoco: omopHoro 0,9, psaosoro 1,0.
18. KOHCTPYKI MU U3 KPYTJIBIX TPYB
OBLIHUE MMOJIOKEHU S

18.1. Pemieryarble KOHCTPYKIHMH W3 TpPYyO CcIeAyeT NPOEKTHUPOBATh, KaK MPaBHIIO, C
HENoCpeACTBeHHBIMU (0€3 (acoHOK) CBapHBIMH COCIMHEHHMSIMU CTEpXKHEH B Yy3Jax,
MpelycMaTpuBas BBINOJHEHUE (GUTYPHOH pPE3KU U Pa3[elKH KPOMOK TpyO ISl Takux
COEMHEHUI Ha CIIeNUAbHBIX ra30pe3aTeNIbHBIX MalIMHAX.

18.2. [Ina TpyOuaThIX 3JI€MEHTOB KOHCTPYKLHUN CIEAyeT MPUMEHSITh MPEUMYIIECTBEHHO
anekTpocBapubie Tpyos mo ['OCT 10704-76*. Ilpu cooTBeTCTBYIOIIEM OOOCHOBAaHUU
JIOITYCKAEeTCs MPUMEHSTh U IPYrUe BUABI CTAIbHBIX TPYO.

18.3. B pemieTyaThIX KOHCTPYKIHSIX, 0COOCHHO MPH KCILTyaTalluy B arpecCUBHOMN cpefe,
PEKOMEHIyeTCsl BBIMIOJIHATh U3 TPYO Kak C)KaTble, TaK U PACTAHYTbIE CTEPXKHH, NPU ITOM
HaumOoJee HarpyXeHHbIe (CKAaTble - MPH THOKOCTH He Oojee 60) BBIMONHITH U3 CTAIU C
npenenoM Tekydectr 440 MITa (4500 krc/cm?) u Gonee.

PACYET

18.4. TIpu pacuere CBapHBIX CTHIKOBBIX COCIMHEHHU TPYyOUaThIX JIIEMEHTOB IPH CBApKE
0e3 MOJKJIAJHOTO KOJIblia CleyeT BBOAUTH Kod(hduumeHt yciaoBuii paboTsl yve = 0,75, a
COEIMHEHUI BIPUTHIK (TaBPOBBIX) C YIJIOM pacKpbiTus ImBa Oonee 30° (paccunThIBAEMBIX
KaK CTBIKOBBIC) TP CBapKe 0e3 moaBapKu KOpHA - Jve = 0,85.

18.5. PacuerHble IHHBI lef 37IEMEHTOB pelIeTYaThIX KOHCTPYKIUH U3 TpyO C
0ec(hacoOHOUHBIMHU Y3JIaMH, 32 UCKIIOYEHUEM DJIEMEHTOB NEPEKPECTHON PEIIETKH, CIEIyeT
MIPUHUMATB 110 TabJ. 57.

Taonuma 57

PacuerHas niauHa les
[POYMX JIEMEHTOB PELIETKH
€O CIUTIOLIMBAHUEM KOHIIOB

Hanpasnenue
HPOTOIBHOTO M3rnbda

TOSICOB,
OIOPHBIX oe3
PAacKOCOB M | CIUTIOIIMBAHMS
OIIOPHBIX CTOCK KOHIIOB

OJIHOTO WJIH
JIBYX B pa3HBIX
TJIOCKOCTSIX

JIByX B OIHOM
TIOCKOCTH

B nnockoctu pemerku

B HanpaBJIEHUH,
HepIeHAuKYIIpHOM
IUIOCKOCTH ~ PeIIeTKH (U3
TIOCKOCTH PEHIETKH)

0,851
0,85l;

0,91
0,91,

0,95l
0,951,

Obo3nauenus, npunsamole 8 maon. 57:

| - reomeTpudeckas [iMHA JIeMeHTa (PaCCTOSIHUE MEXKTY IICHTPAMH y3JI0B);

l1 - paccrostHEe MEXKIY y37aMH, 3aKPETJICHHBIMH OT CMEIIEHHS U3 TUTIOCKOCTH PEIICTKH.

18.6. Pacyer Ha TPOYHOCTH 3JIEMEHTOB W3 TpyO amamerpoM D wu TommmuON t co
CILTIOIIEHHBIMH KOHIIAMH, TIOJIBEP’KEHHBIX HEHTPATHHOMY CXKATHUIO, CIIEIYeT BBHIMOIHATH MO

dopmyite (5) CHull 11-23-81* ¢ yaerom kodpummenTta yt, onpenensieMoro:

a) Tpu CBOOOJHOM (POPMUPOBAHWUU TEPEXOJHOTO Y4YacCTKa OT KPYIJIOTrO CEYCHHS K
CILTIOIIEHHOMY (C HETUIaBHBIM MIEPEX0JIOM) IO popmyie

Ho He 6onee 0,7 u He menee 0,3;
0) nIpu NPUHYAUTETLHOM (HOPMHUPOBAHHUH MEPEXOJAHOTIO yYaCcTKa [C IUIaBHBIM MEPEX0J0M
Ha junHe (2,5-3) D] no ¢popmyie

Ho He 6onee 1,0 u He menee 0,4.

v.,=13—

=1

ct

~ 0,015D

0,015D

(126)

(127)



18.7. PacyeTr cBapHBIX CTHIKOBBIX COCIMHEHHH 3JIEMEHTOB M3 TPyO Ha IEHTpaIbHOE
pacTshKeHHE WM CKaTHE CIIEAYyeT MPOU3BOAMUTE 0 popmyIie

—sR 7. (128)
7D, t :
rne Dm - cpemnmii (paBHBIH MONyCyMMe HApy>KHOTO W BHYTPEHHEr0) TUAMETp TPyObI ¢
MEHBIIICH TOJIINHON CTCHKH;
t - HauMeHbIIast TONIIMHA CTEHKU COSIUHAEMBIX TPYO;
Rwy U v - COOTBETCTBEHHO Pacu€THOE CONPOTUBIECHUE U KOI(P(DUIUEHT YCIOBHH pabOThI
CBapHOI'0 CTBIKOBOI'O COEIMHEHMS], IPUHUMAEMBbII B COOTBETCTBUH C 1I. 18.4.

Pacuer cBapHBIX CTBIKOBBIX COEAMHEHUI He TpeOyeTcs BBINOIHATH B CIydyae CBApKU Ha
MOJKJIAHBIX KOJIbLAX C IPUMEHEHUEM CBAapOYHbIX MaTepuanos coryiacHo npui. 2 CHull |-
23-81* u pU3MIECKOro KOHTPOJIS KaueCTBa PACTSHYTHIX IITBOB.

18.8. Pacuer cBapHBIX COCAMHEHUI B MPUKPEIJICHUAX 3JEMEHTOB M3 TPYO BIPHUTHIK K
Apyrum aeransMm (puc. 33) ¢ HWIMHAPUYECKOM WM IJIOCKOH HNOBEPXHOCTBHIO (IOJOBHBIM
JeTasiM) TIpU ICHCTBUM NTPOA0JIBbHOM crutbl N clieryeT BBIOIHATH 110 (opMynam:

N < 0,85 (Swh + Sw); (129)
N < 2Suh; (130)
N < 2Swt; (131)

riae Swh M Swt - Hecymasi CIOCOOHOCTh COOTBETCTBEHHO IISITOYHOW W HOCKOBOW YacTeH
CBApHOTO IBa (J4acTel IIBa, OTHOCSIIUXCS K TOJIOBHHE CEUCHHs packoca Co
CTOPOHBI COOTBETCTBEHHO OCTPOIO M TYIOTO YIJIOB IEPECCUCHHs OCH TPYOBI C
MOBEPXHOCTBIO TOJIOBHOM JIETAJIH ), OTpeeisieMas o GopMyJiam:

Swh = (talwanRwy stve + KelwinRwa) 7¢; (132)
Swt = (tdlwatRwy}'(Nc + kfIWftRWd)]/c, (133)

31ech Rwy - pacueTHOE CONPOTHUBIIEHHE CBAPHOTO CTHIKOBOI'O COEIMHEHHS PACTSHKEHUIO MIIH
CKaTHI0, IPUHUMaeMoe B cootBeTcTBuH ¢ 1. 3.4 CHull 11-23-81%;
Rwd - MeHbIiee u3 nByx 3HaueHuit: 0,7Rws umu Ruz;
Rwt w Rw; - pacueTHble CONPOTHUBJICHHS YIJIOBOTO IBa Cpe3y (yCIOBHOMY)
COOTBETCTBEHHO 10 METAJITY I11Ba U 110 METAJIJIy TPaHHIIbI CIUIABICHHUS;
tq - TONIIMHA CTEHKH MPUKPEIIIIeMOi TpyOBI;
kf - kaTeT (BBICOTA) YIJIOBOTO IIIBA;
lwah ¥ lwat - CyMMapHbIe JJTMHBI y4acTKOB IBA, PACCMAaTPUBACMBIX KAaK CTHIKOBBIC IIBBI,
COOTBETCTBEHHO B MATOYHOW U HOCKOBOM YacCTSX IIBA;
lwh 1 lwit - cyMMapHbBIe UIMHBI Y4acTKOB IIIBa, paCCMaTPHBAEMBIX KaK YIIJIOBBIC IIBHI,
COOTBETCTBEHHO B MATOYHOW U HOCKOBOM YacCTSX IIBA;

Jve - KOOQPHUIUEHT YCIOBUI pabOTHI CBAPHOTO COCAMHEHUS BIPHUTHIK, TPUHIMAEMBIN B
COOTBETCTBUH C II. 18.4.

B kadecTBe yriIOBBIX IIBOB CJIEIYET pAaCCMATPHBATH:

a) IpU pe3Ke KOHIa MPHUKpeIuIieMoil TpyOrl 6e3 ckoca KpoMKHU (cM. puc. 33, ) y4acTku
IBa, JJII KOTOPBIX yroJI PacKphITHS IIBa ¢, onpeaensembiid o ¢opmyne (134), cocraBmsier
menee 30 nn 6oiee 60°;

0) mpu pe3Kke KOHIa MPUKPEIUIieMON TPyObl CO CKOCOM KPOMKHM O MOCTOSIHHBIM HJTH
NepeMEeHHBIM YoM @ (cM. puc. 33, ¢ ¥ 0) - YYacTKH, A KOTOPhIX 3HauYeHue 6,
BbIuuciieHHoe 10 ¢opmyie (134), cocraiser meree 15 umu Gonee 60°;

B) IpU pe3Ke KOHIA TMpHUKpeIuisieMon TpyOowl (pes3oit (cM. puc. 33, e), a Takxke B
COEMHEHUSX C MPOIYCKOM MPHUKPEIUIIEMO TpyObl uepe3 OTBEpCTHE B TOJIOBHOM JETald -
BCIO JUTUHY I1IBA;



I) IpU MEPEeCceUYEeHUN PACKOCOB MEXKAY COOOH, €clM paccMaTpUBAETCS MPUKPEIICHHUE
“nponyuieHHOro” (He MNpPEpPBAaHHOIO Ha JIMHUM IIEPECEUEHMs) packoca K Jpyromy
(“npepBaHHOMY”’), - BCIO JUTMHY y4acTKa B3aUMHOTO ITEPECECYCHUS PACKOCOB.

OcTanpHble y4acTKH LIBA CJIEAYET PACCMAaTPUBATh KAK CTHIKOBBIE IIIBHI.

Vron @ cnenyer onpeaenars no GopMyie
6 = arcsin(, sin’ @, + cosa cos@, x,/1- A sing,) , (134)

rae fin = din/D - oTHOLIIEHHE BHYTPEHHETrO JHUaMeTpa MPUKPEIIIeMOl TPYObl K HAPY)KHOMY
JTUaMETPy TOJIOBHOM AeTanu (Tpy MPUKPEIUICHUH K TUIOCKON TOBEPXHOCTH [in
(4 - yrjioBas KOOpJMHAaTa MpUKpeIUIsieMod TpyObl Uis paccMaTpUBaeMON TOYKH IIIBa,
OTCUUTHIBaEMasi OT HOCKOBOU 00Opa3yrOIICi.
[TonmHyr0 JIMHY COOTBETCTBEHHO IATOYHONM M HOCKOBOM uacted mBa lwh 1 lwt MOHO
OTpeneiATh 1o rpaduky puc. 34, a OTHOCUTEIBHYIO JUIMHY Y4aCTKOB YII0BOTO 1Ba lwi/lwh 1
lwft/lwt - IO Tpadukam puc. 35. J[IMHBI Y4aCTKOB CTHIKOBOTO II1BA PABHBI

lwah = lwh - lwin; lwat = lwt - lwtt.
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Puc. 33. Cxembl ceyeHHii CBAPHOT0 IBA B Y3JI0BOM COCIUHEHHH ABYX TPYO

a - pa3BepTKa MpHUKpeIusieMon TpyOs! (4 - Hocok; B - 6opT; C - mATKa); 6 - SMropa @ yria pacKphITHS CBAPHOTO IIBa IPH pe3ke Oe3 ckoca
KPOMKH; 6 - CeUCHNsI 1IIBa MIPH pe3Ke 6e3 CKoca KPOMKH; 2 - TO e, CO CKOCOM KPOMKH TT0JI TIOCTOSIHHBIM YTJIOM @; O - TO XK€, CO CKOCOM
KPOMKH IO IEPEMEHHBIM YITIOM @; € - TO Xe, (hpe3oi
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Puc. 34. I'paduku 1715 onpeaeseHus NOJHOM JJIHHBI NATOYHOI0 lwh M HOCKOBOTO |yt
YYaCTKOB CBAPHOIO IIBA B COeIMHEHUM IBYX TPYO

18.9. Pacuer y3ma pemeryatod TpyOuaToii  KOHCTPYKUMH  (IUIOCKOM  WIK
MPOCTPAHCTBEHHOW (epMBl), COCTOSIIETO W3 OJHOTO HE TMPEPHIBAIOLIETOCS B y3IIe
TpyO4aroro sjaemMeHTa (mosica C TOHKOCTEHHOCThIO O He MeHee 20 u He Oomee 60) u n
MIPUMBIKAIOIIKX 3JIEMEHTOB (puc. 36), Ha MECTHBIN U3rH0 (IPOMSATUE) CTEHKH 105Ca CIETYET
MPOM3BOAUTH IS IPUMBIKaHKs Kaxaoro (j-ro) snemenra (dj > 0,2D) npu Bcex pacueTHBIX
COUYETAHMSIX YCUIIUH B DJIEMEHTAaxX y3Ja o Gpopmynam:

n

Z%MN, Snyllai <Yy SiJ=Ln; (135)

i=1 i

N

sina,

L<28S. (136)
v,

B dopmymnax (135), (136):
| - HOMEp IPUMBIKAIOIIETO JICMEHTA,
] - HOMep paccMaTPHBaEMOTO IPHUMBIKAIOIIETO JJIEMEHTA;
Ni mwm Nj - mpogonpHas cuia B MPUMBIKAIONIEM JJIEMEHTE, IPUHUMAaeMasi C y4eTOM 3Haka
“IuIroC” - IPU PACTSKEHUH, “‘MUHYC™ - IIPHU CXKaTHH;
Li - kKodduiment, npu | = j onpeaessieMsli mo Gopmyie

Vs 1[1,71\4, 2,5M/]_
= — 4+ _—

H=H N . ’
"y, N,\[sing, b,

opu i #j i =1,
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Puc. 35. I'paduxu 15 onpenesnenust kodppuumeHToB lwi/lwh 1 lwi/lvt mpu peske Tpyo

a - 6e3 ckoca KPOMKH; 6 - CO CKOCOM KPOMKH

o

31€Ch Jdj - KOI(DQUIMEHT BIMSHHS 3HAKA YCHIHS B PAacCMaTPUBACMOM MPUMBIKAOIIEM
3JIEMEHTE, MpUHUMaeMblii paBHbiM (0,8 mpu pacTsikeHHH U | - B OCTAJIBHBIX
CIy4asix;
l;j - mmHa yyactka npuMBbIKaHus (OT HOCKA JIO MATKH) PACCMAaTPUBAEMOro 3JIeMeHTa (115
TpyOuaThix 35eMeHTOoB lzj = di/sing);

% - KO3(G(UUIUEHT BIUSHUS JIMHBI MPUMBIKAHUS PacCMaTpUBAaeMOro 3JEMEHTa, IS
HELWIMHJIPUYECKUX MPUMBIKAaHUH olpenesieMblil o popmyre

L. —b
£l

J

=l
Vs 2(2D-b)

JUTS UAJIMHAPUYECKUX PUMBIKaHuM (Tpy0) j4j = 1;
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Puc. 36. Y3eq npocTpaHCTBEHHOM pelieTYaTo KOHCTPYKIUH U3 TPYO

A - natka, B - 6opt, C - HOCOK

bi nnm bj - mmpuHa mpuMBbIKaroIero semMenTta (st TpyouaToro ssiemenTta bi = di wau by =
dp),

M;, M - wusrubarommye MOMEHTHI OT OCHOBHOIO BO3JEHCTBHMS B PacCMaTpUBAEMOM
JNIEMEHTE B CEYCHUH, TMPOXOMAAIIEM dYepe3 TOUYKY IepPECeUYeHHUs] OCH ITOTr0
AJIEMEHTa ¢ 00pa3yrolel 1mosica, COOTBETCTBEHHO B IUIOCKOCTH M M3 TUIOCKOCTH
y351a (MOMEHT OT )ECTKOCTH y3JIOB JIOMTYCKAeTCsl HE YUHUTHIBATh);

S - xapakTepuCcTHKa HEeCYyIIeH CiocoOOHOCTH Tosica, onpenenseMas mo Gopmyie

S =13 (1 +0,029)t°Ry%; (137)

31ech Ry - pacueTHOE COPOTUBIICHHUE CTAJIH TTOSICa;
6= D/t - TOHKOCTEHHOCTH I105ICa;
Ye - KOOQQUIMEHT ycoBUM paboThl, mpuHUMaeMblil paBHbIM 0,9 ipu Ry > 375 MIla (3800
krc/cM?) 1 1 - B OCTalbHEIX CIydasx;
Jbj - KOX(POUIMEHT BIUSAHUS TNPOJOJIBHONW CHJIBI B TOsICE, MPHU CHXKATUU B IOsiCE
ompenensieMblit o Gpopmyie

7/0/ =1- 0’5(_;%} ' (138)

B OCTQJIbHBIX CIy4asx jpj = 1,

Fj - HauOonbliee 3HaueHHE MPOJOJIBHOM CHIJIBI B IOsICE OT HOCKAa JI0 TISTKH
paccMaTpuBaeMoro NMPUMBIKAIOIIETO 3JIEMEHTA;

A - TuIomaap CEUYeHus Nosica;

%j - Ko3(hGdUUUEHT BIMSHHUS TOJIKPEIUIEHHWS CTEHKU Iosica B Yy3J€ IONEpPEeUYHbIMU
IUTACTUHAMU (madparMaMu U T.I1.), IPUHUMAEMbI paBHBIM 1,25 mpH pacnoIoKeHUN
MOJIKPEIUISIONIeH TUIaCTUHBI B IIpe/ieyaX y4acTKa pacCMaTpUBaeMOro MPUMBIKaHUS (OT
HOCKa JI0 TISTKH) U 1 - B OCTJIBHBIX CITy4asix;



&j - KOO(PPHUIUCHT BIUSHHS PACTIOIOKEHHUS KKIOTO U3 CMEKHBIX (I-X) MPUMBIKAIOIINX
AJIEMEHTOB 10 OTHOIIEHHUIO K paccMaTpuBaeMoMy (j-My), onpeaenseMsblii o Tabi. 58;

npu | = & = 1;
wi = arcsinBui,
Sui = bwil D;

bwi - mMpHHA 0XBaTa MOsCa MPUMBIKAIOLIMM 3JIEMEHTOM MEKAY KPOMKaMHU CBapHOTO IIIBa
(mpu i < 0,7 nomyckaercst mpuHUMaTh bwi = bw; ipu i > 0,7 Bui = bw - tai);
npu 5 < 0,7 momyckaercs npunumathb yi = 1,056 (i cm. Tabi. 58);
npu fi > 0,7 nonyckaercst npuauMath ¥ = 1,054(1 + 0,154).
dopmyna pacdera HECYIICH CIMOCOOHOCTH TMPOCTPAHCTBEHHBIX Yy310B (135), kak u
MpeIIOKEHHBIE paHee s IIOCKux y3i10B dopmyasl (10) u (11) B [29], MoxeT OBITH
MHTEPIPETUPOBAHA KAaK YpPaBHEHHUE HEKOTOPOW IpENeNbHON MOBEPXHOCTH (ITOBEPXHOCTHU
B3aUMOJICICTBHS) B N-MEPHOM MPOCTPAHCTBE, KOOPIMHATAMH KOTOPOTO CIY>KaT OTHOILICHUS
HEeCyIlel CIIOCOOHOCTH OTIENbHBIX MNPUMBIKaHUN (Y-00pa3HbBIX Y3JI0B) K HeCyllen
CIOCOOHOCTH T€X K€ MPUMBIKAHUN B COCTAaBE CJOXKHBIX y3JIOB. YpaBHEHUS, ONKCHIBAIOIINE
MOBEPXHOCTh  B3aWMOJICHCTBUSA, XapaKTEPH3YIOT COOTHOIIEHHS MEXIy COBOKYITHO
JEHCTBYIOIMMU YCHJIHSIMH B 3JIEMEHTAX y3Jia B €r0 MPEJeIbHOM COCTOSIHHH.
18.10. IIpouHOCTh TPYOUATHIX DJIEMEHTOB PEIICTKH B MIONEPEIHOM CEUCHUH, MPOXOISIIEM
yepes MATKY, CIeAyeT MPOBEpsITh 1o popmyie

N+ o
%SydymR

d

(139)

o
rae N - npoponbHast cujia B 3JIEMEHTE PEILETKH;
¥ - koabdunuent, npuaumaembiid paBHbiM: 0,008 - miist packocoB B K-00pa3HbIx y3nax,
IpU pacueTe MPUMBIKAHUNA KOTOPBIX 3HadeHHe KodpduiueHTa &, onpenenasieMoro mo
tabu. 58, cocrarisier menee 0,85; 0,015 - B OCTAIbHBIX CITyYasix;
Aq - TIOIIa1b TOMEPEYHOT0 CEUCHHUS AIEMEHTA PEIETKY;
Jed - K03 dumenT ycnoBuii paboThl, MpUHUMaeMblidi paBHbIM: 0,85 - s 3I€MEHTOB,
MIEPECEKAIOIINXCS B y3JI€ C JABYMS JPYTUMH 3JI€MEHTaMHU, UMEIOIMMHU pa3Hble 3HAKU

ycunuit; 1 - B OCTaNbHBIX CIyYasx;
Ryd - pacueTHOE CONPOTUBIICHHE CTAJIA JIEMEHTA PEIICTKH.

Tab6auma 58
PacrionoxeHne 0CH CMEXHOTO Tum y3na gij &
MPUMBIKAIOLIETO 3JIEMEHTA OTHOCUTENBHO OCH
paccMaTpHBaeMoro
B Toit *e miuockocTH M ¢ TOH e CTOPOHBI K - 1,3& (1+0,026)
! L3 ,
nosica (d; = 0) 140045
e N IESEEL B P
P i 2D)| 14545 +560°
>D 0
B neprien Ky sipHOii miockoctu (O = 7/2) L 0<gj<D2 g
—0,25co0s’| —~
> D/2 0

IMpu 0 < &j < 72 wn M2 < @jj < 7 cuenyeT & NPUHUMATh WHTEPIONSAIMEH MEXTY
COOTBETCTBYIOMIMMU 3HaYeHUsIMH 1151 Dijj = 0 1 Djj = 72 vnm anst Oij = 72 u Ojj = 7
3HavyeHus &j cieayeT NPUHUMATh PaBHBIMU:
mipu Cjj < 0 &j=0,6;
»0<cj<D &=1-04(1-ci/D)
” cij > D, &i=0
Obo3nauenus, npunamole 8 maon. 28 (cm. puc. 36):
@jj - yroa MexIy IUIOCKOCTSIMH TIPUMBIKAHUS CMEKHOTO U PacCMaTpUBAEMOTO
MPUMBIKAIOIIUX 3JE€MEHTOB, pajJ (IMJIOCKOCTh NMPUMBIKAHUS MPOXOIUT uYepe3 OCh
MIPUMBIKAIOIIETO 3JIEMEHTA IMapauIeTIbHO OCH T105ICa);



Cij - HauMMEHbIIEE pACCTOSHHME BIOJb OCH I10ACa MEXAY CBapHbIMH IIBaMH,
MPUKPEIUIAIOIUMU K I0ACY PacCMAaTPUBACMBIM U CMEKHBIN DJIEMEHTBI PELIETKU

cosa, — 3  cosa, —
—! A +—- b Tz,
sing, sina, !

. D
(TPOIOIBHBIA NPOCBET): ¢, = E[
dij - paccTosiHME BJOJb IOsiCa MEXIYy OOpTaMH paccMaTpUBAEMOTO0 W CMEXHOTO
MPUMBIKAIOIINX JIEMEHTOB:

D .
g =5 (ctwa 1-F taga 1-5 )£z,

fi = bi/D - oTHOIICHHUE NIMPHUHBI MPUMBIKAHUS CMEXHOTO 3JIEMEHTa K JHaMETpy Mmosica
(st TpyOuarsix snementoB (S = di/D).

18.11. Ilpm mOAKpEIUICHMH CTEHKM TMosica B Yy3le (B MecCTaX MPUMBIKAHUS
paccMaTpuBaeMoOro MPHUMBIKAIOIIETO 3JEMEHTA) MPUJIEralolieil U MPUBApEeHHON K MofAcy
HakiIagkoi TonmmHOM tq B ¢opmyne (137) Bmecto Ry crnemyer mpuHUMaTh pacdeTHOE
CONPOTHUBIICHUE MaTepHajia HakJIagku Rya, a BMecTo t - MPUBEACHHYIO TONIIUHY tef,
NPUHUMAEMYIO PABHOM: JUIS PACTSHYTBIX MPUMBIKAIOIIUX 3JeMEHTOB ta, HO He Oomnee |,5t;
IUIA CKATBIX - tmax + 0,25 tmin, rae tmax - OoabIast, a tmin - MEHbIIASA U3 TONIIHH t U ta.

18.12. B ciryuae, ecnu paccMaTpUBaeMbIil SJIEMEHT PEUISTKH MePECcCeKaeTcsl B 30HE y3i1a C
M CMEXHBIMH 3JeMeHTaMu (puc. 37), pacroI0)KEHHBIMU B TOW )K€ TJIOCKOCTH MPUMBIKAHUS
(® = 0), Bmecro Nisina = Njsing; = Pj B hopmyie (135) ciaemyer npuHUMAThH PUBEIACHHOE
yeunme Pefj, onipenensiemoe 1o ¢popmyse

p=p+Yen, (140)
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By, j = Cker, 77 / //
“oj = %} a0




demans mpyler 4

2
Zlkw = lk/ + lA,k+l
w=1

Puc. 37. BecpacoHounble y3.blI ¢ IepecedeHreM JIEMEHTOB PellleTKH MeKIAy co00ii

a - ¢ nByMs aneMentamu peretku (| - paseptka tpy6sr 1; 11 - pa3BepTka TpyObI 2); 6 - C TpEMs JIEMEHTAMH PELIETKH (CO CIUTIOIIUBAHUEM
i”” DIIEMEHT pelIeTKH; 2 - “TIPOIYIIEHHBII” JIeMEHT PEIIeTKH; 3 - yJacTOK B3aHMHOTO IIePeCceueHNs 2JIEMEHTOB

cToliKN); 1 - “IpepBaHHBIN
peleTKu
rac Pki - 3nauenus Pij I KaXXI0ro #n3 CMEXKHBIX JJICMCHTOB, IICPECCKAIOMIUXCA C
paccMmarpuBaeMbIM (j-M);
é:kj - J0JI1 MEPpUMETpa CEUCHUSA CMEKHOI'0 3JIEMEHTA, COOTBETCTBYIOIIAA YYAaCTKY €TI0
Ly,
7,
3J€Ch ij, dk - COOTBETCTBEHHO AJIMHA y4YaCTKa NEPUMETpa CCUHCHHA CMCKHOI'O 3JICMCHTA,
COOTBETCTBYIOIAA IMEPECCUCHUIO C pacCMAaTpHUBACMbIM, U Hapy>KHbII>'I ANaMETP
CMCXKHOI'O 3JICMCHTA.
Ecan CBapHOﬁ IIOB HE OXBAThIBA€T BCETO IEPHUMETpa CMCEKHOI'O JJIEMCHTA (CM.,

TIIEPEeCceUeHusl C PaCCMaTPUBAEMBIM (JUIs TPyOUaThIX 2JIEMEHTOB &, =

Hanpumep, puc. 37, 0), To &j cieayeT NpUHUMATh PaBHBIM I, /(Z l,m,) , TIIe ZIW - cymMMa

w=1 w=1
Y4acTKOB HEpUMETpa CMEXKHOI'O 3JEMEHTa, COOTBETCTBYIOIIMX YYacTKaM HaJO0XKEHUs
CBapHBIX IIIBOB.

Ecnu y snemeHTa peleTky, NepeceKkaroIierocs ¢ IpyruMu B 30HE y3J1a, IPUBapKa K Mosicy
orcyrctByeT win mana (ép < 0,25, rnme & - nonda mepuMerpa CEUYCHHUsS DIIEMEHTA,
COOTBETCTBYIOIIAs YUACTKy €r0 MPUBAPKH K TOACY), TO ACHCTBUE TAKOTO DIIEMEHTA Ha TIOSIC
HE ClielyeT YUUThIBaTh, T. €. 3HaueHue Pjumu Pi 15 Hero B popmyny (135) He moAcTaBisTh,
a MOJHOCTBIO pacnpeaessaTh Jo0aBieHneM &Pk MEXy CMEXHBIMU JIEMEHTAMHU.

18.13. [Inga kaxJIoro »sJIeMEHTa peIIeTKH, MEepeceKaronlerocss B y3j1e C JApyTUMHU
DIIEMEHTaMHU, CIIEAYET MPOBEPATH COBOKYITHYIO TPOYHOCTH CTEHOK BCEX AJIEMEHTOB (Tosica U
PELIETKH), C KOTOPBIMU IEPECEKAETCS] paCCMaTPUBAEMBIN 3JIEMEHT, 10 popMyIie

N, <15,y oS (141)

~  sing,

rne Nj - ycnnnme B paccMaTpiBaeMOM SJIEMEHTE;

Sp - XapakTepuCTHKa HECyIIeil CIMOCOOHOCTH Ka)JIO0TrO W3 TOJIOBHBIX (MTPAIONINX POJIb
mosica) AJIEMEHTOB (TI0SiCa M CMEXHBIX JJICMEHTOB PEHICTKH, MEPeCeKAIOIINXCI C
paccMaTpuBaeMbIM), onpenensiemas mo gopmyne (137), B koTopoii B kayectse O, t u
Ry MPUHUMAIOTCS COOTBETCTBYIOIIUE XaPAKTEPUCTHKH TOJIOBHOTO JICMEHTA;

Jop - KOIPPUIMEHT BIUSHUS TPOJOIBHOW CHIBI B KaXKIOM TOJOBHOM OJJIEMEHTE,
onpenaenseMsiii mo popmyne (138), B koTopoii B kauectBe F, 4 u Ry npuHuMaroTcs
COOTBETCTBYIOIINE XapaKTEPUCTHKH T'OJIOBHOTO JICMEHTA;

&j - MONsl IepUMeTpa CEYEeHUs PacCMaTPUBAEMOTO 3JIEMEHTa, COOTBETCTBYIOIIAS JTUHUHU
€T0 MepPeCcevYeHNs C KAKIBIM TOJIOBHBIM JIEMEHTOM, onpeensemMas o hopmyie

&i = lpjl (2dj);
34ECh I pj - JJINHA y‘{aCTKa HepI/IMCTpa CCUCHUA paCCManI/IBaCMOFO 3JICMCHTA,
COOTBCTCTBYIOHIaSI JIUHUN nepecequI/IH C TOJIOBHEBEIM 3HeMeHTOM;



Wpj - YrOJl MOJTyoXBaTa Ka)Ja0ro TOJIOBHOTO 3J€MEHTa IPUMBIKAHUEM PaccMaTpHUBAEMOT0
3JIEMEHTa, OlpeiesieMblil o Gpopmyre

wpj = arc sin(bwj/Dp);

3neck Dp - Hapy>XHBII TUaMeTp TOJIOBHOTO AJIEMEHTA;
Ofpj - YroJl IPUMBIKAHUS PACCMATPUBAEMOTI0 3JIEMEHTA K KaXKI0MYy T'OJIOBHOMY JIEMEHTY.

KOHCTPYUPOBAHHUE

18.14. TonmuHy CTEHOK TpyO, NMPHUMEHSEMBIX JUIsI OCHOBHBIX HECYIIMX O3JIEMEHTOB
KOHCTPYKLUH (TI05ICOB U OIIOPHBIX PAaCKOCOB, BETBEH KOJIOHH U T. II.) CI€yeT IPUHUMATh HE
MeHee 3 MM, JUIs IPOYUX - HE MEHee 2,5 MM.

18.15. IIpu HenocpencTBeHHBIX (0echacOHOUHBIX) COCTMHEHHSIX B y3J1aX TOHKOCTEHHOCTh
5 TOACOB pEKOMEHAYeTCs NpUHUMAaTh He Oojee 3HAaueHWi, NpUBEIACHHBIX B Tabm. 59,
TOHKOCTEHHOCTb MPUMBIKAIOLINX 3JE€MEHTOB - 110 BO3MOKHOCTM MAaKCHUMaJlbHOH, HO He
Oosiee 3HAUCHMH, NPUBEACHHBIX B Tabn. 59. TonmuHy CTEHOK MPUMBIKAIOUINX JIEMEHTOB
cllelyeT MPUHUMATh He OO0JIbLIE TOJIIIUHBI CTEHOK IOSICOB.

Tabauma 59

Ipenen Texyyectu
cram Ry, MITa
(xre/cm?)

TOHKOCTEHHOCTh

nosicoB &= DIt

HPUMBIKAOIIMX JJIEMEHTOB & = d/ty

CHKaTBIX

PACTSIHYTBIX

Tlo 295 (3000)

(4000)
Cs. 390 (4000)

Cs. 295 (3000) mo 390

30
35

40

90
80

70

90
90

90

Ipumeyanusi: 1. Ykazauusie B Ta0a. 59 3Ha4YeHus1 O A MOSICOB SIBISIFOTCS OPUEHTHPOBOYHBIMH U HE HCKIIOYAIOT HEOOXOAUMOCTH

IIPOBEPKH IIPOYHOCTHU y37I0B.

2. Ist CKaThIX NPHMBIKAIOIIMX JJIEMEHTOB MPU YKa3aHHBIX B Ta0J. 59 3HaueHUsIX Oy He TpeOyeTCsi MPOBEPKH HX CTEHOK Ha MECTHYIO

YCTOIUNBOCTE.

18.16. IIpu OechacoHOUHBIX y3TaX TUAMETPHI TPYO PEIIETKH PEKOMEHAYeTCs IPUHUMATh

PaBHBIMU HE MCHEC 0 AUnaMeTpa 1MosICOB U HC Ooiee AuaMeTpa MmosCoB.



19. HOKPBITHUA U3 NEPEKPECTHBIX JIEMEHTOB
OBIIME IMOJIOKEHHUA

19.1. TlokpbITHA U3 TEPEKPECTHBIX IEMEHTOB (Jajiee UIs KPaTKOCTH - “TIOKPBITHS )
OTHOCATCS K IPOCTPAHCTBEHHBIM KOHCTPYKIMSM, KOTOpbIE 0Opa3oBaHbl M3 JIMHEMHBIX B
TUTaHE HECYIIUX JIEMEHTOB, OPHEHTHUPOBAHHBIX TI0 ABYM HAIlpaBJICHUSAM U Oosee. DIeMEeHTH
COEAMHEHBbl MeXay co0Oi B MecTax NepeceueHUs] W I10Jl BHEUIHUMM BO3JEHCTBUIMHU
pabotatot coBmecTHO. [Ipu npsAMOyroapHON WK KBaJpaTHOW (POpPME MOKPHITHS BHYTPEHHHE
3JIEMEHTBI OOBIYHO PACIOIaraloTCsl MapajulebHO CTOPOHAM IUIaHA HA PABHBIX PACCTOSHUIX
MEXAy CcO00l U mpu MepecedeHUuH OO0pa3yloT pPETYIApPHYI CEeT4aTyl0 CHCTEMY C
IPSIMOYTOJIbHBIMM WJIM KBaJ[paTHBIMU sueiikamu (puc. 38).

"
/

ta

=

Puc. 38. [loxkpbiTHE U3 NEpeKPECTHBIX 3JIEMEHTOB

ITo dopme MOKPHITUS MOTYT OBITh IUIOCKMUMH WM BCHAPYIIEHHBIMH OTHOCHTEIHHO
TOPU30HTAIILHOW TIOBEPXHOCTH. BHYTpEeHHUE 3JIEMEHTHI TOKPBHITHS MOTYT ONMUPATHCS Ha
KOJIOHHBI, PAaCIOJIOKEHHBIE M0 MEPUMETPY TMOKPBITHS, WM HAa KOHTYPHBIE SJIEMEHTHI,
KOTOpBIC B CBOKO OUEPE]Ib MOTYT PacIiojiaraThCsl Ha CIUIONIHBIX CTEHAX, HA PSIaX OTIEIbHBIX
KOJIOHH WJIM Ha KOJIOHHAX MO yIJIaM MOKPBITHSI.

19.2. TToKpBITHS MOTYT MPUMEHSTHCS JIJIsI OOMIECTBCHHBIX 3aHHIA W MTPOU3BOJICTBEHHBIX
3IaHU{ TPOMBIIIICHHOCTH U CENBCKOro xo3sicTBa. [lpu omupaHuu Mo yriiaM MOKPBITHS
3¢ (HEeKTUBHO HCMONB3YIOTCS MPH KBaJAPaTHOW WU TMPSMOYTOJIbHOW pa3peKeHHON CETKe
KOJIOHH C IaroM He MeHee 12 M u uMmeroT pasmepsl: 12x18, 18x18, 18x24, 24x24, 30x30 M u
6onee. [Ipu >TOM MOKPBITHS OOBIYHO NEIATCS HA OTIENbHBIE OJNOKH, COOTBETCTBYIOIIHE
CeTKe KOJIOHH. [[JIs1 MOHTa)a MOKPHITUS OJIOKaMH PalliOHAIEHO UCTIONB3YeTCsI KOHBEHEpHAs
cOOpKa ¥ KpYIMHOOJIOYHBI MOHTaX.

KOHCTPYKIIMA MOKPHITUI

19.3. Hecymme sneMeHTHI MOKPBHITHS (cM. puc. 38) pa3mernsroTcs Ha KOHTYpHBIE 3 U
BHYTpPEHHHE - OCHOBHbIE 1, 2 M JOMONHUTENbHBIE 5. B cOCTaB MOKPHITUS BXOIAT TaKXke
ANIEMEHTBl OTpaXJIeHHs 4, KOTOpbIE BMECTE C MJOMOJHUTEIbHBIMU JJIEMEHTAMH MOTYT



coBMelIaTh B ceOe (QYHKIMIO HECylIuX 3JieMeHTOB. KOHTypHbIE M BHYTPEHHHE HECYILHE
3JIEMEHTHI BBIIOJHSAIOTCS B BUJIe O6anok uin (epm. [TokpeiTre ¢ anemenTamu U3 0anok Oyzaer
OJTHOCIIOMHBIM, a C 3JeMEHTaMH U3 (pepM - IBYXIOSICHBIM. J[OMOTHUTENbHBIE AJIEMEHTHI
BBITIONHSIOT (YHKIMIO TPOTOHOB, PACMOpOK, mmpeHrened u mp. OCHOBHBIM BHIOM
OTpaKJAIOIIMX 3JIEMEHTOB SIBIISIETCS CTaJbHON MpodMIMpPOBaHHBIA HACTWI. MOTYT Takxke
MPUMEHSITHCSI CTaJbHBIC WIM aTIOMUHUEBBIC IJIOCKHE JUCTHI - MeMOpaHbl. [lpu Termmbix
KpOBJISIX MO HACTWIy WIM MeMOpaHaM yKjaabiBaeTcsi A(QQEKTUBHBIN YTEIUIUTENIb C
Mapou30JISIUe W PYJIOHHBIM KOBpOM. Marepuanbl i KOHCTPYKIUNA TIOKPBITHS H
COCIMHEHMH BhIOMparoTcs B cooTBeTcTBHM ¢ TpeboBanusimu CHull [1-23-81*.

19.4. OtnenbHblE SJIEMEHTHl WJIM TOKPHITHE B IEJIOM MOTYT OBITh IMPEABAPUTEIBHO
HanpspkeHbl. [Ipy HEeCTECHEHHBIX TI0 BBICOTE rabapuTax M OMUPAHUU 10 YTJIaM MOXET OBITh
UCIIOJIb30BAHO TIOKPBITHE, y KOTOPOrO OCHOBHBIE HECYIIHME 3JEMEHThl HaIpaBJIEHBI I10
JMAaroHaIsIM TUIaHA W BCIApyIIeHbl B LeHTpe. JKecTkue wium TUOKHE OTIOJHUTENbHBIC
HECYIIME 3JIEMEHTHI PACIOIaraloTCsl MEXKy IMaroHaJIbHbIMA OCHOBHBIMU U OPUEHTUPOBAHBI
B K@XJIOM U3 YEThIPEX CEKTOPOB MapajlIeIbHO COOTBETCTBYIOIIUM CTOPOHAM HOKPBITHSI.

19.5. T'maBHOW KOHCTPYKTHUBHOM OCOOCHHOCTBIO MOKPBITHI SBISETCS IepeceueHue
HECYIHUX 3JIeMeHTOB. OOBIYHO OHO OCYIIECTBISICTCS B OJHOM HIIM B JIBYX YPOBHSX Kak
nostaxkHoe. B ciyyae popMeHHBIX TOKPBITHIA MOHATHS ‘B OJJHOM YPOBHE” WJIH “TIO3Ta)KHOE”
OTHOCATCSI K TEPECEYCHUI0 TOACOB (hepM MPOTHBOIOJIOKHBIX HampasieHuid. [lepeceuenus
BHYTPEHHUX 3JIEMEHTOB MEKy COOOI, a TaK)Ke COSAMHEHUE UX C KOHTYPHBIMU dJIEMEHTaMH
JOJDKHBI 00eCTieYuBaTh COBMECTHYIO Ie()OPMALIUIO HJIEMEHTOB B y3ie. [Ipu npoexktupoBanuu
qamle MpeaycMaTpUBaeTcs KecTkas paboTa y3la TmepecedyeHus O0e3 JIOMOJHUTENbHON
MOJIATIIUBOCTH.

19.6. IlokpeiTHs 3a cyeT CBOEH NPOCTPAaHCTBEHHOCTH J(P(HEKTUBHO paboOTarOT Ha
BOCIIPUSTHE HEPAaBHOMEPHBIX WJIM COCPEJOTOYCHHBIX HArpy30K. YCIIOBHAS SKBHBAJICHTHAs
Harpy3ka Ha TOKpPBITHE OT IOJIBECHBIX KPaHOB IMpH KBaApaTHBIX MiaHax B 1,5-2 paza
MEHBIIIC, YeM Ha aHAIOTHYHBIC TTOKPBITUS U3 TUIOCKUX (epM WTH OaJIOK.

19.7. JKecTkocTh ¥  HEU3MEHSEMOCTb TMOKPBITHUS  OOECIIEYUBAIOTCA  CHCTEMOM
MEPEKPEIINBAIOIINXCS AIEMEHTOB U CBSI3€H, a TAK)KE 3a CUET KPETUICHHsI K BEPXHUM IOsicaM
MOKPBITUSL TIPOTOHOB, MPOPIIUPOBAHHOTO HACTUIIA WM MeMOpaH. DIIEMEHThI OTPaXKICHHS
YYacTBYIOT B BOCHPUATHU CIBUTAIONINX YCWIHWA, JEHCTBYIOIIUX HA TIOKPBITHE B
TOPU30HTAIILHOM MJIOCKOCTH, M UX KPETJIEHUE K HECYIIIUM JIEMEHTaM JOJIKHO 00eCreynBaTh
nepegadyy oSTux ycwimid. Kpemnenwe HacTwia WM MeMOpaHBl OCYIIECTBIISIETCS Ha
caMOHape3aronMx 00dTax WU JI00ENSIX, YCTaHABIMBAEMbIX B KaXK/IOM BOJHE HacTUila C
marom He MeHee 300 mMm.

PACYET

19.8. [okpeIiTus npu U3rube OT BHEUIHEN HArpy3Ky B CBOEH IMIIOCKOCTH MM U3 TNIOCKOCTH
SIBJIAIOTCSI CTAaTUYECKU HEONPENeNIUMbIMU cUcTeMaMH. Pacder uX cieayeT Mpou3BOAUTH Ha
OBM kak ymnpyroi CTEpKHEBOW CHCTEMBI C HCIIOJIB30BAHMEM CTAHJAPTHBIX IMPOTrPaMM.
CoenuHeHns B y3jgax cleAyeT MPUHUMATh IIAPHUPHBIMH M, Kak IPaBHIIO,
HenehopMupyeMbIMi. BO3MOXXKHYIO MOAATIMBOCTh COEAMHEHHWH CIlelyeT Y4YUTHhIBaTh B
pacuere.

HopmartuBHbie TpeOOBaHMS K MOKPHITUAM U OTACIBHBIM JIEMEHTAaM B YaCTH HpPEeTbHBIX
nporu0oB, aedopmanmii, THOKOCTEH W Tp. YCTAHABIWUBAIOTCS B COOTBETCTBUU C
tpeboBanusimu CHull 11-23-81*

19.9. Ilpu HEBO3MOXXHOCTH HWCIONB30BaTh Uil pacyera OBM pacder TOKpBITHS
PEKOMEHAYeTCS BBINOJHATh MPUONMKEHHBIMH CIIOCOOaMH; HampuMmep, Kak CHUCTEMBI,
cocTosIIed M3 HEpa3pe3HbIX OaJoK Ha YNPYyro OCEHAloIIMX OINOopaxX, OCHOBHIBAsICh Ha
CIIEAYIOIINX MPEANOChUIKAX:

1) mOKpBITHE YCIOBHO pa30MBAaeTCsl Ha JBE CUCTEMbl NEPIEHIUKYISPHBIX TJIABHBIX U
BTOpOCTENEeHHbIX O0anok (puc. 39). Ilpu sTOM eciu >I€MEHTHl OJHOTO W3 HaIpaBlICHUN
oOnanaroT OousblIed KECTKOCTbIO, TO OHM CUMTAIOTCS TJIaBHBIMU, HAIpUMEp, JIEMEHTHI
Oonpliei JUIMHBI TpU MpsAMoyroibHOW ¢(opme miuana (cMm. puc. 39). Torma syeMeHTHI



MEPIEeHIUKYISIPHOTO HANpPAaBIIEHUS CUUTAIOTCS BTOPOCTENEHHBIMU. B  MOKpPBITHSIX C
AJIEMEHTAMU PABHOW KECTKOCTU TJABHBIMH MOTYT OBITh MPHUHATHL 3JIEMEHTHI THO0O0TO
HaIpaBJICHUS;
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Puc. 39. Pa36uBKa noKpbITUS HA IVIaBHbIE H BTOPOCTENEHHbIE 0aTKH

2) B OCHOBHOM pacyeTHOW CHUCTEME, B MecTax IepecedeHus BTOPOCTENEHHBIX OajoK ¢
IJIaBHBIMU, MPEIOIaraloTcs YCIOBHbIE IIAPHUPHI; TJIaBHbIE 0aaKu (HEpa3pe3HbIe) SIBISIFOTCS
YIPYrUMHU OHOpaMM JUIsl BTOPOCTENEHHBIX (cM. puc. 39). BnusHue kpydeHus Ha paboty
0aJIOK HE YUUTHIBACTCS;

3) ko3¢ dUIMEHTHl MOAATIMBOCTU YIPYTHX OHOP ONPEACISAIOTCS B 3aBHUCUMOCTH OT
rE€OMETPHUECKUX IMapaMeTPOB TTIABHBIX OAJIOK U MECTa UX MEPECEYCHHUsI C BTOPOCTETICHHBIMU
OagKaMu;

4) w3rubaromye MOMEHTHI B MECTE YCJOBHBIX IIAPHUPOB ONPEACISIOTCS HCXOISI W3
paBeHCTBA HYIIO YIJI0B IOBOPOTA HA KOHLIAX BTOPOCTENEHHBIX OaIOK.

19.10. Jns kBaapaTHBIX MOKPBITUH, Yy KOTOPBIX BHYTPEHHUE 3JIEMEHTHI OJMHAKOBOMH
KECTKOCTHU TP NEPECEUEHUH 00pa3yIOT PETYJISAPHYIO KBaJIpaTHYIO CETKY C YHMCIIOM SY€eK Ha
CTOpOHE OT 4 10 6, Harpy>KEHHBIX PABHOMEPHO DPACIPEAEIECHHOW HArpy3kod M HMMEOIIUX
CIUIOIIHOE ONMpaHue Mo KoHTypy (puc. 40), ycunusi BO BHYTPEHHUX Oallkax peKOMEHyeTcs
OIIpeNIeNIATh MO0 (hopMyIaM:

MaKCHMaJIbHBIA N3rMOAIOINUA MOMEHT

M = apal?, (142)
Harpyska Ha 1 M JJTMHBI OaKu
q = fpa, (143)

rae o, [ - koaduimeHTsl, onpeaesemMbie mo Tadi. 60;
D - MHTEHCHBHOCTh Harpy3Kd Ha | M2 IIOKPBITHS;
| - cTopoHa OKPBITHS, M;

1 o
a =— - pasMep SAYCHUKU, M,
n

N - 9HUCJIO AYE€CK Ha CTOPOHE ITOKPBITUS.
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Puc. 40. KBagpaTHoe NOKpbITHE U3 MEPEKPECTHBIX 3JIEMEHTOB € PeryJsipHoOi
KBaJIPaTHOI CeTKOM

Ta6nuna 60
Yuciio sueek Ha | Koapduiments! |3nauenus kodpduumenTos (yBeauuennsie B 10* pas) mis
CTOpOHE BHYTPEHHUX OaJIOK, HAXOIIIUXCS OT OJrKaiIe
MTOKPBITUS NapauleNIbHOM KOHTYPHOM OalIKi Ha PacCTOSHUU
a 2a 3a
4 a 520 703 520
B 4150 5620 4150
5 a 395 686 686
Yij 3160 5550 5550
6 a 366 654 794
B 2930 5230 6350

19.11. Ilpu paBHOMEpHOH Harpy3ke Ha IMOKpPHITHE BHYTPEHHHUE OCHOBHBIE JIEMEHTHI,
pacrnosoKeHHbIE OJINKE K CEPEUHE MOKPBITUS, 3HAUUTEIBHO MEPETPYKEHBI IO CPABHEHUIO C
3JIeMEHTaMH, OJIM3KUMHU K KOHTYpy. [l BbIpaBHUBAHMS YCHJIMH C LENIbIO MOCIEAYIOIEei
yHH(UKAUK CEYeHUI BHYTPEHHUX JIEMEHTOB JIJISl KBAIPATHBIX WM OJM3KUX K KBaJIPATHBIM
MOKPBITUH, ONEPTHIX MO yrjaM Ioj JeiicTBUEeM paBHOMEpHOW Harpys3ku (cM. puc. 40),
YCTaHOBJIEHO, YTO OTHOILIEHUE IUIOUIa/Iel CEYeHUI KOHTYPHBIX 3JIEMEHTOB Ae U BHYTPEHHHUX
351eMEeHTOB Aj JOJDKHO MOJTYMHUTHCS 3aBUCUMOCTH:

AelA = 0,50+ 0,5(n + 2). (144)

KOHCTPYUPOBAHHUE

19.12. TokpeiTust 00pa3yroOTCst U3 KOHCTPYKTUBHBIX DJIEMEHTOB-0AJIOK, (hepM, IPOTOHOB U
9JIEMEHTOB, AaHAJIOTUYHBIX BXOASAIIUM B COCTaB NOKPBITHI U3 INIOCKUX JIEMEHTOB.

Pacuer m mnpoexTHpoBaHME DJIEMEHTOB IIOKPBITMM M COECIMHEHHM NPOU3BOIATCS B
cootBeTcTBUM ¢ TpeboBanusmu CHull [1-23-81*.

19.13. bBanmouHble MOKPHITHS pPAUOHAIBHO WCIIONB3YIOTCS TPH TPOJIETax B IBYX
HanpaBneHusax 18-24 M u Harpyskax Ha mokpbitue 10 4 kH/mM2 (400 xrc/m?). BayTpennue
AJIEMEHTHl Y HUX MPUHUMAIOTCS JJIMHOW Ha MPOJET MOKPBITHS U HE JIESATCS Ha OCHOBHBIE U
JONIONTHUTENbHbIE. B (epMEeHHBIX NOKPBITUAX, Kak MpPaBUJIO, pPa3IM4al0T OCHOBHBIE
(hOpMeHHBIE TEMEHTHI U JJOTIOJIHUTEIbHBIE THIIA IPOTOHOB.

19.14. B 6anoyHbIX HNOKPBITUSX BHYTPEHHHUE HJIEMEHTHI MPUHUMAIOTCS, KaK MPaBUIIO, B
BUJIE JBYTAaBPOB: MPOKATHBIX OOBIYHBIX W LIMPOKOMOJOYHBIX, CBApPHBIX C OOBIYHBIMU H
TOHKMMHU CTE€HKaMH, COCTaBHBIX OHMCTAJIbHBIX, C NMEp(HOPUPOBAHHBIMU CTEHKAMU M JPYTHX.
KontypHBIe 37€MeHTHI NpU TpoJsieTax 10 18 M Takke MPUHUMAIOTCA OaJOYHBIMHU, a TIPH
OOJIBIIINX MPOJIETAX - B BUJIE IINPEHTEIbHBIX CUCTEM WM (hepM.

19. 15. B (¢epMeHHBIX TOKPBITUSX IUIOCKOCTH BHYTPEHHHX W KOHTYPHBIX (epm
OPUEHTUPOBAHbl  NEPHEHIUKYISPHO IUIOCKOCTH MHOKpPHITHSA. DepMbl NPUHUMAIOTCS
TpamneuueBUIHOTO OYEepTaHHUs] WIM C MapajUIeNIbHBIMH IOsICAMM, a CEYEHHUs TO0SCOB H
PELIETKH IPUHUMAIOTCS OTKPBITOTO JINOO 3aMKHYTOT0 poduiisi. 3aMKHYTHIH npoduis yare
IIPUMEHSETCA U3 TOHKOCTEHHBIX THYTBIX MPOdUIIeH.



19.16. KpemseHnue KOHTYpHBIX (epM K KOJOHHAM, a TakKe BHYTPEHHUX (epM K
KOHTYPHBIM OCYIIECTBIISIETCS Yallle ¢ UCIOJIb30BaHUEM HUCXOAAIIero packoca. [lepeceuenune
BHYTpEHHUX (epM Mexay co0oif, a Takke MpPUMBIKAHUE K KOHTYPY OCYLIECTBIISETCS B
y3nax. BueysnoBoe conpspkenue pepM He peKOMEHIYETCH.

19.17. JlononHUTENbHBIC TPOTOHBI B (PEPMEHHBIX MOKPBITUSIX MPUHUMAIOTCS CILIOIIHOTO
CeUCHHMs] MJIM CO INNpeHreneM. UneHeHHWe KPYIHBIX SUEEK MPOTOHAMHU YBS3BIBACTCS C
opueHTanue rodppos npodunupoBanHoro Hactuia. llpu neprneHAUKYISIpHONH OpUEHTALUH
MIPOTOHOB ¥ TO(GpOB HAcTHIA (CM. pHC. 38) JOCTUTACTCS HAMIYUIIee UX UCTIOIb30BAHUE IS
MPHUIaHUS TOKPBITHIO JKECTKOCTH B TOPU30HTAIBLHON MIOCKOCTH, Pa3BA3KU BEPXHUX IMOSICOB
BHYTpeHHUX ¢epMm U obecrieueHus: padboThl MPOPUIMPOBAHHOTO HACTHIIA HA JUIMHE SYEHKU
I10 ABYXIIPOJIETHOHN CXEME.

19.18. B mecrax mepecedyeHUs BHYTPEHHUX 3JEMEHTOB M B MECTaX MPHUMBIKAHUSA UX K
KOHTYPY OCYIIECTBIISIETCSI HMX COBMECTHasi paboTa, BBIPaXKAIOMIAsACi B COBMECTHOCTHU
nedopmaluii, a Takke B repeaye BEPTUKAIbHBIX U TOPU3OHTANBHBIX YCUITUH C 3JIEMEHTa Ha
aneMeHT. CoelMHEHHE JIIEMEHTOB BBINOJHSACTCS OONTAMH HOPMAJIbHOW TOYHOCTH,
BBICOKOIIPOYHBIMU  ((PUKIIMOHHBIMHM),  CBapKOW  HWJIM  pPa3IMYHBIMH  3aMKOBBIMH
COYWJICHEHUSIMHU.

19.19. V3nbl nepeceyeHUs] MOTYT OBbITh 3aBOACKHMH WJIM MOHTaXHbIMU. KOHCTpyKIHS
OTIpPEIeNIACTCS IPUHATOW TEXHOJIOTHEH COOPKM M MOHTa)Ka MOKPHITH. [logaTiauBoCcTh y3110B
3aBUCHUT OT AeQOpMaTHUBHOCTU AeTaniell U coenuHeHuil. CoequHEHHs Ha BBICOKOMPOYHBIX
OosTax WM CBapKO#, MpaKTUYEeCKH HeneopMHUpPyeMBbl, a Ha 00ITaxX HOPMAaJIbHON TOUYHOCTH
uX JAe(popMaTUBHOCTH OMpEIENsAeTCS HEYNPYrMMU [MOABMKKAMH 32 CYET pPa3HOCTH
JMaMeTPOB OOJITOB U OTBEPCTHIA.

19.20. [nst Oano4HBIX TMOKPBITUNA VY37Ibl COCIUHEHHUS AaHAJTOTUYHBl COCTUHEHUSM B
0aJOYHBIX KJIeTKaX. [Ipy MOATaXKHOM COMPSKEHUH COBMECTHOCTh PabOTHI 00ECIIeYnBaeTCs
COEIMHEHUEM COIPHUKACAIOIINXCS MOSICOB 0aIOK Ha BRICOKOMPOYHBIX OonTax. CoennHeHus B
OJTHOM YpOBHE 4Yalle BBIOJHSIOTCS 3a CYET Iepelayd BEePTHKAIBHBIX YCHJIMHA depes
CTOJIMKH, @ TOPU3OHTANIBHBIX - Uepe3 pedpa cBapuBaeMble WK Ha OOITax.

19.21. B nokpeITHSIX ¢ (hepMaM¥l Halle HWCIOIB3YIOTCS TEPEeCeYCHHUs] B OJJHOM YPOBHE.
IIpy 5TOM MOHT@XXHBIE CTBIKM pacloJIaraloTcs HEMOCPEACTBEHHO B MECTax IepecedeHust
100 B Apyrux mecrax. IIpu KBaJpaTHBIX sSUEHKaX M PACIIONIOKEHUH MOHTAXKHBIX CTHIKOB B
y3JIax TEepecedeHHs] OTIPAaBOYHbIE MAapKH BHYTPEHHHX ()epM MPUHUMAIOTCS OJUHAKOBOM
JUIMHBI, PaBHOM pa3Mepy sYeeK.

19.22. B nokpeITUSX ¢ pepMaMU U3 MAPHBIX YTOJIKOB Y3JIbl IEPECEUCHUS U IPUMBIKaHUE K
KOHTYpY peIIaloTCs [0 TUINYy TNPUMBIKAHUS IDIOCKMX  CTPONMMIBHBIX  (epM K
noAcTponuiIbHBIM. OHH BBITIONHSAIOTCS Ha (acoHkax wiH (ruannax. [Tpu Gonpmmx ycunusax B
mosicax, a TaKkXKe IMPH 3aMKHYTHIX W H-00pa3HbIX NMpoduisix B CXKaTble CTHIKM BEPXHUX
MOSICOB BBOJISITCS JIOTIOJIHUTENBHBIE 3aMKOBBIE JIEMEHTHI Ha 0ONTaxX TUIA JKECTKUX TyMO, a
pacTsHyThIe TOosica TPU JTOM COEAMHSIOTCS MEXIy co00i uepe3 IUIOCKHE Y3JIOBBIC
KPECTOBHHBI, 00bEIUHSIONINE MOSCa TI0 TPEM-YEThIPEM HAIPABIICHUSIM.

19.23. ns depM u3 TPSIMOYTrOJBHBIX W KBAJAPATHBIX 3aMKHYTBHIX TOHKOCTEHHBIX
npoduiieil Ipu NOITaKHOM MEPECeUEHUH MOSICOB MOKET OBITh MCIOIB30BAHO peIIeHHe (pHC.
41), npu koTopoM (epMbl OTHOTO HampaBieHUsI 1 UMEIOT MOJHYIO 3aBOACKYIO TOTOBHOCTb, a
dbepMBl APYroro HampaBlieHUs 2 TIOCTYMAIOT HA MOHTaX C OTCOCAMHEHHBIMU HUKHUMH
nosicamu. [Ipu cOopke 6J10KOB OKPHITHS OTCOEIMHEHHBIN Mosic hepM BTOPOrO HaIlpaBJICHUS
MPOMYCKaeTcsl 4epe3 pemieTky (epm MepBOro HarpaBieHHUs U MPHUCOEAMHSCTCS K y3JaM
BepxHEH yacTu ¢epM CBOETO HaIpaBieHUs Ha 0oJyiTax, pabOTAIOMUX B OCHOBHOM Ha CIIBHUT
(puc. 42).



Puc. 42. Y3ea ¢pepMbl ¢ 0TCOCTMHAOIIMUMCSH HUKHUM
MosICOM

20. CTPYKTYPHBIE KOHCTPYKIIMHU NOKPBITUI U3 MTPOKATHBIX ITPODUJIENA
OBIIHUE ITOJIOKEHUA

20.1. PexkoMeHJaluy HACTOSILEr0 pas3felia paclpOCTPAHSIOTCS Ha MPOEKTHUPOBAHHE
CTPYKTYPHBIX KOHCTPYKIMH W3 NMPOKATHBIX MpoQHieH, npenHazHaueHHBIX ISl TOKPBITHIA
OJTHOATAXXHBIX IPOU3BOJICTBEHHBIX 3JaHUN MAacCOBOTO IMPUMEHEHMs, a TaKXKe 3JaHUd U
COOPY>KEHMI IpakJIaHCKOTO U CEeJIbCKOTo cTpouTenbcTBa [30].

CTpyKTypHBIE KOHCTPYKIIMM U3 MPOKATHBIX MNpoQuiell MNPeacTaBIsIIOT  Cco0oi
NBYXIOSICHYIO ~ HPOCTPAHCTBEHHYIO  CTEP)KHEBYIO  CHUCTEMY C  OrpaKIarolIMMHU
KOHCTPYKLUSMHU TOKPBITHSI, ONMUPAIOLUIMMHCA Ha BEpXHHE IO05CA, KOTOPHIC BBIMOIHAIOTCS
Hepa3pe3HbIMU U3 JABYTABPOB WJIH JIPYrux npoduieit, 3pPexTuBHO pabOTArONINX HA CKATHE
C momepeuHbIM M3ruOoM. OcTalbHbIE AJIEMEHTHI CUCTEMbI BBIMOJHAIOTCS M3 OJMHOYHBIX
YTOJIKOB, MIPUKPEIIIEMBIX B y3JIaX OJHOM MOJKOM HEMOCPEACTBEHHO WM Yepe3 (acoHKY, C
COEJMHEHUSMH Ha 00JTaX HOPMAaJbHOM TOYHOCTH WJIM CBAapKOW. B HEKOTOpBIX ciydasx
JIOTTYCKaeTCsl IPUMEHEHHUE B 3JIEMEHTaX MapHbIX YTOJIKOB.

KoHcTpykinss MOXET UMETh peryspHyro (Kaxaas sdelka 3arojiHeHa packocamM) MU
HEPETYJSIPHYIO PEIIETKY (B psJe slU€EeK pacCKOChl OTCYTCTBYIOT), puc. 43.

20.2. Pacuer CTPYKTYpHOH KOHCTPYKLUH PEKOMEHAYETCs IPOU3BOAUTH IO
HeZepopMUpPOBaHHOM cxeme 0e3 yuera Gu3nuecKoil HeMMHEHHOCTH paboThl CTaIH.

20.3. B kadecTBe pacueTHOH MOJAEIM KOHCTPYKLMU NPHUHUMAETCS MPOCTPAHCTBEHHBIN
CTEep>KHEBOM OJIOK, OMMPAIOIIUICS Ha YeThIpe KOJOHHBI, BOCIPHHUMAIOIINN BEPTUKAIbHBIC
HarpysKku, a TakkKe TOpU30HTAJIbHbBIE BO3/IEUCTBUS OT MPUMBIKAIOIINX JIEMEHTOB 3JJaHUsI TN
00OpYyZIOBaHUS C y4YeTOM OCOOEHHOCTeH MX HPUIOKEHHUS W KOHCTPYKTUBHOTO PpEIICHUS
y310B (puc. 44). PacueTHas mMonens BKIIIOYAeT HEPa3pe3HBIE IMOSCHBIE DJIEMEHTHI, B TOM
qucie MPOI0JIbHbIE U3TMOHO-KECTKHE 3JIEMEHTBhI BEPXHETrO I0sica, 3arpy>KeHHBIE 110 CBOEH
JUIMHE TMONIEPEYHON HArpy3KOi.
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Puc. 43. CxeMblI CTPYKTYPHBIX KOHCTPYKIMII U3 NPOKATHBIX Npoduiei

1 - GaytoYHEIE DJIEMEHTEI BEPXHETO I1051CA; 2- BEPXHUE [TOsICAa TOPLIEBBIX cbepM; 3- PpacropKu BEPXHETO Iosca; 4 - cxaTeie PacKoChl
MIPUOIIOPHOM 30HBI
20.4. JIns KOHCTPYKIMHA C PETYISIPHON pEIIeTKON MOMyCKaeTcs MPUHUMATh HIAPHUPHO-
CTEPKHEBYIO pPaCUETHYIO MOJIEIb C Y3JIOBOW Mepeaadeii Harpy3KH.
Nsrubaronrie MOMEHTHI M B TPOAOIBHBIX CKATO-U30THYTBIX TMOSCAX OMPEIEISIOTCS
CII0KEHHUEM DIIIOP:
JUTSl BHYTPEHHUX MOSICOB

M = Mg + My,

rie Mg, Mt - COOTBETCTBEHHO MOMEHTHI JUIsI MHOTONPOJIETHOM Hepas3pe3HoW Oallku Ha
KECTKHUX ONOpPax ¥ MOMEHTHI B OaJKe OT Mporuda BCel CHCTEMBI;
JUI KOHTYPHBIX (KpaifHUX) OSCOB

M=Mq+Mf+Me+Mh,

rne Me, My - COOTBETCTBEHHO MOMEHT OT SKCIEHTPHUYECKOTO KPEIJICHUsS BEpXHEro mosica
(cM. puc. 44, a, 6) U MOMEHT OT TOPU3OHTAJILHON Harpy3ku, IHepegaBacMon
KOJIOHHOH Ha oropy 0J10Ka.
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Puc. 44. Y3j0Bble coeIMHEHNS 3J1eMEHTOB M3 NPOKATHBIX NpoduJiei
a-6 - BEPXHUX IOSACOB; 2-K - HUKHUX MOsCOB; JI-M - PaCIIOPOK

PACYET 2JIEMEHTOB

20.5. BepxHuii mosic mpu YCTpOMCTBE KpPOBJIM IO CTAIbHOMY MPO(UIMPOBAHHOMY
HACTUJIy CJIEIyeT PacCUMTHIBATh HAa YCTOWYHMBOCTh KakK C)KaTO-U30THYTYIO HEpa3pe3Hylo
0aJKy TOJBKO B IUIOCKOCTH JeMcTBUS MOMEHTA. KOHCTpYyKIMS KperuleHusl HacTuiia K Mosicy
J0JDKHA 00ECTIeuBaTh €r0 YCTOMYMUBOCT U3 TUIOCKOCTH JCHCTBUSI MOMEHTA, O Ye€M CJIEeyeT
yka3aTb B poekTe. [Ipy HerocTaTOUHOM KpenjieHnH Mpo(QUIMPOBaHHOIO HACTUIIA K MOsIcaM
WIH TIpU OTPAKIAONIUX KOHCTPYKIUSAX TOKPBHITHS 0e3 Mpo(MIMpOBaHHOTO HACTHIIA
(HarmpuMep, acOeCTOIIEeMEHTHBIE IUIUTHI, IEPEBSHHBIEC IUTHI U T. JI.) BEPXHHE MOsca CIEAyeT
pacCcYMTHIBATh HA YCTOMYMBOCTH KaK B IUIOCKOCTH, TaK ¥ M3 IJIOCKOCTH JCHCTBHSI MOMEHTA.

Pacuer Ha yCTOWYMBOCTB CHKAaTO-U3rMOAEMBIX 3JIEMEHTOB MOSICOB IMOCTOSHHOI'O CEYEHUS B
IUIOCKOCTH JEHCTBHS MOMEHTA, COBMNAJAIONIEH C IUIOCKOCTBIO CHMMETPHUH, CIeIyeT
MIPOU3BO/IUTH B COOTBETCTBHH C I1. 5.27* ¢ yuetoM TpeboBanuii nm. 5.28 u 5.33 CHull 11-23-
81*.

Benuunny wm3rubaromero MomeHTa M Tpu ompeaeneHud 3kcieHTpucutera € = M/N
CllelyeT MPUHUMATh PaBHON HamOONbIIEMY 3HAUEHHWIO B TMpeJesiaX CpeaHEW TPETH ITUHBI
MIaHeu.

20.6. KoHTypHBIE BEpXHHUE CKATO-U30THYTHIE MOsICA KPOME pacueTa Ha YCTOWYHBOCTH B
LHEHTPAJIbHBIX TAaHeIsIX ¢ HauOoNblIed MPOJONBbHON CHJIOW cieayeT MpoBepATh Ha
YCTOWYMBOCTh B MEPBOM M BTOPOH MaHENsIX OT OHophl. BennunmHy m3rmbaromero MOMeHTa
cllelyeT NpPUHUMATh PaBHOW HamOONbIIEMY 3HAYEHHIO B Ipenenax Omkailied kK orope
TPETH JTUHBI TTAHEIH.

20.7. KoHTypHBIE IBYTaBpOBBIE MOsica B KpallHEH M BO BTOPOW OT OMOPHI MAHENAX U HX
KpEIUICHHE B OTIOPHOM Y3JI€ CIIEIyeT MPOBEPSATh TaKKe Ha MPOYHOCTh B COOTBETCTBHH C TI.
5.25 CHull 11-23-81*. IIpu stom B popmyie (49) CHull 11-23-81* BennuuHbl U3rudarommx
MomeHTOB My m My cienyer mprHUMATh C y4ETOM BCEX HArpy30K M YCIOBHUH 3aKperICHHUS
nosica: Juisg KpailHell maHesH - B CEYEHUH Y OIOPHI, I BTOPOM MaHeNI! - y MepBOro ysia ot
OTIOpHI OJI0KA.

ITpu pacuete mosica Bo BTOpO# NaHen BIMsHUE U3rudaromero Momenta My nomyckaercs
HE YYUTHIBATh.



20.8. PacuetHyro ;umnHY lef CkaTO-U30THYTHIX JBYTABPOBBIX MOSICOB CIIEAYET MPUHUMATH
paBHoii 0,851 (rae | - reomerpuyeckas JyiMHa NaHENN).

20.9. PacueT Ha ycTOMYMBOCTh BEPXHUX KOHTYPHBIX MOSCOB M3 OJAMHOYHBIX YIOJIKOB IPH
JCWCTBUU Y3JIOBOM HArpy3KH CIIEAYET BBINOJHATH KaK IIEHTPAJIbHO-CKATBIX DJIEMEHTOB B
cootBeTcTBUH c 1. 5.3 CHull 11-23-81*.

B mpuonopHoil mnaHemu cieayer IPOU3BOAUTH pPacdyeT IIOSICOB HAa YCTOWYUBOCTH B
IUIOCKOCTY HaUMEHbIIEH kKECTKOCTHU NpU JeHCTBUM MpojoibHON cuibl N M m3rubaromiero
MOMeHTa M OT BHELUEHTPEHHO IIepeJaBacMOM Ha OIOpY CTPYKTYpbl TOPU30HTAIbHOU
Harpy3ku. Pacder cieayer BBIMOIHATH B cooTBeTcTBUU C m. 5.27* CHull I1-23-81*. Ilpu
3TOM BeInuMHy M cienyer npuHUMaTh paBHOM HauOOJIbLIEMY 3HAUEHHIO B IpeAesax JJIMHbI
MaHesu, a pacueTHyto JuHY lef - paBHoit 0,851 npu paguyce uHepuun i = imin.

VYcToiunBOCTh Mosica M3 IUIOCKOCTH JEWCTBUS MOMEHTAa IIPU OTCYTCTBUHM BHEY3JIOBOM
Harpy3KH MPOBEPATH HE CIETYyET.

20.10. Pacuer Ha MPOYHOCTH 3JIEMEHTOB HIKHETO Mosica HEOOXOAMMO IMPOU3BOJIUTH B
0CJa0JICHHBIX CEYCHUSAX CTHIKOB U Y3JIOB.

PacueT Ha MPOYHOCTH 371€MEHTOB, IPUCOESAMHEHHBIX B Y3J1aX JBYMs IOJIKAMU Ha 00JITax ¢
CHMMETPUYHBIM PACIIOJIOKEHHEM OTBEPCTHI Ha MOJKaX Ha PACCTOSHUM OT OOYIIKa, paBHOM
270, clefyeT BBINONHATh KaK LEHTPAJIbHO-PACTAHYTBIX B COOTBETCTBMM ¢ M. 5.1, a B
OCTAJIbHBIX Cllydasix - B cooTrBercTBUU c 1. 5.2 CHull [1-23-81*, npu sToM 3HavYeHus
kosddunuenta % B dopmyne (6) CHull 11-23-81* cnenyer nmpunumars mo Ttabm. 61
Hacrosmero [Tocobus, a uomans ceueHus snementa An B popmynax (5) u (6) CHull 11-23-
81* mpu HeBbimosHeHMM ycioBui m. 12.19* CHull 11-23-81* - ompenensats ¢ ydeTom
ocialJIeHusl ero OTBEPCTHSIMH, PACIOJIOKEHHBIMU B 3UI3arooOpa3HOM CEUEHHH IOTEPEeK
YCUITHSL.

Tabnauma 61
DIeMEeHTbl KOHCTPYKLU Koadpdumument
YCIIOBHIA paboTHI ¥,
1. Hepa3spe3Hble cxxaTo-M30THYTHIE (d1IeMeHTH! 1, cM. puc. 43) U pa3pe3Hble Nosica U3 IMapHBIX YTOJIKOB, 1,00
COGIMHEHHBIX OOJITAMH HIIH CBapKOH B pacyeTax Ha yCTOHYHBOCTD
2. Cxatple KOHTYPHBIC TOSICA W3 OMMHOYHBIX YTOJNKOB (dJIEMEHTHI 2, cM. puc. 43), coeqMHEHHbIE 0,95
GonTamMu UM CBApKOif B pacueTax Ha yCTOMYHMBOCTh
3. PaspesHble cxaTele Tosica (37E€MEHTHI 3, CM. pHC. 43) M3 OJWHOYHBIX YTOJKOB, MPHUKPEIICHHBIX B
y3J1aX OJIHOH IMOJIKOH, a TaK)Ke Hepa3pe3HbIe Mosica ¢ MPUKperuieHneM (HacoHOK OOJNITaMHU W CBAPKOU:
otHUM (CM. pHc. 44, u-m), a TaKxKe ABYMst GONTAMH WM CBApKOii (CM. puc. 44, k) 0,75
nByMst GosrraMu 1 GoJiee MM CBapKoii (CM. prc. 44, u, 1, M) U HE3aBHCHMO OT KpeIUIeHus (CM. puc. 44, u) 0,85
4. CxaTble pacKoChI U3 OIMHOYHBIX YTOJIKOB, TIPUKPEIIIIEMbIE OXHON MOJIKOM:
CBapKO#t MK BYMsI 6osrTamu 1 Goliee, yCTaHOBICHHBIME BIIOJIb OCH dJIeMeHTa (CM. puc. 44, a-6, 0) 1,00
CBapKO# WM JByMsi OonTamu U Oojee Ha OXHOM KOHIIE 31eMeHTa (cM. puc. 44, a-6), OMHUM OONTOM 0,85
HEMOCPEICTBEHHO K T05CY MK 0onTaMu uepe3 (hacoHKY Ha JpyroM Kouiie (cM. puc. 44, e)
OJHUM 00NTOM Ha 000MX KOHIIaX dJIeMeHTa, GonTamu gepe3 GpacoHKH (cM. puc. 44, dic), a TakKe packoChl 0,75
4, cM. uepT. 43, He3aBHCUMO OT BUJIA KPEIUICHHS
cBapkoii yepe3 (GacoHKH (B TOM YHCIIE CBAPHBIM KpeIUieHHeM (acOHKH K MOsCY), CM. puc. 44, e 0,90
5. PacrsHyTble HW)KHHE I[0SCa W3 OJMHOYHBIX pPAaBHOIOJOYHBIX YrOJKOB C CHMMETPHYHBIM
pacIoNOKEeHHeM GOJNTOB B 00SHX TOJIKAX:
npu b/t = 12-13; d/b = 0,21-0,24:
c/b=03 0,75
c/b=04;ch=07 0,80
c/b=0,5;c/hb=006 0,90
” b/t = 15-16; d/b = 0,125-0,18;
c/b=03;ch=07 0,85
cb=04 0,90
c/b=05 0,95
” b/t = 15-16; d/b = 0,10-0,12:
c/b=0,3;c/d=04 0,90
c/b=0,5;chb=06;cb=07 0,95

Ob6osnauenus, npunsimoie 6 maon. 61 (cm. puc. 43 u 44).

b, t - cOOTBETCTBEHHO MMPHHA U TOJIINHA TIOJKH YIOJIKa;

d - qmamerp oTBepeTHs;

¢ - PacCTOSIHUE OT O0YIIIKA JI0 LIEHTPA OTBEPCTHSL

Ilpumedanue. [Ipu mpOMeRYTOUHBIX 3HAUCHHMAX /D KOIDDHUUIEHT % OmpeeNnseTcs TMHSHHON HHTEPIOSIUEH.

[Tpu ocnabnenuu ceyeHus MeHee 4eM Ha 5 % B GopMynax cieayeT NpUHUMATH IJIOLIa b
ceueHHst A 1 KO3PPUIHEHT ycoBui padotsr y. = 1,0.



20.11. Pacuer CTBHIKOBBIX HAaKJIaJOK HWXHUX TIOSCOB MPU PaA3MEIICHUH CPEIHUX
OTBEPCTUH HA MPOAOJIBHOW OCH CIIEAYET IMPOU3BOAMTH Ha LEHTPAIBHOE PACTSHKEHHUE I10
dbopmyne (5) CHull 11-23-81%*, a mpu cMenieHnu ¢ ocH - Ha BHEIIEHTPEHHOE PACTSHKEHUE TI0
¢dopmyne (50) CHull 11-23-81*.

20.12. Pacuer Ha NOPOYHOCTH PACTIHYTHIX JJIEMEHTOB W3 OIMHOYHBIX YTOJIKOB,
MPUCOETUHIEMBIX B y3JIaX JABYMS IMOJKaMHU CBAapKOH, a TAaKKe HIKHUX IIOSICOB B CBApHBIX
TOpPLEBBIX (pepMax, cielyeT BBIMOJIHATh KaK IEHTPAIbHO-PACTAHYTBHIX B COOTBETCTBHH CO
CHulI 11-23-81*. Koa¢dumnuent ycnoBuii paboTsl Ui ONOPHOTO PacKoca, MPUKPEIUISIEMOTO
CBapKoH, ciaeayeT MpuHUMaTh paBHBIM (0,9, B ocTalbHBIX citydasx - 1o tadm. 6*CHull 11-23-
81*.

20.13. PacTsiHyTBIE 3JIEMEHTHI U MOsCa U3 OJUHOYHBIX YTOJKOB, MPUKPEIUICHHBIX OHOU
MOJIKOW Ha CBapKe, CleAyeT PacCCUUTHIBATh Ha MPOYHOCTh KaK BHELIEHTPEHHO- PACTSIHYTHIC B
coorBercTBUM ¢ 1. 5.25* CHull 11-23-81*. IIpu stom 3Hadenus kodpounuentos Cy, Cy B
dbopmyne (49) CHull 11-23-81%*, yuuThiBaromue pa3BUTHE ILIACTHYCCKUX AchOpMAIIHiA,
ClIeyeT MPUHUMATh paBHBIMH 1,25, a koadduiuenTa » - paBHbIM 1,5.

3HaueHue M3rudaronero MOMEHTa MpU OTCYTCTBUM Ha DJIEMEHTE MOINEPEUHOl Harpy3Ku
ClIeyeT NPUHUMATh B IUIOCKOCTSX: MEPIEHANKYISIPHON MpHUKperuieHHoH moike My = exN,
napayutenbHoir My = eyN (ex = Zo; €, = Zo - @ ; IJIe @ - pacCcTOSHUE OT OOYIIIKA YrojKa Jo
LIEHTPA TSAKECTU CBApHBIX IBOB). O003HAUYEHUS U OPUEHTALIMIO CEYEHUS CM. Ha puc. 22.

[Ipu pacnpeneneHnuy CBapHBIX IIBOB Ha OOYIIIKE U Mepe yrojka B cootHomeHuu ot 0,5:0,5
mo 0,65:0,35 BausSHUEM MOMEHTa, JEHCTBYIOIIETO B IIJIOCKOCTH, NapaJlIeIbHON
MPUKPEIUICHHOW TIOJIKE, JOIMYCKaeTcsi mpeHeOperatb. DJIEMEHThl C TaKUM KpeIUIeHHEM
JIOITyCKAETCs TAK)KE€ PACCUUTHIBATh HAa MPOYHOCTH KaK IIEHTPAIBHO-PACTIHYTHIE 1T (GOpMYIIe
(5) CHulI 11-23-81* ¢ xoaddunmentom ycnoBuii padotsl j. = 0,75.

20.14. PacuetHas Hecymias CHOCOOHOCTb OJIIEMEHTOB W3 OJMHOYHBIX YTOJIKOB,
MPUKPETUICHHBIX OJHOW MOJIKOW Ha 0oJyiTaX, OMpeeNseTcs MO MPOYHOCTU, YCTOMUMBOCTH,
CMSITHIO METaJUIa 3JIEMEHTA U IO cpe3y OOJITOB.

20.15. PacTsHyTbIe AJIEMEHTHI U3 OJMHOYHBIX YTOJIKOB, IPUKPEIJICHHbIE OJHOMN IMOJKOU
Ha 00JTax, PaCCUMTHIBAIOTCS KaK LIEHTPAIbHO-PACTSIHYThIe B COOTBETCTBUM C 1. 5.2 CHull
[1-23-81%*. IIpu sToM KO3(PunmeHT y. ycnoBuilt padotsl B Gopmyne (6) CHull 11-23-81*
cieayet npuHuMaTh o npui. 4* CHull 11-23-81*

20.16. Cskarble 3JEMEHTBHl M3 OJMHOYHBIX YTOJKOB, TMPUKPEIUICHHBIC B Y37 OIHOU
MOJIKOM CBApHBIMH IIBAMU C LIEHTPOM TSKECTH LIBOB WM OOJITaMU C PUCKOHM HA pacCTOSIHUU
0,45- 0,55b or oOymka (rae b - mmpuHa MONMKM yrojika), CleAyeT pacCYMTHIBATh Ha
YCTOMYMBOCTh KaK ILEHTpalibHO-CKaTble B cooTBeTcTBUM ¢ M. 5.3 CHull 11-23-81%*. Ilpu
OIPEICTICHUU THOKOCTH ITUX AJIEMEHTOB PaIUyC MHEPUHUH | CEYCHUs YroJIKa MPUHUMACTCS
PaBHBIM imin, @ pacdyeTHas anuHa lef = ul, Tae u ompenensercs mo puc. 45 HACTOSILIETO
[Moco6us B 3aBHCUMOCTH OT Ao = l/imin.

Koaddurmentsr ycnoBuii paboTsl ) IPUHUMAIOTCS 7151 OJIOKOB: C PEryJIsipHON pemIeTKon
- o Tabn. 61 Hacrosero Ilocobus, ¢ pa3pe’K€HHON - HE3aBUCHMMO OT MECTa YCTaHOBKHU
JJIEMEHTa B KOHCTPYKIIMH M YCIOBUH 3aKperuieHns B y3nax y. = 0,75.

20.17. Cxarble 2IeMeHTHI U3 OJTMHOYHBIX YTOJKOB B CIy4asix, HE OTOBOPEHHBIX B L. 20.9
u 20.16, cnenyer paccYUTHIBaTh Ha YCTOWYUBOCTH B cOOTBeTCTBUU ¢ M. 5.34 CHull I1-23-
81*.

[Ipy BBIUMCIIEHUHM TNPHUBEIEHHOIO OTHOCHUTEJIBHOTO SKCHEHTPUCUTETa Mefy = 7My JUIA
CEUCHHMH W3 OJUHOYHBIX YTOJKOB KOX(QQHIIMEHT 77 CIEAYeT ONpeNeNaTh Kak sl CEYCHHUU
tuna 11 mo tabn. 73 CHull 11-23-81*/

B pacuerax cienyer npuHUMAaTh 3HAUEHUS U3THOAONIEro MOMeHTa M 1 paanyca HHEPLHH
CEYCHUS | OTHOCUTEIHHO IIABHBIX OCEH CCUeHHUS.

IIpu ompeneneHuun TUOKOCTH BEPXHUX KOHTYPHBIX IIOSICOB B O0EHMX ITOCKOCTSIX
pacuerHas mmHa le¢ = 0,85]. Pacuernas BenmuuuHAa M3rHOAIOIIMX MOMEHTOB B Ka)IOW
IUIOCKOCTHU MIPUHUMAETCS paBHOM HanOOJbIIEH B Mpeenax naHeny mnosca.
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Puc. 45. I'paduxk s onpenesieHusi 3HAYeHUH 4 IJIS PACKOCOB M Pa3pe3HbIX MOSICOB,
NPUKPEIUVICHHBIX B Y3J1aX 0JHOH MOJIKOM

1 - omHuM Gontom; 2 - 1ByMst 6osTamu U Gosiee (BIOJIb QJIEMEHTOB) I CBApKOM

20.18. PacueTHy0 HECYIIYIO CIIOCOOHOCTH OOJITOBOTO COSAMHEHHUS CIEAYET ONPEACTSAThH B
coorBerctBum ¢ mm. 11.7* m 11.8 CHull 11-23-81*; xoadduument ycnoBuii pabOTHl )¢
npuHUMaeTcs paBHbIM 1,0, a Ko3pPUIUEHT yCIIoBU PabOThI jb ISl COSTUHEHUIN TPOKATHBIX
AJIEMEHTOB U3 CTaJU C mpenenom tekydectu a0 380 MIIa (3900 KFC/CMZ), OCYLIECTBIISIEMbIX
Ha 00JITax HOPMaAJIbHOM TOYHOCTH, - 0 TabJ1. 62 Hacrosiero [Tocoous.

TabOnuma 62
Bupn pacuera u reoMeTpHUecKre XapaKTepUCTUKH coenuHenust | KoaddurmenT ycnouit paboTs
b JUISL COEIMHEHUH
0JIHO00JITOBOIO | MHOTOOOITOBO-
o

Ha cpes 1,00 0,90
Ha cmsitue npu paccTosHusX:
a>2d;b>25d 1,00 0,90
a=1,63d; b>2,32d 0,90 0,80
a=15d;b>2d;ma>15d;b=2d 0,85 0,75
a>2d;b=2,32d 1,00 0,85
a = 1,35d; a; = 1,35d npu TommuHe monku g0 6 MM U a; = 0,65 0,60
1,25d nipu TomumHe nonku cBeime 6 MM, b > 2d (Tonbko s
PacKOCOB M Pa3pe3HBIX MOSICOB)
Ha cwmsaTie smeMeHTOB, paOOTArOMIMX TONBKO Ha CXKaThe
(packochl 1 pa3pesHble nosica), mpu a = a; = 1,25d:
b=2,5d 1,00 0,90
b=2,3d 1,00 0,85
b=2d 1,00 0,75

Ob6osnauenus, npunsmeie 6 maboa. 62:

a - paccTOSHUE OT Kpast JIEMEHTa 0 LIeHTpa OJrKaiiiiero OTBepCTHst BIOIb YCHIINS;

a1 - pacCTOSIHUE OT Kpasi CKOca J10 LIEHTpa OIIMKaiIIero OTBepCTHS;

b - paccrosiHue Mex 1y LeHTpaMu OTBEPCTHIA;

d - amametp oTBepCTHS.

Mpumevanus: l.3HadeHus KOOYPUIUSHTOB %, OTHOCITCS K HJIEMEHTaM U3 YroJKoB 6e3 Ckoca MOJIKH ¢ oTBepcTHeM (puc. 46, 6).

2. CKOC MOJIKH C OTBEPCTHEM B PACTSHYTHIX 3JIEMEHTaX CIEAYET BBIIOJIHATE MO puc. 46, 6 - 2, npu 5ToM a; > 1,35d mpu TommuuHe
TIOJIKH, PAaBHOM MIJIM MEHbBIIE 6 MM, U @y >1,25 - pH TOJIIIHE HOJIKY CBBIIIE 6 MM. B CXKaTBIX 3JIeMeHTax CKOC JIOIYCKAETCs BBINOIHSITE 110
puc. 46, 0 mpu a > 1,25d. CKOCBI IpU M3TOTOBICHHU BBIMOJIHAIOTCS 0€3 JOMyCKa B CTOPOHY YMEHBINCHHS, O YeM JOJDKHBI OBITh TaHbI
yKa3aHUs B IPOEKTE.

3. Tlpu mpoMexyToYHBIX 3HaueHHsX a W Db kospduimeHT j, onpenmensercs JMHEHHOW wuHTeproysiueid. [Ipn OIHOBpPEMEHHOM
M3MEHEHUH @ U D B COe/IMHEHNUH CllelyeT IIPUHNMATh 3HaueHne KO3 PUIIHeHTa, TOJydeHHOTo HHTepHosiuei 1uist ¢ npu b = 2,5d u st b
mpu a = 2d.



Puc. 46. PacnoJio:keHune 0TBepCTHH JJI 00JITOB B YIOJIKAX CTPYKTYPHBIX KOHCTPYKIU
a - 6e3 ckoca MOJKH; 6-0 - CO CKOCOM IOJIKHU; e-i - Pa3BEPTKH COOTBETCTBEHHO IS a-6 U 2, 0; 1-1, 2-2, 2-2', 2-2"" - pacueTHbIE CeYCHHS

KOHCTPYUPOBAHHUE

20.19. Ilpu TpPOEKTHPOBAHWU CTPYKTYPHBIX KOHCTPYKIMHA W3 MPOKATHBIX Mpoduieit
kpome TpebOoBanuii paszn. 12 CHull 11-23-81* cnegyer cobOmronaTs AOMOIHUTENBHBIE
TpeOOBaHUs, IPUBEICHHBIC B HACTOSIIIEM pa3Jiele.

20.20. DneMeHTBl CTPYKTYpPHBIX KOHCTPYKUMH W Y3JOBBIX COEIMHEHHH cleayeT
KOHCTPYHMPOBATh C MaKCUMAIbHOW yHH(UKAIMEH AJIE€MEHTOB, JACTalled M TEXHOJOTHYECKUX
omepaluMid €  y4yeTOM  U3rOTOBJIEHMS MX HA  aBTOMATH3UPOBAHHBIX  OTOYHBIX
TEXHOJIOTUYECKUX JUHUAX. s Kakgoro Homepa mpoduiis cieayeT NPUHUMATh OJHY
TOJIIIMHY U OJJHY MapKy CTaJIH.

JleneHne KOHCTPYKIMHM Ha COOpOYHBIC S3JEMEHTBI CIEAYEeT MPOU3BOJUTH C YYETOM
HCKJIFOUEHUS /17151 OOJIBLIMHCTBA 3JIEMEHTOB OIepaluii COOpKU U CBapKH, COCPEJOTOUUBAS UX
Ha MUHUMAJIbHOM YHCJI€ TPAHCTIOPTA0EIBHBIX CTEPKHEBBIX U TNIOCKOCTHBIX AJIEMEHTOB.

KoHcTpykinsi 3aBOJICKMX, MOHTaXHbBIX WJIM KOMOWHUPOBAHHBIX Y3JIOBBIX COEIUHEHUN
OTIPEIeNIACTCS MX Ha3HAYCHUEM M MTPUHATON TEXHOJIOTHEH N3TOTOBIICHHS, COOPKH U MOHTaXKa
MOKPBITHSA. 3aBOACKHE COCIWHEHHs CIIEAYyeT BBIONHATh CBAPHBIMH, MOHTa)XXHBIE - Ha
Oonrax.

20.21. V3n0BBIE COENWHEHHS YTOJKOBBIX JJIEMEHTOB CIIEAYEeT KOHCTPYHMpPOBATh 0Oe3
¢acoHok. IIpu KOHCTPYKTUBHON HEBO3MOXHOCTH Pa3MelleHUs OOJbLIOro yucia OOJITOB B
y3JIe JOMYyCKaeTCsl MPUMEHSATh HAKIJIAJHbIEC (WU MPUCTHIKOBAHHBIC K TIEpPY MOSCHOTO yroJKa
CBapKoil) (haCOHKM MPU yCIOBUU 3aBE/ICHUS YTOJIKOB PELIETKH Ha MOJIKY MOSICHOTO YTrOJIKa.

Jnst obecriedeHust pa3MeIIeH!s] CBApHBIX IIBOB WIJIM OOJITOB B IpEJeNiaX MOJIOK MOSICHBIX
YTOJIKOB JIONYCKAaeTCs CMellaTh TOYKHM HepeceueHHs] OCei IJIEMEHTOB pEIIETKH B y3lax ¢
OCeM MosCOB 10 OOYIIIKOB YTroOJIKa.

20.22. [1511 coeuHEHNs 3JI€MEHTOB cielyeT IPUHUMATh O0JIThI HOPMaJIbHOM TOYHOCTH, a
JMaMeTp OTBEPCTHS Ha3Ha4aTh OoJblle Auamerpa 6onra Ha 1,5 MMm. CoeJMHEHNE 31IEMEHTOB,
B KOTOPBIX BO3HUKAIOT 3HAKOIIEPEMEHHBIE YCHIIUS, CIeyeT MPOSKTHPOBATh CBAPHBIMU WU
Ha BBICOKOIIPOYHBIX 00JITaX.

Boustel crneyeT npuHUMAaTh OHOTO IMaMeTpa U He 6ojiee 4eM TpexX pa3MepoB I10 JIUHE.

20.23. CaBuroBble neOpManiy B COCAMHEHUSIX M3-3a PA3HOCTH B JHAMETPaxX OTBEPCTHUS
u 060JTa cienyeT yYUThIBaTh IPU HA3HAYEHUHU CTPOUTENBHOTO MOAbEeMa U KOHCTPYHPOBAHUU
COCIMHEHUI CTPYKTYpHOW KOHCTPYKIIMM C HEMOJATIMBBIMA JJEMEHTAMH 3JaHud |
obopynoBanus (paxBepkoM, CTEHAMH, EPETOPOAKAMH, TpyOamu U T. 11.). CoeTuHeHus Bcex
AJIEMEHTOB KOHCTPYKIIMH JIOJDKHBI IMETh OJTMHAKOBBIE KOHEYHBIC CIABHTOBBIC JIe()OPMAIIHH.
[Ipu pa3HON MOJATIMBOCTH JIEMEHTOB CIEAYET YUYUTBHIBATH B pacueTe repepacrpesieiieHue
YCUJINIA, KOTOPOE ONPEAENSAETCS MPU pacu€THOW Harpy3Ke.



Jl1sl KOMIIEHCAllMK CABUIOBBIX Je(OpMaLUil B IBYXCKaTHBIX KOHCTPYKIUSAX CTPYKTYPHBIX
NOKpbITUH TposieToM 18 u 24 M mpu pa3paboTKe AETATMPOBOUHBIX UYEPTEKEH ciexyer
YBEJIMYUBATh IPUHATHIN B IPOEKTE YKIIOH NOsICOB Ha 1 %.

20.24. OtBepctus o1 OOJITHI B CTHIKAX HUKHHX IOSICOB CIIEIYET pa3MeIarh B OJUH PSJT
WIM B LIAXMaTHOM IMOpsiAKE, NPU 3TOM PHUCKY MM LEHTP Tpymnbl OONTOB ClexyeT
pasmemniaTh Ha paccTossHUH 220 0T 00yIIKa C OKPYIJICHHEM J0 5 MM B MEHBIIIYIO CTOPOHY.

IIpu 0HO- ¥ MHOTOPSAIHOM PACIIOJIOKEHUH OOJITOB B KaXJOM PALy MX HE JOJKHO OBITh
cBele 5. [Ipu pacnonoxxeHnn 00JITOB B IIaXMaTHOM INOPsiIKE HauOoJIee yIaleHHbIN OT y3i1a
OO0JIT clieyeT pacroiaraTb Ha HAMMEHbIIEH pHCKe.

B snemeHTax pemeTrku W3 OJUHOYHBIX YIOJIKOB, NPUKPENJIEHHBIX OIHOM IOJKOM M
MOJIBEP’KEHHBIX PACTSHKEHUIO, OTBEPCTHS 1O/ OONTHI IPU OJHOPSAIHOM M IIEHTp TPYIIIILI IPU
MHOTOPSIZIHOM PacIloJIOKEHUH CIIeAyeT pa3MelllaTh Ha pacCTOSIHUU OT 00y1ka, paBHoM 0,35-
0,45b, a B anmemeHTax, moABep>KeHHBIX cxartuto, 0,45-0,55b (b - mmpuna monku yronka). [pu
KpEIUICHUM TaKUX 3JIEMEHTOB CBAPKOM ILIBBI CIEAYET paclpeleniaTh MexIy OOyIIKOM U
nepom B cootHomenun ot 0,5:0,5 mo 0,65:0,35. B sneMeHTax M3 MapHBIX YIrOJIKOB,
COCTaBJICHHBIX B TABPOBOE CEUEHHE, OTBEPCTUS 110/ OOITHI U LIEHTP TSKECTH CBAPHBIX ILIBOB
CIIeAyeT pa3MeliaTh Ha pacCTOSHUH OT 00yiika coorBercTBeHHO 0,35-0,45b u 0,3-0,4b.

MuHMMaNbHOE PacCTOSHUE OT Kpas 3JeMEHTa J0 LeHTpa OJnKallIero oTBepcTus BAOb
YCWIIHSL B PACTSHYTBHIX 3JIEMEHTaxX cielyeT HazHauyaTth He meHee 1,5d m He menee 1,35d mo
HOPMaJIH JI0 CKOCa MOJIKH 0e3 J0MyCKa B CTOPOHY YMEHBILICHUS HpH u3rotoieHuu (rae d -
nraMeTp otrBepctusi). [Ipu 3TOM IMHUS CKOca MOJDKHA TMEePECceKaThesl C OCSIMH OTBEPCTHS 3a
npenenamMu nojaku (cM. puc. 46, 6-2). B sneMeHTax, MOJBEPKEHHBIX TOJIBKO CXKATHIO,
paccTosiHHE OT IEHTpa ONIKANIIIEro OTBEPCTHS 10 CKOca 110 HOPMaJIH CiIelyeT Ha3HauaTh He
menee |,25d 0Ge3 pomycka B CTOpOHY YyMEHBIIGHHsS IpPH HW3roTOBIeHUH. Hecyias
CIOCOOHOCTh COEIMHEHHsI B OTOM CiIydae He CHukaercs. [lepecedeHue JHMHUM CKOca C
KpasiMH 3JIEMEHTA JIOIYCKaeTC sl B IpeJieliax Mmoku (cM. puc. 46, 0).

20.25. BepxHue mosica U3 ABYTaBPOB IPH Mepeade Harpy3Ku OT KPOBJIM Yepe3 CTaIbHOM
npoGMINPOBAaHHBIA HACTHJI CJELyeT PAcKpeIUIsATh B IUIOCKOCTHM HAaUMEHbIIEH »KEeCTKOCTU
MMOCTAaHOBKOW CaMOHAape3alIuX O0JITOB, Mt00€Nel UM AJIEKTPO3aKIICTIOK B KaXKI0M BOJIHE.
IIpu xpemneHun A00ENIMU M SJIEKTPO3aKIENKaMM YCWIHMS B DJE€MEHTaX KOHCTPYKLUHU
CIIEYET OTMPEACTATh C YIETOM BKIIIOUSHHS HACTHIIA B PA0OTY CUCTEMBI.

21. BAJIKU PACUET BAJIOK C THBKOUM CTEHKOW U PEBPAMMU

21.1 (18.2*%). Pacuernbie ¢GopMyabl TPHBEACHBI s OAlIOK CO  CTCHKaMH,
MOJIKPETUICHHBIMH TTOTIEPEYHBIMU peOpaMu KECTKOCTH, HECYIIUX CTATHUECKYIO HArpy3Ky, C

OTHOCHTENBHON THOKOCTBIO CTEHKH A, =(h/t)\R, / E , HaxopseHcs B peaenax ot 6 go 13.

g
OrpanuueHue CBepXy CHENaHO JJIsi MPEAOTBPAIEHUs] BBHITYYHUBAHUS B TUIOCKOCTH CTEHKH
CKATBIX MOSICOB OAJIKH, BBIMOJIHSIEMBIX M3 JIMCTOBOW cTaymn. OrpaHUYEeHHE CHU3Y YKa3aHO
OPHUEHTHPOBOYHO, B CBA3U C YEM 3THM METOJOM PacuyeTa MOYKHO II0JIb30BaThCS U IIpU A4 < 6,
€CIIM TIPOBEpKa BBITIONIHSACTCS B COOTBETCTBUU ¢ mm. 7.1, 7.2*, 7.3, 7.4* CHull 11-23-81*.
CyIIHOCTh MPUMEHSAEMOTO METO/Ia COCTOUT B YUETE 3aKPUTHUYCCKOM CTaNH PaObOTHI CTCHKH.

21.2 (18.2*). HaubGonee monHOe perieHue s OalKd CHUMMETPUYHOTO JIBYTaBPOBOTO
ceueHus npu yucToM u3rude noaydeHo B padore [31]. [IpunensHoe 3HaueHne MomeHTa M,
HaWJEHO U3 BBIPAXKECHHSI, alllIPOKCHMHPYIOIIETO TOUHOE PEIICHHUE:

MJ(WRy) = (7 + 0,2247)/(y + 0,224), (145)
re w= AdAw; 7 =0,259 + 1,945/( 7 - 1,1).

B tabn. 63 mpuBeneHbl 3HaUCHUS MPEIETHHBIX MOMEHTOB, BBHIYHCICHHBIE 1O (OpMysie
(145).



Taonuma 63

3HaueHue v 3nauenus M,/(WR,) npu /T , paBHOI
8 10 12 14
05 0,858 0,838 0,826 0,817
1,0 0,916 0,904 0,897 0,892
2,0 0,954 0,947 0,943 0,940

Omopsl  MpeeTbHBIX MEMOpaHHBIX HampsDKeHHH ox [31] moka3biBalOT, 4TO B 30HE
pacTshKeHus 3Mmopa OnMM3Ka K JMHEHHOW, HO KpaeBO€ HAINpPsDKEHUE HE JTOCTUTAeT Ipejielna
tekyuectd. Jimsa nmpaktuyeckux pacueroB B CHull 11-23-81* nmpunsara ynpormieHHas cxema
NpPEeNbHOTO COCTOSIHUS, B KOTOPOW C)KaTash 30HAa CTEHKH NPEACTaBIsieT CcoOoMn
PSIMOYTOJIBHUK BBICOTOU N1 ¢ HampsbKeHHEM, paBHBIM pacuyeTHOMY COITPOTUBIICHHUIO Ry (puc.
47). KpaeBoe pacTsArMBaIollee HAIMPSIKEHUE TaKXKE MPUHATO PABHBIM MO a0COIIOTHOU
BenuunHe Ry. Ilpu wmamoil TonmMHE MOSCOB IO CPAaBHEHHIO C BBICOTOM CTEHKU H
(h /t)yR /E =085 momyuena dopmyna (159) CHulIl 11-23-81*, xoTopas IaeT HECKOIBKO

npeyBennueHnbie (ot 1 no 3,6 %) 3HaueHuss M,, NOCKOJNbKY B JEHCTBUTENBHOM 3IIOpE
HAIpPsDKEHUH B PACTSHYTOM I0SICE PAaCYETHOE CONPOTUBIICHHE HE JOCTUTACTCS.
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Puc. 47. Cxema npeeibHOIr0 COCTOSIHUS Ce4YeHUus 0aJIKu NMpU u3rnde

a - cedeHne Oanky; O - SUIopa HaNPsDKSHUH

21.3 (18.2*). Tlonepeunas cuiaa Qu, BOCIIpHHMMaeMmas CTEHKOM, Cjaraercss W3 JIBYX
vacreit: cubl Qer = 7,ht, OTBevarolell KPUTHUECKOW HArpy3Ke, U JOMOTHUTEIBHON CHIIBI
AQ, BO3HUKAOIIEH B 3aKPUTHYECKON CTaJIUU BCIEACTBHE OOpPa30BaHUS TUATOHATBHON WIIH
OJIM3KOM K HEW pacTAHYTOM TOJIOCHL. Pa3znmuyHbie MOJEIM OTIWYAIOTCS YIioM HakKJIOHA U
LIMPUHOM 3TOM IOJIOCHI, @ TAK)KE 3HAYEHUEM IIPEIAEIBHOIO PACTIATMBAIOLIETO HANPSKEHUS
(pacmipenienieHrie HaMpsKEHUH OOBIYHO CUMTAETCS paBHOMEPHBIM). B pabote [32] mpunsTo,
YTO OCh IOJIOCHI COBIAAAET C JUaroHaigbio (puc. 48), a IIMpPUHA IOJOCHI OINpeNeNsIeTcs
MOJIO)KEHUEM IUIACTUYECKOro IIAapHHpa, BO3HUKAIOLIETO BCIEJICTBUME H3ruba mosica. B
CEeYeHHE Mosica BKJIFOYACTCS MoJoca CTeHKH mmpuHoi oT 0 10 30t B 3aBUCUMOCTH OT 7»/Ry.
[IpenenbHOE HaNPSHKEHUE PACTSHKEHUS B AMArOHAJIBHOM MTOJIOCE HAXOAUTCS U3 YCIIOBHUS, YTH
WHTEHCUBHOCTH HAIIPSKEHUM PaBHA MPEIEITy TEKYUYECTH.

Puc. 48. CxeMa oTceka CTeHKH 0AJIKU NMPHU CABUIe

Meton Poxku-lllkanoyna [32] MOXHO CYIIECTBEHHO YIPOCTUTH IOCPEICTBOM
JOIYIEHNH, BEAYIIUX K HEKOTOPOMY YMEHBIIEHHUIO NPEAEIbHON Harpy3Ku. DTOT BapHaHT
peasmzoBan B CHull 11-23-81*.

Hpe;[eanoe KacCaTCJIbHOC HAIIPAKCHHUEC B CTCHKC 7y OMPCACIISACTCA U3 BHIPAKCHUA



7, /R +2(c,/a)1-7,V3/R)u

7, /R, , 146
u Y (1_"_#)2 ( )
rae p = alh;
Ter - KDUTUYIECKOE KacaTelIbHOE HAITPSHKCHHUE,
Co/a - onpenensercs u3 Gopmyi:
npu 0,01<a<0,03¢ /a=0,05+5q;
P i (147)
" 003<a<0,l ¢ /a=0,11+3¢;
aw (Ic; /a”
a=—"
a’t

W, - miacTu4eckuii MOMEHT CONPOTUBICHHUS CEUYCHHS T0sICa, B KOTOPBIM BKIIOYACTCS
110JI0Ca CTEHKU MIUPUHOMN 0,5¢,/E / R, ; IpH BhIUKMCIeHUsX o Gpopmyie (162) CHull I1-

23-81* nnsa ynpyroro taBpa BMecto W, ocraisiercst 2Whnin.

Ecnu B mpakTHyeckux pacuerax moiydaercsi, 4to Co/a > 0,4, TO HEOOXOIUMO TIPHHUMATH
Co/a = 0,4. 3HaueHHE 7Zcr CICAYST BBIYUCIATH C YYETOM YIPYroro 3alleMJICHUS CTCHKU B
nosicax, Hanmpumep, mo opmyne (76) CHull 11-23-81*. U3 ¢opmynsr (146) HacTosmiero
[Toco6us nonyyena popmyna (160) CHull 11-23-81*.

21.4 (18.3). B omucaHHOI MOAEIM NPEACIBHOIO COCTOSIHUSI 3aKpUTHYecKas pabora
CTEHKM OOyCJIOBJIEHA MOSBJICHUEM JUMArOHAIbHOW PAcTSHYTOM IIOJIOCHI, CJEJOBATEIbHO,
peOpO JOIDKHO BBITIOIHATH POJIb CHKATOM CTOMKHU U BocpuHUMATh yerine AQ = (7 - wr)ht.

B ceuenne pebpa MOKHO BKIIFOYMTH 4acTb CTeHKH 1o 0,65t /E/R ¢ Kaxkmoi CTOPOHBI.

[Tpu mpoBepke MPOYHOCTH M YCTOHYMBOCTH OAHOCTOPOHHETO pedpa cieayeT y4YHTHIBATh
HKCHEHTPUCUTET CKUMAFOIIEH CHIIBI, PABHBIN PACCTOSHHUIO OT CPEIUHHOMN TIOCKOCTH CTEHKH
710 LIEHTpA TSAKECTU cedeHust pedpa. IToT criocod pacueta npusenaeH B CHull 11-23-81*.

215 (18.2). KomOuHaiuss wu3ruba CO CIBUTOM TEOPETHUYECKH paccMOTpeHa C
UCIIOJIb30BaHUEM OOBIYHBIX JIOMYyLICHWH (ympyras IIJIaCTHHKA, YCIOBHBIE KPUTEPHUU
MpeeNbHOro cocTosTHUS). KpuBasi B3anMoIeiiCTBHSI MOMEHTA M TIONIEPEYHON CHIIBI OJIHM3Ka K
M3BECTHOM KPUBOHM Ul KPUTHYECKUX HArpy3ok. McTuHHas KpuBas JOJDKHA OBITh Ooliee
BBIITYKJIOH, Tak Kak (OpPMBI BBITYYHBAHHUS OT TIPEACTHHOTO MOMEHTa M MpeesbHOU
MOTIEPEYHON CHIIBI, JEHCTBYIOIIUX MOPO3Hb, PA3JINYAIOTCs OOJNbIIE, YeM COOTBETCTBYIOIINE
coOCTBeHHbIE (DYHKIIMU JIMHEHHBIX KPaeBbIX 3a/a4.

DKclepUMEeHTalbHasl MPOBEPKa BBINOJIHEHA HAa MajoM 4Hcie 00pa3loB, MOITOMY IS
MPAKTUYECKUX PACUYETOB OOBIYHO PEKOMEHAYIOTCS SMIHPUYECKHE KPUBBIE B3aUMOJCHCTBUS
B koopauHatax Q/Qu u MI/M, (cumBosbl O€3 MHIEKCOB OTHOCSTCS K KOMOWHHPOBAHHOMY
HarpyXeHuo), B yactHoctd, popmyna (158) CHull 11-23-81*, naromas HeOGobIION 3amac
HecyIlel ClIOCOOHOCTH.

21.6 (18.7*). IlpenenbHOEe 3HAYCHHE COCPEIOTOYCHHOW CHIIBI, MPHIOKEHHOH K MOSCY
(bitf) nmByTaBpOBOW TOHKOCTEHHOW OanKh, HAXOAWUTCS W3 YCIOBHS, YTO HAMOOJbIIEE
HaNpsDKEHNUE B CTEHKE TI0J TPY30M PaBHO PaCUE€THOMY COIPOTHBIICHUIO:

Fu=326tR,¥7/7,

Pl

Torna e = 1,42(1)\/5 - 1,42(@ 3[b—f} . (148)
"R t t t t

¥ f

[Ipn mepemaue naBieHHUs uepe3 TOJKY JABYTaBpa, JeXKallero Ha Oalike, WU 4Yepe3
MPOKJIAAKY 3HaUeHue Fy MoxHO yBemuuuTh Ha 10 %.



PACYET BAJIOK C TMBKOM HENNOJAKPEILJIEHHOM CTEHKOM (18.9%)

21.7. PexkoMeHJalMu HACTOALIETO IMOJpa3/eia paclpOCTPAHSAIOTCS Ha pacdyeT |
MMPOCKTUPOBAHUE CBAPHBIX JBYTABPOBBIX OAJIOK M3 CTalK ¢ mpeneiaoM Tekydectr a0 430
MIla (4400 krc/cm?) co cTeHKaMH, He YKpEILIEHHBIMH MONEePedHbIMH PeOpaMu KeCTKOCTH,
32 UCKJIFOUEHHEM OTIOPHBIX YYaCTKOB, U HMEIOLTUMH THOKOCTh 7 < Z <107.

21.8. Pacuer pa3pe3HbIX 0aJlOK, HarpyKEHHbIX PaBHOMEPHO pacIipe/lelIEeHHOW Harpy3KoM,
CIIEYET BBHIMOIHATH B COOTBETCTBHH ¢ TpeboBanusmu paszn. 18 CHull 11-23-81*.

JUid 1ony4eHHuss paBHOIIPOYHOI'O MOIEPEYHOr0 CEYCHMs B IIPOJIETHOM M OMOPHBIX 30HAX

W

OaJIKu 3HAYEHUS Y = j—é cieayeT Ha3HayvaTh B npegaenax 22 < iy < 26.

A RA

21.9. TlpouHocTh cedeHUU 0OanoK, HArpyKEHHBIX HEPABHOMEPHOW HArpy3KOMW, CIemayeT
MIPOBEPSATH MO hopMyliaMm:
npu MIMy <0,5 Q/Qu <1,

0,5 < MIM, <1 (Q/Qu - 0,5)% + (MIM, - 0,5)% < 0,25;

” MIM, =1 Q/Qu<0,5,
rae M u Q - COOTBETCTBEHHO MOMCHT W TOMEPEYHAs CHJIa B PACCMAaTPUBAEMOM CECUCHUU

Oaku;
M, - npefenbHBIA MOMEHT, BEIYUCIISIEMBIN IO JopMyIie

A R ]
M,=R, Awh{o,%A—f + —%(1 - %) (3mech A = hwlt);

W 3

Qu - mpenenbHas monepeyHas cuia, H, Beraucisiemas mo ¢popmyiie

10° A +0.254 1R
O, =ht 2 210 +31( - +ﬂ) > Ryw B MIIa.
i 1) 210
21.10. TIlpu mepenmavye Harpy3Kd Ha BEPXHHMH IMOSIC CIEAYeT MPEeIyCMaTPUBATh
KOHCTPYKTI/IBHBIG MepOHpI/IﬂTI/Ifl, HNCKIIFOYAKOIIEC ITIOABJICHHC BKCHGHTPI/ICI/ITCTa,

IIPEBBILIAIOIIECTO TIOJOBUHY TOJIIIUHBI CTEHKH.
21.11. HavanpHble IPOTUOBI CTEHKH 0aJOK OTHOCHUTEIHHO BEPTHKAIBHOW IIOCKOCTH HE
JIOJDKHBI TIPEBBIIIATE BEIUYMHBI /A, 107, CM.

21.12. 3aBO/ICKOI CBapHOMW CTHIK CTEHKHU CIIEIyeT paciojiaraTh Ha PacCTOSHUU HE MCHee
3hw oT onopHoOTrO pedpa.

PACYET BUCTAJIBHBIX BAJIOK

21.13. B pacuerax NMpOYHOCTH OMCTAIBHBIX OajlOK, B KOTOPHIX CTEHKA BBINOJIHEHA W3
MeHee MPOYHOW CTajH, 4eM mosica (WM OJMH TOSC), MPUMEHSIOTCS CIEIYIOIINE TJIaBHBIC
KPUTEPHHU:

a) MpelenbHBbIX (OrpaHMYEHHBIX) IUIACTUYECKUX JAeQopMaluii, BbIpa)karolIuiics B
OrpaHMYeHMH HauOONbIIEH MHTEHCHBHOCTH IUIACTHYECKMX JAepopmaluil ¢ B CTEHKE

HOpMOﬁ npe,uenLHoﬁ HMHTCHCHUBHOCTH IINIACTUYCCKUX ,Z[C(I)OpMaI_II/Iﬁ g,

um» TIPH DTOM B
pacuerax YUUTBHIBAIOTCS TUIACTHUECKUE eopMallii He TOJIBKO B CTEHKE, HO U B MOSICAX;

0) [IpenenbHBIX HaNPsHKEHUN (PacYEeTHBIX CONPOTUBIIEHUI) B Mosice OaJIKU MPHU YyIpyroi
ero pabote, MpU 3TOM B pacyeTax YUMUTBHIBAIOTCS IUIACTMYECKHE NeQOpMalUdU TOJBKO B
CTEHKE.

21.14. ]JIna pacuera Ha MPOYHOCTb YCTAHABJIMBAIOTCS CIEAYIOIIME TPYMIbI OMCTAIBHBIX
0aJoK, OTIMYAIONINECs KPUTEPHEM IPOYHOCTH W HOPMOW TNpEAETbHBIX WHTECHCHBHOCTEH

MJIACTHYECKUX aeopManuii &

ip.lim *

1 - nus KOTOpoW pacyeTbl MPOYHOCTH BBIMOJIHSIOTCS IO KPUTEPUIO MPEASIIbHBIX
HaNpsDKEHUH B TOsICE - OalKU TPH PAcYeTHOM COIMPOTHBIICHUH CTald MOsicoB Rf = Ru/y,
MEHBIIEM DPACYETHOI'O COMPOTUBIEHUS IO Mpenely TEeKY4YecTH; MOJKpPaHOBBbIE OalKu IO
Kpanbl ¢ pexxumamu pabotel 1K-5K cormacno 'OCT 25546-82,;



2-4 - 1A KOTOPBIX pPacyeThl MPOYHOCTH BBIIOJIHSIOTCS 10 KPUTEPUIO OTPAaHUYCHHBIX
IUTACTHYECKUX Ae(opmaruii, B 4aCTHOCTH:
2 - nnst kotopot ¢, = 0,1 % - Gasku, HEMOCPEICTBEHHO BOCIPUHUMAIOIINE TOABHKHBIC

ip lim
U BUOpalnMoHHbIE Harpy3ku (Oanku paboumx MJIoHmIanoK, OYHKEPHBIX M PasTpy304HBIX
3CTaKal, TPAHCIIOPTEPHBIX rajeper, Mo KpaHbl THAPOTEXHUYECKUX COOPYKEHHUH U T. 11.);

3 - mna xoropo#t ¢, = 0,2 % - Oanku, paboTaroiye Ha CTaTHYECKHE HArpy3ku (Oayku

NEPEeKPBITUI W TOKPBITHI;, purenu pam, ¢daxBepka; Oanku, IOJJICPKUBAIOIINE
TEXHOJOTHYECKOe OOOPYIOBAaHME;, PUTEIM 3CTaKal W Apyrue H3rudaembie, PacTSIHYTO-
M3rudaeMble M C)KaTO-U3rndaeMblie 0aTOUHbBIC DIIEMEHTHI);

4 - ns xotopoit ¢ . = 0,4 % - Ganku paboTaromye Ha CTAaTHYECKYIO Harpy3Ky, HO HE

ip.lim
UMEIOIIME MPOAOJIBHBIX pedep KECTKOCTH, HE BOCHPHUHUMAIOIIME MECTHBIX HArpy3oK M
OTJINYAIOIINECS TIOBBIIIEHHON OOIIEeil yCTOHYMBOCTBIO M YCTOHYMBOCTBHIO CTEHOK M CBECOB
MOSICOB aHAJIOTMYHO OaJikaM, PacCUUTHIBAEMBIM Ha MPOYHOCTH B COOTBETCTBHM C M. 5.18
CHulII 11-23-81*.

21.15. Pacyer Ha MPOYHOCTh OMCTANBHBIX OAJIOK BCEX TPYII CIEIYET BBIIOJIHATH IO
dbopmynam:

1py U3rude B OHOM U3 TTIABHBIX IJIOCKOCTEH

<Ry (149)
pu n3ruode B ABYX I''TaBHBIX ITJIOCKOCTAX
CJi yE 3/1[) x<Ry,; (150)
IIPU OCEBOM cujie ¢ U3ruooM
M
e Aw(lji R + 01:41 yE cvly xX<Ry.. (151)

21.16. Koo puumeHTs! cx U ¢y onpenenstores no tada. 64 u 65 B 3aBUCUMOCTH OT TPYIIIbI
KOHCTPYKIIWH, MPUHATHIX BEITUYMH PACUETHBIX COMPOTHBIICHUH mMosicoB Rf m crenku Rw, a
TaKXe OT OTHOIIEHUH IJI0IIael 2IEMEHTOB CEUCHMS.

21.17. KoadummeHt cnx onpeaensieTcs o hopmyiie

enx = Rw/Rs + 77(Cx - Rw/RY), (152)
rue
n=m + 12357(Rs - Rw)/E, (153)
m ¥ 12 - K03 HUIUEHTHI, TPUHUMaEMBbIe 1o TabJ. 66.
Hns ceyenus Ne 71 IpUHUMAeTCss HE3aBUCUMO OT BEJIWYMHBI JI€HCTBUTENBHOU

aCMMMETpHUH (CurTast, 9To 00a Mmosica UMEIOT IJIOMIa b O0JIbIIero mosca A).
Koadduuuent Cny onpenensercs no popmyie

Cny = 1+ ey - 1). (154)

[Ipn Hamuumu 30HBI YHCTOTO H3rMOa KOIPPHUIMEHTHI Cr U C, ONPEAENSIOTCA IO
bopmynam:

¢, =R, /R +(c!—R, /R)1-05Vv/1); (155)
¢, =1+(c. = )(1-05Vv /1), (156)

rae | vV - JTHHB COOTBETCTBEHHO MPOJjieTa 0aI0K U 30HBI YHCTOTO U3THOA;
¢/ M ¢ - KOO()OUINEHTBI COOTBETCTBEHHO Cx M Cy, NIPUHHMAEMbIE 10 Tabnm. 64 u 65 B

3aBUCUMOCTH OT ¢,

ip,lim

U pacYeTHBIX CONPOTUBIEHUN Rt 11 Ru.



21.18. Pacuer Ha BBIHOCIMBOCTh OWCTAJBHBIX OalOK CJEAYeT BBIMIOJHITH Ha
SKCIUTyaTallMOHHBIE HAarpy3ku ¢ yderom oOmmx ykaszanuii CHull 11-23-81* kax
MOHOCTAJIbHBIX U3 MaTepHaa Mmosica, pacrioiI0KeHHOTO Y MPOBepsieMoit (puopHI.

21.19. KectkocTh OUCTANBHON Oanmku (MO HOPMATUBHBIMH HArpy3KaMH) JIOMYCKAETCs
MPOBEPATh B MPEINOJIOKCHUN YIPYrod paboThl Oajku, BKIOYAs CIIydyad, B KOTOPBIX
BBIUMCIICHHBIE B 3TOM HPEIMNOI0KEHUH OT HOPMATUBHBIX HArPY30K HAIPSDKEHHS B CTCHKE
peBbIIaloT Ry.

21.20. OOmryr0 YCTOWYMBOCTH OWCTaTbHOW OallkM JIOMYCKAaeTCs IPOBEPSATh Kak s
MOHOCTaJIbHOH, BBITIOJITHEHHOW M3 CTaJIH, IPUMEHEHHOW B CKaTOM MOsICe OUCTATLHOW OaJIKH.

21.21. YCTOWYUBOCTH IOJIOK IOSICOB B OMCTANIBHBIX Oankax 1-Ml Tpymnmbl mpoBepseTcs U
obecrieunBaercsi cornacHo TpeboBanusiMm CHull 11-23-81* B mpenmonoxeHun yrnpyroi
paboTHI CTaIIH.

21.22. B 6ucranbHbIX Oankax 2-4-if rpynm IByTaBpOBOTO CEYCHUS OTHOIICHUE PACUETHOM
IIMPUHBI CBECA CXKATOM TIOJKH IM0sica K €€ TONIIHMHE tt Ipu Oloc = 0 HE TOJHKHO MPEBBINIATH

0,35,/E/R, .

21.23.B  OucranpHbIX Oajkax JBYTaBpPOBOTO CEYEHHUS, YKPEIUIEHHOTO  TOJIbKO
MOTIEPEYHBIMU PeOpPaMU KECTKOCTH, MIPH Oloc = 0 YCTOMUMBOCTH CTEHKH MPOBEpSIETCS
o ¢popmynam:

21.24. 111 CHMMETPUYHBIX CEeUEeHUN

M<R Kt (y+aR,/R,), (157)

of “w

IJIs1 aCUMMETPUYHBIX cedyeHuii ¢ boee PA3BUTBIM CKATBIM ITIOSICOM
ht
M<o Ah +0,A4,(h,—h)+4h’'t aR, + T(h —2h )R —37* . (158)

B dopmynax (157), (158):
w=b,t /(ht,), Ho HE MeHee 0,25,
a=024-045(z/R ) ~85-10°(2, 22 ;

lw - OTHOCHTEIIbHAs THOKOCTh CTCHKH,

7- cpeiHee KacaTenbHoe HanpspkeHue (He oomnee 0,5Rsw);

O1 U O3 - HAIPSDKEHHUsT COOTBETCTBEHHO B CXKaTOM M PAcTSHYTOM Moscax; eciau o1 = Ry,
MpUHUMAIOT 01 = Ry, ecnmu 03 > Rt , mpuHuMalot o3 = Ry,

A1, A3 - IUIOIaAN CEUYEHUS COOTBETCTBEHHO OOJIBIIIETO M MEHBIIETO Iosca OMCTAILHOH
OaKu;

h1 - BeICOTA C3KATO# 30HBI CTEHKH, OIpeessieMasl U3 yCIOBHI PaBHOBECHSI.

21.24. ITpoBepka yCcTOMYMBOCTH CTEHKHU BhINOJIHAETCS 10 popmynam pasn. 7 CHull 11-23-
81*, ecnmu KOMIIOHEHTHI HAINPSDKEHUH, BBIYHMCICHHBIC ISl PAacdyeTHOTO OTCEKa CTEHKH,
yIOBIETBOPSIOT TpeOoBaHusaM mm. 5.12-5.14* CHull 11-23-81*.

[Ipumep pacuera. Paccunrars OuctanbHyto 6ajiky, OTHOCSIIYIOCA K 3-i1 Tpymnne, Ha u3rud
MomeHTamu M, = 1250 kH-m; My = 46 xH-m u cxxarue oceBoit cunoit N = 620 kH; pacuetHsie
conpotuneHus noscoB Rf = 370 Mlla, crenku R =260 MI]a.

[IpuHnMaem ceuyeHue, nokazaHHoe Ha puc. 49. OTHOIIEHME IUIOHIAJEH 3JIEMEHTOB
ceuenus Aif/Aw = 44,8/99 = 0,453; miomans HwkHero mnosgca 0,5As. ITo Tabi. 64 mig ceyeHust
Ne 2 mpu ¢,,, = 0,2 % xoapduuuent cx = 1,06, mo tabn. 65 xoapdunuenr ¢, = 1,39. o

Tabmn. 66 s OOMHAKOBBIX 3HAKOB Ox 0T My u N B BepxHeMm mnosice ipu N/A#(1,5Rs + Ry) =
620/44,8(1,5-37 + 26) = 0,170/ = 0,579; 72 = 0,687.

ITo popmyne (153) = 0,579 + 1235-0,687(370 - 260)/206000 = 1,032.

ITo popmyne (152) cnx = 260/370 + 1,032(1,06 - 260/370) = 1,00.

ITo ta6n. 66 pu N/(2ARs + AwRw) = 0,106 71 = 1,68.

ITo hopmyne (154) eny =1 +1,68(1,39 - 1) = 1,66.



Tabnuna

64
Howmep CeueHne Rw R¢ KoaddunuenTs! ¢ ast rpynn 6amox
ceue- MIla [ 2 [
HUS (xrc/cm?) upu AdAw, paBHBIX
025 | 05 1 2 025 ] 05 1 2 025 | 05 1 2
1 230 300 (3050) 097 | 098 [ 0,99 | 0,99 | 1,02 | 1,01 | 1,01 | 1,00 | 1,05 | 1,03 | 1,02 | 1,01
(2350) 330 (3350) 095|097 (09 | 099|098 |09 (099 (100|101 | 1,01 (1,01 | 1,00
370 (3750) 093 |09 (097|099 |09 |09 (09 (099|097 | 098 (099 | 099
400 (4100) 091 | 094 (097 | 098 | 091|094 (097 098|094 | 096 [098 | 0,99
455 (4640) 0,88 | 092 [ 0,96 | 0,98 - - - - - - - -
260 330 (3350) 098 | 098 (099 | 1,00 | 1,02 | 1,02 [ 1,01 | 1,00 | 1,06 | 1,04 | 1,02 | 1,01
y I (2650) 370 (3750) 095|097 [ 098 | 099|098 (099 (099 (099|101 | 1,01 [ 1,00 | 1,00
' A‘r 400 (4100) 093 | 09 (09 | 099 |09 |097 (098 099|098 |09 (09 | 1,00
a— _L 455 (4640) 090 | 0,94 [ 0,97 | 0,98 - - - - - - - -
X X
A
A + :
300 370 (3750) 0,98 | 099 | 0,99 | 1,00 | 1,03 | 1,02 | 1,01 | 1,00 | 1,07 | 1,05 | 1,03 | 1,01
(3050) 400 (4100) 096 | 098 [ 0,99 | 0,99 | 099 | 0,99 | 1,00 | 1,00 | 1,03 | 1,02 | 1,01 | 1,01
455 (4640) 094 1 09 [ 0,98 | 0,99 - - - - - - - -
330 400 (4100) 0,98 | 099 | 099 | 1,00 | 1,03 | 1,02 | 1,01 | 1,00 | 1,08 | 1,06 | 1,03 | 1,01
(3350) 455 (4640) 0,96 | 0,97 [ 0,98 | 0,99 - - - - - - - -
2 230 300 (3050) 097 |1 097 | 097 | 098 | 1,10 | 1,09 | 1,05 | 1,03 | 1,16 | 1,18 | 1,17 | 1,10
(2350) 330 (3350) 094 | 09 [ 09 | 097 | 1,03 | 1,03 | 1,02 | 1,01 | 1,11 | 1,24 | 1,12 | 1,07
370 (3750) 091093 (09 | 09 | 09 | 097 [ 098 [ 098 | 1,04 | 1,09 | 1,07 | 1,04
400 (4100) 088 | 091 (09 |09 |09 |093 (09 (097 | 100 | 1,06 [ 1,04 | 1,00
455 (4640) 084 | 088 [ 0,82 | 0,96 - - - - - - - -
260 330 (3350) 097 | 097 [ 097 | 098 | 1,10 | 1,09 | 1,05 | 1,03 | 1,17 | 1,19 | 1,17 | 1,20
Y (2650) 370 (3750) 094 | 09 [ 09 | 098 | 1,02 | 1,02 | 1,00 | 1,00 | 1,11 | 1,24 | 1,12 | 1,07
400 (4100) 092 | 094 [ 09 | 097 | 096 | 0,97 [ 0,98 [ 0,98 | 1,06 | 1,10 | 1,08 | 1,04
i Ay 455 (4640) | 0.88 | 091 | 094 | 0,96 | - - - - ) - - -
— ‘
X oo e X
——
Av
7 —
oK
Y
300 370 (3750) 098 | 098 [ 098 | 0,99 | 1,11 | 1,09 | 1,05 | 1,03 | 1,19 | 1,20 | 1,18 | 1,10
(3050) 400 (4100) 0,9 | 095 | 097 | 0,98 | 1,04 | 1,03 | 1,01 | 1,01 | 1,16 | 1,16 | 1,13 | 1,07
455 (4640) 092 | 094 [ 0,95 | 0,97 - - - - - - - -
330 400 (4100) 0,98 | 098 | 098 | 0,98 | 1,10 | 1,08 | 1,04 | 1,03 | 1,18 | 1,20 | 1,17 | 1,10
(3350) 455 (4640) 095 | 096 [ 3,96 | 0,98 - - - - - - - -




Mpumeuanus: 1. KoapduuueHtsl cx onpenessorcs JIMHEHHOM nHTepronsuueii no AdAy U 10 COOTHOLICHHIO TUIOIIA/ICH MOSICOB
MIPY NpHHsTas OMKalmmx 3HaueHuid Ry u Ry.
2. Mns 3-it rpynmsl 6anox Ko3QGUITHEHTHI ¢, ONPEAeIIOTCS TUHEITHON HHTEPIOIIeil B COOTBETCTBUY ¢ IpHMed. | H, KpoMe Toro,

o gip,llm *
Tab6numa 65
I'pynna 6anok Koz duimenTsl ¢, npu pacueTHbIX conpotubienusx Ry, MITa (krc/cm?)
300 (3050) 330 (3350) 370 (3750) 400 (4100) 455 (4640)
1 1,00 1,00 1,00 1,00 1,00
2 1,33 1,31 1,30 1,28 1,00
3 141 1,40 1,39 1,38 1,00
4 1,47 1,46 1,45 1,44 1,00
TaOnuma 66
Howmep Ceuenue N m 7 Homep CeueHue N m I
cede- 2AR: + AuRy ceue- Af(1,5Rs + Ry) + - + -
HUS HUsL
0 1 1 0 1 1 1 1
0,1 1,63 -0,57 0,1 0,67 1,13 0,33 -0,13
0,2 2,47 -1,35 0,2 0,54 1,25 0,84 -0,39
1 0,3 3,20 -2,08 2 0,3 0,74 1,32 0,51 -0,38
0,4 3,49 -2,39 0,4 1,07 1,34 0,12 -0,43
0,5 3,57 -2,54 0,5 1,35 1,31 -0,14 -0,52
0,7 3,05 -2,17 0,7 1,66 1,17 -0,42 -0,82

IIpumeuganue. [Ipy oqUHAKOBEIX 3HAKaX HANpsDKEHHH Oy B OonbiueM mosice oT ycwmuid M u N ciexyer npuHHMath rpady,

0003HAaUYCHHYIO 3HAKOM “+”, a P Pa3HbIX 3HAKax - rpady, 0003HAYCHHYIO 3HAKOM

Puc. 49. Ceuenue 0MCTAJLHOI 0AJIKH

ol ¥

280+16

443

FEFIFTES. |
rd

Ry

590 x40

R

(5014

Y

. _»

[IpoBepsieM ycroBHBIE HANPSIKEHHS B TOUKe a (cM. puc. 49) BepxHero nosica mo gopmyse

(151):

6200

1250000- 44,3

+
166,2-99(1-260/370) 1,089-242986

N 46000-14
1,66 - 3405

=369 <370 MIla.




22. TIOJAKPAHOBBIE BAJIKA

22.1 (13.33). CTeHKHM CBapHBIX MOJKPAHOBBIX OATOK, HAXOMSAIIMXCS B 0CO00 TSKEIBIX
YCIOBHSX pabOTHI, CIEyeT PACCUYUTHIBATh Ha BBIHOCIUBOCTH coriacHo 1. 13.35% CHull Il-
23-81*. IIpumepHbIil IepeueHb NPOU3BOJICTBEHHBIX 3[JaHUH, B KOTOPBIX HOAKPAHOBBIC OATKH
JIOJDKHBI PACCUUTHIBATHCS HA BEIHOCIIMBOCTD, TIPUBEJICH B Ta0JI. 67.

Pacyer Ha BBIHOCIMBOCTH BBITIONHSETCS HA BO3JCHCTBHE OT HOPMATHBHBIX HATrpPy30K
OJTHOTO KpaHa.

22.2 (13.35). PacueTHBIMM CEYEHHSMH IPH pacyeTe IOJKPAHOBBIX OalOK Ha
BBIHOCIIUBOCTb SIBJISIFOTCSL:

JUIs pa3pe3Hbix Oajgok - ceueHwe, otcrosimee Ha paccrosaue 0,2 a + 0,35l ot
OmmKalIiero K cepeauHe IMpoJeTa MONEPEeYHOro pedpa KECTKOCTH (B HAlpaBJICHUH K
CepeIUHE MPOJIETA);

JUIE Hepa3pe3HbIX OajoK - CeueHHe, OTCTOSIIee OT OIMOPHOTO pedpa >KeCTKOCTH Ha
paccrosiuue 0,2 a + 0,35ler, Tne a - mar pedep; lef - ycrnoBHas anMHA, Ha KOTOPYIO
pacrpenensercs naBjienue koiaeca kpana (cm. 1. 13.34*CHull 11-23-81%).

Tabauma 67

3nanus 3aBopbl
JIBOPBI N3II0KHHIT Meramtyprudeckue
LIuxTOBBIE ABOPHI ”
Ortxmenenus pa3eBaHus CIIUTKOB
Ckparo-pa3zieloynble  0a3pl; KONPOBBIE M IIIAKOBBIE OT/ACICHHS;
OT/EJEHHS OTHEBOH pe3Ku
Ckiazisl 4yTyHa H CIUTKOB
31aHUsT OYUCTKH M CMa3K1 H3JIOXKHHI
TIposneTs! CKiIal0B 3ar0TOBOK; OT/ACIOYHBIC IPOJIETHI U IIPOJIETHI CKIIA0B
TOTOBOT'O IIPOKaTa
31aHus HarpeBaTeNbHbIX KOIOILEB
3nanus (MpOJEThl WM INPOM3BOJACTBA), B KOTOPBIX AKCILIyaTHPYIOTCS JIroObie
KpaHbl Tpymnm pexuMoB paborel 7K (B mexax MeTayuypruuecKux
npoussoycts) 1 8K mo 'OCT 25546-82

22.3 (13.35%). PacueT Ha BEIHOCIIMBOCTD BBIMOJIHACTCS IS BEPXHEH 30HBI CTCHKH B MECTE
MPUMBIKAHHS €€ K BEpXHEMy Toscy Oanku. B 3ToM MecTe cTeHKa HaXOIUTCS B YCIOBHSX
CIIO)KHOTO HANpPSHKEHHOTO COCTOSHUS, OMpPENEeIsieMOro BO3JCHCTBHEM KOCOTO H3ruoa,
CTCCHCHHOTO KPYYCHHSI M MECTHBIMH BO3JICHCTBUSMHU COCPEIOTOYCHHBIX CHUJ M MOMCHTOB
[33].

[TpuanHO# yCTANOCTHBIX TOBPEKACHUNA BEPXHHX 30H IMOJKPAHOBBIX OAJIOK SIBIISIOTCS
MHOTOKpaTHbIE CABUTU, 00YCIOBIMBaeMble MAaKCUMAaIbHBIMU KacaTeIbHBIMU HAIPSHKCHUSIMU

12"

OT COBMCCTHOI'O I[GI\/JICTBI/ISI IMOMNEpPECIYHOTO 1/13r1/16a, MCCTHOI'O CMATHUSA U KPYUCHUA maxz T

22.4 (13.35*). Benuuuna maerlz C JIOCTaTOYHOM CTENEHbI0 TOYHOCTH OMpENeseTcs

CYMMHPOBAaHMEM MAaKCHMaJbHBIX KacaTelbHbIX HANpPSDKEHUH IONEepeyHoro Mu3ruda
05,/c7 +4(kr_)* , mecTHOTO cMATHA 0,4 Olocy ¥ Kpyuenus 0,5 oty. B AByX nocneanux ciydasx

JUISL YIOPOILEHUS pacyeTa 3HAaYeHUs] MaKCUMAIIBHBIX KacaTEeIbHBIX HANPSHKCHUN OIpeIeNIeHbI
yepe3 HOpMaJIbHbIe HAIPSKEHHsI, KOTOPbIE BBIUMCIIAIOTCS MO M3BECTHBIM ¢opmynam b. M.
bpoyne u A. A. Ananbsko (cm. 1. 13.34* CHull 11-23-81%).

CymmupoBanreM npuBeneHHbIX BenmmunH npu K = 0,3 (K yuuThIBaeT IIaBHOCTh
W3MEHEHHUs DSIIOphl KacaTelbHbIX HANpsOKeHWH B pacyeTHOM ceueHuHM [33]) momydeHa

¢dopmyna (148) CHull 11-23-81*.
IIpumep pacuera Ha BBIHOCIHBOCTH

Hcxoonvie  oanmvie.  llpoBeputrb  pacyeToM  CONPOTHUBIISIEMOCTh  YCTaJOCTHBIM
paspylIeHUsIM CBapHOM OajKku mposieToM 12 M moja KpaHsl Tpy3onogbeMHocThio 30 T (pHc.
50); HopmatuBHOe naBieHue Ha mosic P = 35,5 t¢c = 355 xH. Kpan ¢ rubkum moasecom
Tpy3a; YHCIO MOXBEMOB Tpy3a 3a CPOK ciyxkObl paBHo 2-10°. Pacuer mpousoctn u
YCTOMYMBOCTH 3JIEMEHTOB [IBYTABPOBOI'O CEYEHMs BBINOJIHEH IO PACUYETHBIM YCHUJIMSAM OT
nByx kpaHoB: M = 289 tc-Mm = 2890 kH-m; Q = 115 Tc = 1150 xH; F = 46,9 tc = 469 kH. Ha
OCHOBAHMU 3THX PacyeToB ObLJIO BHIOPAHO MONEPEUHOE ceYeHHEe OalKu (BEpXHUHN U HIKHHUNA



rosica U3 JIMCTOB COOTBETCTBEHHO pazmepaMu 450x25 MM u 450x18 MM, cTeHKa pazMepom
1390x12 mm). Illar monepeunsix pedep sxectkoctH 1,5 m; pense KP 120.

P=355kH(35,57c) P=355xH(3551c)
5820 4725 L
1 '
AV CE7
_fx=02a ’(;66(7
= Z L1
1500 | 621500 1500
6000 1 5000

Puc. 50. Cxema noagkpaHoBoi 02JIKM U KPAHOBOI HATPY3KH

I'eomeTpruueckne XapaKTePUCTHKU CEUYCHHUs, HEOOXOIUMBIC IS pacyeTa Ha YCTAJIOCTh:
MOMEHT MHepuuu ceueHus IX = 1219068 cM* MOMEHT CONpOTHBICHUS BEpXHEH KPOMKH
crenku Wy = 19278 cm®, MOMeHT compoTuBieHus BepxHeii kpomku crenku Ws = 7420 cm®;
yCJIOBHAs UTMHA PACIPEICIICHUS MECTHBIX HANPSOKEHHH cMATHS lef = 52,2 ¢cM; MOMEHTBI
uHepLmu Kpydenus: pensca |t = 1310 cm?, Bepxnero nosca - It = 234 cm®.

Jlnsa paccmaTpuBaeMOro mIpHMepa pPAacyeTHOE CEUYEHHE pa3MellaeTcs Ha PacCTOSHUU
(0,2-.150 - 0,35-52,2 = 48 cm) oT OnmXKaWIIero K cepeauHe Oajkd IMOMepeuHoro pedpa.
Harpyska ot kpaHa pa3meraercsi Ha Oalike Tak, 4TOObI ONPEAETUTh B PACUCTHOM CEYCHHH
MaKCUMaJIbHYIO TIOMEPEYHYIO CHUJIy M COOTBETCTBYIOLIMU €l u3ruOaromuii MomeHT. B
paccmarpuBaemom ciydae: M = 104 tc-m = 1040kH-m; Q =21 tc =210 xH.

HopmaTtuBHbIe Benu4YnHbBI BepTUKAIBbHON F 1 ropusoHTanbHON Qt HArpy3o0K AHA pacueTa
Ha ycranocth paBHbl: F = 0,8x35,5 = 28,4 t¢c = 284 xH; Q¢ = 0,1x35,5 = 3,55 ¢ = 35,5 kH.
Benuunna mectHoro kpytsmero momenta Mt = 28,4x0,015 + 0,75x3,55x0,17 = 0,88 Tc-M =
8,8 xH-Mm.

CornpoTHBIeHHE YCTATIOCTHBIM Pa3pylIEHUsIM MaTepraia 30Hbl CTEHKH, TPUMBIKAIOIIEH K
BEPXHEMY MOSICHOMY WIBY, IPOBEpsIeTCs 10 hopMmye

0,5/’ +4(037,)* +040,  +050, <R,

rae
o = 108000 _ ot nia: o, =28 453 MITa;
* 19278 T 2% 52,2
r = _210x7420 1y M o, = 2x880x12 _ 45 ¢ MrTa:
71219068 x 1,2 b 1544

0,5,/54* +4(0,3-11)* +0,4-453+0,5-13,6 =52 < 75 MIla

Rv =75 MIla (xak st pa3pe3noit 6anku cornacHo 1. 13.35¥CHull 11-23-81%).
HanpsixeHus ox, %y, Olocy U Oty BbIYKCIIEHBI cornacHo 1. 13.34*CHull 11-23-81*.
ConpoTuBISIEMOCTh YCTAIOCTHBIM Pa3pyLICHUSIM OOeceyeHa.

23. BUCAYHUE NOKPBITHUA
OBIIME IMOJIOKEHUA

23.1. BucsuyuMHu Ha3bIBAIOTCS TOKPBHITHS, B KOTOPBIX TPOJICTHBIE KOHCTPYKIIHH,
HEMOCPEACTBEHHO HECYyIlUe Harpy3Ky, TMpEACTaBIsAIOT COO0OW HUTH, T. €. THOKHe
KPUBOJIMHEWHBIE PACTSHYTBHIC CTEP)KHM, 3aKpeIUIeHHbIE 3a omopbl. Hutu moryr obnamath
M3TUOHON KECTKOCThIO, B ATOM ClIy4dae MX Ha3bIBAIOT JKECTKUMU HUTAMU. Eciu HauanbHas
JUITMHA HUTH paBHA WJIM MEHBIIE PACCTOSIHUSA MEXKIY OMOpPAMH, TO TAKYI0 HHUTh HA3bIBAIOT
CTPYHOM WJIM NPEIBAPUTEIBHO HAIPSIKEHHOW CTpyHOM. ECim cTpyHa HE HECeT IonepeyHon
Harpy3KH, €€ Ha3bIBalOT BAHTOW WJIA OTTSKKOM.

23.2. TloBepxHOCTM TOKPHITUS pAlMOHAILHO TMpuAaBaTh Ty ¢opMy, KoTopas
COOTBETCTBYET PABHOBECHIO O0pa3ylIIMX €€ HUTEW TOJ TOJIHOW Harpy3kou. Hampuwmep,



€CITM HUTH PACIIOJIOKEHBI B TUIAHE MMapauIeIbHO APYT APYTY, TO MOKPHITHE OyIET OMUPATHCS
Ha HUX JICHTAMH TIOCTOSIHHOW IIMPHHBI, TIOJIHYIO HAIPY3Ky MOXHO MPHUHSITH MOCTOSHHOW 110
MpoJIeTy, KpUBU3HA HUTEH ToTa OyAeT MOCTOSHHOM, a ouepTaHue - mapadonudeckum. Eciaun
HUTH PACXOIATCA pAAHaIbHO M3 KaKoro-mubo y3ia, TO WHTCHCHUBHOCTh HArpy3Kd H,
CIIeZIOBATENIbHO, KPUBU3HA HHUTU OYIET PACTH MPOIOPLIUOHATIBHO PACCTOSHHUIO OT y3JIa, W
€CTeCTBEHHOH (opMoii uX KpuBoi Oymer KyOuueckas mnapabona. Ilostomy ¢dopma
MMOBEPXHOCTH HE MOXKET OBITh JII0OOH, a Oyaer 3aBHCeTh OT (OPMBI KPUBBIX HHTEH, €e
obpasyromux. Bo3MoxxHO GopMy caMOil KPOBIIM HECKOJBKO BHIOM3MEHUTH IO JKEIAHUIO,
BBE/ISl M1y KPOBJICH M HUTSIMH CIICIIHATIBHYIO HAJICTPOCHHYIO KOHCTPYKIIHIO.

23.3. [IposeTHass KOHCTPYKIUS MOKET OBITh BHITIOJIHEHA B BHJIE:

a) CEeTOK W3 HUTEH, pacloJIOKEHHBIX NapajulebHO JpYT JpYTY, OPTOTOHAJIBHO,
reKCaroHaJIbHO, KOCOYTOJIHO, PAJHAIIBHO U T. II.;

0) cucTeM MIOCKUX WIIH MPOCTPAHCTBEHHBIX (puc. 51,52);

B) BaHTO-OQJIOYHBIX CUCTEM;

') 000JI0YEK KEIe300€TOHHBIX BUCIUYHNX;

1) CHCTeM KOMOMHHPOBAHHBIX; BO3MOXKHBI IBYXTIOSICHBIE TIOKPBITHS (pHC. 53).

g )

Puc. 51. Buabl cucremM U ONOPHBIX KOHTYPOB

a - pajiiainbHas CHCTEMA Ha KOHTYpE, KPYIVIOM B IUIaHE; O - CHCTEMaA NapaulelIbHbIX HUTEH Ha INIOCKOM MPSIMOYTOJIBHOM KOHTYPE; 8, 2 -
CCAJIOBUIHBIC CETKH HA KpI/IBOJ'II/IHefIHbIX KOHTYpax; 0-0iC - BUCSYHME CHCTEMBI U KOHTYPBI SI[aHI/II‘/‘I, KBaZpaTHBIX B IUIAHE; 3 - BUCAYAA
CHCTEMa Ha ABYX AHArOHaJbHBIX apKax

23.4. HeorpemieMOl YacThIO BHCSYETO MOKPBITHS SBISIETCS OMOpHAas KOHCTPYKIIWS,
BOCIIPUHUMAIOIIAs YCUJIMS IIPUKPEIUICHHBIX K HEH HUTEW. B KkauecTBe Omop KelareiabHO
Ha3HA4aTh T€ JIEMEHTHI 3[JaHUs, KOTOPBIE YK€ UMEIOTCA B €70 KOHCTPYKTUBHOM PELICHUH.
Hanpumep, Hecymme CTEHBI, NEPEKPHITUS, pPaMHbIE KOHCTPYKIHMHM IPUCTPOEK, “‘HOTH
TpuOyH u T.1. Kpome TOro, 3T0 MOTyT OBITH CHElMalbHble KOHCTPYKIIMU: OMOPHbIE OalKH,
OTIOpHBIE KOHTYPBI, PaMbl, OTTSKKH, 3aKpETJICHHbBIE 32 aHKEpHbIE (DYHIaMEHTHI, TUJIOHBI.
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Puc. 52. IlokpbiTus

a- BaHTO'6aHO‘{H0€; 0 - paaruaJbHO-KOJIBLIEBOE MIATPOBOE; 6 - AUCHUCTOC

gy

Puc. 53. /IByxnosicHble NOKPbITHS

a - BUJIBI CHCTEM; 6 - IPUMEPHI PaauaibHbIX HOKPBHITUH

23.5. ®opMy KOHTYpa B MpPOCTPAHCTBE CIEAYeT BBHIOMpATh TaKUM OOpa3oM, YTOOBI
n3rudaroIe MOMEHTHI B HEM, BbI3BaHHbIE BO3/JEiCTBUEM HUTEH, ObUIM MUHMMalIbHBIMH. B
OBAIBHBIX 3JaHUSX OTO JOCTHTAETCA 3a CUeT Moa00pa KPUBOM OCH, COOTBETCTBYIOIIEH
KpUBOH /1aBieHUs. B IpsAMOYTroJbHBIX 3/1aHUAX BBITOJHEE HUTH HAIIPABIIATH B YIJIBI KOHTYpA.
Bo3MOXHO mpuMeHeHHe AMAroHaJbHBIX apoK, MOJAEPKUBAIOIIMX HUTU MOKpbITUA. Camu
KOHTYPBI MOTYT TOKOMTHCS Ha CTEHAX WJIM YaCThIX OMOpax, HO MOTYT NepeaaBaTh Harpy3Ky
Ha OT/JEJIbHBIE TUIIOHBI.

23.6. Cern, oOpa3oBaHHBIE W3 TPOBUCAIONMX HHUTEH (Yamin), o0JNagaroT HaumOOIbIIeiH
Hecylield crmocoOHOCThIO. JIsi  TMOBBINIEHUS CTAaOMJIBHOCTH B 4YamleoOpasHBIX U
UWIMHIPUYECKUX MOKPBITUSX HE PEKOMEHAYeTCs IMpeBpalarb UX B MPEIBAPUTENHHO
HanpsOKEHHbIE JKeIe300€TOHHbIE 00O0JOYKH, YTO CHIIBHO YBEJIMYMBAET MACCy U YCIOXKHSIET
Bo3BesieHuE. JKenaTelbHO MPUMEHATh CEeTKU, COCTOSIIIINE U3 JKECTKUX HUTEH. DTO pelieHue
MO3BOJIUT 3HAYUTENILHO CHU3UTh MAacCCy MOKpPBITasi, IPUMEHHUTh JIETKUIA COOpPHBIA HACTHI U
YOPOCTUTHh BO3BeACHHE. [10I0KUTENBHOW OCOOCHHOCTHIO TEKCaroHaJbHBIX CETEH, Kpome
TOT0, SIBJIIETCSI PABEHCTBO PACIOpPOB B CTEP)KHAX IPU HArpy3Kax MPOU3BOJIBHOTO BHUJA, YTO



JeNlaeT OMOPHBIA KOHTYp MPAaKTHYECKH OE3MOMEHTHBIM. JKECTKHEe HHTH MpOIIE BCEro
W3TOTOBIIATH U3 MPOKATA, KENATSIbHO U3 CTAJIH MOBBIIIEHHONW IPOYHOCTH.

23.7. PantnoHa bHO MPUMEHSATH COBMECTHO JIBA BUJA HUTEH - CUCTEMY KECTKHX HHUTEH U
HATSHYTYIO Ha HUX CETKY M3 BBICOKOIPOYHBIX CTaJbHBIX KaHATOB. CelIOBUAHbBIC TTOKPHITUS
o0JaaroT MEHBINEH HeCcylled CHocOOHOCTBIO, 4YeM uyamieoOpasHble, 3aTO OHH OoJiee
CTaOWIIBHBL. OTH CBOMCTBA IO3BOJIAIOT HCIIOJIB30BaTh B KayecTBE HHUTEH CEIJIOBUIHBIX
CHCTEM BBICOKOIIPOYHBIC TPOCHI M NMPHUMEHSATH DJIACTUYHBIC KPOBJIH, HAIIPUMEDP TCHTOBBIC.
PexomeHyeTcst IPUMEHSATh METAITMYECKUE UITH JePEBIHHBIC HACTHUIIBI.

YeM MeHbIIIEe pa3HUIIA MEXITy HAYAIBHOW JJTMHON HUTH U PACCTOSIHUEM MEX]y OIOPaMH,
TEM MEHBIIIE BO3MOXKHbIC KHHEMATHUECKUE TIEPEMEIIICHHUS HUTH 1101 Harpy3koid. Ho ympyrue
IpOrudbl MPHU 3TOM MOTYT pacTd. VICHob3ys 3TH CBOWCTBA, MOXKHO NMPUMEHSTH CTPYHHBIC
KOHCTPYKIIUHU, TIPUYEM JUIs MPOTSHKEHHBIX MHOTONPOJIETHBIX 3JIaHUH CTPYHBI PAllMOHAIBHO
HaNpaBJIATh B MPOJOJIHLHOM HAIPABICHUM M CTAOMIM3HPOBATH MOMEPEYHBIMH Oankamu. Jlis
KBaJPaTHBIX W OBAIBHBIX B IUIAHE OJHOIPOJIECTHBIX MOKPHITUH 3MaHUHl W3 CTPYH
panroHaIbHO 00pPa30BBIBATH CETKY, MO3BOJISIONIYIO IPOCTPAHCTBEHHOE IepepacipeaeicHue
Harpy3KH MEXIy CTPYHAMH.

23.8. lepopMaTHBHOCTh BHCSYETO TOKPBITUS IOJ JIEHCTBHEM BPEMEHHBIX HArpy3oK He
JIOJDKHA TIPEBBINIATH MPEIEIIOB, TOMYCTUMBIX JIJISl JIAaHHOW MPUHATOW KOHCTPYKIIUU KPOBJIH,
U3 YCIIOBHSI COXpaHEHHs €€ repMeTHYHOCTH. OCOOEHHO Ba)KHO OTrpaHUYUTh H3MEHEHHE
KPUBU3HBI MOKPBITHS KaK BJIOJIb, TAK W TONEPEK MPOJieTa OT ISHCTBUS MECTHON Harpy3KH.
YeMm xpymde MaTepual ¥ KOHCTPYKIHS KPOBIH, TEM KECTUYE WM HATSHYTOW JOJDKHBI OBITH
Hecymue HUTH. ['mOKkMe, 31MacTUYHbIE HACTWIIBI TpeArnodtuTenbHee. [IpuMeHss KecTkue
TUTMTHL ¥ TIAHENH, HA/JJICKUT 00eCreuynBaTh T€PMETUYHOCTD CTHIKOB, KOTOpPAasi JTOCTUTAETCS
NPUMCHCHHEM JKECTKMX HHTEH, YKIAJKOW HAa. HUX HACTWIOB, IUIMT WM TaHENeH 110
HEepa3pe3HoU cxeme, MPUMEHEHHEM HalleIbHUKOB, TPEIBAPUTEILHBIM HAMPSHKEHUEM.

PACYET

23.9. Pacuer oTAENbHON HUTH Ha MPOYHOCTh PEKOMEHIYETCS MPOU3BOAUTH, 337aBasiCh
MPOJIETOM HUTH |, 11arom u ctpesnkoi mposeca f o pacueTHo# Harpy3Koi.
JInst 3ajaHHOM HArpy3KH (] pacyeTHOE YCHIIHE pactiopa onpeienseTcs no GopMyie

} gxdx

H=37 ltgg’ (159)

rze h - pa3nuna ypoBHeii omnop;
f - yronm HakJIOHa KacaTebHOW HUTH Y HIDKHEH onophI (puc. 54).

z

Puc. 54. K pacuery HUTH Ha IPOYHOCTH
Ecnu onops! pacnosioxkeHbsl Ha 0JHOM ypoBHe, popmyna (159) npuobpereT B
M
H=—, 160
7 (160)

raie M - w3rubarmmii MOMEHT OT pacueTHOW Harpy3ku ( B CBOOOJHO OIMEpTOM Oayike
nposietoM .
Pacuernoe ycunue T onpenensiercs mo ¢popmyre



T=\H+0Q, (161)

rae Q - momepeuHas cuia (peakius) y 6ojiee HarpyKEHHOU OTOPBHI.
Tpebyemoe ceuenune HuTH A orpenenseTcs mo hopmyie

T

A=——0f
7.R,

rae J - KodhPUIMeHT ycaoBuii paboThI;

Ry - pacyeTHOE CONPOTUBIICHHE METAJIa HUTH.

Pacuer mo HenegopMHpOBAHHOW CXeME IO3BOJIAET IMONYYUTh HE TOJBKO PACYETHOE
ycuiiie u TpedyeMoe ceuyeHHe HUTH, HO, IPU U3BECTHOM MOJYJIE YIPYroctu E omnpenenuThb
PaCTSKUMYIO KECTKOCTh EA W, cieloBareabHO, HAYaJbHYIO JJIMHY HUTU (3arOTOBKU) U
paccuuTaTh MOHTaXHYIO (HaYaJbHYI0) TE€OMETPHUIO HUTH, UCXO/ISl U3 KOTOPOI MpHU pacyeTHOU
Harpys3ke OHa 3aiiMeT IPUHATOE PACUETHOE IOJI0KEHUE.

23.10. Ilpu pacuere Ha MPOYHOCTh CUCTEMBI MU CETKU COMPSXKEHHBIX HUTEH MOMXKHO, KaK
U JUId OTAEIbHOW HHUTH, 337aTbCsl CTPEJIKOW W ONPEAEIUTh YCUIME B HUTH OT IOJHOU
Harpy3kd. Ho 310 ycuine OyneT MakCHUMaiabHBIM (PacueTHBIM) TOJIBKO ISl TeX CETOK,
HECYIIME HUTU KOTOPbIX HE [EpPEeceKaroTcs, HanpuMep, B LWIMHAPUYECKUX WIH
CEIJIOBUIHBIX MOKPBITUSX. B yanieoOpa3HbIX MOKPBITUSAX BCE HUTU OYAYT HECYUIUMH, U €CIIH
OHU IIEPECEKAIOTCS, TO MAKCUMAJIbHOE YCHJINE€ B HUTHU BBI3bIBAECT HE IMOJIHAS Harpys3ka Ha
MOKPBITHE, a Ta, KOTOpask pacroioKeHa BAOJb HUTU. OCTajJbHbIE HUTU MPU 3TOM JOJKHBI
OBITh HArpyXeHbl MUHUMAJIbHO - TOJBKO BECOM MOKpHITHA. Pacyer cucreM OOBIYHO
npousBoauTca Ha OBM.

23.11. Pacuer BUCSYEro MOKPHITUS Ha JedOopMaluy U TEPEMENICHUS TPOU3BOIUTCS IS
MIPOBEPKU CUCTEMBI MOKPBITUS HA TPUTOAHOCTD K SKCILTyaTalluH.

Jlig TMOKHMX KOHCTPYKLMH CeTell CBOMCTBEHHBI MEPEMEILEHUS IO TPEM OCAM KOOpIUHAT:
U - BJIOJIb TAaHHOW HUTH; V - IONIEPEK JAaHHOM HUTHU; W - B BEPTUKAIIbHOM HAaIlPaBJICHUU.

OTU TepeMelIeHUs] MOTyT OBbITh OOJIBIIMMH W3-32 OOJBIIOW PACTSDKUMOCTH U
KMHEMAaTUYHOCTU HUTEH. Bucsyne KOHCTPYKIMH CENYET NMPOBEPATH MO NMEPBBIM U BTOPBIM
MIPOU3BOIHBIM ME€PEMEIIEHU !

ou_ ov._ow_ ow.
ox’ ox” ox’ oy’
Ou_ ov_ ow_ ow
ox®’ ox®’ ox’’ y

(162)

ITonmy4yeHHbIe BETMUUHBI OT MECTHBIX Harpy30K HEOOXOJMMO CpaBHUBAThH C JIOMYCTUMBIMHU
JUIsL TAaHHOW KOHCTPYKLHH KpPOBJIM C TOYKM 3pPEHHUS €€ T'epMETHYHOCTH. Ecim K KpoBie
MOJIBEIINBAETCST 000py/AOBaHKUEe, TPyOONpoBOAbI, KaOenu, TO HEOOXOAMMO MPOBEPUTH HUX
1en0cTHOCTh. [ToBbIIeHre cTaOMIIBHOCTH IOCTUTAEeTCs 3a CUET BBEJCHUS MPEBAPUTEIHLHOTO
HaNpsDKEHUs CUCTEMBI, TPUMEHEHHsI )KECTKUX HUTEH, BKIIOYEHUs B paboTy HacTuioB. [lyis
HEOOJIBIINX MPOJIETOB JI0MYCKAETCS IPUMEHSATh BUCAYUE 7K€I1€300€TOHHbIE 000IOUKH.

Pacuer ClOXKHBIX BHUCAYUX CHUCTEM CIENYET IPOU3BOAUTHE C Y4ETOM IIOJATIMBOCTU
KOHTypa M HenuHenHocTtH. Kak mpaswmio, pacuer npousBoautcs Ha OBM. B mpocrenmmx
ClIy4asix U1 pacdera IepeMElICHUN OTAEIbHOM HUTH MOKHO BOCIIOJB30BaThCS
CIIeNYIOIUMU (OopMyJIaMu JUIsl BEPTUKAIBbHBIX MEPEMEIIeHUA HUTH M UX MPOU3BOJHBIX OT
JEUCTBHUS IPOU3BOJILHON BEPTUKAIBLHON HArpy3KH (i

M’ Mn
w=—~L— ;

H H
ow_9 0.
ox H H'
o'w q,




rae Mi, Qi - COOTBETCTBEHHO M3THUOAIOINUNA MOMEHT W TIOTEpeYHas Cujia B JaHHOH TOYKE
poJeTa X,

Mo, Qo, (o - COOTBETCTBEHHO W3TMOAIOIINI MOMEHT, MOTEpPEYHasl CHJIA U WHTCHCHBHOCTH
Harpy3kd HCXOJHOTO COCTOSIHHSI, OTHOCHUTEIIBHO KOTOPOTO OIPEICISFOTCS
MIEPEMEIICHHS;

Hi, H, - COOTBETCTBEHHO PacIopbl JUIsl Harpy>KeHUMU (i U o; eciiu Hj HEU3BECTEH, TO €ro

OIpeCIIAIOT 10 hopmyiie

H = \/Di{2{(l+at°)S—l+(H, —Hﬂ)é—Z@—%ﬂ}—hz /1

1
3nech Di - xapakTepucTika Harpy3Ku, paBHast IQ,de ;

o - K03 (PULMEHT TeMIIepaTypHOTO pacCIIUPEHUS;
t° - u3MeHeHue TemMnepaTypsl, Ipasi;
S, | - COOTBETCTBEHHO JIJIMHA U MPOJICT HUTH;

A= ; - II0ONIpaBKa HA KPUBU3HY,

AS, Al - COOTBETCTBEHHO YJIMHEHUE HUTH U YMEHBIIICHUE MPOJICTA, BhI3BABIINE U3MCHCHUEC
pacmopa (Hi - Ho),
h - pa3uua ypoBHei omop.
VYupyruii npoBec HUTH (puc. 55) onpeaensercs cieayrmuM o0pa3oMm.

' Hin P
LT | gy
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Puc. 55. K pacuery HUTH Ha ynpyrui nposec

Ecnn x HavanpHOM Harpy3ke IOCTOSIHHOW HWHTEHCUBHOCTHM ( NpHOaBUTh HArpyskKy
MOCTOSTHHOM WHTEHCHBHOCTH p, TO HadalbHas CTpeJKa HUTH MOJIYYUT mnpupamieHue Af,
ompenensieMmoe 1mo hopmyiie

2 Al _ 4
32 (1 + AS)(p ng)l

Af = :
y 128EA(1-1,57+0,57°) f
rae
A
n=2L.
S

IIpu 3arpyxeHuUM Harpy3kol IOCTOSIHHOW MHTEHCHUBHOCTHU IIOJIOBUHBI IpojieTa (puc. 56)
MPOrud HUTU W B UETBEPTSX IMpoJieTa OyaeT paBeH

2
o 30T | PP
128 64k

rae Af - ynpyruii nposec;
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rOpI/ISOHTaHBHBIe NEPEMECIICHUA HUTHU U B TOYKEC X ONPEACIIAIOTCA KaK pasHOCTh AJIMHBI
HHUTHU HA JAHHOM Y4YaCTKC Ox A0 U IIOCJIC 3arpy>KCHUA:

u= (Sxo - Sxi + ASX)COS§0,

rae ASx - yUITMHEHHEe HUTH Ha ydacTke OXx;
@ - yroJl HaKJIOHa KacaTeJbHOU B TOUKE X (puc. 57).
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Puc. 56. K pacuery HUTH Ha 3arpy:eHue MoJIynpoJiera
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Puc. 57. K pacyery HUTH HA TOPU3OHTAJIbHbIE NIepeMeleHUs

24. MEMBPAHHBIE KOHCTPYKIINHN
OBIIHUE ITOJIOKEHUA

24.1. OCHOBHBIMH JJIEMEHTAMH MEMOpAHHBIX CHCTEM SBISIFOTCS TOHKOJUCTOBAS
IIpOJIETHAsE KOHCTPYKIMS, COBMEINAIOIAass HECyUIMe U Orpaxkjaroliue (QYHKIHH, a TaKxke
OMOPHBIA KOHTYp, BOCIpPUHUMAIOUIMI IenHble ycunus ¢ MemOpasbl. [Iponernas
KOHCTPYKLIMSL MOXET OBITh MOJKPENJeHa CHCTEMOW JJIEMEHTOB, MCIIOJIb3YeMbIX IS
MOHTa)ka  00OJOYKH, €€  cradwinM3aluM,  YCTpOIlCTBa  INOJBECHOTO  IMOTOJKA,
TE€XHOJIOTUYECKOI0 ATaka U T. II.

24.2. TIpn pOeKTUPOBAHHUH 3/IaHUI U COOPYKEHHUH ¢ TPUMEHEHHEM MEMOPAHHBIX CHCTEM
JIOJKHBI OBITH KOMIUIEKCHO PEIleHbI:

ouepTaHHe KOHCTPYKIUH B IJIAHE;

(opma MOBEpXHOCTH MEMOPAHBI,

croco0 cTabUIN3aluK IPOJIETHON KOHCTPYKIINY;

panroHaIbHOE BOCIIPUATHE pacriopa ¢ MeEMOpaHsbI;

THIPO- U TETNIOU30JISALUS OTPAKICHUH;

BOZOOTBO/I C IIOKPBITHS;

YCTPOMCTBO Pa3IMYHBIX MPOXOAOK, (DOHAPHBIX U APYTUX MPOEMOB U OTBEPCTHIA.

24.3. MeMOpaHHble (TOHKOJIMCTOBBIE) CHCTEMbI MOJPA3JEISAIOTCS MO KOHCTPYKTHBHBIM
0COOEHHOCTSIM Ha:

MeMOpaHHbIE CIUIOIIHBIE 000JI0YKHY;

JIEHTOYHBIE TOKPBITHS;

MpeBAPUTENILHO HapsHKEHHbIE OJIOKH ¢ MEMOpaHHBIMU OOIIMBKAMU;

TOHKOJIMCTOBBIE CIUIOIIHBIE OOIINBKYU CTEPKHEBBIX KOHCTPYKIIHIA;

MeMOpaHHbIe KapKacHbIE MMaHEeNIN OrpaXkJICHHS;

JIEHTOYHbBIE OTPAXKIAIOIINE KOHCTPYKLINU;

MeMOpaHHbIe KOHCTPYKIIMHU CIIEHUAIBHBIX COOPYKEHUH.

24.4. MemOpaHHBIe 000JIOYKH BBITOJHSIOTCS U3 OTACIBHBIX TOHKOJIHCTOBBIX TOJOTHUIII,
00bEeIUHAEMbIX HA MOHTAXE B CIUIOIIHYIO IPOCTPAHCTBEHHYIO CUCTEMY.



WMy MOXHO TiepeKkpbIBaTh 3[aHHs ¢ Pa3HOOOpPA3HBIM OYepTaHUEM IIJIaHa - TPEYTOJIbHUK,
KBaJIpaT, IPSIMOYTOJIbHUK, MHOTOYTOJIBHUK, KPYT, OBaJ, JJUIUIIC, & TAKXKE C 0oJiee CIOKHBIM
KOMOWHHMPOBAHHBIM o4YepTaHreM. MeMOpaHHbIE 000JI0YKH MOTYT UMETh PAa3IHIHYI0 (HOpMy
MOBEPXHOCTH:

HYJIEBOI rayccoBOil KpUBU3HBI (IMIMHIPUYECKHUE U KOHUUECKUE);

MOJIOKUTEIIBHOM TaycCOBOW KpPUBHU3HBI (Cepuueckue, B BUAC JIUIUITUYECKOTO
napaboJionia, ouepueHHbIE MO MOBEPXHOCTSIM BPAIICHUS C BEPTUKAIBHOMN OCBIO);

OTPHLIATEILHOW TaycCOBOW KPHBHM3HBI (CEAJOBHUIHBIE, B TOM YHCIE B BHJE
runepOoIMIecKoro napadoiaouia, maTpoBkIe);

COCTaBHYIO - B BUJI€ KOMOMHAIIMK 00O0JI0OUEK C OJIMHAKOBOM WIIM PA3JIMYHON reoMeTpuen
MIOBEPXHOCTH.

24.5. JIeHTOYHBIC TIOKPBITUS (M3 TMEPEIICTEHHBIX JIGHT W JBYXCJIOWHBIC CEIJIOBHIHBIC)
MOHTHUPYIOTCS U3 OTJEJbHBIX, HE COCTUHIEMbIX APYT ¢ ApyroMm JieHT. [lo ctatnyeckoit cxeme
JICHTOYHbBIE TTOKPBITHS MPUOINKAIOTCS K paOOTAIOIIUM JUCKPETHO BAHTOBBIM CHCTEMAM.

[lokpeiTHsT W3  MEPEIJICTEHHBIX  JIGHT HUMEIOT  IMPOBHCAIONIYI0  MOBEPXHOCTH
MOJIOKUTETIBHONW TayCCOBOW KPUBHU3HBI M NpeJHA3HAYEHbl JJI 3/1aHUN C KPYTOBBIM WM
OBaJILHBIM OYEPTAHUEM IIJIaHA.

[ToKpbITHS U3 MEPEIUIETEHHBIX JIEHT C MOJKPEIUIAIONIEH CUCTEMON UMEIOT MPOBUCAIOIIYIO
COCTaBHYIO TOBEPXHOCTh W TPEIHA3HAYEHBI JJISI 3/IaHUM C MHOTOYTOJIbHBIM OYepTaHHEM
I1aHa (TPeyroJibHUK, MPSIMOYTOIbHUK U T. 11.).

JIByXCIIOWiHBIE JICHTOYHBIC IOKPHITHS HMMEIOT CEJIOBHIHYIO (OpPMY MOBEPXHOCTH U
MpelHa3HaueHbl s 3JaHUil ¢ MPSIMOYrOJbHBIM, OBAJbHBIM WM 0OJiee CIOXKHBIM
(cocTaBHBIM) OUYEpPTAHUEM ILJIAHA.

24.6. IlpenBapuTenbHO HAMpPSDKEHHBIE MPSMOYTOJbHBIE B IUIaHE OJOKM MOKPBITHH ¢
MeMOpaHHBIMH ~ OOIIMBKAMH  JUIMHOW, pPAaBHOW IEPEKPHIBAEMOMY TIPOJIETY, HMEIOT
MIPOCTPAHCTBEHHBII KapKac, COCTOSIIMM W3 JBYX NPOAOJIBHBIX MOJUTOHAIBHBIX (epm,
00BETMHEHHBIX CHCTEMOH IIPOTOHOB M BEPTHKAIBHBIX CBSI3€H, a TAK)KE BEPXHIOIO U HIKHIOIO
TOHKOJIUCTOBYIO OOIIUBKY [34].

MeMOpanHass oOmMBKAa MO BEpXHUM TosicaMm ¢depMm (KpOBJs) TPEeaABaApPUTEITHHO
Hampsiraercsi. OOLMIMBKA MO HUXHHUM MosicaM (TIOJJBECHOM TOTOJIOK) MOXeT ObITh u 0e3
IIpeIBapUTeNIbHOTO HanpskeHus. O0e OOIMIMBKY BKIIIOYAIOTCS B pabOTY OCHOBHOTO KapKaca.

24.7. TOHKOINCTOBbIE OOIIMBKY U3 00BEAMHAEMBIX HA MOHTAXXE B CIUIOIIHYIO MeMOpaHy
PYJIOHHBIX MOJIOTHUII PACTIOIATAIOTCS MO0 HIXKHUM II0SICaM CTEP)KHEBBIX CHCTEM (CTPYKTYD,
MEPEeKPECTHBIX M TMapaljieNbHbIX (epM) U BKIIOYAIOTCS B HUX pPadOTY, BBITOIHAS
OJIHOBPEMEHHO POJIb MTO/IBECHBIX MOTOIKOB [34].

24.8. [IpssmoyroibpHBIe MEMOpPaHHbIE TAHENU BKIIIOYAIOT MPOJI0JIbHO-TIONEPEYHBIN KapKac,
OOIIUTBIA C OJTHOW WIIM IBYX CTOPOH TOHKHM JIMCTOM, MIPEIBAPUTEILHO HANPSHKEHHBIM HITH
0e3 mpeaBapUTEIbHOTO HANIPSDKEHUS, H UCIIONB3YIOTCS B Ka4ecTBe KOHCTPYKIIMA CTEHOBOTO
Y KPOBETBLHOTO OoTrpaxacHus [34].

24.9. Orpaxpgaromue IJEeHTOYHble MeMOpaHHBIE KOHCTPYKIIMU TOJBECHBIX MOTOJIKOB,
KpOBEJIb W CTEH BBIMOJHSAIOTCS W3 OTICIBHBIX PYJIOHHBIX JIEHT, HE OOBEIMHSIEMBIX Ha
MOHTaXXe MEXIy coOoi (mosucrtoBas cOopka). LlemHble ycwius ¢ JIEHT OT MONEPEeYyHOU
Harpy3KH, TeMIIEpaTypHBIX IePOopManuii, MPeaIBApUTEIIFHOTO HAMPSHKCHUS TepelaloTcs Ha
OCHOBHOM Kapkac 3/1anus [34].

24.10. ToHKOJHMCTOBBICE KOHCTPYKIIMH PEKOMEHIYETCS TPUMEHSATh B CHEIHAIbHBIX
COOPYKCHMSIX pa3jMYHOTO HA3HAYCHUS: TPAIUPHIX, 3EPHOXPAHUIMINAX, CKJIATIaThIX
000JI0YKaX, B TOM YHCIE TPAaHCPOPMHPYEMBIX, BOJAOHAMOPHBIX OamHsx u ap. Mcmombsys
OCHOBHO MPUHITUN MPOCTPAHCTBEHHOW pabOThI TOHKOTO JIMCTAa Ha pacTsHKeHHe, MeMOpaHa B
ATHX CHCTEMax BKJIFOYAETCS B PabOTy OCHOBHBIX KOHCTPYKIIMH M HCIIOJIB3YETCS B KA4eCTBE
OrpakIA0IINX KOHCTPYKLHUiA [34].

24.11. MeMOpaHHBIE CHCTEMBI Ha MPSMOYTOJILHOM TUIaHE PEKOMEHIYETCS IPUMEHSTh TIPH
3aMEHEe yCTapeBIINX KOHCTPYKIMI MOKPBITUH PEKOHCTPYHUPYEMBIX MPOMBIIUICHHBIX 3aHHA
0€3 OCTaHOBKHU MPOM3BOACTBA [35].
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24.12. JInst U3rOTOBJICHUS MPOJICTHON KOHCTPYKIIMHU MEMOPAHHBIX CHCTEM MPHUMEHSIOTCS
YIJIEpOJUCTbIE, HU3KOJIETMPOBAHHBIE, B OCOOBIX CllydasX HEp)KaBeloIlUMe CTajH,
BBIITYCKaeMbI€ B BHJIE JIMCTOB HIIU PYJIOHOB. BeIOOp Marepuana onpeaensiercs KOHKPETHBIMU
YCIOBUSIMU  3KCIUTyaTallud MEMOpPaHHBIX KOHCTPYKLMH, HMX HW3TOTOBJICHHUS, MOHTaXa,
HKOHOMHYECKOMN 1eJIeCO00Pa3HOCTHIO.

IToBepXxHOCTH METAUNIMYECKUX MEMOpaH OJDKHBI OBbITh 3aIlMIIEHBI OT aTMOC(HEpHOH U
KOHTAaKTHOM KOppO3WM, TMpH O3TOM o0coboe BHHMMaHHe ciexyer oOpam@arb Ha
AHTUKOPPO3HOHHYIO 3aIIUTY OBEPXHOCTH MEMOPAH CO CTOPOHBI KPOBIJIH.

24.13. JInst mposieTHOH KOHCTPYKIIMM MEMOPAaHHBIX CHUCTEM HCIIOJIBb3YIOTCS MOJIOTHUINA,
CBOpauMBaceMble B PYyJIOHBI. [[IMHA MMOJIOTHUIA TPUHUMAETCSI PAaBHOM BCEMY IIPOJIETY, a JUIs
000JI0YeK C KPYIJIBIM U OBAJIBHBIM IIJIAHOM M MMEIOIIUX LEHTPAIbHOE KOJBIIO - MOJIOBHHE
npostera. [lluprHa nonotHuIa npuHUMaercs He Oojiee 12 M U orpaHuunBaeTcs rabapurom U
BECOM pPYJIOHA, a TaKKe MPOU3BOJCTBEHHBIMU BO3MOXHOCTSIMH 3aBOJa-M3roToButelns. [Ipu
HA3HAYEHUM LIMPUHBI MOJIOTHUIIA AJII MEMOpPAHHBIX MOKPBITUH HEOOXOAMMO YYHUTHIBATh
KPUBU3HY IOBEPXHOCTHU TIOKPBITHSL.

PynonHble mosioTHUIIA TOJNMIMHOM OT 3 MM U Oojiee M3TOTOBISIIOTCS U3 OTAEIbHBIX
JUCTOB pasmepoM 1,5x6 M, cBapuUBaeMbIX Jpyr C JAPYrOM BCTHIK Ha CHEIHAJIBHBIX
BBICOKOMEXaHU3UPOBAHHBIX ycTaHOBKaX. CTBIKOBbIE CBapHbIE LIBBI JOJDKHBI 00J7a1aTh TOU
e MIPOYHOCTHIO, UYTO U OCHOBHOM METaJLl.

W3roroBneHue MOJOTHUL] TOJNIIMHOW MeHee 3 MM cleayeT IpeaycMaTpuBaTh U3
PYJIOHHBIX JICHT, TIOCTABIISIEMBIX METAJUTYPIHUECKOW MTPOMBIIIIIEHHOCTBIO.

24.14. JleHTOYHBIE TOKPBITUS M OTrPaXJAIOIIME KOHCTPYKIUHU (TIOABECHBIE MOTOJIKH,
CTEHBI) BBINOJHSAIOTCS W3  PYJIOHHBIX JIGHT, IIOCTaBIIIEMBIX  METAJLTyprUYEeCKOM
IPOMBIIIICHHOCTbBIO, C 00Ope3HBIMU KPOMKaMH 0e3 KaKoro-iubo 3aBOJICKOro nepesera.

24.15. OnopHBIi KOHTYp MEMOpaHHBIX IMOKPBITHHA PEKOMEHIYEeTCS MPOEKTHPOBATH M3
cOOpHOro, COOPHO-MOHOJUTHOTO WJIM MOHOJMTHOIO >K€e300€TOHa (B COOTBETCTBHM CO
CHulI 2.03.01-84), B ToM uncie u3 Tpyoo0OeToHa.

B oraenpHBIX ciydasx (CIoXKHash TE€OMETpPHsl OIOPHOTO KOHTYpa, CXaTble CpPOKHU
BO3JCHUCTBUS W T. 1.), IPU COOTBETCTBYIOIIEM OOOCHOBAaHWH, B KadeCcTBE MaTepuala
OIOPHOTO KOHTYpa MEMOPAHHBIX MOKPBITHH JJOMYCKAETCsl TPUMEHSATh MeTall.

Kontyp mMemOpaHHBIX TMaHemnel, o0paMIIsSIONINe AIEMEHTBI OTPAXKIAIOIINX MEMOpaHHBIX
KOHCTPYKILIUH, KapKac CHEIHAIbHBIX COOPYKEHUH C MPUMEHEHUEM MEMOpaH PEKOMEHTyeTCs
BBITIOJIHATH M3 METaJIA.

24.16. CranbHple MeMOpaHbl JIONYCKalOTCS K OSKCIUTyaTalMu ©Oe3  BbINMOJHEHUS
CTIEMATBHBIX MEPOTIPHUATUHN 110 OTHE3AIIUTE.

KOHCTPYUPOBAHUE
IIposeTHast KOHCTPYKUMSA

24.17. Tlo cmocody ¢opmooOpa3oBaHusi MeMOpaHHBIE OOOJIOUKH IOAPA3ACISIIOTCS Ha
MOKPBITHUS C IEPBOHAYAIBHO 33JaHHON CTPEJION MTPOBHCA U IIEPBOHAYAIIBHO IIJIOCKHE.

24.18. TlokpeITHsS C 3aJaHHON CTpeNod MPOBHCA MOHTHPYIOTCS ITyTEeM YKIATKA Ha
MOHTa)KHblE€  2JIeMEHThl  (“TOCTENh”)  OTAENBHBIX  MOJOTHUIL, COEOUHSIEMBIX B
MIPOCTPAHCTBEHHYI0 MeMOpaHy. ['eoMeTpus 31eMEHTOB “TIOCTeNn” OmpelesieT HauyalbHYIo
¢dbopMy MOBEpPXHOCTH MeMOpaHHOW OOOJIOYKU W JIOHKHA COOTBETCTBOBAThH MPOEKTHOM, UTO
JIOCTUTaeTCs PETYIUPOBKOM JUIMHBI JIEMEHTOB “TIOCTENH .

24.19. IlepBoHayagbHO IUIOCKHME€ MeMOpaHHBIE TOKPBITHS, COOHMpaemble  Ha
CIUITAaHMPOBAHHOM IUIOIIAJKE WJIM MOJAMOCTSX, IOCIe MOAbEMa WIM pacKpyKaluBaHUS
MPOBUCAIOT TMMOJ JAEHUCTBHEM CoOCTBeHHOro Beca. Popma oOpazyromeics Mnpu 3ToOM
MOBEPXHOCTHU U CTpeJIa MPOBHUCA MOKPHITUS 3aBUCAT OT CIEIYIOMNX (HaKTOPOB:



“ppIxJiOCTH” MEMOpaHbl, BO3HUKAIONIEH H3-3a CBAPOYHBIX JAedopMalinii, HadyaIbHBIX
noruOei, OCTAaBIIMXCSA TOCIE NPaBKU JHCTAa WM PYJIOHA; OCTAaTOYHBIX JAedopMariuid,
MOSIBJISIFOIIMXCS. B Pe3y/IbTaTe CBOPAYMBAHUS U pa3BOPAuMBaHUs PYJIOHA U T. 11.;

[I0/IaTJIMBOCTH OIIOPHOI'O KOHTYPA;

ynpyrux aedopmanuii MeMOpaHBbI.

PexoMeHnyeTcst Ha4anbHYIO CTpENTy pOBHCa MPUHUMATEL PaBHOU He MeHee 1/60 MeHbIen
CTOPOHBI WJIM AUAMETpPa MOKPBITHUS.

24.20. IlponeTHyI0 KOHCTPYKIIMIO MEMOpaHHBIX MOKPBITUH CJIEIyeT BBIIOIHATH U3
MOJIOTHUILl MaKCHUMaJbHOM IUIOMAAu (C Y4YEeTOM YCIIOBUH HW3TOTOBJICHHS, MEPEBO3KH U
MOHTa)ka), IIOCTaBISIEMBIX HAa MOHTAXHYIO IUIOMIAAKY B pynoHax. llomorHumia
PEKOMEHIYETCSI pacrojaratb B HalIPaBJICHUU JAEUCTBUS MAaKCUMaJIbHBIX YCUIIMH B TOKPBITUY.

24.21. Tlpu cyuiecTBEHHOW HEPaBHOMEPHOCTH paCHpeleNIeHUs LEMHbIX YCUIHH B
NPOJICTHOW  KOHCTPYKLUMH JJIsi CHWKGHHS pacxofa MaTepuasia U oOecredyeHus
PaBHOMPOYHOCTH MeMOpaHbl pa3pelraeTcss MPUMEHSTh JTUCTHl Pa3HOM TOJIIMHBI (C yU4E€TOM
TEXHOJIOTMM M3TOTOBJIEHUS M MOHTaka TOHKOJIUCTOBBIX IIOJOTHHUII) WM YCHUJIMBATh
MeMOpaHy B HauboJee HalpsSHKEHHbIX Y4acTKaX JOMOJTHUTEIbHBIMU JTUCTAMU, KPEISIIUMHUCS
K OCHOBHOMY IOJIOTHHILLY.

24.22. B mnponeTHyI0 KOHCTPYKIUIO MEMOpPAaHHBIX MOKPBHITHI B OOJBIIMHCTBE CIy4acB
BKJIIOUAIOTCS AJIEMEHTHI MOAKPEIUICHUS, CIy’Kallhue B MEpUOJ MOHTaXka ‘‘TOCTENbI0”, Ha
KOTOPYIO YKIAJbIBAIOTCS TOJOTHUINA MEMOpaHbl. DJEMEHThl “MOCTEeNU’ COCTOAT U3
HaIpPAaBJIAIOIINX U MTOIEPEYHbIX CBSI3EH.

Hanpasnsromue pacrnonaraiorcs BAOJIb MEMOpPaHHBIX IMOJOTHUIN IIaroM, PaBHBIM HX
mupuHe. [lpy mMpuHe 1NONOTHMINA CBbIIE 6 M HANpPaBIAIOLIME PEKOMEHYETCS
yCTaHABIMBATh I1arOM, PaBHBIM TOJOBHHE IMUPUHBI MeMOpaHHOro mojotHumia. Illar
HaIpaBJIAIOIIMX HEOOXOIMMO YBS3bIBaTh C IIarOM OCHOBHBIX KOJOHH M C pa3MepoM
COOPHBIX PJIEMEHTOB OIIOPHOTO KOHTYpA.

[lonepeunble 31€MEHTHI “mocTenyu’”’, OOBEAMHSIONINE OTAEJbHbIE HANpaBISIOLIUNE B
MIPOCTPAHCTBEHHYIO CUCTEMY, PEKOMEH]IyeTCsS YCTaHABIMBATh C 1arom 3-6 m. [Ipu MoHTaxe
MOKPBITUSL HA MOJMOCTSIX WM BHU3Y Ha CIUIAHMPOBAHHOM IUIOIIAJKE 3JEMEHTHI “rocTenu’
MPUMEHSTH HE TpedyeTcs.

24.23. HampaBinsoniue peKOMEH TyeTCs BBITIOIHATh METAUTHYECKUMH JUIMHOW Ha TPOJIET
U3 MOJIOCHI, THYTBIX, IPOKATHBIX MJIM CBAPHBIX 3JIEMEHTOB (TaBp, ABYTaBp, ABa ILIBEJJIepa),
JIETKUX BUCAYUX (pepM Cc BepxHeH ropuzoHTanbHOM nonkoi mupunoit 300 - 500 mm.

[Tomepeunsle 3IE€MEHTHI PEKOMEHJYETCSl BBIMOJHATh W3 THYTBIX MM MPOKATHBIX
npoduneii, moadMpaeMbIX pacuyeTOM Ha Harpy3Ky, NPUXOJSIIYIOCS Ha HHUX OT Beca
MOJIOTHUIA MeMOpaHbl. [IpM 3TOM MakCHMalbHBI MPOrud IMOMEPEeYyHOro >JEMEHTa He
nomkeH mpesblmath 1/200 ero mnposera. PexkomeHayeTcsi KpeIuleHHE IONEepedHbIX
3JIEMEHTOB K HAIpaBJIAIOUIMM KOHCTPYHPOBAaTh TaKUM 00pa3oM, 4YTOObI 00ECHeyuTh HMX
paboty mo Hepa3pe3Hou cxeme. JlomyckaeTcsi momepeuHble dJIEMEHThl ¢ MeMOpaHo He
COEUHSATD.

24.24. Tlnomans CeYCHHS HAMPaBISIONIMX PEKOMEHIYETCS BKIOYaTh B paboTy
MPOJIETHOW KOHCTPYKLIMU MpPHU pacyeTax Ha OSKCIUTyaTallMOHHYIO Harpysky. Jlms sToro
Heo0XxouMO 00ecreYuTh COBMECTHOCTh pabOoThl MeMOpaHbl M HaNpaBIAIOMIMX 3a CYET
Ha/IJISKAIIET0 MX COSAMHEHUS MeX 1y cO00 U C OOPHBIM KOHTYPOM.

24.25. MemOpaHHbIe TIOJIOTHHINA PEKOMEHTYETCSI COSIMHSITh MEXITy COOOH U C ONIOPHBIM
KOHTYPOM BHAaXJIECTKY CBapkod (HEMpepbIBHBIM YIJIOBBIM IIBOM, TOYEYHOW CBapKou
nporiaBieHueM [27]) uiaum  BBICOKOMPOYHBIMH  OonTamu. [Ipu BBIMOJHEHUH CTHIKOB
OJTHOCTOPOHHUM CBAapHBIM YIJIOBBIM IIIBOM HEOOXOJUMa IIOCTAHOBKA CBApHBIX TOYEK
MPOTUIABJICHUEM HJIA BBICOKOTIPOYHBIX 00JITOB (puc. 58).
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Puc. 58. MOHTaKHBIi CTHIK MOJOTHHUI MeMOpPaHbI

a - 6e3 “nocrenu’; 6 - ¢ “NOCTeNbI0”, BHAXJIECTKY MOJIOTHHUIL MEMOPAHBI; 6 - ¢ “TIOCTENBI0”’, BHAXJICCTKY Ha HANPABJISIONIMX dJieMeHTax; 1 -
MeMOpaHa; 2 - HalpaBJBSIFOLIME JIEMEHTHI “riocTeln’”; 3 - OONTHI WIIK CBapHbIC TOUKH; 4 - CBapKa

[Ipy HanM4YUKM MOHTAXHOM “TIOCTENN” COEIMHEHHUE OTACIIbHBIX MOJOTHUI PEKOMEHIYEeTCs
OCYIIECTBJISATh HA HAMIPABJISIONINX C HAXJIECTKOW KPOMOK TTOJIOTHHUIII.

24.26. KOHCTpYKTHBHOE pelIeHHE Yy3lla MpUcCOeIuHEeHUusT MeMOpaHbl K OOpTOBOMY
aneMmeHTy (cMm. 1. 24.40) nomkHO oOecrneuuBaTh HAJEKHYIO Iepefady 3HauUuTEeJbHbBIX
LENHBIX (HOPMANbHBIX M KacaTeNIbHBIX) YCHJIUN C MPOJETHOW KOHCTPYKIIMHM HA OIOPHBIH
koHTyp. llpucoenuHenne MeMOpaHbl K OOPTOBOMY 3JIEMEHTY KOHTypa PEKOMEHIYETCS
BBIIIOJIHATH CIUIOIIHBIM C UCIIOJIb30BAHUEM OIIOPHOIO CTOJIMKA.

24.27. B cBsI3M C HE3HAYUTENBHONW M3THOHOW JKECTKOCTHIO MEMOpPAHHBIX 00O0JOYEK
HeoOxonuMa WX crTabunuzaius, MpeAoTBpallaionias MOoTeplo o0IIel YCTOWYHUBOCTH
MOKPBHITUS (€ro “BBIXJION” B CTOPOHY, IPOTHUBOIOJIOXKHYIO IIPOBHCY), YMEHBIIAOIIAS
MOBBIIECHHYIO J1e(POPMATHBHOCTh MEMOPAHHBIX CHCTEM OT HEPaBHOMEPHBIX HArpy30K H
oOecrieunBaroias HOPMAJIBHYIO pabOTy TOKPBHITHS Ha JAUHAMUYECKHE BO3JCHCTBUS, B
YaCTHOCTH, BETpOBble. B  HEKOTOphIX ciy4asx cTaOuiau3amuss HeoOxoauma Ui
MPEAOTBPAIEHUS MECTHOU MOTEPH YCTOMYMBOCTH TOHKOTO JIUCTA, KOTOpast MOXKET MPUBECTH
K pacCTpOMCTBY KPOBIIH.

Crabunuzanusi TOHKOJUCTOBBIX OTPAKIAIONIUX KOHCTPYKIMM TO3BOJSET MAKCUMAaJIbHO
HCIOJIb30BaTh X B COBMECTHOI paboTe ¢ 00pamMIIIIOIIMMHU 3JIEMEHTaMU OCHOBHOTO KapKaca,
TIOBBIIIAET UX KECTKOCTh U YIYUIIAeT IKCITyaTallMOHHBIE KaueCTBa.

Crabunu3anusi TOHKOJUCTOBBIX MOKPBITHI OCYIIECTBISETCS YBEIMUYEHUEM COOCTBEHHOTO
BeCa TOKPBHITHS, BBEJACHHEM B KOHCTPYKIIMIO JJIEMEHTOB, OOJIaJaloMUX HW3THOHOM
KECTKOCTBIO U MPEIBAPUTEILHBIM HAMPSKEHUEM (PACTIKEHHEM).

24.28. Crabunm3anus MOKPHITHS 3a CUET YBEJIWYCHHS COOCTBEHHOTO BECa JIOCTUTAETCS
MIPUMEHEHUEM YTEIUTUTENEH C MOBBILIEHHBIM YAEIbHBIM BECOM, YKJIAJAKON LIEMEHTHOW WU
OCTOHHOW CTSDKKH, MCIOJIB30BAHHEM CHEIUATBHBIX OaJUIACTHBIX MPUTPY30B, IMOJIBECKOU
MOCTOSTHHOTO TEXHOJIOTHYECKOro obopynoBanus (puc. 59, a). Takoit cnoco6 obecneunBaer
pacCTATUBAIOIINE HAMPSDKEHUS B MeMOpaHe JTake TPU BETPOBOM OTCOCE M YMEHBINIAET JOJTI0
HEpPaBHOMEPHBIX BPEMEHHBIX HArpy30K. YKa3aHHBI CHoco0 SBISETCS HauMeEHee
3¢ PeKTUBHBIM, TaK KaK TMPUBOJUT K YBEIWUYEHUIO HArpy30K Ha TIOKPHITHE W Ha
HIDKENeXKAllie KOHCTPYKIIMH, TOATOMY €ro MpuUMeHeHHe TpeOyeT IOMOTHUTEIHLHOTO
000CHOBaHUS.

Opnako, B OOJNBIIMHCTBE CIIy4aeB OKAa3bIBACTCS, YTO MPUMEHSIEMbIC B HACTOSIIEE BpeMs
TPaIUIIMOHHBIE KOHCTPYKIIMU KPOBEJIb COBMECTHO C MeMOpaHO# 0OecTieunBaroT TpeOyeMbIit
JUISL CTAOWMITN3aIMK BEC TIOKPBITHS.

24.29. CraOuau3upyrone H3THOHO-)KECTKHE 3JIEMEHTHI CIIEAyeT pacroJiarath BJIOJIb
JUHUI TJIaBHBIX KPUBU3H TIOBEPXHOCTH OOOJOYEK ¥ BBHINOIHATH METAUTMYSCKUMH U3
CIUTONITHBIX TMPOKATHBIX MJIM CBApHBIX 3JIEMEHTOB HIIM B BHUje BHCIUuX (epm (puc. 59, 6).
CTabWIM3upyOIIKe AIEMEHTHI CIIeAYEeT UCIOIh30BaTh B KAUeCTBE MOHTAXKHOM “TToCcTenu’”.



Puc. 59. Crabnian3zanusi NOKpbITHI

a - TIPUTPY30M; 6 - C UCTIOIb30BaHMEM U3rHOHO-)KECTKUX 3JIEMEHTOB; 1 - MeMOpaHa; 2 - Ipurpy3; 3 - KOJIbLEBOM KpaH; 4 - OCHOBHbIC
(IpozoNIbHbIE HITH paiualibHbIe) pedpa; S - BcrioMoraresbHble (ONEepPEeYHbIe WK paiualibHbIe) pedpa

24.30. [IlpenBapuTenbHOE HamMpsDKEHHE MEMOpaH — OCYIIECTBISICTCS — Pa3IMYHBIMU
croco0aMu B 3aBUCUMOCTH OT (1)0pr1 IMOBEPXHOCTH IMOKPBITUA (pI/IC 60)

MPUTSITUBaHUEM MEMOpaHbl K KOHTYPY HATsDKHBIMM YCTPOWCTBAMU WM HU3MEHEHHEM
IIOJIOKCHHUA OIIOPHOTO KOHTYpa (I[J'ISI 00oI0UEK OTpHHaTeHBHOﬁ FaYCCOBOﬁ KPUBH3HBI,
TJIOCKHUX OOIIMBOK);

HaTsOHDKEHUEM HMKHETO II0sACa, JJIEMCHTOB PEIIECTKH MM OTTAXKEK BaHTOBBIX (bepM,
BKJIFOUEHHBIX B MPOJIETHYIO KOHCTPYKLHIO (IsI 000JOYEeK HYJIEBOW M TOJIOXKUTEIbHON
raYCCOBOﬁ KpI/IBI/BHLI);

IMPUTATMBAHUCM KOHIOB IIOINCPCUYHBIX MNOAKPCINIAIONIMX 3JIECMEHTOB K OCHOBAHHIO (}lﬂﬂ
WIHMHIPHYECKUX 000JI0UEK).
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Puc. 60. Ctabuu3anus NOKPLITHI NPeABAPUTEIbHBIM HANPSKEHUEM

a - IPUTATUBaHUEM MEMOPaHbI K KOHTYPY; 0, 3 - U3MEHEHUEM T€OMETPUH MOKPBITHUS; 8, 2, O, H#C - HATSDKCHUEM BaHTOBBIX (epM; e -
TPHUTATUBAHUEM TTOTIEPEYHBIX 0aJOK K OCHOBAaHMIO: 1 - MeMOpaHa; 2 - CTaOWIN3HPYIONINE BAHTHI; 3 - IIEHTPANBHBINA MPHUTPY3; 4 - OTTHKKH
24.31. HeoOxomuMBbIi i CTaOMIIM3AIlMM BEC TMOKPBITHS, M3THOHAs >KECTKOCTh pedep,
BEJIMYMHA TIPEBAPUTEIHLHOTO HAMPSDKEHUS OIPENEeNSIOTCS pacyeToM Ha HOPMATHUBHBIC
BpEMCHHBIC HArpy3Kd B 3aBHCHMOCTH OT HA3HAYCHHS CTAOWIM3AIMH, a TaKXKe IPoJieTa,
TE€OMETPUH TOBEPXHOCTH TMOKPBHITUS U HArpy3ok. Beibop cmocoba crabunmuzaiuu ciexyer



MPOU3BOJIUTh Ha OCHOBE TEXHHKO-3KOHOMHUYECKHUX OOOCHOBAHHM C Yy4€TOM apXUTEKTYpHO-
TEXHOJOTHYECKHUX TPEOOBAHUN U BO3MOKHOCTH YIPOIIEHUS U3TOTOBICHHUS U MOHTAXa.

24.32. B poneTHON KOHCTPYKIIMM MEMOpPaHHBIX CHCTEM pa3pemiaeTcs MpeaycMaTpruBaTh
IIPOEMBI B IIpPEAEIax PacCTOSHUSI MEXY JIEMEHTaMU IMOJAKPEIIEHUs (€CIU OHM UMEIOTCH)
JUI YCTAaHOBKHM 3€HHUTHBIX (pOHapel, mpomycka KOMMyHUKauuid u T. 1. [Ipoemsl criemyer
pasmenaTh B MEeCTaX, YIaJICHHBIX OT OMOPHBIX KOHTYpPOB. IIpoeMbl HE0OX0AUMO 00paMIIATh
JUCTOM, PACIOJIOKEHHBIM B IIOCKOCTH MEMOpaHbl M HMMEIOIIUM IUIOHIA/(b MOMEPEYHOTO
CEUEHUs1 HE MEHEE ITOJIOBUHBI IIJIOLIAN OCIA0JIEHUS MEMOPaHHI.

[IpoeMbl cienyer HPOEKTUPOBATh KPYIVIBIMH, OBAJIbHBIMU HIJIM MHOTOYTOJIBHBIMH C
3aKpYIJICHUSIMU YIJI0B paanycoM He meHee 200 M.

24.33. KpemneHne TEXHOJOTHYECKOro 00OpyaoBaHHS K MEMOpPaHHOMY TTOKPBITHIO
PEKOMEHIYETCSl OCYIIECTBIISATh Ha THOKUX ToJBecKaxX. [Ipu HaqIu4duu 3J€MEHTOB “TOCTeNH”
IIOJIBECKM PEKOMEHJYETCA KPENHUTh K 3TUM 3JeMEHTaM. BO3MOXHO KpeIuleHHE IOABECOK
HEMOCPEACTBEHHO K MEMOpaHe C UCIOJIb30BAHUEM PACIIPEIETUTENbHBIX MI1aii0.

OnopHblii KOHTYP

24.34. OnopHBI KOHTYP BOCIPHHHMAET LIEIHBIE YCHUJIHS, TIEPENAIONINecs ¢ MPOJICTHON
YacTH HOKPHITUA. Pa3nuuaroT 3aMKHYTBIH KOHTYp, KOTOpPBIH BCe€ T'OpPH30OHTAJIbHBIE
COCTABJISIIOLINE LIETIHBIX YCUJIMH BOCIPUHUMAET B YPOBHE IOKPBITUS U Ha HUKEJIEXkKallue
KOHCTPYKLIMU I€peJacT B OCHOBHOM BEPTUKAIbHbIC YCHIIHSA, U PA30MKHYTBIH OINOpPHBIN
KOHTYp, IIPY KOTOPOM YCHUJIUS C IIPOJIETHOM YacTU MOKPBITUS NEPENAIOTCS Ha HUKEJIEKaIIe
KOHCTPYKLMHU (KOJOHHBI, pambl, MUJIOHBI, KOHCTPYKLHH TPUOYH, OOKOBBIX HPUCTPOEK).
LlenHple ycwiusg C TOKPHITHS NpPU Pa30MKHYTOM OIOPHOM KOHTYpE MOTYT TaKxke
BOCIIPUHUMATHCS OTTSKKAMHU.

BBuny nonoroctd mposieTHOM KOHCTPYKLIMM BEJIMYMHA paclopa BechbMa 3HAuYMUTENIbHA,
[I03TOMY OOJIbIIOE 3HAYEHHE MMEET pallMOHaJIbHOE KOHCTPYHMPOBAHHME OIOPHOTO KOHTYpA,
BOCIPUHUMAIOILET0 3TH CUJIbI, TPYJOEMKOCTh U3TOTOBJIEHUS U MaTEPUaIOEMKOCTh KOTOPOTO
3aHUMAIOT 3HAYMUTENbHBIM yAENbHBIH BeC B OOLIMX IOKAa3aTeNsiX, BIMUAIOLIMX Ha
SKOHOMMYHOCTb ITOKPBITHS.

PexoMeHayeTcss IpUMEHATh 3aMKHYTBIM ONOpPHBIM KOHTYp. IIpuMeHeHue pa3oMKHYTOro
KOHTypa MOKET OBITh OIpaBAAaHO JHIIb NPU HAJIUYUKU KOHCTPYKUMHA TpUOYH, OOKOBBIX
OPUCTPOEK © T. T., CHOCOOHBIX BOCIPHUHMMATh pacropsl 0e3  CyIIEeCTBEHHbIX
JIOTIOJTHUTENBHBIX 3aTparT.

Ecnn onopHbIl KOHTYp BBIIOJHEH B BUAE HECKOJIBKMX HAKIOHHBIX IUIOCKHX apoOK WIH
JIOMaHbIX OaJlOK, HE JIeXkallluX B OJIHOM IJIOCKOCTH, OH OKAa3bIBA€TCSI BHELIHE PaCIOPHBIM.
JUis BOCHpHUATHS pacropa pEKOMEHAYETCS IpelycMaTpuBaTh 3aTskKku. lIpuMeHenue
KOHTP(OPCOB MEHEE PALUOHAIIBHO.

24.35. dopma OMOPHOTO KOHTYypa ONpeAesseTcs JIMHUEH IepeceyeHHs MOBEPXHOCTH
MOKPBITUSL C IMOBEPXHOCTHIO CTEHOBOTO OrpakaeHus. Ero ock MokeT ObITh oOuepyeHa
IJIOCKOM WJIM NMPOCTPAHCTBEHHOW KPUBOM WIIM COCTOSITH U3 OTPE3KOB INMPSMBIX, IJIOCKHX H
MIPOCTPAHCTBEHHBIX KPUBBIX. KpHUBOJMHEHHBIH OMOPHBIM KOHTYp MOXET ObITh 3aMEHEH
MIOJINTOHAIBHBIM JJIs1 YIIPOILLIEHUS U3TOTOBJIEHUS €r0 DJIEMEHTOB.

HapyxHbIlf OMOpHBIN KOHTYpP MOXET Jie)kaTh Ha CIJIOIITHOM OCHOBaHUH, 00pa3oBaHHOM
CTEHAMM, WJIM Ha OTIENbHBIX KOJOHHAX, B TOM YHCJIE PACHOJIOKEHHBIX TOJBKO IO yIJlaM
MTOKPBITHUS.

24.36. B o0mieM citydae ormopHbIA KOHTYpP BOCIIPHHUMAET CXKaTue C U3TMOOM B OHOM MITH
JBYX IUIOCKOCTSIX B 3aBHCHMOCTH OT YyCJOBHH ero omnupanus. Kpome Toro, B omopHom
KOHTYpE MOTYT BO3HHMKATh KpYTALIME MOMEHTHI. [IpM NpOeKTHMPOBAaHWU HEOOXOIUMO
CTPEMUTBCS K TOMY, UTOOBI OINOPHBIA KOHTYp ObUI BHEIIHE O€3pachopHbBIM U
MaJIOM3THOHBIM.

HanpsixkenHno-nedopMupoBaHHOE COCTOSIHUE HETIOCKOTO (JIETIIaHMPOBAHHOIO) OIIOPHOTO
KOHTYpa, ONEPTOr0 Ha CTEHbI WJIM YacTO PACHOJIOKEHHBIE KOJIOHHBI U OOBIYHO MMEIOIIETO
HeOOJbIIOE OTKJIOHEHHWE OT IUIOCKOCTH, MOKHO TPUHUMATh SKBHBAJIEHTHBIM paloTe
IJIOCKOT'O OIIOPHOT'O KOHTYpa.



24.37. TlonepeyHoe ce4eHHE KOHTYpa OMPEIEISIETCS PACYeTOM MOKPBITUSI C YUETOM €ro
MOIATIMBOCTU. Y MEHBIIICHUE M3TUOHON KECTKOCTH KOHTYpa MPUBOANUT K CHIDKEHUIO B HEM
BEJIMYUH U3TUOAIOIINX MOMEHTOB.

Bricora ceueHUss OMOPHOrO KOHTYpa NPUHUMAETCS MPH ONMHPAHUU Ha CIUIONIHOE
OCHOBaHUE IO KOHCTPYKTHBHBIM COOOPa)KEHUSIM, a Ha OTIEJIIbHO CTOAILIUE OIMOpPHI - IO
pacuery. B mociennem ciydae cienyeT yUuThIBaTh, YTO KPydE€HUE KOHTYpa BBI3BIBACT B HEM
JIOTIOJIHUTEbHBIE N3TrMOA0IEe MOMEHTHI B BEPTHUKATbHON TIIOCKOCTH.

24.38. MeMOpaHnHasi mposieTHasi KOHCTPYKIHS, TMPUKPEIJICHHAs: 110 BCEMY MEPUMETPY K
3aMKHYTOMY BBIIYKJIOMY OIIOPHOMY KOHTYpY, OO€CIIE€UrNBAET €ro yCTOMUNBOCTh B TNIOCKOCTH
MeMOpaHbl, 332 HUCKIIOYECHUEM MOKPHITHI Ha MPSIMOYTOJIBHOM W TPEYroJbHOM IUIaHe, IS
KOTOPBIX HEOOXOJUMO MPOBEPATH YCTOMYHMBOCTH OMOPHOTO KOHTypa B 3TOW IJIOCKOCTH.
Y CcTOWYUBOCTh KOHTYpPA U3 IJIOCKOCTH MOKPBITUS IPOBEPSETCS PACUETOM C YUYETOM YCIOBHIA
€ro ONUPAHMS U HATPY>KEHUS.

24.39. MeTauinuecKrii OMOPHBIA KOHTYp MEMOpaHHBIX MOKPBITHMA MajbIX U CPEIHUX
MIPOJIETOB PEKOMEHIYETCSI BBIIIOIHATH B BUC 0ATOK M3 MPOKATHBIX WM CBAPHBIX MPOdUei.
JUis TOKpHITUH OONBIIMX MPOJETOB METAUIMYECKUNH OMOPHBIA KOHTYp PEKOMEH]IyeTCs
BBITIOJTHATE KOPOOYATOrO CEUCHUsS M3 JINCTOB, YCHIJICHHBIX IMONEPEYHBIMUA M IMPOJIOJIEHBIMU
pebpamu u auadparmamu, OOECHEUYMUBAIOIIMMU MECTHYIO YCTOMYHMBOCTH CTEHOK,
HEM3MEHIEMOCTb TONEPEYHOr0 CEYCHHS W Tepeavdy YCUIHid ¢ MeMOpaHbl Ha BCE CEYCHHE
OTIOPHOTO KOHTYpA.

[Ipu GonpmuxX pasmMepax MOKPHITUS U CYIIECTBEHHOH pa3HUIE B BEIUYMHAX YCHIIHA
BJIOJIb OTIOPHOT'O KOHTYpa METAIIIMYECKHE KOPOOYaThIe JIEMEHTHI 3aBOJICKOTO U3TOTOBJICHHUS
PEKOMEHIYeTCsl TPUHUMATh C JBYMS THIIAMH IOTIEPEYHOTO CEUeHUS (NMPHOMOPHBIM U
MPOJIETHBIM) , OTJIMYAIOIIUMHUCA TOJUIMHON JHCTOB CTEHKU MPU COXPAHEHUU TrabapUTHBIX
pa3mMepoB.

24.40. OnopHBIA CTOJUK, HEOOXOJAMMBIA IS COCIMHEHHS MEMOpaHbl ¢ OOpPTOBBIM
JJIEMEHTOM KOHTYpPa, PEKOMEHIIYEeTCS KPEIUTh CBAPKOW K 3aKJIAJHBIM JCTajsM, CTaJbHOM
ornanyOKe Kele300eTOHHOTO KOHTYpa WK K CTaJlbHOMY OMOpHOMY KOHTYpY (puc. 61). Ilpu
MPOEKTUPOBAHUN HEOO0X0IMMO obpamaTrh 0co00e BHUMAaHHE Ha AHKEPOBKY 3aKJIAJHBIX
JeTaneil 1 yCUIeHHEe CTeHKU CTallbHOTO KOpo0Oa B MECTax yCTaHOBKU CTOJHUKA.

PexoMeH1yeTcst TUIOCKOCTh OIMIOPHOTO CTOJIMKA BBITIONHSATEH C HAKJIOHOM, PAaBHBIM HAKJIIOHY
KacaTelbHON K MOBEPXHOCTH MEMOpaHHOU 000JIOYKU B MECTE MPUMBIKAHUS K KOHTYPY MO
MaKCUMaJIbHOW Harpy3koil. OTMOPHBINA CTOJMK HEOOXOAMMO TMOJKPEIUISATh BEPTUKAIBHBIMU
pebpamu He pexe yem uepe3 300 mm. TonmuHy IMCTa OMOPHOTO CTOJMMKA PEKOMEH]IYyeTC s
Ha3HavaTh He MeHee 1,3 TommuHbsl MeMOpaHbl;, mupuHy - He MeHee 300-400 mm.
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Puc. 61. Y3en npucoeuHeHusi MeMOpPaHbI K KOHTYPY

a - BHAXJIECTKY; 6 - C UCIIOJIb30BaHHEM ITOJIKJIAJHOTO JIUCTA; 1 - MeMOpaHa; 2 - ONOPHEIN KOHTYP; 3 - OIIOPHBII CTONNK; 4 - TOIKIIaIKa



2441. OnopHbIi KOHTYp OOBIYHO JKECTKO COCOUHACTCS C BEPTHKAJIbHBIMHU
KOHCTPYKLHUSMU 3JaHMs,, Ha KOTOpbIE OH onupaercs (KOJOHHBI, cTeHbl). llpu 3Tom
nedopmarusi OIIOPHOTO KOHTYpa OT €ro 00XKATHsI M TEMIIEPaTypPHBIX BO3JICHCTBHIA BBI3bIBACT
B HMIKCJIICIKAIINX KOHCTPYKIHUAX I/I3I‘I/I6aIOIJ_II/I€ MOMCHTBI, 4 IIpHU OIIMPAHUH HAa KOJIOHHBI B
CaMOM KOHTYPE BO3HUKAET JIOMOJIIHUTEILHOE KPYUYCHHE.

PACUYET

24.42. B ocHOBY pacyeTa MEMOpaHHBIX KOHCTPYKIIMH MOXKET OBITh IOJIO)KEHA TEOPHsI
0E3MOMEHTHBIX IUIACTHHOK WJIM O00O0JIOUeK, TaK Kak WX HalpsDKeHHOE COCTOSIHUE
OTpe/IeNIsIeTCS. B OCHOBHOM LIEMHBIMHM HAINpPSKEHUSIMH, BBUAY BE€CbMa MajiOl >KECTKOCTH
MeMmOpanbl Ha m3ru6. OgHaKo B MecTe NPUMBIKAHUA MEMOpaHbl K KOHTYPY BO3MOKHO
BO3HUKHOBEHHE OBICTPO 3aTYXAIOIIET0O MOMEHTHOI'O HAMIPSKEHHOTO COCTOSIHUS.

B OGonpmmHCTBE CiydaeB pacyeT CleqyeT NPOU3BOJUTH C YYETOM TI'E€OMETPUYECKOM
HEMMHEWHOCTH cucteMbl. [Ipu oTHOCUTENbHO OOJNBIION Ha4yaJlbHOM CTpesne MpoBHUCa
MeMOpaHHBIX 000JI0YEeK U PABHOBECHBIX HArpy3Kax MX MOXKHO PacCUMTHIBATH MO JIMHEHHOMN
TEOPUHU.

24.43. Cnenyet pa3nuyaTh J1Ba BU/Ia paCY€TOB MEMOpPAHHBIX KOHCTPYKIINIA:

a) TpenBapUTeNbHbIE - [UIsi OOOCHOBaHMSI TEXHMYECKUX PEIICHUH ¢ BapHaHTOB
KOHCTPYKLUU;

0) pabouue - 111 000CHOBAaHUS PAOOUNX YEPTEKEH.

Mertoapl pemieHust 3agad  pacdera MEMOpaHHBIX KOHCTPYKIMK —pa3ieisiioTcs Ha
AQHAJIMTUYECKUE U YHCJICHHBbIC. AHAJUTHYECKHE METOJbl B OOJBIIMHCTBE CIydaeB
MPUMEHUMBI ISl TIPEABAPUTEIBHBIX pacuyeToB. MeMOpaHHbIE CHCTEMBI C OOJIBIIMM YHCIOM
KOHCTPYKTUBHBIX OCOOEHHOCTEH Ha CTaguu paboyero MpPOEKTUPOBAHUS PEKOMEH]IYETCS
paccUYMTHIBaTh YUCIEHHBIMU MeTo1aMu Ha DBM.

24.44. Tlpu pacuere MeMOpPaHHBIX KOHCTPYKLHH 32 OCHOBHBIE HCKOMBIE BEIUYHHBI
MPUHUMAIOTCS HANPSOKCHUST M TEPEMENICHHs] MPOJIETHOW KOHCTPYKIMH, HM3THOAIOIUe U
KpYTAILIUE MOMEHTHI, IPOAOJIbHBIC YCUIIHS, MONEPEYHbIE CUIIBI U MEPEMEIICHHs] OIOPHOTO
KOHTYpa OT CHJIOBBIX W TEMIIEPATypHBIX BO3JCHCTBHI, ONpeAesieMble METOJaMH TEOPUHU
yIPYyroCTH Ha OCHOBE YPaBHEHUIl paBHOBECHs U COBMECTHOCTH JehopMaruii,
TE€OMETPHUECKUX U (PU3UUECKUX YPABHEHHI C YI€TOM IPaHUYHBIX YCIOBHIA.

2445, Vcunus W TeEpeMelleHHs Ha CTaauu padouyero MPOEKTHPOBAHHS CIEAyeT
OTpeAENATh pacieTOM MEMOpPAaHHON KOHCTPYKIIMU KaK €IMHOM MPOCTPAaHCTBEHHON CHCTEMBI
C Y4E€TOM MPOAOJIBbHOM, N3rHOHON U KPYTUIILHOMN JKECTKOCTEI OMOPHOTI0 KOHTYpA; 3JIEMEHTOB
MOJIKPETUICHHUST MPOJIETHOW YacTH KOHCTPYKUWHU (B Cy4dae WX HAJIMUUs); CBSI3H ONOPHOTO
KOHTYpa C HOJJIEP)KUBAIOLUIMMUA KOHCTPYKLIMSAMHU; SKCHEHTPUCUTETOB MEXIy JHHHEH
KpETuIeHHsI MeMOpaHbl K OMOPHOMY KOHTYPY M €ro HEWTPaJbHON OCBIO TI0 BEPTHUKAIH U TI0
TOPU30HTANIM; OTBEPCTUIl B MeMOpaHe MpH uX pasmepax cBbimie 1/10 meHblero pasmepa
I1aHa 000JI0YKHY.

24.46. Pacuer MeMOpaHHBIX MOKPHITHHA PEKOMEHYETCs BBIMOIHATE C YYETOM HEYNMpPYrux
nedopmaruii xKeae300€TOHHOTO WM CTAJIbHOTO OMOpHOro KoHTypa. [Ipu sxene3o00eToHHOM
OIOPHOM KOHTYpE€ PEKOMEHIyeTCsl YUUTHIBATh Ae(POpMaIlUi YCaIKU U MMOJI3Y4eCTH OETOHA.

IIpn pacuere mnposieTHOM YacTH MEMOpPaHHBIX KOHCTPYKIMM IO TepBOil Tpymie
NpPEJENbHBIX COCTOSHUH PEKOMEHAYeTCs OrpaHHYUBaTbCcs YOPYrol cragueil paboOThI
MaTepuara.

25. MIPOPUJINPOBAHHBIIA HACTHI
OBIIHUE ITOJIOKEHUA

25.1. PexoMeHTaIMy HACTOSIIETO pa3jelia PaclpOCTPAHSIOTCS Ha MPO(UIUPOBAHHBIC
HACTWIbl W3 OUMHKOBaHHOW ctanu, BKIOYeHHble B ['OCT 24045-86 nnga npumeHeHUs B
YTEIUJIEHHBIX MTOKPBITUAX MPOU3BOACTBEHHBIX 3JaHUN PA3JIMYHOTO HA3HAYCHUS.

Pexomenpanmu He pacmpoCTpaHSIOTCS Ha TPO(PHIMPOBAHHBIA HACTWI TMOKPBHITHH,
HaXOJSIIMXCS B OCOOBIX YCIOBUSX OKCIUTyaTanud (B 3JaHHSX, TOJBEPrarolIuXcs
CECMUYECKUM, MHTEHCUBHBIM TEMIIEPATYPHBIM BO3JICUCTBUSIM WJIH  BO3JACHCTBUSAM



arpecCUBHBIX CPel), MOKPHITHI YHUKAIBGHBIX 3[aHHHA, a TAKXKE B MOKPBITHAX CHEIHATbHON
KOHCTPYKIUU (TIpeBApPUTEIHHO HAMIPSHKEHHBIX, TPOCTPAHCTBEHHBIX, BUCSIUNX ).

25.2. Tlepeuens npodunepazmepoB HacTmwia 1mo ['OCT 24045-86 u mupuHBI 3arOTOBOK
JUTSL UX W3TOTOBIICHUS TIPUBE/IEH B Ta0. 68.

TaOnuma 68

Mapka Pazmepsl INonepeunoe ceueHne mpohuiIs Mac- |V nens
HAcTH/IA | 3arOTOBKH, cam| Has
MM 1 M, | Meran
my- | Toi- KL | J10eM-
pHHa |[KMHA eM-
t KOCTb,
kr/kH
HC40-800 1100| 0,6 711 38
07 | 1= 81 | 32

800 4
I1C44-1000( 1400 | 0,7 83| 33

-
e J
1000
b

H57-750 [1100( 0,7 - 8,7 | 33
0,8 “"J : 98 | 2,7

} 750 4
H60-845 [1250( 0,7 88 | 3.8
o8 | ¥ 9,9 | 31
09 4 845 + |111] 26
H75-750 [1250( 0,8 11,2 21
09 R 125| 2,0

750 1
H114-750 [1400( 0,8 " 1251 21
0,9 = ‘ I 140 21
1,0 750 154 2,1
H114-600 [1250( 0,8 “— 1401 2,3
09 ¥ 156 2,3
1,0 jp S— 17,2 23

600

1T puMeE€dYaHUuC. VienbHass METalUIOEMKOCTh HACTHIIOB onpeneisiIach Kak OTHOIICHHE HX MacChl m K pacquHoﬁ HpeI[CHBH()ﬁ
Harpyske ( Ha 1 M? momanu HacTuiaa. Harpyska ( B IaHHOM cilydae pacCUMTBHIBATACh I8 HEPA3PE3HOTO JBYXMPOJETHOrO HACTUIA C
MpoJIETaMH 110 3 M IpHU BbICOTE ropoB He Oosiee 75 MM WM ¢ mpojieTaMu 4 M TIpH BeicoTe Todpos 114.

[Ipumenenue npoduineit oJHOM MapKu, HO pa3HOM TOJILIUHBI B HACTUIIE MOKPBITUS OJTHOTO
3/1aHUs HE JIOIyCKAETCA.

25.3. KoHCTpYKIIMSI M YKIIOH KPOBJIHU IO MPOGMINPOBAHHOMY HACTHIIY MPUHUMAIOTCS B
coorBerctBUM co CHull 11-26-76 [36]. B TUNOBBIX KOHCTPYKLHUSAX TOKPBITHHA C
MIPUMEHEHHEM MTPO(UINPOBAHHOTO HACTUIIA IPUHAT YKJIOH KpoBiIH He O6onee 1,5 %.

25.4. Ilpodunu HacTUIA cAeyeT U3TOTOBIATh U3 PYJIOHHON OLIMHKOBAHHOM CTaIl MapKu
BC13 moboit crenenu packucienus no ['OCT 380-71%*, rpynn XII u IIK ¢ nMHKOBBIM
MOKPBITHEM NepBoro kiacca ¢ AByx cropoH o 'OCT 14918-80*.

[To 3aka3zy mnoTpeOUTENss TOMYCKAETCS W3TOTOBJSITH MNPOMUIN U3 OIMHKOBAHHOU
PYJIOHHOH CTaJM € JIJAKOKPACOUHBIM MOKphITHEM 110 TY 67-443-86.

MexaHnueckne XapaKTepUCTHKU MaTepuana npoduieil onpeaensiorcs 3aBOJIOM-
M3rOTOBUTENIEM IO pe3yjbTaTaM CTaHJAPTHBIX MCIBITAHUM M JOJDKHBI OBITH yKa3aHbl B
ceptuduKaTax Ha rOTOBbIE MPOQUIIH.

25.5. Ilpu pacyere HACTUIIOB PACUETHOE CONPOTHUBIIEHUE CTAIM MPH PACTSKEHUH, CKATUU
1 m3rube puHEMaeTcs He MeHee Ry = 220 MITa (2250 krc/cMm?), pacueTHOE CONPOTHBIICHUE
cpesy Rs = 130 MITa (1330 krc/cm?).

XAPAKTEPUCTUKH HACTHUJIOB

25.6. OcHOBHBIE XapaKTePUCTUKN ToniepedHoro ceuenus npoduieir mo FOCT 24045-86
pUBEJCHBI B Ta0I. 69.

25.7. PacderHas mmpWHA TUTOCKMX YYaCTKOB CXAThIX ITOJIOK Tpoduieil mpuHUMAeTCs
paBHOU 40t mpu ompenenceHUM MOMEHTOB compoTuBieHus u 60t - mpu ompeneneHun
MOMEHTOB UHEPLINU, TPUBEIEHHBIX B Ta0I. 69.



KpuBonuHelinble y4yacTKH, CTEHKH TOQpPOB U PACTSIHYThHIE IMOJIKM HACTUJIA BKIIIOUEHBI B
pPacUYeTHYIO IJIONIA/lb CEUECHUSI OTHOCTHIO.

PACYET

25.8. IIpo4HOCTH U KECTKOCTh (MPOrud) nMpouIMpoBaHHBIX HACTHIIOB MPU MONEPEYHOM
M3rHOe MPOBEPSIOTCS 10 MPUBEACHHBIM B I, 25.9 u 25.10 pekoMeHaanusM, COCTaBICHHBIM
¢ ucrojb3oBanuem [37].

YCTOWYUBOCTh TNIAJKUX CTEHOK TO(pOB HaJ CpPEeJHUMH OMOpaMU MpU HEPa3pe3HbIX
CXeMax pacKIaJKu HACTUJIOB IMPOBEpPSIETCS IO METOAMKEe, MpuBeneHHOW B 1. 25.11.
Y CTOWYUBOCTh CTEHOK CTYIEHYATOrO IMOMEPEYHOro CEYeHHS B HEPa3pe3HbIX HACTUIIAX U3
npodunerr H75-750-0.8 (0,9), H114-600-0,8 (0,9) u H114-750-0,8 (0,9) npoBepsieTcss Hax
CPEITHHMH OIIOpaMH B COOTBETCTBUU ¢ M. 25.12 u 25.13 ¢ yuerom tpeboBanuit CHull 11-23-
81* K cTeHKEe C)KATO-U30THYTOTO AJIEMEHTA, YKPEIUICHHOH MPOIOJIBHBEIM peOpOM KECTKOCTH.

25.9. IIpounocTh M3rubaeMoro HacTUja CJICIYET IPOBEPATH MO hopmyIie

o= M K (163)
I/I/:nin j/n

rne M - pacueTHOE 3HAYeHUE M3THOAONIET0 MOMEHTA B pACCMAaTPUBAEMOM CEUCHHH;
Whin - MUHUMAaJIbHBIA PacYCTHBIH MOMEHT COIPOTHBIICHHS B PACCMAaTPUBACMOM CEYCHHUH,
IPUHUMAEMBIi 110 Taba. 69;
Ry - pacueTHOE CONPOTUBIICHUE H3TUOY;
Jh - K09 (DUIIMEHT HaIe)KHOCTH TI0 Ha3HaueHHo [37].
25.10. IIporu6 nactuia fy OT HOPMATHBHOW HATPY3KH, OMPEACIAEMbIN KaK JJsl OaJIKu C
MOMEHTOM HHepHuH lx, mo Tadiu. 69, ciexyer mpoBepATsh o Gopmyie

l
f<b (164)
"7 150"
rae | - pacueTHsIi TposIeT HacTUIIA.
Tab6numa 69
O6o3HaueHue Pasmepst | Tlno- |Macca|CripaBounble jaHHble Ha 1 M IIMPHHBI HACTHIIA
npoduis cedenus, MM | mamap | 1M HPH CHKATBIX MOJKAX
cede- |mmumbt Y3KHX ITHPOKUX
Hus A4, | mpo- | mo- MOMEHT MO- MOMEHT
cM? | puns, | MeHT compo- MeHT compo-
kr | unep- | Tusnennus, cm® | unep- | TuBnEHMS, cM3
uun Iy, uun I,
t h cm? Wi Wiy cm* Wy Wi

HC40-800-0,6 | 0,6 40 6,6 56 | 233 | 105 | 130 | 223 | 98 9,4
HC40-800-0,7 | 0,7 40 7,7 65 | 271|122 | 151 | 271 | 11,8 | 121
HC44-1000-0,7| 0,7 44 9,8 83 | 329 | 134 | 168 | 32,9 | 13,0 | 13,6
H57-750-0,7 0,7 57 7,7 65 | 538 | 148 | 21,1 | 53,8 | 16,4 | 19,7
H57-750-0,8 08 57 8,8 74 | 61,2 | 179 | 244 | 61,2 | 189 | 24,0
H60-845-0,7 0,7 60 8,8 74 | 621 | 146 | 244 | 59,1 | 16,5 | 18,7
H60-845-0,8 08 60 | 100 | 84 | 706 | 17,7 | 281 | 69,9 | 19,0 | 22,7
H60-845-0,9 0,9 60 [ 113 | 93 [ 790 | 209 | 318 | 78,7 | 21,5 | 27,0
H75-750-0,8 08 75 | 100 | 84 [1149] 258 | 32,2 | 1149| 285 | 33,1
H75-750-0,9 0,9 75 | 113 | 93 (1296 30,2 | 37,6 [119,6 | 31,6 | 38,0
H114-750-0,8 [ 0,8 114 | 11,2 | 94 |3079( 51,2 | 57,1 (3079 | 51,2 | 57,1
H114-750-0,9 | 0,9 114 | 12,6 | 10,5 | 3452 | 57,4 | 64,0 3452 | 57,4 | 64,0
H114-750-10 | 1,0 114 | 140 | 11,7 | 3836 | 63,8 | 71,1 | 3836 | 63,8 | 71,1
H114-600-0,8 [ 0,8 114 | 10,0 | 84 |320,9( 53,3 | 59,7 3209 | 52,4 | 558
H114-600-0,9 [ 0,9 114 | 11,3 | 9,3 |361,0( 60,0 | 67,2 [ 361,0| 59,6 | 659
H114-600-10 | 1,0 114 | 12,5 | 10,3 | 4054 | 67,6 | 750 | 4054 | 67,6 [ 75,0

25.11. YcTOHYMBOCTh CTEHOK TO(pPOB HaJ CPEIHUMH ONOpaMHM HEPa3pe3HOro HacTuiia
BBICOTOM He Oosiee 60 MM mpoBepsieTcst coraacHo [37] mo hopmyne

(£+%] <m, (165)

O, O

o cr

I7ie O - HOpMaJbHOE HAMPSDKEHHUE OT U3rnoa, onpeaensemoe mo ¢popmysne (163);



Oloc - MECTHOE HAamNpsDKEHUE OT PeaKIUU CPEJIHEH OIOpHI, ONpeneinsieMoe 1Mo (GpopmyIie
(166);
Oo - HOpMAJIbHOE KPUTHUYECKOE HAIIPsHKEHHE, ornpeaernseMoe 1o gopmyine (167);
Ocr - MECTHOE KPUTHUYECKOE HaIpshKEeHUe, onpeaersiemMoe mo gopmye (168);
m = 1 - mpu onWpaHWM HACTHJIA HA TPOTOH W3 JBYTaBpa, JBYX IMIBEJUICPOB WU
THYTOCBapHOTO 3aMKHYTOTO MPO(HIIS;
m = 0,9 - mpu onMpaHUM HACTUIIA HA TPOTOH M3 OJIMHOYHOTO IIBEJUIEPA;
— 2Bo

loc 1

1z

(166)

e Bo - onopHast peakiys Ha OJIHY CTCHKY rodpa;
Z - WIMpUHA PacYeTHOI0 yyacTKa CTeHKHU rodpa, paBuas b + 2r, Ho ne 6onee 1,5 h;
b - mmMpuHa MOJIKK MPOTrOHA MK APYroro 3J€MEHTa HECYINX KOHCTPYKIMI MOKPBITHS, Ha
KOTOPBIi OMHPACTCS HACTHUIL,
I - pasinyC COMPSHKEHUS CTEHOK TO(QPOB € MOJKaMK POQuIIs;

o, :knkol(@j . MIIa, (167)

rie Ko - K03 GuIueHT, 3aBUCAIINNA OT XapakTepa HANPsHKCHUH B ydacTKe M MPUHUMAEMBbIi
1o taoi. 70;
Ko1 - KO3 duIHeHT, onpenensiemblii o popmyie (169);
ho =h -2 (r +t) - pacuerHas BbicoTa rodpa;

Taonuma 70
Mapka HacTHIa A Ko
HC40-800-0,6 216 3,57
HC40-800-0,7 25,3 3,55
HC44-1000-0,7 24,8 3,66
H57-750-0,7 232 3,09
H57-750-0,8 26,6 3,19
H60-845-0,7 22,9 2,94
H60-845-0,8 26,2 2,91
H60-845-0,9 29,6 2,97
o, =Ak\R , (168)
rae Ry - B MIla;
A - k03hULUEHT, 3aBUCIIINNA OT pa3MEpPOB CEYEHUSI CTEHKU M OIpelesieMbli 10 TalJl.
70;

K - xooh¢umnment, omnpenenseMplii mo Tabn. 71 B 3aBUCHMOCTH OT IIHPHHBI OIMOPHI
HacTUiIa npu ycinoud, uto b < (1,5 h - 2r),

t
k, = 0,9—0,2—(1—2,455) (169)
h h
Tab6auna 71
b, MM 40 60 80 120 160 200
k 0,192 0,161 0,141 0,118 0,104 0,094

llpumevyanue. B unTEepBane Mexay 3HAYCHWSIMH, NPUBEJCHHBIMH B Tabiuie, koddduumeHt K ompexmernsercs JIMHEHHOM
MHTEpHOJSIIUEH.

z O,
Ecmn n <0,9 wm — < 0,4, To npuHuMaetcs Ko1 = 1,0.
(o2

25.12. Tlpm mpoBepke YCTOWYMBOCTH CTEHOK CTYIICHYATOTO IIOMEPEYHOTO CCUYCHHS B
ropax Hepazpe3HOro MpoGUINPOBAHHOTO HACTUIIA YCTYI Ha CTEHKE PacCMaTPUBAETCS Kak
MIPOI0IFHOE PEOPO IKBUBATICHTHOM KECTKOCTH (pHC. 62).
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Puc. 62. Y4acTok CTEeHKH a, pACCMATPUBAaEeMblii KaK pedpo KeCTKOCTH, H ero pacueTHoe
ceyeHue 0

25.13. IIpononpHOE peOpO JKECTKOCTH B BHJE YCTyNa JEIWT CTEHKY Trodpa Ha JBa
pacyeTHBIX OTCEKa, BBICOTHI KOTOPBIX No; ¥ hop paBHBI paccTOSHUSIM OT BBIKPY)KEK yCTyIa

COOTBETCTBEHHO /10 HUKHEH M BEpXHEU MOJIOK HacTuiia (puc. 63).
YCTOWYUBOCTh KaXJIOTO U3 OTCEKOB CTEHKM B HAJOMOPHBIX 30HAX HACTHJIA CUUTAETCS

00€CIICYEHHOM, €CIIM BBITIOIHAOTCS YCIOBHS:
ho1 < ho; ho2 < ho,

rae ho - HauOoubIIas 10 YCIOBUSM YCTOMYMBOCTH IIMPUHA CKATO-U30THYTOH IIACTHHBI,
3aBUCSIIAsA OT 3HAYEeHUs K03 (UIMEeHTa ¢, OTIpeEesieMoro 1o Gpopmynam:

a=2"2" (g orcexa 1);
a=2"9% (gns orcexa 2),

371eCh
o =— - HauOoJbIllee CXKUMAIOIICEe HANpsHKEHUE B OTceke 1, mpuHUMaeMoe CO 3HAKOM
x1
“rurroc”;
—C o o
o =0, R HaMnpsiKeHHEe, COOTBETCTBYIOIIEE Op, Y MMPOTUBOIOIOKHON PacuyeTHOU TPaHUIIbI

OTCEKa;
¥ - PacCTOSIHUE OT OMOPHOM MOJIKU rodpa 0 TOPU30HTAIILHON OCH yCTyIa Ha CTEHKE,

npuaumaemoe o I'OCT 24045-86;
W1 1 Wy2 -MOMEHTBI COTPOTUBIICHHSI CEUCHUS HACTUIIA, TPUHUMAEMBIE 110 TadJ1. 69;

ot - nHauOomnpllee pacTArMBalllee HaNpsHKEHWE B HAJONOPHOM CEYEHHWH HACTHIIA,
MIPUHUMAEMOE CO 3HAKOM “MHUHYC”.
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Puc. 63. PacueTrHasi cxema /15l IPOBEPKHU YCTOMYHUBOCTH CTYNIEHYATOH CTEHKH

1, 2 - pacueTHBIC OTCEKH IIACTHHOK

IMpu < 0,5 3Hauenue ho onpenensiercs no Gopmyse s = 3%, (3meck o - B MIla).

Jo.

IIpu o > 1,0 3nauenue ho onpenaessiercs mo popmysie
(2a-1E

o |@-a)i+p) + o+ p) +ap ]’

rae y - Ko3(pPUIMEeHT, yYUTHIBAIOIINUNA MECTHOE CMATHE corjacHo [38] u ompeaensieMslii Mo
dbopmyie

h, =326t

y=0,42 2a-1) ol ox;

[ - K03 hUIMEeHT, 3aBUCSIIMIA OT XapaKTepa HANPSHKEHUH B HAJIOTIOPHOM CEYCHUH CTCHKH
1 OTIpeCIIAEMBIi 110 hopMyIie

T
0

B=142a-1) ot

c

3[IECh 7, = 71 - CPElIHEE KacaTelIbHOE HANPSHKEHUE B OTCeKe 1, ompesensieMoe o popmyiie

_ZBU .

TO
th

ol

T, = T2 - CpeJIHEE KacaTelIbHOE HAPSKEHUE B OTCEKE 2, OIpeesieMoe o popMyIe

B

o

B unrepaie 0,5 < a < 1,0 3nauenue ho onpenensiercs TMHEHHON UHTEPITOSIUCH MEXK Ty
3HaveHussMu ho mpu = 0,51 a=1,0.

Ecnu ho1 > ho mm ho2 > ho, ycToitunBoCcTh cTeHOK ropoB cuMTaeTCss HEOOESCIICUCHHOW U
pacyeTHYIO Harpy3Ky Ha HaCTUJI CIIEIYeT YMEHbBIIUTb.

KPEIIJIEHUE HACTHJIOB

25.14. K nporoHam M ApPYrUM HECYIIMM 3JIEMEHTaM IOKPBITHS HACTUJ MPHUKPEIUIIETCS
camoHapezatormumu ~ 6onramu o OCT  34-13-016-77  KyiiObrmeBckoro — 3aBoja
“Onextpomut” Wi BUHTaMU 1o TY 67-269-79 YensOunckoro 3aBoja mpohuInpoBaHHOTO
cranpHoro Hactuia (U3IICH) ¢ ynioTHUTENbHBIMY Iai0aMH.

25.15. Hactun pomyckaeTcst KpemuTh K MOAJAEPKHUBAIOLIIUM CTaJIbHBIM 3JIEMEHTaM
CBapHBIMH 3JICKTPO3aKJIETIKaMU COTJIacHo [27].

25.16. K HecymuM CTaqbHBIM 3JI€MEHTaM TOJILIIMHOM OoT 5 710 12 MM HacTHJI JOIyCKaeTcst
KpEeNHTh NpUCTpenkoi aodensmu coraacao OCT 36-122-85.



25.17. Bo Bcex ciyyasx, KpomMe yka3zaHHbIX B . 25.18 u 25.19, HacTun Ha KpaitHUX
Olopax W B CTBIKAX CIEAYeT KPEMUTh B KaXIOoM Todpe, Ha MPOMEKYTOUHBIX OMOpax
HEepa3pe3HbIX HACTUIIOB - uepe3 rodp.

25.18. KperuieHust ¥ COeAMHEHUS] HACTWIIA, BBHIMOJHAIOMETO (YHKIMIO TOPU30HTAIBHBIX
CBSI3€H B MOKPBHITHSX 3/aHUN WIM YYUTHIBAEMOTO B pacyeTre Kak IUCK, PEKOMEHIyeTcs
BBITIOJIHATH coTiacHoO [38].

25.19. B yrnax 3gaHus ¥ 0 BHEITHEMY KOHTYPY MOKPBITUS HA y4acTKax MUPUHOU 1,5 M,
a TaKKe IPH PAcCYETHOM OTPHIATENHLHOM JaBleHHMH Betpa cebime 1,5 kH/m? (153krc/m?)
HACTHJI He0OXOIUMO KPEMUTh K HECYIIIMM KOHCTPYKLIHSM B KaKJ0M rope Ha BcexX omopax.

25.20. TIpodunu HacThia CIEIYyET COCAMHATH MEXAY COOOW MPOJOJBHBIMU KpPaHUMHU
MOJIKAaMH  BHAXJIECT ~ KOMOWHHpOBaHHBIMH  3akienkamu 1o OCT  34-13-017-78
Ky#i6pimesckoro 3aBoga ,,Onekrporut”, TY 67-730-86 U3IICH wm TY 36-2088-85
MunmonTaxcnencrposs CCCP.

[Ipu ykpynHenuu npoduieil HacTuiIa B MOHTaKHbIE KapThl 10 UX YCTAHOBKU B IPOEKTHOE
MOJIOKEHHUE JOMYCKAeTCsl HCIOJIBb30BaTh BMECTO KOMOMHHMPOBAHHBIX 3aKJICIIOK TOYCYHYIO
CBAPKY, BBIMOJIHAEMYIO COrjacHo [27].

[Ilar kKOMOMHHUPOBAHHBIX 3aKJICTIOK HJIM CBAPHBIX TOYEK B MPOJOJBHBIX CTHIKAX HACTHUIIA
cienyeTr npuHUMaTh paBHbIM 500 MM, KpoMe Cily4yaeB, IPeayCMOTPEHHBIX 1. 25.18.

25.21. CTpIKM HACTWIJIA IO JUTMHE CJIEAYeT OCYIIECTBISATH HaJl MPOTOHAMU WM IPYTUMHU
HECYLTUMHU JIEMEHTAMH MMOKPBITHUS.

HIupuHy onupaHusi HACTHIIA PEKOMEHYeTCsl IPUHUMATh He MeHee 40 MM Ha KpalHUX U
60 MM - Ha IPOMEXYTOYHBIX OIIOPaXx.

26. KOJJOHHBI C BETBSIMH U3 CBAPHBIX IBYTABPOB C IIPEJIBAPUTEJILHO
HAINPSIKEHHOM CTEHKOM

26.1. TlpumeHeHne CTEp)KHEH C PaCTIHYTBIMH CTEHKaMH OCHOBAHO Ha HCIOJB30BaHHUU
[PEBAPUTEIILHOTO HANpPSDKEHUSl Ui TOBBILICHHWS MECTHOM YCTOMUMBOCTH — CXKaTbIX
3JIEMEHTOB KOHCTPYKIIMIA.

IIpenBapuTebHOE HANPSKEHUE CTEHOK CTEPKHEBBIX JIEMEHTOB METAJNIOKOHCTPYKIIMA,
paboTaronMX Ha CHKUMAIOLIUE OSKCIUTyaTallUOHHBIE CHJIOBBIE BO3JEHUCTBHS, YMEHbILIAET
TOJILIUHY CTEHOK U CHMXKAET IUIOIIAb CEYEHUS U METAJUIOEMKOCTb CTEPKHEBBIX JIEMEHTOB.
[IpumeHeHne npeaBapUTEIbLHOTO HANPSKEHUST CTEHOK OCOOEHHO 3((EKTHUBHO B BETBSIX
pelIeTyaThIX KOJIOHH.

26.2. DneMeHTBl KOHCTPYKIUH ¢ TIPeBapUTEIILHBIM HANPSHKEHHEM CTEHOK, CO31aBaeMbIM
B TIIPOLECCE UX U3rOTOBJIECHHS, HMMEIOT TPAJULUOHHOE [BYTaBPOBOE CEYECHHE W
M3TOTOBJISIOTCS U3BECTHBIMU METOJAMH, U3 KOTOPBIX HanboJiee KenaTeIbHO M3TOTOBJICHHE
Ha MEXaHU3UPOBAHHBIX M IMOTOYHBIX JIMHUAX, NP ITOM BKJIIOYEHHE B TEXHOJOTMYECKHE
MIPOLIECCHI OMepaluii O MpeABaAPUTEIHLHOMY HANPSKEHHUIO CTEHOK (HapuUMep, TEPMUUECKUM
CIoco0OM) HE HapyllaeT B3aUMOCBS3M 3TUX MPOLIECCOB U HE CHUKAET MPOU3BOAUTEILHOCTH
JIMHUN.

26.3. [IpenBapuTesbHOE HANpPsKEHUE CTEHOK M YBEJIMYEHUE KOHIEHTpAllUU MaTepuana B
nosicax MO3BOJISIET UCIIOJIb30BATh JJISl CTEPKHEBBIX AIEMEHTOB B KaUYECTBE MaTepHajia CTalu
Pa3IUYHON MPOYHOCTH (MEHEe MPOYHBIC Ui CTEHOK M Oosiee MpOYHbIE AJIS MOJIOK) U TeM
caMbIM MOBBICUTH 3G (HEKTUBHOCTH IPUMEHEHUS CTallel OBBIIIIEHHON U BBICOKOM MPOYHOCTH
B CXKATbIX JIEMEHTAX CTPOUTEIbHBIX METAJIUIOKOHCTPYKLIUH.

26.4. PanuoHaNbHBIMH O00JACTSAMH TPUMEHEHHS KOHCTPYKIHH C TIpeIBapUTEIHHO
HaIpPSDKEHHBIMM CTEHKAaMU SBIIIOTCS LEHTPAIbHO C)KAThle CBAPHBIE CTEPYKHU pEIIETYATHIX
CHCTEM, B TOM YHCJI€ CBapHbIE MOJKPAHOBBIE BETBU PEHIETYATHIX KOJIOHH.

[enecooOpa3HOCTh M3TOTOBJIEHUSI CBApHBIX CXAThIX CTEp)KHEH C MpeaBapUTENbHO
HanpsDKEHHBIMM ~ CT€HKaMU  ONpefenseTcs  HaJluyhueM  Ha  3aBOJE-U3TOTOBUTENE
COOTBETCTBYIOLIMX MEXaHU3UPOBAHHBIX (MOTOYHBIX) JIMHUM WIM YCTAaHOBOK U CTENEHbIO
CHIDKEHHUS IIPHUBEICHHBIX 3aTPAT MO CPABHEHUIO C TPAJULMOHHBIMH aHajioraMu (IpoKaTHbIE
1 OOBIYHBIE CBApHbIE MPODUIN).



26.5. O6nacTh palnMOHAIBLHOTO TPUMEHEHHUS CBapHBIX JABYTaBPOB C TPEIBAPUTEIHHO
HaIIpSDKEHHOM CTEHKOM B Ka4eCTBE IOJKPAHOBOW BETBM PELIETYATHIX KOJIOHH OXBATHIBACT
KOJIOHHBI MPOMBIIIJIEHHBIX 3JaHUA C MOCTOBBIMH KpaHamu BbicoToi oT 10,8 mo 18 m,
nposaeramu oT 18 1o 36 M, ¢ marom KojgoHH 12 M, rpy30I01bEMHOCTBIO MOCTOBBIX KPaHOB
50 T BKmou. PacyeTHOE COMPOTHBIEHHE MaTepuana moscos Ry > 345 MITa (3500 krc/cm?).

26.6. Pacuer pemieTyaThiX KOJIOHH C BETBAMHU U3 CBApHBIX JIBYTaBPOB C MpEABAPUTEIHHO
HalpsDKEHHOM CTEHKOW BKIJIIOYAET: ONPEIEIECHHE ONTHUMAJIBHBIX pPa3sMEPOB CEUYEHHS;
MIPOBEPKY HECYIIEH CIOCOOHOCTHM BETBU MO OOILIEH M MECTHOM YCTOWYMBOCTH, a TaKxke
MIPOBEPKY HECYIIEH CITOCOOHOCTH PEelIeTYaToi KOJIOHHBI OTHOCUTENHFHO CBOOOTHON OCH.

26.7. Buavasie onpenensercs KOMIUIEKCHBIN mapaMeTp cTepkHs X 1o ¢popmyiie

_ MOR”

= 17
T8 10k, (170)
rme
21 .
H _Fl,\ 1
g -—12 (g nByTaBpa)
tpG-2p) ’
371eCh P=AwA; R=R,/210;

kw = 2,8-4 mist OuCTaNbHBIX KOJIOHH; Kw = 4-6 - /i1 MOHOCTAJIbHBIX KOJIOHH (YTOYHSIETCS B
mpoIecce pacyiera).

26.8. Kosddunuent momann ceueHus W OMpeaessieTcs: Jisi OUCTATbHBIX KOJIOHH TI0
Ta0J1. 72, 1715 MOHOCTAJIBHBIX - 110 Ta0JI. 73.

_ o,
Jlnst  OWCTANIbHBIX KOJOHH TMapaMerp o :R—’ ompexpenseTcs mo Tabdbm. 72, s
b
MOHOCTAJbHBIX - IpUHUMaeTcs & = 1.
Jlyia OGuCTalIbHBIX KOJIOHH OMNpEJeNsercs napamMeTrp oOp = & Ryf U Ha3Ha4yaeTcsl pacueTHOE
COIIPOTHBIIEHUH MaTepuana CTeHKU Ryw:

Ryw > (1 - ﬂ)Gp

Tabauna 72
X W o X: 7 o
15 1,550 0,80 75 2,325 0,55
25 1,725 0,70 100 2,600 0,45
50 2,050 0,60

Tab6aunma 73
Xy 1 5 75 10 15 20
v 1,111 1,333 1,428 1515 1,639 1,754

h,

26 9. Jlomyckaemass THOKOCTb CTEHKH Oe3 ydera IMpeaBapUTEIILHOTO HANpsDKEHUs —-
t

hg/. B — i
= (0,36+0,81,) /R}_, , (171)

rac ﬂx - YCJIOBHad T'HOKOCTh KOJIOHHBI OTHOCUTEIIBHO OCHU X-X, onpeaciasaemMasd 1mo Tabn1. 74 B

ompenenseTcs mo GopMmyiie

3aBHCUMOCTH OT MapaMeTPOB & U (p.

(oxp = (172)



h o
TpeOyemass ruOkocTh (—-) MpeaBapuUTEIBLHO HANMPSHKCHHOM CTEHKH OMPEIEISETCS 0
t

bopmyie
(h—fj ey (173)
t t
r
TaoOnuma 74
Ry, Mlla, o A, TPH (rp, PABHOM
(xre/cm?) 0,9 0,8 0,7 0,6 0,5 0,4 0,3
0,0 1,21 1,96 2,55 3,12 3,74 4,40 5,25
0,2 1,15 1,93 2,48 3,05 3,67 4,33 5,16
450 04 1,09 1,80 2,36 2,94 3,55 4,24 5,10
(4600) 0,6 0,99 1,66 2,23 2,83 3,42 4,15 5,03
0,8 0,93 1,54 2,08 2,68 3,31 4,06 4,96
1,0 0,87 1,43 1,93 2,53 3,20 3,97 4,89
0,0 1,24 2,00 2,60 3,15 3,78 4,46 5,28
0,2 1,18 1,95 2,51 3,08 3,72 4,38 5,22
540 04 1,12 1,82 2,39 2,97 3,59 4,28 5,17
(5500) 0,6 1,01 1,68 2,26 2,87 3,46 4,20 511
0,8 0,95 1,56 2,10 2,72 335 4,11 5,03
1,0 0,89 1,44 1,94 2,57 3,24 4,02 4,95

26.10. lomyckaemasi THOKOCTh cBeca MOJKU 0e3 ydeTa IMpeaBapUTEeIbHOTO HANpPSHKEHUs

b”; B cooTBeTcTBUU C 11. 7.23* CHull 11-23-81* onpenensiercs mo gpopmyie

b
£ =(0,36+0,11) £ (174)
2t » RJJ/'
b,
Tpebyemass ruOKOCTh CBeca IOJOK C YYETOM IPEIBAPUTENILHOTO HAIpPSKEHUs e
,
omnpezensiercs mo popmyIie
b,
b, P
O ) S 175
%) ars)

1+ Eﬁ
(Dxp

26. 11. OnTuManbHbBIE pa3Mepbl CEUCHHSI ONTPEISISIFOTCS 110 (hOpMyJIaM:

IUIOIAJ(b CEUYECHHUS A= % : (176)
¥

” CTEHKH Aw = PA; (177)

” TOJIKH Ar=0,5(1-p) - A; (178)

[IMPUHA CTCHKU (179)

TONIIMHA t, (180)

IIMPHHA TIONIKK b, (181)

TONIIMHA 1, (182)

26.12. PacueTHOE CONMPOTHUBIICHUE MaTepralia CTCHKH Ryw orpeienseTcs mo popmyiie



Ryw > (1 - ﬂ)O’p.

26.13. Hanbonee OiM3KkHe K ONTHMAIBHBIM pa3Mepbl CEYCHHS Ha3HAYAIOTCS C y4E€TOM
COpTaMEHTa M BBINOJHSIETCA IpoBepka OOIEM M MECTHOM YCTOMYMBOCTM KOJOHH B
COOTBETCTBHH ¢ Il. 26.14-26.16.

26.14. JIns OucTambHBIX KOJIOHH mapameTp Kw yrodnsercs mo ¢popmysie

A

w

rme hTf - onpenensercs o Gopmyne (171).

3arem 110 Tabia. 73 JIMHENHON UHTEPIOISALUEN ONpeneseTcs MapaMeTp & B 3aBUCUMOCTH
or mapamerpa X, ompenensemoro 1o Qopmyne (170). st MOHOCTaNbHBIX KOJIOHH
npuHuMaercsa o = 1.

26.15. Pacuer Ha yCTOMYMBOCTh IIEHTPAIBLHO-CKATOW BETBH KOJIOHHBI OTHOCHUTEIIHHO OCH
X-X BBITIOJHSETCA 110 (hopMyIie

.
®,4

<R

o (184)
rne F - pacueTHOE IPOI0IBHOE YCHITHUE,
A - TUIomaas ceueHus OpyTTo;
Pxp - KOOPGUIUEHT MPOAOIBHOTO U3THba, MPUHUMAEMBIN 110 Tabn. 75 B pyHKUIMH OT & U
YCIOBHOM T'HOKOCTH A !
/

Z_x R,\’f
i VE

X

31ech |y - pacueTHast AIMHA OTHOCHTENIBHO OCH X-X,
| - pauyCc UHEPIIMH CCYCHUSI OTHOCUTEIILHO OCH X-X.
Ipu 2, > 1,5 ¢y onpenensercs nuHeiHoM uHTepnionsuueit; A, < 1,5 ¢ onpenensercs
JIMHEWHOM DKCTPAIOJIALMEH.

TaOnuma 75

Ry, Mlla, o @ TIPH /I , paBHOIt

(krc/em?) 15 2,0 25 3,0 35 4,0 45
0,0 0,861 0,795 0,708 0,621 0,538 0,460 0,388
0,2 0,855 0,787 0,697 0,609 0,527 0,449 0,379
450 0,4 0,842 0,764 0,676 0,590 0,508 0,434 0,370
(4600) 0,6 08 0,740 0,655 0,574 0,489 0,420 0,360
0,8 0,808 0,715 0,630 0,550 0,475 0,408 0,351
1,0 0,790 0,693 0,608 0,530 0,463 0,398 0,341
0,0 0,865 0,800 0,716 0,620 0,542 0:467 0,394
0,2 0,853 0,789 0,702 0,614 0,534 0,458 0,386
540 0,4 0,843 0,768 0,682 0,595 0,514 0,440 0,367
(5500) 0,6 0,828 0,745 0,663 0,578 0,494 0,427: 0,362
08 0,811 0,719 0,635 0,555 0,480 0,414 0,357
1,0 0,797 0,697 0,615 0,535 0,468 0,403 0,346

26.16. Pacuer Ha yCTOWYMBOCTh CXKAaTOW BETBH KOJIOHHBI OTHOCHTEIBHO OCH -y
BBITIONHSIETCS TI0 (hopMyIie

o )

F
bl (185)

e @yp - KO3 GHUIMEHT MPOAOIBLHOTO N3TH0a, MPUHUMAEMBIH 110 TabJ1. 76 B QyHKIINU OT & U
yCIIOBHiT THOKOCTH A,



31ech |y, - pacueTHas JUTMHA OTHOCUTEIBLHO OCH )-V,
ly - palyC MHEPIIUU CCUYCHHSI OTHOCUTEIIBHO OCH )-).

Ipu 4, > 1,5 ¢yp onpenensiercs MuHelHON uHTepHomsiiueit; 1, < 1,5 ¢yp ompenensercs

JIMHEMHOM AKCTPAIOJISALMECH.

Tabnuma 76
Ry, M, o @y TIPH ﬂ: ., paBHoIf
(xrc/cm?) 15 2,0 25 3,0 3,5 4,0 45
0,0 0,921 0,854 0,774 0,680 0,582 0,492 0,413
0,2 0,909 0,827 0,730 0,632 0,542 0,463 0,394
450 0,4 0,897 0,793 0,679 0,581 0,502 0,433 0,372
(4600) 0,6 0,884 0,763 0,631 0,534 0,460 0,395 0,344
0,8 0,879 0,739 0,591 0,484 0,418 0,363 0,312
1,0 0,858 0,707 0,553 0,444 0,373 0,321 0,280
00 | 0923 | 0857 | 0,777 | 0684 | 0588 | 0498 | 0419
0,2 0,910 0,830 0,734 0,636 0,533 0,468 0,399
540 0,4 0,898 0,795 0,684 0,586 0,506 0,438 0,376
(5500) 0,6 0,886 0,765 0,633 0,538 0,464 0,398 0,348
0,8 0,890 0,742 0,593 0,486 0,422 0,367 0,316
1,0 0,859 0,710 0,558 0,446 0,375 0,324 0,282
26.17. Pacyer Ha yCTOMYMBOCTD IPEABAPUTEILHO HANPSIKEHHON CTEHKH BBINOJHAETCS C
yquOM:
CO6CTBeHHBIX pacTAruBaromnux HaHp}IH(eHI/Iﬁ Opw OIIPCACIISICMBIX T10 (1)OpMyJIe
Rpw > (1 - ﬂ)Up. (186)
KPUTHYECKUX HANPSOKEHUH CTEHKU Ocrw, OTPEICIEMBIX 110 (hopmyIre
2
T E
(187)

Opw = k—z ’
12(1- v)[};j

w

rae K - ompeznensiercst mo tadi. 77 B 3aBUCHMOCTH OT MapameTpa i MPU MPOMEKYTOUHBIX
3HAUCHUSX OwK ormpesenseTcs: TMHEHHON HHTEPIIOJISIUCH.

Taonuuma 77
i 0,00 0,80 2,10 570 10,00
k 7,00 6,08 526 4,61 4,00
[Tapametp aw onpenensiercs mo Gopmyine
a, =0357 % . (188)

f
Y CTONYMBOCTh CTEHKH CYUTAETCSI 00€CTIEUEHHOM, €CIIA BBITIOJIHIETCS YCIOBUE

Opw + Ocrw - O,lRyW < (ppRyf, (189)

I7ie @p - MPUHUMAETCS PABHBIM MUHUMATBbHOMY U3 KOO(PDUITUEHTOB (xp U (.
26.18. YcTOMYMBOCTEL CBECa IIOJIKM CUMTAETCS OOECIEYEHHOM, €CIU BBITOIHIETCS
yCIIOBUE

T‘L’ (190)
! /1+E£
?,

be/ “ o

rAe —- - ONpEAeNeTcs Mo dopmyne (174) B 3aBUCUMOCTH OT HAMOOJIBIICH YCIOBHOM

TUOKOCTH CTEPIKHS.
26.19. Pacuer Ha yCTOWYMBOCTH peEIIETYATONW KOJOHHBI OTHOCHUTEIBHO CBOOOJHOHN OCH
BBITIOJTHSIETCS TI0 (popmyIie



F
ﬂ < Ryf(l_ﬂ) 1 (191)
311eCh @, - KO (ULIUEHT, ONpeaeNIsieMblii B cooTBeTcTBHH ¢ 1. 5.27* CHull 11-23-81*.

26.20. KonctpykTuBHOE OG(OpPMIICHHE CBapHBIX KOJOHH C BETBSAMH JBYTaBPOBOTO
CeUCHHUs C TMPEABAPUTEIHHO HAMPSHKEHHBIMA CTEHKAMH CJEIYyeT MPOU3BOJIUTH C
MPUMEHEHHEM HOBBIX 3((EKTUBHBIX PEHICHUN U TaK, 4TOObI HE BBI3BIBATH CYIIECTBEHHOTO
CHIDKCHUS MIPEIBAPUTEIILHOTO HAMPSIKEHHUS, TOJIYICHHOTO MPU U3TOTOBICHUH CTEPIKHEH.

26.21. Ilpu mpOEKTUPOBAHUU KOJOHH C MPEABAPUTEIHHO HANPSHKEHHBIMU CTEHKAMU
PEKOMEHTYETCS:

JUIS MaKCHUMaJIbHOTO CHIDKEHHS TEIUIOBIIOKEHUH OT CBAapKU MPUMEHSATh TOJBKO
pacyeTHBIC CBapHBIC IIBBI, 3aBAPUBACMBIC MEXAHM3UPOBAHHBIMH METOIAMH, B TOM YHCIIE
IIBBI C YMEHBIIEHHBIMU KaTE€TaMU;

BCIIOMOTATENIbHBIC AJIEMEHTHI KOJIOHH, PACCUUTBIBAEMBIE 1O MPOYHOCTH, M3TOTABJIHMBATH
W3 CTaJIel MOBBIIIEHHOW U BBICOKOM IIPOYHOCTH.

Ecnu KoHIIEBBIE Yy4YacTKH CTEp)KHEW, TJIe BO3MOXHA TIOTEpsl MPEIBAPUTEIHLHOTO
HaMpPsDKEHUS MPU U3TOTOBJICHUU, SIBISIOTCS PACUETHBIMU, TO CHIKEHUE MPEIBAPUTEIHLHOTO
HANPsDKEHUS CIIE3eT MPEJAOTBPATUTh WM KOMIIGHCHPOBATH 3a CYET BKIIOYCHHS B padboOTy
KOHIIEBBIX JeTaliell - OMOpPHBIX M TMOJKPAHOBBIX TpaBepc, OalIMakoB, IUIMT, YTOJIIEHUIN
CTCHOK, CTBIKOBBIX W COCAMHHUTEIBHBIX JICTAJCH, CO3MAMOIINX JKECTKHE TOPIICBBIC
OKaliMIIEHUS CTEPIKHEH.

27. ®JJAHIEBBIE COEJUHEHUS HA BBICOKOITPOYHBIX BOJITAX, PABOTAIOIIIUE HA
PACTAKEHUE

27.1. PexoMeHIaIIMu HACTOAILIETO pas3fesia cleAyeT cOONMoaaTh MPH MPOCKTHUPOBAHUH,
U3rOTOBJICHUM W MOHTaXHOW CcOOpKe (IaHLIEBBIX COEIMHEHUN 3JIEMEHTOB OTKPBITOrO
npoduns (ABYyTaBpOB, TaBpOB, IIBEUIEPOB U T. 1.) CTalIbHBIX KOHCTPYKIIHIA
MIPOU3BOJICTBEHHBIX 3JaHUM, TOJBEP)KEHHBIX PACTSHKEHUIO, PACTSHKEHUIO C U3TMOOM mpH
OJTHO3HAYHOM SITIOPE PACTATHBAONIMX HANPSKEHUH (Omin/omax > 0,5), a TakKke IeHCTBHIO
MECTHBIX MOTMEPEYHBIX YCUITUH.

PexoMeHnaanuu He pacrpocTpaHsOTCs Ha (praHIEeBbIe COSTUHEHUS:

BOCIPHUHHMAIOIIME 3HAKOIIEPEMEHHbIE HArpy3Kd, a TakK€ MHOTOKPATHO JIEHCTBYIOIINE
TOJIBHKHBIE, BUOPALMOHHbIE UM JPYrOro BUAA HATPY3KH C YMCIOM IUKIOB cBbime 10° mpu
KO3 PHUIHEHTE ACHMMETPHH HAMPSHKEHUH B COCTUHACMBIX DJIEMEHTAX P = Omin/ Omax > 0,8;

AKCILTyaTUPYEMbIE B CUIIbHOAIPECCUBHOM cpefie.

27.2. ®naHneBble COSAUHEHHS] CIEIYeT BBIMONHATH TOJNBKO C TPEABAPUTEIHHO
HaIpsHKEHHBIMU  BBICOKOIIPOYHBIMU OosiTaMH. BenuunHy mnpeaBapuTeIbHOTO HATSKEHHS
001TOB B, 715l pacueToB ClielyeT NIPUHUMATh PaBHON

B, =0,9B, = 0,9RpnAbn,

rne By - pacyeTHOE ycuiIMe pacTsKeHus Oonra.

27.3. J1nst riaHIeBBIX COCTUHEHHH CIIEyeT MPUMEHSATh BBICOKOTPOUYHBIE 00Tl M24 1
M27 wn3 cranmu 40X “cenekr” ncnosHeHuss XJI ¢ BpEMEHHBIM CONPOTUBICHHEM HE MEHEE
1100 MITa (110 xrc/Mm?), a TakKe Taifki BEICOKOTIPOYHbIE M mai6s! k auM mo T'OCT 22353-
77* -TOCT 22356-77*.

27.4. JIns ¢dnanneB ciexyer mpuMeHsATh JUCTOBYI0 ctanb o OCT 19903-74* mapoxk
09I'2C-15 mo I'OCT 19282-73* u 14I'2A®P-15 no TY 14-105465-82 ¢ rapaHTHpOBaHHBIMU
MEXaHUYECKUMHU CBOICTBaAMH B HAIIPaBJICHUU TOJIIIMHBI IIPOKaTa.

27.5. ®dnaHLbl MOTYT OBITH BBIIOJHEHBI U3 APYTMX MapOK HU3KOJETMPOBAHHBIX CTalei 1Mo
I'OCT 19282-73*, nmpeaHazHAYeHHBIX AJI CTPOUTEIBHBIX CTAIbHBIX KOHCTPYKIUH, NpU
ITOM:

CTayb TOJDKHA OBITH 12-1 KaTteropuu;

BPEMEHHOE CONPOTHUBIIEHUE U OTHOCUTEIBHOE CYKEHHUE CTAJIU B HANPAaBICHUH TOJIUHBI
MpoKata JOJKHBI ObITh ob; = 0,80, Y2 > 20 % (rne ob - HopMaTUBHOE 3HAYEHHE BPEMEHHOTO



CONPOTHBIICHUS JUII OCHOBHOTO MeTaylyla, TPUHHUMAEeMOE TI0
00IIIECOI03HBIM CTaHAAPTAM WU TEXHUYECKUM YCIIOBUSIM).

[IpoBepky MeXaHWYECKMX CBOIMCTB CTajld B HANpPaBICHWW TOJIIMHBI TIPOKarTa
OCYIIECTBIISIET 3aBOJI-U3TOTOBUTENh METAJIOKOHCTPYKIIMKA TIO METOJUKE, H3JI0)KCHHOU B
[25].

27.6. Jedexrsl cramum s pruaHneB (BHYTPEHHHE pacciou, TpyOble IIIJIAaKOBBIC
BKIIOYCHUST M T. I.) JIOJDKHBI YIOBJICTBOPATH TPEOOBaHMSM, YKa3aHHbIM B TaOm. 78.
KoHTpons kauecTBa CTald METOJAMH YIBTPa3BYKOBOW Je()EKTOCKOIUU OCYIIECTBIISAET
3aBOJI-U3TOTOBHUTEIh METAJUIOKOHCTPYKIUH.

roCy/1apCTBEHHBIM

TaOnuma 78
3oHa nedek- XapakTtepuctrka nepexra
TOCKOIHUHU IONIA b, CM gacToTa JUTHHA MaK- paccTosHIe
MHHHMAJIBHO | MakCHMaibHO | JONMYCTH- | CHMAJbHO J0- MexkLy fepekTaMu
yuMTBIBaEMas | nomyctumas mast HyCTUMast, CM | MMHMMAaJIBHO JOMYCTHMOE, CM
JlucTsl (paHLeB 0,5 1,0 10 M2 4 10
TpukpomMoyuHas 0,5 1,0 3wm? 4 10

1T puME€dYaHUA: 1. I[e(:’peKTBI, pacCTosAHUA MEXKAY KpassMi KOTOPBIX MEHBIIE IIPOTA)KEHHOCTH MUHUMAJIBHOI'O U3 HUX, OLICHUBAKOTCS
KaK OJIMH JeeKT.

2. Ilo YCMOTPEHHUIO 3aBOAA-U3TOTOBUTEIA MeTaﬂHOKOHCprKL{l/Iﬁ paspemacres ,He(l)eKTOCKOHH'—IeCKI/Iﬁ KOHTPOJIb MaTe€puaia (bﬂaHI_ICB
BBIIIOJIHATE IIOCJIE TIPUBAPKU UX K DJIEMEHTaM KOHCprKLIPIﬁ.

27.7. ®aconku, yxecrodaromme ¢aHmbl (pedpa KECTKOCTH), CIEAYeT BBITOJHATH U3
CTaJIM T€X Y€ MapoK, YTO U OCHOBHBIE MPODUIIH.

27.8. Jns MexXaHM3MPOBAHHOW CBapKH (IIAHIEBBIX COCOMHEHUH CJEIyeT NPUMEHSTH
CIUIOLIHYIO cBapouHyto mpoBosioky 1o I'OCT 2246-70* unu nopouikoByto npososoky I111-
AH8 mo TY 144-1059-80.

27.9. Ilpu koHCTpyuMpOBaHUU (DIAHIEBBIX COEAUHEHH OONTHI CIEAyeT pacrojiaratb
0E€3MOMEHTHO OTHOCHUTEIIFHO IIEHTPA TSIKECTH CEUCHHUS COCIUHSIEMOrO JJIEMEHTa C y4eTOM
HEpaBHOMEPHOCTH pAaclpeseieHns BHEIIHUX YCWIMH MEXIy OoiTaMu HapyKHOW H
BHYTpeHHeH 30H (puc. 64) B cooTBeTcTBUU ¢ Tabdn. 79. IlpenenbHoe ycunue Ha OJuH OONT
BHyTpeHHe# 30HbI cienyet npuHuMath Ni = 0,9B,.

Ta6numa 79
Juamerp 6onra TonmmHa ¢raHna, MM OTHoOLIIEHHE BHEIIHETO YCHINS Ha OAUH OONT
BHYTpEHHEH 30HBI K BHEIIHEMY YCHIIMIO Ha
ojiuH 6ot Hapy®kHO# 30HBI K = Ni/N,
M24 20 2,6
25 1,8
30 15
40 1,1
M27 25 2,1
30 1,7
40 1,2

Bontel cnenyer pacnojaraTh Kak MOXHO OJIKe K 3J€MEHTaM IPHCOEIUHSEMOIo
npodus, npu 3ToM (cM. puc. 64):

ki + ds/2 + 2 < by < 3,5d, mm;
a>0,8ds;
w < 4b,

rae Os - Hapy)KHBIN JUaMeTp IaioOb, MM;

d - HapyXHBII AUAMETpP CTEPKHS 00JTa, MM.

27.10. Yucmo OONTOB BHYTPEHHEH 30HBI OMpEIENseT KOHCTPYKTHBHAS
COEIMHEHMS, a HAPY>KHOU 30HBI - IPEJBAPUTEIBLHO HA3HAYaeTCs U3 YCIOBUS

n, = k(ﬂ - n‘] )
Nl

r71e Ne, Nj - YUCJIO OOITOB COOTBETCTBEHHO HAPYKHOW U BHYTPEHHEH 30H;
N - BHemIHee ycuiue Ha GIaHIeBOe COCTUHECHHE.

dbopma



27.11. ®naHueBble COCNUHEHUS PACTSIHYTBHIX JJIEMEHTOB KOHCTPYKIIMH MPOBEPSIOT
pacyeToM Ha MPOYHOCTH:

00NITOB;

(aHIIeB HA U3THO;

COCMHEHUS] TPHU BO3JCUCTBUU TONEPEUYHBIX YCHUIIUI; CBApHOIO COEAMHEHHUS (uiaHUa C
npoduiiem.

27.12. IIpounocts uranma u 60ATOB, OTHOCSAIIUXCS K BHYTPEHHEH 30HE, CJICTyeT CUMTATh
o0ecreyeHHoM, ecnu TonmuHa (QuaHna Haxogurcs B mpeaenax oT 20 go 40 mm, GonTHI
PaCIOJIOKEHBI B COOTBETCTBUH C 1. 27.9, a Harpy3Ka Ha OOJT OT EWCTBUSA BHEIIHUX YCHIIHI
HE MIPEBBIIIAET BEINMYUHBI, paBHOU 0,95),.

al g
by, a
;c" | da a,
l by |
- E ¥
1 ; e = L | o
- =TT Gonrst —1 4 f—a> -1 ©
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< g T 1]
\ e - ' =
1 5 J‘ H ]
A = . | -
I & | \\,u/ 1[ o
1
]
w2| o] v
cle | -
Wy i 11 |

A
! e
al &

Puc. 64. Cxema ¢uiaHneBbIX COeIUHEHHI CTPONMIBbHBIX (hepM ¢ mosicamMu

a - U3 MHUPOKOIIOJIOYHBIX TaBPOB; 0 - u3 TIapHBIX PABHOIIOJIOYHBIX YI'OJIKOB

27.13. Ilpu pacuere Ha MPOYHOCTH OONTOB U (hIaHIA, OTHOCAIIMXCS K HapyKHOW 30HE,
BBIJICJIAIOT y4YacTKH (IaHIa, KOTOPBIE paccCMaTpUBAIOT Kak T-oOpasHble (I1aHIEBbIC
COEMHEHUS IUPUHON W (cM. puc. 64).

[TpouHOCTH COeAMHEHNUS CIEAyeT CUNTATh 00ECICUCHHOM, ecin

N<nN+Y'N,,
j=1
rie Nj - pacueTHOE ycuiue Ha j-ii 60T HapyKHOMN 30HbI, PABHOE
N;j = min(Nb;j, Ng),

3nech Npj - pacueTHoe ycuiawe Ha J-ii OONT, ompenesieMoe W3 YCJIOBUS MPOYHOCTH
COEIMHEHUS 10 OoITaM

Npj = (a - AIgX;) By,

a, [ - ko3hULKEeHThl, TpUHUMaeMble 1o Tad. 80;
Xj - mapamMeTp >KeCTKOCTH 00JITa, OIpeaesseMbli o popMyiie

3

d? b

X =—— -,

! d\\ t

w, t+—
2



bj - paccrosiHue OT ocH j-ro 00aTa 10 Kpasi CBApHOTO I11Ba;
Wj - IHpHHA j-TO y4acTka ¢uiaHia (cM. puc. 64);
t - TonmuHa daHma;

Taonuma 80
OTHOILIEHHE TOMIUHBI (IaHia Koaddunnents
K quameTpy Gonra t/d a i
0,83 0,336 0,207
1,04 0,388 0,257
1,25 0,425 0,278
1,46 0,470 0,270
1,67 0,527 0,239

Nfj - pacyeTHOe ycwiike Ha j-if OONT, ompenensieMoe U3 YCIOBHs MPOYHOCTH (paaHIa Ha
u3rud

1+1/7"B

N, =13— "B,

Y/

Mi - TIapaMeTp, OHpCI[GHHCMBIﬁ 1o (bopMyne
— 5’4prj

= R w1 ’

7} - ITapaMeTp, onpeesieMblid 110 Ta0JI. .81 Win U3 ypaBHEHUS

14Xi(5 - 1)% - /A + mii(n - 1) = 0.

Ry - paC4CTHOC COIIPOTUBJIICHUC CTAJIN (bnaHua.

Tab6numa 81
IMapamerp 3HauYeHHs y IpH 4, PABHOM
xxectkoctn | 1,4 1,6 1,8 2,0 2,2 2,4 2,7 3,0 4,0 5,0
6onra X

0,02 3,252 | 2,593 | 2,221 1,986 | 1,826 | 1,710 | 1,586 | 1,499 | 1,333 | 1,250
0,06 2,960 | 2,481 | 2,171 | 1,962 | 1,812 | 1,702 | 1,582 | 1,497. | 1,333 | 1,250
0,1 2,782 | 2,398 | 2,130 [ 1,939 | 1,799 | 1,694 | 1,578 | 1,494 | 1,332 | 1,249
05 2,186 | 2,036 | 1,908 | 1,776 | 1,711 | 1,636 | 1,545 | 1,475 | 1,327 | 1,248
1,0 1,949 | 1,860 | 1,780 | 1,707 | 1,643 | 1,586 | 1,514 | 1,454 | 1,321 | 1,246
2,0 1,757 | 1,704 | 1,653 | 1,607 | 1,564 | 1,524 | 1,470 | 1,424 | 1,312 | 1,242
3,0 1,660 | 1,621 | 1,584 | 1,548 | 1,515 | 1,483 | 1,440 | 1,402 | 1,303 | 1,238
4,0 1,599 | 1,568 | 1,537 | 1,508 | 1,480 | 1,454 | 1,417 | 1,384 | 1,296 | 1,235
5,0 1,555 | 1,529 | 1,503 | 1,478 | 1,454 1,431 | 1,399 | 1,370 | 1,289 | 1,232
6,0 1,522 | 1,498 | 1,476 | 1,454 | 1,433 | 1,413 | 1,384 | 1,357 | 1,283 | 1,230
8,0 1,473 | 1,454 | 1,436 | 1,418 | 1,401 | 1,384 | 1,360 | 1,337 | 1,273 | 1,224
10 1,438 | 1,422 | 1,406 | 1,391 | 1,377 | 1,362 | 1,341 | 1,322 | 1,264 | 1,219
15 1,381 | 1,369 | 1,358 | 1,346 | 1,335 [ 1,324 | 1,308 | 1,293 | 1,247 | 1,210

27.14. TlpoyHocTs (pIAaHIIEBOTO COCTUHEHHS HA JEHCTBHE MECTHON MOMEPEYHON CHIIBI
cleyeT IpoBepAThH 1Mo hopmyre

0, < ,Ui R,
j=1

rJie 71 - YUCIIO OOJITOB HApYKHOM 30HBI [T (IIAHIEBBIX COCTUHEHUH JIEMEHTOB OTKPBITOIO
npoduns win oluiee 4yucio OONTOB Ui COEIMHEHUH DJIEMEHTOB 3aMKHYTOTO
npoduIs;
Rj - KoHTakTHBIE ycnius, npuHUMaeMbie paBHbBIME 0,1Bo s GumaHneBsIx coennHeHH
AJIEMEHTOB 3aMKHYTOrOo Mpoduis, a Juid DJIEMEHTOB OTKpPBITOrO MNpoduis,
ompenensieMble o Gpopmyiie

Rj = Bp - 1,2Ny;;

M - KOODOUIMEHT TPEeHUsI COCTUHSEMBIX TOBEPXHOCTEH (aHIEB, NMPUHUMAECMBIA B
COOTBETCTBUHM ¢ ykazaHusmu 1. 11.13 CHull 11-23-81*.

[Tpu OTCYTCTBUM MECTHOM IMOTIEPEYHON CHIIBI B PacYeT BBOAUTCS yCIOBHOE 3HaUeHHE Qloc
=0,1uN.



27.15. Pacuer cBapHOro coeauHeHus ¢iaHIa ¢ MpopuiaeM cleayeT MPOU3BOAUTH B
cooTtBeTcTBUU C 1. 4.10 [25].

27.16. Tlpu W3TOTOBJICHWH KOHCTPYKIIMKA C (IAHIEBBIMH COCIUHEHHSIMHU COOPKY
AJIEMEHTOB CIIEyeT OCYIIECTBISTh TOJBKO B KOHIIYKTOPaX.

Caapky (naHIa U IPUCOCTUHAEMOTO IJIEMEHTA CIEAYET BBINOIHATH MEXaHU3UPOBAHHBIM
CrIocoO0OM, MPHU ITOM TEXHOJIOTHS CBAPKU JOJKHA 00ECIeunBaTh MUHIUMAIILHBIC CBAPOYHBIC
nepopmaruu  ¢uanueB. Ilocie BBIMOIHEHHS CBapKH BHEIIHWE IOBEPXHOCTH (hiIaHIIEB
JOJOKHBI OBITH OT(pe3epoBanbl. TommuHa (raHieB nocie (Gpe3epoBKU JTOHKHA OBITH HE
MeHee ykazaHHoH B ueprexkax KM nimu KM/,

ToyHOCTP UW3rOTOBJICHUS OTIPABOYHBIX JJIEMEHTOB KOHCTPYKIHMI ¢ (IaHIeBbIMU
COCIMHEHUSIMU JIOJDKHA COOTBETCTBOBATH CIICIYIOIINM TPEOOBAHUSIM:

TaHT'eHC yrila OTKJIOHEHUS (hpe3epoBaHHOMN

MOBEPXHOCTHU (DIAHIIEB HE JOJKCH MPEBBIIIATD. .c.vvervveereeernveenenss 0,0007;

npeieibHble OTKIIOHEHHSI HE JOKHbI

MPEBBINIATH CISAYIONINX 3HAUCHUHN, MM:

3a30p MEXy BHEUIHEH IITOCKOCTHIO

(baHma 1 PeOPOM CTAUTHHON JIMHEHKH. .....vveevreereeereeerenereenneenens 0,3;
cMmeleHue ¢uiania oT MPOeKTHOTO

TOJIOKCHUSI OTHOCUTEIIBHO OCEH CeueHUst

MIPUCOCTMHICMOTO DMEMEHTA. ...uvveeuveereeeanreeneeeeeeenneeereesseeseeas +1,5;
JIOITYCKAaeMO€ OTKJIOHEHHUE JITMHBI DJIEMEHTA

¢ (pIaHLIEBBIM COSAMHEHHUEM TIPH MPOESKTHON

JUTMHE DJICMEHTA, M:

0 T LS e s +2,5.
KamuOp aumameTpom, paBHBIM HOMHHAJIBHOMY JIUaMeTpy OonTa, JOJDKEH TpU
KOHTPOJIBHON COOPKE MPOXOAUTH BO BCE OTBEPCTUS COCTUHCHUSI.
27.17. TlpenBapuTtenbHOE HATSHKECHUE BBICOKOIPOYHBIX OOJITOB IIPH MOHTAXXHOW COOpKe
(IaHIIEBBIX COCTMHEHUH CIIeyeT MPOU3BOANTH 3aKPyUYUBAHUEM TacK JI0 3HAYCHHS] MOMEHTA
3akpyuuBanusi M, onpenensemoro o popmyse

Mt = nkBod,

rae n - Ko3QpQUIUEHT, TPUHUMAEMbI PaBHBIM: MPHU HATSHKEHUHM BBICOKOIPOUYHBIX OOJTOB
1,06; mpu koHTpOJIE yCHIHs HaTsKeHuUs: 60aToB 1,0;

k - cpennee 3HaueHne Kod((UIMEHTA 3aKPYUHBAHUS ISl KaXIOW MapTHU OOITOB IO
ceptudukary wiu npuHumaemoe paBHbeIM 0,18 pu OTCYyTCTBUM TaKMX 3HAUYEHUH B
cepTUdUKaTe;

B, - ycunue npeaBapuTeabHOr0 HaTSKEHHsI OOJITOB, ONPEENIIEMOE B COOTBETCTBUU C
m. 27.2, Tc;

d - HOMUHAJIBHBIN UAMETp 00JITa, M.

27.18. KoHTponb ycuius HaTSOHKEHUS CIEyeT OCYLIECTBISATh BO BCEX YCTaHOBJIEHHBIX
BBICOKOTIPOYHBIX OONTax TapHPOBAHHBIMUA JIHHAMOMETPUYECKHMHU KirouaMu. KoHTpoub
YCUJIMST HATSDKEHHs CleyeT NMPOM3BOJAUTH HE paHee ueM yepe3 8 4 Iociie BBIIOJIHEHUS
HATSDKEHHS BCeX OONITOB B COSTMHEHUH.

KonTponb cregyer ocCymiecTBISTh MO MOMEHTY 3aKpy4HMBaHUs, OIpPEENsieMOMY B
COOTBETCTBUM C 1. 27.17.

OTkioHeHne PaKTHUECKOr0 MOMEHTA 3aKpyYUBaHUS OT PaCUETHOTO I0JKHO OBbITH 0T 0 110
+ 10 %. Ecnu npu xoHTposie oOHapykaTcs OOJTHI, HE OTBEYAIOIIHE ITOMY YCIOBHIO, TO
yCUJIME HATSDKEHHs] Takux OONTOB JOJDKHO OBITH JIOBEJEHO A0 TpeOyemMoill BEeTUYMHBI C
MOCIIEAYIOIUM KOHTPOJIEM depes 6 4.

27.19. Tlocne BBIMOTHEHUSI MOHTAXXHON COOPKH KOHCTPYKIIMH OTKJIOHEHHSI OT MPOEKTHBIX
JUHEWHBIX pa3MEpPOB M TEOMETPHUECKOW (OpMBI (IAaHIEBBIX COCTUHEHWH HE IOJDKHBI
MIPEBBILIATH CIAETYIOIUX 3HAYCHUH, MM:

MIPOCBET MEXY (puiaHIaMu WK (IaHLIEM U



TIOJIKOH KOJIOHHBI TTOCJIE TIPEIBAPUTEIHHOTO
HATSKCHHSI BBICOKOTIPOYHBIX OOJITOB MO JTMHHUH
CTEHOK U TIOJIOK TIPOMHIIS. .eeeuvveeeereeeereearreenreeenreeesneeenns 0,2;
TO K€, 10 KpasiM ()JIaHIIEB MIPH TOJIIIIHE
(hnaHIEeB, MM:
TEO 25 e ——————————— 0,6;

mrym TonmmHaol 0,1 MM He T0JDKeH IPOHUKATh B 30HY paauycoM 40 MM OT ocu OonTa.

28. IOIBOP CEYEHUM IIEHTPAJIBHO-CKATBIX, CJKATO-U3TMBAEMBIX U U3TMBAEMBIX
3JIEMEHTOB

OBIIME IMMOJIOKEHHUA

28.1. TlogOop moOIEepeUHbIX CEYSHHUH CTAIBHBIX 3JIEMEHTOB OOBIYHO BBIMOJIHIETCS B TPH
JTamna:

nepevili - TPEIBAPUTEIBHBIN pPAcYeT, BBISBISIONINA OPHEHTHPOBOYHBIE IapamMeTphl
3JIEMEHTOB CEUCHMUS;

6mMopol - KOMIIOHOBKA CEYCHHS U BBIYHCIICHUE €T0 TEOMETPHUECKUX XapaKTEPUCTHK;

mpemuii - TOBEPOYHBIN pacueT CeYeHHUs JIEMEHTa U YTOUHEHUE €ro NapaMeTpoB.

28.2. Ocnognblm dmanom, ONPEEISIOINM KaueCTBO BCETO pacdera, AG/14encs Nnepeblil.
OT Hero 3aBHUCUT, HACKOJbKO 3(P(EKTUBHBIM OyIeT OKOHYATEIbHO IPUHATOE CEUYEHUE
JJIEMEHTa M KaKOBa TPYAOEMKOCTh pacueTa. 3HA4YeHHE IMEPBOTO dTama Mojdopa CeYeHUs
BO3POCJIO B CBSI3U CO CTPOI'MMHU TpeOOBaHUSMHM K KadyecTBY pacueTa, MpeabsBIIEMbIMU
CHull 11-23-81*. IIpenBapuTenbHbIid pacyeT JOKEH MO3BOJISTH MPOU3BOIUTH 32 OIMH pa3
KOMIIOHOBKY CEUYEHMsI IpHU OOECleYeHHH BCEX HOPMATHBHBIX TpeOoBaHMi. Ero moxHO
BBITIOJIHATH TIPH JIBYX YCIOBUSIX, IPEABABISEMBIX K radapuTaM CeUeHUsI:

nepBoM - rabapuTbl MOryT OBITh 33JaHbl WM TPHHATBI W3 KOHCTPYKTHBHBIX
COOOpaKCHHIA;

BTOPOM - rabapUThl JOJKHBI OBITH ONPEAETICHBI U3 KPUTEPUEB ONTUMAIbHOCTH.

[Ipy TmepBOM yCIOBHM pacyeT BBINONHIETCS OOBIYHBIM TIOPSIKOM HCXOMS U3
OPHEHTUPOBOYHBIX 3aBUCHUMOCTEH pacCUETHBIX IApaMEeTpPOB OT pa3MEpOB CEUYCHMS; IMpHU
BTOPOM - C HCITOJIb30BAaHHEM TIPSIMOTO METO/1a TI0J00pa CEYeHHs, TIO3BOIISIONIETO Hanboee
IPOCTO TMOJIYYUTh ONTUMAIBHOE pEIIeHUE, MOJ] KOTOPHIM OOBIYHO MOHUMAIOT JOCTHKEHHE
MUHHMYMa MacChl HJIH CTOUMOCTH JJIEMEHTA.

28.3. Bmopoui sman noa0opa BBIIOIHIAETCSA C LETbI0 YBSI3KM PAacUETHBIX MapaMeTpoB C
JNEUCTBUTENIFHBIMUA ~ pPa3MepaMy DIIEMEHTOB COCTaBHOTO CEUEHHS B COOTBETCTBHH C
TpeOOBAHUSAMHU KOHCTPYUPOBaHMS U (PAKTUYECKHMHU pa3MepaMH 3JIEMEHTOB, YKa3aHHBIMHU B
copTaMeHTe. DTOT dTal SBJISAETCS, KaK IMPaBHIIO, BCIIOMOTATEIbHBIM, HE ONPEACISFOIINM
pasMepbl TMONEPEYHOro0 CEeUeHHs,, a JIMIIb BHOCSIIMM HEKOTOPYK KOPPEKTHUPOBKY,
YUUTBIBAIOUIYIO PEATbHOE MPOSKTHPOBAHUE.

28.4. Tpemuii sman - 3aBeplIeHUE T10A0Opa CEYEHHUs IOBEPOYHBIM pacueToM B
coorBercTBuM c TpeboBanmsimu CHull 11-23-81*. [lpun HeoOXoauMoOCTH Ha STOM JTare
MIPOU3BOJIUTCSl HECYIIECTBEHHOE YTOYHEHHE IapaMeTpPOB U XapaKTEPUCTUK CEUYCHHUsS, He
BBI3BIBAIONINX HEOOXOIUMOCTh ITepepacyera.

HEHTPAJIBHO-CXKATBIE 3JIEMEHTbI

28.5. Tpebyemass IUIOmAAb TIONMEPEYHOTO CeYeHUs A TpH 3aJaHHBIX TabapuTax
onpeaensiercs no ¢hopmyne (7) CHull 11-23-81*:
N

A= )
PRy,

(192)

Kospuuuent mpomonsHoro msrubéa ¢ npu A <4,0 PEKOMEHIYETCS ONPEAEIATH W3
seipaxkenns @ = k(0,95 - 0,0352%), rne koodpduiment K npuanmaercs mo tabn. 82. Jlns
NPENABAPHUTENLHOTO PacUeTa NP A < 3,5 K MOXKET OBITh NPUHAT PABHBIM €IUHUIIE.



TaOnuma 82

Ry, Mlla 3nauenus K npu 1 , paBHO#

0,5 1,0 15 2,0 2,5 3,0 3,5 4,0

210 1,037 1,019 1,006 1,000 1,003 0,982 1,004 1,112
290 1,038 1,021 1,010 1,006 1,014 0,994 1,015 1,120
380 1,039 1,024 1,015 1,015 1,027 1,006 1,027 1,128
530 1,040 1,028 1,023 1,028 1,048 1,028 1,047 1,142

332
A(51-1)°
pacmpuTh Auana3zoH ucnois3oBaHus Beipaxkenus (10) CHull 11-23-81* ¢ morpemHocTbio
nol%mnpu 2 =4,0-4,5.

Ilpu 1> 40 ¢p= T.e. U1 TPEIBAPUTEIbHBIX PACUETOB JOIMYCKAETCs

[,
Z) MOXeT OBbITh OIpeJeieHa ¢
l

_ R
YcnoBHass THOKOCTh CTEpKHS A =4 f (rne A=

WCIOJIb30BAaHUEM MPHUOIMKCHHBIX 3HAYCHUN PAJMYCOB WHEPIHH CEUYECHUN OTHOCUTEIHLHO
[JIABHBIX OCEH Ix, Iy, IPUHUMAEMBIX 10 Tab1. 83 (X - rOpH30HTAIbHAS, V - BEPTUKAIbLHAS OCH).

JIist CKBO3HBIX CTEPIKHEH TIPU BHIYMCIEHUH A OTHOCHTENBHO CBOOOIHOM OCH BMECTO A
npuHuMaeTcs Aef, onpenensiemas mo tadn. 7 CHull 11-23-81*. [lna cocTaBHBIX CTepKHEU
CKBO3HOTO CEYEHUS C IUIAHKaMH TPHU %’2% (rme hp - mmpuna ranku; b - paccrosnue B

1
ocsix BeTBel) cieayer cuutath Isl/(Ibb) > 5.

28.6. OnTUManbHOE CEYEHUE CTEPXKHS 3aJaHHON (POPMBI JOIKHO YIOBIETBOPSTH ABYM
YCIIOBHSIM:

PaBHOYCTOWYUBOCTH, T. €. Ax = Ay,

NpeebHOW TOHKOCTEHHOCTH 3JIEMEHTOB CeUeHHs (CTEHKH M TOJIKH) B COOTBETCTBUH C
T1abm. 27* u 29* u nn. 7.14%*; 7.18*-7.20* CHulI 11-23-81*.

BepxHsist TpaHnIia paliMoOHANIBHOW 00JaCTH MPUMEHEHUS CTAJIHM MOBBIIICHHOW U BBICOKON
IIPOYHOCTU ONpEAENAeTCS U3 YCIOBUS CHM)KEHUS MAcChl CTEpXHs (IJIOLIaIM MONEPEYHOro
ceyeHus: A) ¢ POCTOM BEJIMYHMHBI PacueTHOro compotusienus, T. . dA/dRy < 0, xoropoe
BoInosiHseTcss mpu A < 3,9. TI03TOMy CTEPKHH C YCIOBHOM TMOKOCTBIO A > 3,9 JOJDKHBI
BBINIOJIHATHCS U3 MaJIOYTJIEPOJIMCTON CTaimu, Tak Kak mpu A > 120 mpuMeHeHue cTaiu C
pacdeTHBIM conpoTupieHneM Ry > 210 MIla (2150 krc/cm?) siBIsieTCsl HEPEHTaOETbHBIM.

[IpuMeHeHMEe cTany MOBBIIIEHHOW M BBICOKOH MPOYHOCTH SKOHOMHUYECKH 3(P(HEKTUBHO
(HabroaeTest He TOJBKO CHMKEHUE MACChI, HO U CTOMMOCTH KOHCTPYKIUK) tipu 4 < 2,5.

28.7. Ilpsmoii Meron moadopa IMOMEPEYHOr0 CEUYEHUs CTEPKHS I03BOJIET MOIYYHUTh
3HaueHne TpeOyeMO yCIOBHON rMOKOCTH A 3a oauH pa3. s sroro gopmyna (7) CHull 11-
23-81* npeobpazoBaHa B GopMyiTy

A=\Jp/A, (193)
rie
A = BC,
N E
=———1[" - MapaMeTp UCXOIHBIX JTaHHBIX;
Ry;/( Ry
1 j°
C= ? le - KBaJipaT yACJIbHOI'0 painyCa HHCPUUHU IMMONCPECIYHOI0 CCUCHUSA OTHOCUTCIILHO

OJTHOM M3 TIIaBHBIX OCEM.
Jlns Hanbosee pacpOCTPaHEHHBIX CIUIOIMIHOCTEHYATHIX CeUeHHH 3HadeHus nmapamerpa C
MOTYT OBITH OTPE/IENIEHBI 110 JaHHBIM Ta01. 84.



Taomnuma 83

Panuyc ITpubKeHHbIE 3HAYCHHS PAIyCOB HHEPLHH ix U Iy JUIs CCUCHNUI
MHEPUHH ] 4 4 8 é é
= | A y\ b
< = = %
"Q L.
ix 0,35d 0,29h 0,43h 0,30h 0,20h 0,20h 0,32h 0,32h 0,32h
iy 0,35d 0,29h 0,24b 0,20b 0,20b 0,40h 0,49b 0,58b 0,40b
IIpononxenue Tada. 83
Panunyc [pubnvKeHHbIE 3HAUCHHS PAIMyCOB HHEPLIUH i U Iy IS CeYeHuii
MHEPIUH I3 4 4 . 8 L [ F] [
T == |TH|[ ¥ 0| F* 3
= = L A1
ix 0,30h 0,32h 0,28h 0,40h 0,40h 0,40h 0,43h 0,21h 0,41b
iy 0,22b 0,20b 0,24b 0,51b 0,44b 0,60b 0,43b 0,21b 0,41b
Taonuma 84
IMapamerp ITonepeynoe ceyeHne
b b ——
) = ! b
" tw =
-3 ua < = -
5% )
|
Cx 1d Lﬁ Lﬁ u(3+u) 1 u(3+u) u2(4+u) u’ P
Br 1 36 ¢ 48 ¢t 24(1+u)* 12(1+u)’ ™ 12(1+u)* ™ 12(1+u)* ™
Cy 14 1k 1A 1+ 3u 1 LI 1
87 1 36 12 24(1+u)® 7 24(1+u)* 7 120 +u)* 12(0+u)* 7




Ob6o3nauenus, npunamoie 6 maon. 84:

A n A .
u=-r=—2"7 . cooTHOIIEHHUE ILIOIIA]EeH BEPTHKAILHBIX (CTEHOK) M TOPU3OHTAIBHBIX (II0JIOK) SJIEMEHTOB CCUCHMUS;
A ;oon
Ny ¥ Nf - COOTBETCTBYIOIIEE YKCIIO 3JIEMEHTOB B COCTABE CEUCHUS;

b
,A, =— - COOTBETCTBEHHO MMOKOCTH CTEHKHU M TIOJIKH;
f

hok
t,

h
= ; = - COOTHOILICHUE Pa3MepOB (rabapuTOB) CEYCHUS - BHICOTHI K IMPUHE.

B Tabn. 84 ykazaH Taxke pazMep OT ONFDKaWIIero Kpas J0 LEHTPA TSKECTH CEUCHHS,
HECHMMETPUYHOTO OTHOCUTEILHO OCH X- X'

V3 V2 u

a,=—h; a,=—h;, a,=———h.
6 4 2(1+u)

JJis IByTaBpOBOTO CEYECHUS C HEYCTONUMBOM (paboTaromieil B 3aKpUTHIECKOM COCTOSTHUH )
cTeHKoU (hopMmyiel 715 onpeneneHus napamerpa C npuBeeHbl B Tab. 85.

Tabnuma 85
Ceuenue DopMyIIbl 17151 ONIPEAEIECHHs TAPAMETPOB
Cyx C,
g A
C = L‘f”)z A C=—"lr
= 12(1+u,) bo12(+u, )
i
x I
— | =
el |

Ob6o3nauenus, npunamole 6 maon. 85:

h 2
u, ==u; 5:3“;/{1_14;/4_%(“;/) }
u u u

[Ipu nentpanbHOoM cxkaTuu B coorBerctBuu ¢ m. 7.20* CHull 11-23-81 pomyckaercs
NpUHUMAaTh A4, <15k, /¢, . Torna aus qByTaBpOBOIrO CEYEHHs MOIYYUM 3HaYeHUs 2/3 < Uef/U <
1, mpu KoTOpBIX &~ 1. HTak, mpu pacdere AByTaBPOBOI'O CEYEHUsS C HEYCTOMYMBOM CTEHKOU
B Ka4eCTBE MCXOJHOTO 3HAYCHUS CIIAyeT NPUHSITH Uef = 2U/3. TlomHas miomanb cedeHwus,
BKJIIOYAsl HEYCTOMUNBYIO 4aCTh CTEHKHU, pPaBHA

1
_1+u 4
1+u€f.

o

JlJig COCTaBHBIX CEUEHUM M3 MPOKATHBIX HAauOOJIee TOHKOCTEHHBIX Mpoduiel 3HaueHus
napamertpa C npuBeseHs! B Ta0I. 86.

h
IIpn ruOKOCTH IIMPOKUX HOJNOK YroNKoB A, =—<15 3HadeHus C JOKHBI OBITH
t

yMeHbIlIeHbl B A#/15 pa3; HuxHue u BepxHHe 3HadeHuss C A1 IBYTaBpOB M IIBEJIEPOB
COOTBETCTBYIOT MaJibiM U OoibiiuM Homepam mpodmieit 'OCT 8239-72* u 'OCT 8240-
72*. Jlns CKBO3HOTO TpeXrpaHHoro cummerpuuHoro ceueHus Cx = C, = b/64 (rme b -
paccTosiHuE MEXIY OCSMHU BETBEH).

28.8. C y4eToM BBIpaKeHUs ¢ =nA’ —kA +m nu3 Gopmyssl (193) mpu 0< 4 <4,5 yCIOBHYIO
I'HOKOCTH CTEPKHS MOKHO MPEICTABUTE B BUJIE A = [1/4(A—n)m+ k- k]/ 2(A-n),tmem=1; k
=0,045- 3,4 Ry/E; n =-0,028 + 2,13Ry/E mpu 0 < 2 <2,5, 1. €. npu A > 0,115 + 3,5 Ry/E.
[IpunsiToe BBIpaXEHHE @ OTIMYACTCS OT HOPMATHUBHOrO (§), HO OmIMOKAa B BEJIWYMHE HE
npeBocxoaut 1 %.

m = 1,47 - 13Ry/E; k = 0,371 - 27,3R//E; n = 0,0275 - 5,53R,/E npu 2,5 < 1< 4,5, 1. e.
npu 0,115 +3,5 Ry/E > A > 0,0175. 3nech npuHITO HOPMATUBHOE BBIpaXKEHHE @ 1O hopmyJie

(9).



[Tockonbky BausHMe Ry Ha BenmmumHy @ Mano (cM. Tadm. 82), To mpu 4 < 3,9 MOXKHO
UCIIOB30BaTh CIIEAYIOIIEE TPUOIMKEHHOE BHIpaKEHUE A (C OmuOKoi 10 3 %):

A =(A+0,04)"" mpu A > 0,03. (194)

3ametum, uto nipu 0,07 > A > 0,03 Gosiee TOUHOE pEIICHUE MOXKHO MOJIYYUTh, 3AMEHUB B
dopmyine (194) kospunuent 0,04 va 0,033 + 0,1 /.

Ipu 3,9 < 1 < 6,5, NpuHsIB NPUOIMKEHHOE BhIpaXeHne ¢ = 7,2/ 2 2, u3 dopmyns (193)
MOJTyYHM

A =1,64A" mpu 0,03 > A > 0,0036. (195)
C yueroM Belpaskenus ¢ = AZ2 u3 dopmynst (193) mo ocHoBHO#t (opmyrne (192)
OIIpeAEISIIOTCS TpedyeMble (pacueTHBIC) IUIOIAAN TIONEPEYHOTO CCUCHHS:

A= RL(1+0,04/ Anpu A>0,03;
7 (196)
:Rl,/o,m / A ipu 0,03 > A > 0,0036.
v/e
28.9. OntumanbpHble COOTHOLICHHS OCHOBHBIX pa3MepoB (rabapUTOB) MOIMEPEYHBIX
CCUCHHUI CXKATBIX 3JIEMEHTOB NPHU OOECIICUCHUH MX PABHOYCTOMYMBOCTH OIPEICIISFOTCS U3
BBIPKCHUS

[]=wi,. /1, (197)
rae v = cj,/Cy / C, olpenesieTcs no JaHHbIM Tadi. 87.
TaoOnuma 86
TTapa- CeueHue
METp - had - -
of | | v | LILH
i 8
g
Cx 0,36 0,50 0,16 1,3-2,0
Cy 0,75 0,35 12 bZ/4A
Tabnuma 87
TTapa- CeueHue
MeTp - — —
O[I[THDTOS
B - L_t
+3u 1 14+u L — 1
v 13+3u +éu u(4+ u) Vu LZSH

2

IIpumeuanue. [ A ] , Tie A1 < 0,64¢1x < 40 B cityyae coeJMHEHHsI BETBEH CKBO3HOM KOJIOHHBI IUTAHKAMH, HMEIOIINMH MIHPUHY Ny >
of x

20b/21, B 3TOM Cllyqae OHHM CUMTAIOTCS aGCOMIOTHO JKECTKUMH, & = 14A/Ad %« B cllydae cOeJMHERNs BETBEH TPEYTONBHOMN pemeTKoii ¢
JIMaroHajblo, HAKIIOHEHHOW K BETBH T10]] YTJIOM 45°, TIOIIAABIO MOMEPEYHOro cedeHust Ag.

IIpy  HEBO3MOXHOCTH  Y/IOBJETBOPUTh COOTHOINEHHE [{] TI0O KOHCTPYKTUBHBIM

COO6pa)KCHI/I$IM pacucT Ha yCTOﬁ‘-IHBOCTL BBITIOJIHACTCA TOJIBKO B OJJHOM HaAITPaBJICHUU. TaK,
IJIg AByTaBpa Ipu = 1 pacucT Ha yCTOI\/'I‘lI/IBOCTL MMPOU3BOAUTCA TOJIBKO B IIJIOCKOCTH ITOJIOK

(OTHOCUTEIBHO OCH V-)) NIPU 5—’ <vJ3+u=18.
vef'
C/KATO-UBT'NBAEMBIE U BHEIEHTPEHHO-CKATBIE SJIEMEHTbBI
28.10. IIpu 3amanHbIX rabapurax cedeHus tpeOyemas (pacueTHasl) IUIOMIAb CTepPXKHS A
ompenensercs u3 Gopmyist (51) CHull 11-23-81*.
N
CoRy.

4 (198)



rae @e - Koadduiuent, onpenensieMbrit mo tadiu. 74 wimm 75 CHull 11-23-81* B 3aBucumocTu
OT A(A,) U Mef = 7Jm;
3neck 7 - KodpdunueHt, npuHuMaemerii o Tabdn. 78* CHull 11-23-81* (mns ckBO3HBIX
crepxkHei 77 = 1);
M - OTHOCHUTEJIbHBINH YKCIEHTPUCUTET, 3HAYEHUE KOTOPOTO OINPENeIIseTcs 1Mo Gpopmylie

m=awl , (199)

ea |E o o o
®O=——_|— - HapaM€Tp HCXOJHbIX IaHHBIX, ABJIAIOLIUNCA 663p33MepHOI/I BCIIMYHUHOU,

L iR,
3aBUCHIICH OT OTHOWICHWH 3KcueHTpucurera e = M/N k pacdyeTHOW aMHE
crepkust lef 1 a/i, a Takke oT XapakTepucTuku Matepuaia E u Ry.

@ - pacCcTOsSIHUE OT LIEHTPA TSHKECTH CEUSHUS J0 €ro PacdyeTHOrO CKAaTOro BOJIOKHA. J[is
CHMMETPUYHOIO B TPY30BOM IUIOCKOCTH CIUIOIIHOTO cedeHus a = h/2; mis
HECUMMETPUYHOTO CEYEHHUSI HEKOTOpble 3HAuYeHUs] @ TMpuUBeACHbl B Taldn. 84
Hactosmero ITocoous.

3HaYCHUS paaryca MHEPIUU | MPUHUMAIOTCS 110 Tabu1. 83 Hactosiero [Tocobust.

28.11. JIns cxaTo-u3rubaeMbIX IJIEMEHTOB C CEYCHHEM, HECUMMETPUYHBIM B TPY30BOMH
IJIOCKOCTH, YCJIOBHEM Ka4eCTBEHHOT'O BBIMOJIHCHHS TPEIBAPUTEIHLHOTO pacdyera SBISCTCS
MpaBWJIbHOE Ha3HaueHUe (C AOMYycKoM He 0ojee 2 % BBICOTHI CEUEHUS) MOJIOKEHHSI LIEHTPa
TsoKecTH. [l aByTaBpoBOro 0000mIEHHOTO ceueHUs (puc. 65) MOJIOKEHHE €ro ICHTpa
TSOKECTH U PAInYChl MHEPLIUU OTPEAEISIOTCA MO CAeAyIoHUM Gopmyram:

_M(h+C)-MC  N,-N,

‘ M, + M, M+ M,
(200)
) 3+ u, ) 0,4
i,= |[———y(h-y); i, =———b,
3(1+u,) 1+u,

rae Ni, Mi; N2, M2 - pacueTHbie KOMOMHAIIMM COOTBETCTBEHHO MPOJOJHHOM CHUIIBI H
M3rHOAlOIIero MOMEHTa JUIA IEepBOM M BTOPOM BETBEH WIIM IIOJOK
C)KaToro 3JIEMCHTA.
IIpu ycToN4YnBOM CTEHKE

[Ipy HEYyCTONYMBOM CTEHKE

7 ht
(he,.:i}mhj u, = —"
A, A + 4,

TpeOyembie mioraau nosicoB (MOJI0K) OMPEAESI0OTCS 10 GopMyIaM:

Al{ﬂ_ﬁ}l; AZ:{L_M—“’}A, (201)
2(1+u,) h h 2(1+u,)

rae A = A1 + A2 + hett - pacdeTHast rI0II1a1h TONIEPEYHOTO CEUCHUS.
1,7
A,
JIns1 4aCTHBIX CITy4aeB:

a) ipu ckBo3HOM ceueHHH (C1 = C2 = Uer = 0);

1+u

[Tpu A.

u,
=—L <1 moJHas MJIOIIA/(b ONEPEYHOTO CEUEHHS dJIEMEHTA PaBHA 4, = .
u +u,
ef

i =0,45h, yl=[ M, +0,2 N, = N, hjh;
M+ M M + M,

1 2 1
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Puc. 65. Cxema 1ByTaBpOBOro 00001IEHHOI'0 CCYECHUSs C HEYCTONYMBOM CTEHKOM

0) TpH CILIONIHOM CEYCHUH C repBoi BeTBbio U3 jucta (C1 =0; h+ Co~ 1,1 h)

i = ﬂﬁ i = 2_u€f’+2&i.
o\3d+u,) 2" (14w, k24

28.12. JIByraBpoBOE CeueHHUE IeJIeco0Opa3HO IMPOCKTHPOBATH C HEYCTOWYMBOM
(paboTaromieil B 3aKpUTHUYECKOM COCTOSIHMM) CTCHKOW WJIM CO CTEHKOH, YKPEIJICHHOM
MIPOIOJIBHBIM PEOPOM € BKIIOYCHHUEM €T0 B COCTAB CEUCHUSI.

TpebOyembie pazmepbl pedpa, 00eCIICUNBAIOIIETO YCTOMYMBOCTh CTEHKH, OMPEICIISIOTCS U3
YCJIOBUIA:

- E h o
b, 2 3:| A, —1, > o + 50 MM - mmpuHa pedpa, HOCTaBICHHOTO C OJJHOW CTOPOHBI CTCHKHU;

=

y

b, >~2:| 2, %zw > % + 40 MM - mupuHAa (C K10l CTOPOHBI CTEHKHU) IBYCTOPOHHETO pedpa,

rae A, - yCJIOBHas TMOKOCTh CTEHKH;
Ry - pacyeTHOE CONPOTHUBIIEHHE CTaU Pebpa;

/R,
t,22b, f - TOJIIIMHA pedpa, TpuHUMaeMas He 00Jiee TOJIIUHBI CTEHKH tw.

IIpu ykazaHHBIX pazMepax pedpa 3aBeoMo BbINonHseTca TpedoBanue n. 7.19* CHull |-
23-81*.

28.13. OnrtumManpHOE CeUYeHUE 3aJaHHON (DOPMBI JIOJDKHO YIOBJICTBOPSTE JIBYM YCIIOBHSIM:

PaBHOYCTOWYMBOCTH CTEPXkHs, T. €. @ = Cg B cooTBeTcTBMM C mi. 5.27* 5.30 u 5.31
CHulI 11-23-81%,

NpeeIbHOW TOHKOCTEHHOCTH 3JIEMEHTOB CEYEHHUs (CTEHKHM M MOJIOK) B COOTBETCTBUU C
nm. 7.14*-7.20* u 7.23*-7.27* CHull 11-23-81*.

W3 ycnoBus paBHOYCTOMYMBOCTH OIPEAEIAETCS ONTHUMAJIBHOE COOTHOIIEHHE pPa3MEpOB
(raGapuTOB) MOMEPEYHOTO CEUCHUS:

A,
= 202
-, (202)

I7ie ¥ - mapaMerp Uid Haubosee 4acTO BCTPEUAOIINXCsl CEUeHU, MPUBECHHBINA B Ta0. 87
Hactosuero [locoous.
3Ha4yeHUsl OTHOLIECHUH THOKOCTE MOTYT OBITh OIIPEAEIICHBI 110 (PopMyJIaM:
npu mx < 5



npu m, =10 (203)

IIpu 5 < myx < 10 oTHOILIEHUE /T /A omIpenenseTcss ITMHEHHOW MHTEPIONSALUEH MEXIY
TPaHUYHBIMU 3HAYCHUSIMH OTHOIIICHUH Tipu mx = 5 1 my = 10.
B dopmymnax (203):
AW Z - YCIOBHasi THOKOCTb CTEPKHS COOTBETCTBEHHO B T'PY30BOM IUIOCKOCTH
(OTHOCHTEIBHO OCH X-X) U B MIEPIICHINKY/IIPHOM HAIPAaBIICHUH,
Q= go(Z ) - K03()(PULUEHT IIPOIOIHLHOTO M3rH0a;

a - ko3 dunueHT, npuauMaeMbii o Tabda. 10 CHull 11-23-81*.

3(1+m)
(3-25m (rne ¢

INPpUHHUMACTCA B COOTBCTCTBHUU C II. 287), B IPOTUBHOM CJIy4a€ KOMIIOHOBKY OIITUMAJIbBHOI'O

Boipaxkenue [¢]| sBifeTcs ONTUMAIbHBIM YCIOBUEM JMIIb MpU ¢ <

. L,
CEUeHUs CIEAYeT BBIMOIHATh C YYETOM KOHCTPYKTHUBHBIX COOOpaXkeHul (mpu l—’ >3um>

vef
5).

28.14. TIlpsmoii MeTox moadopa ONTUMAJIBHOIO CEUYCHHS CXKATO-H3rudaeMoro u
BHEIICHTPEHHO-CIKATOTO CTEPXKHEH C WCIIONIh30BAaHUEM ABYWICHHON (Gopmynbl SCHHCKOTO
MO>KHO CBECTH K pacueTy IEHTPAIbHO-CKATOTO CTEP)KHSA Ha YCIOBHYIO MPOAOJBHYIO CHILY
N.=(1+plw)N . Torga

ipu Ae > 0,03
ol 10, (204)
JA, +0,04 Ry. A,
rae N, ={1+w%} ;
(A, +0,04)
mpu 0,03 > 4. > 0,0036
7104 ,_ [0l4 N (205)
4/A, A, Ry,

rae N, =(1+4,404/A,)N.

N
3ILCCB A, = ]\; A MOXHO OIpPEACINTL MOCICA0BATCIbHBIM HpI/I6J'II/I)KeHI/IeM C UCXOAHBIM

3HaueHueM Ade = A = BC. [Ipouecc cxoquMocT O4eHb OBICTPBIA, TaK YTO OCTaTOYHO 3-4
3
3 w*
ureparuu. [IpubnmxenHoe 3HaYeHUE A, = 1+Z 7z A.
VA

VKa3aHHBIA METOJ MaeT JO0CTATOYHO TOYHBIA pe3yjibTar Ui A M, Kak HpaBuIIo,
3aBbIMIACT 70 5-15 % BenMUUMHY pacyeTHOM TUIOIIAAH MTOTIEPEYHOTO CEUCHUS.
28.15. Ctporuii MeToJ TMpPsMOro TMoadopa CEYEHUs CTEpXKHS OCHOBBIBAETCS Ha

onpeneneHud TpeOyeMON YCIOBHOM TI'MOKOCTH A, BBIP@KEHHE KOTOPOH MOJYYEHO
npeo6paszosanueM Gopmyisl (51) CHull 11-23-81*: 2 =/p. /A .
Jnist HOy4YeHus: pelIeHns MOKHO BOCIIOJIb30BATHCS CIEAYIOIIMMH allpOKCUMHUPYIOIIUMHU

3aBUCHMOCTSIMU JIIS (k.
mpu A > 0,03



1

P, = ke 0,0354°;
mpu A < 0,03
oo 18
’ [(l+kw:/)/7]2 ’

rae o, =no (cM. 1. 28.10).
3nauenust koaddurmenTos K u n onpenenstores mo Tad. 88.

TaoOnuma 88
Tun ceuenus 3uavenns K mpu n
A>0,1 0,1>A>0,03 A <0,03
Crutonrsoe 016 24A 0,84 0,51+ 11A 0,8
0,3+A
CkBO3HOE 035 24+A 1,25 0,65 + 20A 0,75
0,6+A

C y4eTom ¢, =AA* TpeOyemble (pacueTHbIE) IUIOMIAMM IIONEPEIHOTO CEYEHHsS CTEPIKHS

omnpexaensitorca 1o ¢opmyne (198), B KOTOpoil mpu ompeneneHud @ HEeoOX0IUMO
MIPUHUMATB:

1

A= pu A > 0,03;
JA+ ke?) )(A +0,035)
3 L67 (206)
. L " A<0,03.
(1+ ket )VA

Orcrona mpu 1+ ke, = 1,03 - 1,05 ( 4T0 COOTBETCTBYET li = %0) NpHUIEM BHOBb K A JJId
of

LentpanbHO-C3KaTHIX cTepKHEHN (CM. 1. 28.8).

28.16. Jlns cxaro-u3ruOaeMbIX 3JIEMEHTOB BEPXHSS I'paHHIlAa 00JIACTH PallMOHATIBLHOTO
MPUMCHECHHS CTAJIM TOBBIIICHHOW W BBICOKOW IMPOYHOCTH JOJDKHA CHIDKATBCS IO MeEpe
BO3pACTaHHUsI OTHOCHUTENBHOTO AIKCIEHTPUCUTETA m BO H30ekaHWE OOJNBIINX MOMEPEUHBIX
MEePEeMEIIeHU OCH. YCTaHOBJICHO, YTO TPH JACHCTBHH JKCIICHTPUYHO IMPWIOKCHHOH I10
KOHIIaM IIIapHUPHO OMEPTOTO CTEPXKHSI TMPOJOJILHON CHUIIBI C HOPMATHBHOW BEIHMYMHOM

R A .
N =227 e ko3hurmeHt neperpy3ku n = 1,2, otHocuTenbHblii mporud f/l mpu
n

n

anmnpoKCUMaIK AUarpaMMbl paboThl ctanu auarpammoil Ilpanaris Oyaer uMeTh 3HaUYeHus,
yKa3zaHHbIE B Ta01. 89.

Tab6auma 89

A 3unavenus 100 § }% pu M, paBHOM

0,5 1,0 2,0 4,0 6,0 10,0 20,0
1 012 017 022 0.26 0.28 0.30 031

0,08 0,20 0,32 0,37 0,40 0,46 0,57
2 0.28 0.36 044 052 0.56 0,60 0,62

0,19 0,30 0,41 0,50 0,55 0,65 0,80
3 0.44 0,55 0.67 0,77 0,82 0,88 0,93

0,31 0,42 0,54 0,62 0,69 0,79 0,97
4 061 074 0,88 101 1,09 117 123

0,43 0,52 0,67 0,76 0,83 0,94 1,15

IIpumeuanue. Haxggeproil npuBeneHs! pe3yabTaThl UL CKBO3HOTO, IO Y€PTOH - IS CINIONIHOTO IPSIMOYTOIEHOTO CEUCHHS.

f

Hcxons u3 YCJIOBUA 7 < 0,01, MOJIYYCHBI CICAYIOIIHUEC OTIpaHUYCHUA IJII OCHOBHBIX

CIKAaThIX JJICMCHTOB!



> 0033 SR (207)
(1 +ka)£f; )2 E

- f E
wmm A <39 npu ka)/ <0,08 F -1

= 1,12 E E
A S ——=——==i/— 1pu ko >0,08 |— -1
Jl+ko! (R, R,

B cnyyae coOmioneHHMs YKa3aHHBIX HEPAaBEHCTB I€NIecO00pa3sHO MPUMEHSATh CTallb
MOBBIIIECHHOW U BBICOKOM MPOYHOCTH, B MPOTHBHOM CiIy4ae HEOOXOIMMO IMEPEeXOAUTh K
MaJIOyTJIEPOUCTON CTAM C PacueTHBIM compoTubiaeHHeM Ry = 210 MIla (2150 krc/cm?).
Takum o0Opa3om, Bce c)karo-u3rubaemMble 3JEMEHTHI ¢ TMOKOCThIO A > 120 HOMKHBI, Kak
MIPaBHUJIO, BBITIOJHATHCS U3 MAIOYTJIEPOAUCTON CTaH.

MN3IrNBAEMBIE DJIEMEHTBI

28.17. Beicota crenku Oanku hw ~ 0,96h, rme h - BeicoTa Ganku cUMMETPHYHOIO
CeUYCHHUs, Ha3HayaeMas M3 KOHCTPYKTHBHBIX COOOpakeHHU (CTPOUTEIbHAs BBICOTA)
JOJDKHA, KaK MpPaBWIIO, PACIONiaraThCs B HMHTEpPBAJC 3HAYCHUN MEXKIy MUHHMAIBHOW M
ONTHUMABHON BBICOTAMH Nmin < hw < Nopt.

MuHuMasbHas BbICOTA OTKH Nmin onipeaensiercs mo Gopmyiie

n, Q
= 0,3E 7 (208)

‘min

/
rae n, = 7 HOpMa mporuda st 6anKu;
Q) - miIomaab SIMIOPbl M3TMOAIOIIEr0 MOMEHTa Ha JiauHe Oanku | oT HOpMaTHBHOU
BEJIMYMHBI IONIEPEYHOMN HArpy3KH;

M
W= 7, - TIPMHHMAETCS B COOTBETCTBHH CO CHulI 11-23.81*
¢Ry,

OHTI/IMaJ'IBHy}O BBICOTY MOXHO OMNPEACIIATh U3 CIUHOTO BBIPAXKCHUA IJIA JIFOOBIX CJIydacB
(Oanka MOCTOSSHHOTO M IEPEMEHHOT0 CelleHuH, OucTanbHas Oanka u 0anka, pacCuuThIBaeMast
C YUCTOM Ol"p&HH‘-ICHHOfI HJ'IaCTI/IqHOCTI/I), TaK KaK HCKOTOPOC €€ N3MCHCHUC MMPAKTHYCCKU HE
BJIMACT Ha OICHKY MHHHUMYMa MAacCCbl HWJIHM CTOUMOCTH KOHCTPYKIIHH. HOBTOMy B
JalbHEUIIEM HCIONb3yeTCsSd BBIPAKEHUE ONTUMANTbHOW BBICOTHI ISl YIOPYrod Oalku
nepeMeHHOoTo ceyeHus (cm. 1. 28.21):

=, A, - (209)

ITpu hopt < hmin < 1,25hopt momyckaercst mpuHUMATD hw = Nimiin.
W3 mocieaHero yclioBus onpeesseTcss MaKCHMAIbHO BO3MOKHOE 3HAUYCHHE PACUYETHOTO
COIIPOTHUBIIEHUS MaTepuana 0ayku (1mosicoB GucTanbHoi Oanku) Ry.

h
28.18. 'nOKOCTh CTEHKH A, =— - MOXET OBITh ONPE/ICIICHA U3 YCIOBHSI €€ IPOYHOCTH Ha
t

cpes:
0,6 1’ _ o
/l”’STER"’y” (k = 1,0 mpu ydyere miacTuueckux aeopMalMii B OMOPHOM CEYCHUH

Oanku; K = 1,2 npu pacuere no ynpyroit cragun). [Ipu hyw = hopt TIOMyuaeTcss HepaBEHCTBO

0,6) M y 0,6 M
A, < = ERJc , K KOTOPOMY MOKHO TIPHUITH (JOPMAIIBHBIM IIyTEM, IPUHSB /, = . E .
YaCTHOCTH, TMpH JCUCTBUM Ha Oallky paBHOMEPHO paclpeleieHHONM Harpy3Ku C
3
1
HUHTEHCUBHOCTBIO p A, g(%} lRyyf U h, =El. Tak xak OOBIYHO &, =(é—%jl, yCJIOBUE
p



MPOYHOCTH, KaK MPaBUiI0, He OyJeT JMMUTHPOBATh THOKOCTh CTEHKH OAlKH C ONTHMAJIbHOM
BBICOTOM, 0COOEHHO IPH Y4eTe YNpyro-IiacTHUeCcKO cTaguu paboThl OTIOPHOTO CEYCHHUS, U
B CITy4ae MPUMEHEHHS CTAJIN TIOBBIIICHHOH U BBICOKOH MTPOYHOCTH.

28.19. T'mOkocTh ympyroil CTeHKH Aw JTUMHTHUPYETCS CBEpXY YCIOBHEM €€ MECTHOH
ycroitunBocTH. Ilpy yKpemjaeHuH CTEHKH TOJIBKO MOMEpPEeYHBIMH pedpamMu MaKCHMalbHas
THOKOCTh CTEHKH ONPEAEISIeTCs U3 (OPMYJIbI

1
2, — 4717
_ R _ g
7=t B 7 1+(1,5—T j (ij :
i, VE Ry ) \Z

rac ﬂ,—:,ﬂ_,‘: - MaKCHUMAJIbHBIC YCJIOBHBLIC T'HOKOCTH CTEHKH COOTBETCTBEHHO Ipu ,Z[GﬁCTBPIPI

TOJIBKO HOpMAaJIbHBIX (B TOM 4YHCIIC U O'Ioc) U TOJIBKO KaCaTCJIbHBIX HaHpH)KeHI/If/'I B PAaCUCTHOM

2
CEUEHUU IPHU CPEIHEM HX 3HAUYCHUU T=§Rs7[, BBIUMCIISIEMbIE B COOTBETCTBUU C M. 7.4*,

7.5, 7.6* CHull 11-23-81*:

2
_ 3 R
a7 =] Je, - 2,25(%) ch{hi— 0,2] e py Tee <1 ;

ef

2
_n 3 3 R
Zo =12 1 (ij Jo + (ij Je - 2,25th2(hi - 0,2} e npu Tee 1

» o o

loc

PE; he/ ’ a
A:=39114+0,76) =—| 1pu —>1.
a h,
HauGonbline 3Ha4eHUs A, I YCTOMYMBOM CTEHKH OalKd ¢ ITIONEPEYHBIMM pebpamu

JKECTKOCTHU B 3aBUCUMOCTH OT HAIIPSIKCHHOT'O COCTOSAHUSA OTCEKOB U COOTHOLICHUS pa3MCpPOB
HUX CTOPOH IMPUBCACHLI B CTaTI)el.

1 Cobones 10. B. O NpoeKTHpOBAHMH CTATBHBIX COCTABHBIX GANIOK PALMOHATLHOTO ceuenus // U3B. By30B. CTP-BO U apXUTEKTypa. -
1985. Ne 1. - C. 18-24.

Jns cTeHKH OalikyM, YKpPEIUIEHHOW KpoMe IIONEepeYHbIX OCHOBHBIX pedep OJHUM

ee YCIOBHas THOKOCTh

w9

1 1
IIPOAOJIBHBIM PEOPOM Ha PACCTOSHUU OT CHKATOIO MosAca h, = (Z —g)h

A MOXeT OBITh OPHEHTHPOBOYHO YBEIHMUYEHA JI0 /3 pa3 MO CPABHEHMIO C A JUI CTEHKH
OaJIKu C MonepeyHbIMU peOpaMu.

28.20. YcinoBHast THOKOCTh CTEHKH YIPYTrO-TUIACTHYECKOW Oaikyu mpu oOecrieueHnH ee
MPOBEPKU Ha yCTOMYMBOCTH B cooTBeTcTBUU C 1. 7.5 CHulI 11-23-81 *nomkna HaxoauThes B
WHTEpBAJIC 3HAYCHUN:

3 3 R
— A 2 A 2
22<A <22+ 2,85—(—”] 1-2 1+1,2(—fj (iJ . (211)
4 4 R

w w

B uactHOCTH, ANIA pacHpOCTPaHEHHOTO COOTHONICHUS IUIOMIAJCH CEYeHUs IOJIKH H
crenku (Ganku mnepemenHoro cedenus) AdAw = 0,67 okaxercsa, 2,2 < 4, < 22 +




CooTBeTCTBEHHO [UIsi OMCTaJbHON OalKu YCTAaHOBJIEHO, YTO YIPYro-TlacTHYecKas
yCTOMYMBas CTEHKA JTOJKHA UMETh YCIIOBHYIO THOKOCTh B OPUEHTUPOBOYHBIX MpeIesax:

22< 7 <22+32 [ﬁ;] —0,1—1,7(Rij ,Tne R’ >R,. (212)

v

Torzaa (Hanpumep, IpH R/ = L5R, ) okaxercs, 910 4,<4,1 u Ri <04.

s

28.21. Cpennsas no juymHe (st OalKy IMEpeMEHHOTO CEYeHHs) IUIOLA/b MOMEPEYHOro
ceyeHus1 4 CHMMETPUYHOM OalIKu ONpenessieTcs U3 BHIPAKECHHS

- (213)

rIe

2
a h' 320, —«
éz 1’1 [ opt + . f hw ’
¢ h, A, h,,

af U Ow - KOHCTPYKTHUBHBIC KOZ—)(b(bI/IIII/ICHTI)I JUIA IIOJIKHW U CTCHKMU,

E o —
— - ONTUMAJIbHASI BHICOTA OAJIKH C YCIOBHOM TMOKOCTBIO CTEHKU A, = 5,8;

C1 - Koo uimeHT, onpeaenseMslii no popmynam (42) u (43) CHull 11-23-81*.
[Tpu 3TOM 3HauUeHUS KOAPPUIMEHTA ¢ OYIYT CISAYIOIIUMU:
JUTSL ynpyroﬁ O6anku nepemenHoro ceuenus (of = 0,85; aw = 1,10) u onTumanbpHOIM

BBICOTOH /,, 1/ =h,, —1413f—

JUIS1 ONTUMAITBHOM yIIpyroit 6ainku mocrossHHoro ceuenust (o = 1; aw = 1,10) &= 1,533/5148 .

[Tpu yueTe orpaHWYCHHON MIACTUYHOCTHU (c1 > 1) 3HaUeHUs & aisl OalKu MepeMEHHOTO
CCUCHHMsI, TIPU KOTOPBIX OOECIEUMBACTCS BBIMOJHEHUE MPOBEPKH MECTHOH YCTOMYHMBOCTH
crerku coriacHo 1. 7.5 CHull 11-23-81* mpu 7= 0, mpuBenens! B Tadm1. 90.

Taoauma 90
A, 3uaveHns & IpH c1, paBHOM
1,04 1,06 1,08 1,10 112
3.0 177 1,69 167 167 1,69
35 1,66 1,60 154 1,60 1,63
40 1,56 154 155 1,59 1,64
45 1,50 154 1,60 1,67 1,76

MUHUMaTLHBIM 3HAYEHUSIM ¢ COOTBETCTBYET 1 = 1,22-0,04 7 .

CormocraBiieHHe MUHUMAIBHBIX 3HAUCHUH ¢ IS YIPYTOd M YIPYyro-TacTHYECKON O0anok
MOKAa3bIBAET,. YTO TPH:

A, > 4,5 MUHUMaJIBHOI 110 Macce OyJIeT ynpyras 6ajka;

2, = 4,5-4,0 y4eT OrpaHM4EHHON MIACTUYHOCTH TIPUBOUT K CHUIKEHHIO MacChl Oaaku Ha
2-3 %;

A, = 3,5-3,0 opdexT ot yuera muactnueckux aedopmanuii cocrapusger 3-5 %;

2, < 3,0 adpdexr B cpeanem pasen 5-10 % u moxer gocturath 15 % npu 4, < 2,2.

Tak kak KO>QPUIMEHT & YMEHBIIAETCS C POCTOM A, TO OKA3bIBAETCS, YTO YIpyras

Oanka sBnsercss oObluHO HauOosiee 3(P¢GeKTUBHOIN (37€Ch HE NMPUHHUMAETCS B CpaBHEHHE
OucranpHas Oanka). DKOHOMUYECKUN YPQEKT OT ydera MiIacTUYecKuX aedopmaruii Moxer
ObITb moNydeH mpu A, < 4,0, T.e. KOrga MCKIIOYEHa BO3MOXKHOCTH KOMIIOHOBKH



ONTUMAIILHOTO CEUYCHHs YNPYro Oanku (Hampumep, W3-3a CHIDKCHHS CTPOUTEILHOU
BBICOTHI) WJIM KOT/Ia TOJIIMHA CTEHKU OMNPEAENSETCS U3 YCJIOBUS MPOYHOCTH HA Cpe3 H
MPUHUMAETCS 00JIbIIIe TPEOYEeMOH TOJNITUHBI U3 KOHCTPYKTHUBHBIX COOOpaKEHUH.

28.22. CooTHOIIIEHUE TUIOMIACH CEYCHHMS TOJIKH M CTEHKH B OOIIIEM CITydae OMpeelsieTCs
o dhopmyie

A (Y 7
A (—j A 6. (214)
A, h,) 58¢c
TpeOyemast mI0maas CEYSHUS MOJIKU ONpeesieTcs o Gpopmyiie:
A = K—0,16Aw ,

f

rac

TonumHy HEOKaMIICHHON CXaToil MONKM OalKu Juis OOECIeYeHHs €€ YCTOMYMBOCTH
cornacHo 1adn. 30 CHull 11-23-81* cnexyer npuHuMaTh paBHOM:

% i 6 i i Ry 1a R/ ) Gaman:
1,24, — - Al ynpyroi (1 151 OucTanbHOM ¢ 3ameHol Ry Ha R/ ) Ganku;

1, = ’15 A, 1/ 5 A OaKM ¢ OrpaHUYEHHON IIACTUYHOCTRIO TIpu 2,7 < 4, < 4,5,

TonumHy MOJKK cienyeT NPUHUMATh MO0 BO3MOXKHOCTH MHUHUMAIIBHOW (KEJIaTelbHO HE
6onee 20 MM), Tak Kak IMPU 3TOM BO3pPACTAaeT PACUETHOE COMPOTHBIICHUE CTaU Ry, 3a cuer
9Yero MOXKET OBITh IMOJIYYEH JIOTIOTHUTEIIbHBIA SKOHOMHYECKHH AP PEKT.

IPEJIBAPUTEJIbHBIA PACUET

28.23. Meto mpsiMOTo MOI00pa ONTHMAIBHOTO CEUYEHUS IEHTPAIBHO-CKATOTO JIEMEHTA
COCTOMT B CIIETYIOLIEM.
IIpu ¢=[¢]>1 pacyeT Ha yCTOWYMBOCTL JIBYTAaBPOBOIO CEYEHHMS BCErja CIeayeT

BBIITOJIHATL OTHOCUTCIIBHO OCH Y-y, T. €. IPUHHUMATh!:

A=B,Cy B = £
Ryyf Ry "
2, A, 2 y
C,=—"— (C=——'—,THe u, 2= U IIpU y4eTe 3aKPUTUUECKOH PabOTHI CTCHKH);
YU 24(4+u) T 24(1+uy) 173
/ 1 2,[¢ A 24,(1,Y)
_ D WIA C YUETOM u=—L NOJIy4YUM - ——[—’j +1-1 (cM. TaOm.
[é/] Z}"?/ V3+u v 22, i [g] / 94 lyéf/' (
84, 85 u 87).

PaCCMOTpI/IM ABa paCyYCTHBIX CIIydast.

Hepsvit (A < 0,027). 4= 014 N -y A _ﬁ>4,0; A, <152 £; A, <23 £
A Ry, N R, R,

(A,<46 \/Rz - PU HEYCTOWYMBOM CTeHKE coryiacHo Tabmn. 27* u 29* u n. 7.20* CHull 11-13-

81%).



Bmopoii (A > 0,027). By > 0,017(1 + 0,26¢*)% mpu stoM 4, ¥ A ONpERENSIOTCS

COOTBETCTBEHHO o dhopmynam (194) u (196); A, =2(0,36+ 0,11) \/RE ;

A, = (1,2+0,351)\/Rz < 2,3\/}2E mpu 0,8 < 1, < 4,0 (cm. tabum. 27*u 29* CHulI I -23-81%).

IIpy BBIYHCICHHH A, U A, HEOOXOMMMO LPUHSTH B IEPBOM NPHOIMKCHUY 3HAYCHUS A

HUCXOd U3 CICAYHOUICTO:

- R
A =1mnpu B >5(1+0,264%) f) ;

A =2npu 5(1+0,26CZ)2\/§ > By > (1+0,26§2)2\/§;

lxe/ i
21

vef

A =3 mpu (1+0,26§2)2\/%2 By (rme ¢~ ),

3aTCM IIOCJICAOBATCIIbHO BBIYUCIINTD IIapaMECTPhbI:

2.[¢] .
[¢]=3 j— ’2 [/f] npu [{]=1 - U3 KOHCTPYKTUBHBIX COOOPasKEHHIA;
f W
A - 1 N ( 004)
C = L) = U A=——>/\1+———| (roe A = B,Cy).
y 24(1+u)2 y 'A+0,04 R)!)/(‘ A ( II y y)

. = / E / E
[Ipu ydere 3akpuTHUECKOI pabOTHI CTEHKH MpUHUMAETCs A, =1,5(0,36+0,81) s <4,6 s ;
A,

2
Cc =—————— npu u, =—u. OCTaJ'ILHLIe BBIPAXXCHUA OCTAIOTCA IIPCIKHUMMU.
Y 24(1+u,) 73

HpI/I BBIYUCIICHUH ﬂ_,‘ MOXCT OKa3aTbCsia, 4YTO Z} ~ ﬂ_, B stoMm CiIydyac pacCdCTHBIC

napameTpsl OyAyT COOTBETCTBOBATh ONTHUMAJIBHOMY CEUEHHUIO.
Ecnu 4, > 1, 4T0 03Ha4aeT N30BITOK MECTHOW YCTOMYMBOCTH JIMCTOB (IIOJIOK M CTCHKH),

TO H€06XOI[I/IMO BBIIIOJJHUTH OINTHUMHU3AHUIO0 CCUYCHHA, JIA 4YE€ro CIACAYCT TMPUHATH
~ A+22,
OTKOPPECKTUPOBAHHOC 3HAUCHUC A= T " IOBTOPHUTH paCyCT.

28.24. B ToM ciyuae, Korja 3aj1a4a noJ00pa ONTUMAaJIbHBIX CEYEHUH CKATO-M3rnbaeMbIxX
JJIIEMEHTOB HE YCJIOXKHIETCS TpeOOBaHWEM TIOJNYYCHHS PABHOYCTOMYMBOTO CEUYCHUS
3JIEMEHTa U 0COOEHHO KOTJia 10 KOHCTPYKTHUBHBIM COOOPaXEHUSIM 33JJa€TCsl TOHKOCTEHHOCTh
CeUeHMsI, pEIIeHHe JOCTUTAETCS JOCTaTOYHO TpocTo. lIpenBapHTeNbHBIN  pacder
11€J1ec000pa3HO BBINOJIHATH B /IBA 3Tana:

MEPBBIN - 10 peKOMeHAausIM 1. 28.14 onpenenuTs pacueTHbIE TapaMeTphl;

BTOpOH - 1O peKoMeHjianusM 1. 28.15 mnpoBepuTh U OpU  HEOOXOAMMOCTHU
OTKOPPEKTHPOBATH PACUETHBIC TTAPAMETPHI.

28.25. TlpomnmocTpupyeM METoj MpsAMOro moadopa ONTHUMAIbHOTO CEUEHHs CHKaTo-
n3rubaemMoro (BHEIEHTPEHHO-CKATOT0) DJIEMEHTa Ha MPHUMEPax JIBYTaBPOBOTO COCTABHOTO
CEUeHHS.

Pacuer BeImOnHSETCS B TPY30BOM  IJIOCKOCTH € OOECI€YeHHUEM  YCIOBHS
paBHOYCTOHUMBOCTU ¢ ~[¢]. Jlnd coOMoeHHs MECTHOM yCTOHYMBOCTH JIMCTOB COCTABHOIO

CeUeHHs YYMUTBIBAIOTCs TpeOoBanus mm. 7.16*% u 7.23* CHull 11-23-81* ¢ cobmonernem
rapaHTUM, YTO MCXOJHOE 3HAYEHUE A HE MPEBBICUT PACUYETHOTO 3HAYEHHS A, , HA KaXIOM

mrare urepaluu, HOI[O6HO TOMY, KaK 3TO BBIIOJHAJIOCH IIPU paCUYCTC LCHTPAJIbHO-CKATBIX
OJICMCHTOB.



Ha nepBoMm sTane pacuera cieayer BOCHOJB30BaThbCs METOAOM M. 28.14 W 3aBepiInTh
KOPPEKTUPOBKY IIPEABAPUTENBHOIO pacueTa, IPUMEHUB pEKOMEHAANH 1I. 28.15.
Ha mepBoM Irare UTepanyy CIeayeT IPHHATh A = A , HCXO U3 CICIYIOLIero:

(1+02657)° R

A =lmnpu B >5 :
! 1+ 18w E

_ Y IR
7 =2mupu S (1+0.265°)° >Bv>(1+0,26§) R
1+ 1,80 E ’ 1+29@ E
_ %) IR
A :3HPH% _f">Bv’
1+290 E i
rac
_ N E .
’ Rv}/ c R,V o
é/z l,\‘e/ .

21}'@/
w=13-5 |E

I, \R

o .

I'uOKOCTh JTMCTOB BYTaBPOBOTO CEUCHUS MPU 0OSCIICUCHUH WX MECTHON YCTOHYHMBOCTH B
COOTBETCTBUHM ¢ TpeOoBanusimu mm. 7.14* u 7.23* CHull 11-23-81* ompenensiercs u3
BBIPAKCHMI:

2, =2(0,36+0,14) /RE; A, =(13+0,152%) /RE nmpu A< 20; ALW:(L2+0,35/T)/R£ npu
y y Y

A220.
B ciygae mpoekTupoBaHHsI CEUSHUS C HEYCTOMYMBON CTCHKOW 3HAYCHUE Aw PUHUMACTCS

2
_LTE . 3% Uy _ﬁJrl(ﬁ) .
l, u 3\ u

w }

N3 Beipaxenus (197) ¢ yuerom  y= Lo - M MTOJTyYUM
3+ &u 22,

284, - =
[¢]= %j_ \/ ¢ (Zf/{j +1-1|, rae A /A onpenensercs B COOTBETCTBMM ¢ m. 28.13 (Ha
f vef

A,
IIEpBOM LIare — == =1 wiu 1,5 npu IpOEeKTUPOBAHUU CEYEHUS C HEYCTOMUNBOM CTEHKOM).

3ameTuM, 4to ¢ = 1 Il ceueHus ¢ yCTOMYMBOM CTEHKOM.

A,[¢T N E u(3+ &u)
anee ompenenum u=-—->-; A = ByCx tme B = 2 == IS
A Pt 22, e Ry R ™ T 12(1+u,) (
[ < o o U,
CCUCHHUHU C YCTOMYHMBOM CTCHKOU - = =1 );
u
3+u,) e [E |
3+du I, \R '
Ae:N" z(]+3 jA>003
N 43/A
e N=Mlro— B |z L. N ( 0,04)= N AE+0,04A€/: ltu
(A, +0,04)” JA, +0,04 Ry, A,) Ry. A l+u,



[Ipy HeCOBNAJEHWH BHIYUCIECHHOIO 3HAYEHHS A, C TEPBOHAYAILHO TPUHATHIM
3HAQYEHUEM pacyeT CJIEAYeT IOBTOPUTH, IPUHMMAs MUCXOJHBIE NAaHHBIE MPEALICCTBYIOLIETO

= A - - 3(1+
stana. [Ipu atom /1':/“-2/1-* VA== ¢=[¢]s m = M, ol o= A+u) e £
3 A M 3+qu L, \R,

IHPUMEPDBI

Mpumep 1. TpeOyercst ompenenuTh ONTHMAaJIbHOE COCTABHOE JIBYTaBPOBOE CEUYCHHE
KOJIOHHBI TIpH clieayrommux ucxoaubix AaHHbix: N = 2000 kH; lyet = 400 cM; lyer = 3lyet. JTuicThI
u3 cramu Mapku 18 ki mo T'OCT 23570-79 (Ry = 220 MIla nipu TosmuHe mpokata 4-20 Mm);

£ - 936, \/E=30,6; %=1
R, R

Ilepswiii 5man - npeABapUTEIIbHBIN pacueT

Boruncnum BeMunHy napaMmerpa UCXOIHBIX JaHHbIX By:

B, =l£lfj =2000-10-936/220-400° = 0,532 .

vl ¢ v

. 2\2 l )
(1402615 041 rre fxto15, 5

R
[ak kak mpu 3TOM B,>5(1+0,26§2)21/—-" =5
y E 30,6 lye/

MCXOJHOE 3HAUEHUE IpUMeM A = 1.
JlaHHBIE pacyera 10 NPSAMOMY TOAOOPY ONTHMAILHOIO CEYEHHS LEHTPAIbHO-CKATOIO

3JeMEeHTa MPUBEACHBI B Ta0I. 91.
Taonuma 91

lar 2 A X [4] u C, A 7 A, cm
UTepaly
u
IlepBsIit 1.0 35,5 28,2 1,52 0,92 0,315 0,169 2,14 113
Bropoii 1.8 55,1 33,1 1,56 0,73 0,460 0,245 1,87 106

B pesysibrare mpoBeeHHs] BTOPOro (ONTHMH3ALMOHHOrO) miara urepauun A ~ A . Ilpn
3TOM yCIIOBHAs TMOKOCTh A CHU3WIAach ¢ 2,14 mo 1,87, 4T0 mpHMBENO K yMEHBIIEHHIO
TIJTOIA U TIOTIEPEYHOTO ceueHus Ha = 7 %0.

Bmopoii sman - KOMIIOHOBKA CEYEHHUS

= _b/ass
20 +u)
l. |R
i ==L | ﬂ:7,0 cM,

A VE 187306

torma b =4,56-7,0=31,9cm; h=Db[¢] =319 1,56 =49,8 cm.
IMpumem b = 32,0 cm; h = 50,0 cM, Torma

= Ll = 20 =09 cMm;
" 551
t, = b-t, 32-09 =0,94 cm;
A 33,1

npuauMaeM tr = 1,0 cm.
WTak, mosyduin COCTaBHOE IBYTaBPOBOE CEUCHHE:
2(-320 - 10) + (-500 - 9) : A=2.32-1+50-0,9 = 109 cm?;, =222 _

2-32-1

0,7,



2 3
,;z\/32 1:527 ,09-30° 100 2216 em
' 2 12
3
i = 132 08 em
*V6-109

Tpemuu sman - IpoBEpKa peIICHUS

1200 182° 1 400

A=— =182, 4 =———=185.
21,6-30,6 " 7,08-30,6

Koadduunent npononsHOro n3ruda omnpeaessieM ¢ UCIOIb30BaHUEM JaHHBIX Tabm. 82: ¢

=1,002-(0,95 - 0,035 - 1,852) = 0,832. TTpu 51oM o= —20 10 __ 24 MITa =R,
0,832-109-1
Ipumep 2. Tpebyercst paccynTaTh BEPXHUM MOSC OOIBIICTIPOICTHON TpyOUaTOi hepMbl
npu caenyomux uexoaHbix gaHHbix: N = 1050 kH; e = 30 cM; lxef = 600 cM; lyer = 1200 cm;

Marepuan Tpyorl - cragb Mapku 16I2ADd mo TV 14-3-567-76 ¢ pacyeTHBIM

conpotusiienueM Ry = 400 MIIa (npu TonuuHe cTeHKH 6-9 MM); % =515; /RE =227, % =

v

1.
Ilepswiii 5man - npeBapUTEIIbHBIN pacyeT
Brruucium HeoOxX01MMbIe pacueTHBIE TapaMETPHhI:

g N E,. 105010 515
" Ry R 400-1 600’

=0,0376,

wo="22 Ezﬂﬂ.mj:l,@_
I, i\R 600035

xef
d
HpI/I KOHCTPYKTI/IBHOM OI'paHUYCHUU FI/I6KOCTI/I CTCHKHU TPY6BI — <45 BBIYUCIUM
t

mapamerp C = glé ~ 1,6 pH %: 40: A = BC = 0,0376 - 1,6 = 0,060.
T

34 34
Ompenenum  3HaYeHHe A, = [1 + éw—mjA = (1 + 3 162 1,3) -0,060=0,225, Opu  3ITOM
4 A 4 0,060"

N, = 1+0)L32 N =(1+1,62- 0’2252) -1050=3850 kH. Torma yTo4YHEHHOE 3Ha4YeHHUE
(A, +0,04)" 0,265
A, = N p 23850, 0,060 = 0,220 . CrenoBareibHO, A= ! = ! =1,96;
N 1050 JA, +0,04  1/0,22+0,04
LN [1+ 0,04) _ 3850~10(1+ o,o4) 114 ol
Ry, A, 400-1 0,22

VTouHuM 3HaYeHus A H A:
m=wi =1,62 1,96 = 3,18. Ilo ta6x. 73 CHulI 11-23-81* onpenennum kodduumenr 7 =
1,35-0,05- 3,18 -0,01(5 - 3,18)- 1,96 = 1,155, mpu 3ToM o, =nw =1,155-1,62 = 1,87.

W3 Tabn. 89 nacrosimero Ilocodus npu 0,1 > A > 0,03 (B Hamem ciygae A = 0,06)
nonyunm K = 0,84; n = 0,8,

Torna A = ! = ! =2.10;

J(1+ ket )(A+0035) |J(1+0.84-1.87)0.06+0,035)

@, = A2’ =0,06-2,10° = 0,265,
N 1050-10

- = =99,0 cM>.
@.Ry. 0265-400-1




E - 1,12 E
Tak xax ko)’ =084-187""=138>0,08 [——1, MNpH 3TOM A <———=—.— =345,
’ R, 1+ kol | R,

IIPUMEHEHNE BBICOKOIIPOYHOH cTanu ¢ Ry = 400 MIla sBasieTcst onpaBiaHHbIM.

Bmopotii s3man - KOMIIOHOBKa CEYEHUS

[pumem crambayio Tpyoy mo FOCT 10704-76* &377x9 (4 = 104 cm?; i = 13,01 cm; W =
935 cm).

Tpemuii 5man - IpoBEpKa PEILICHUS

- R
A =2 _”=&=2,03;
i VE 13,01-22)7

A—ﬂ 104 =334,
W 935
n=1,35-0,05-3,34 - 0,01 - (5 - 3,34)- 2,03 = 1,15; mef = 1,15 - 3,34 = 3,84;
@ = 0,266 (110 Tabu. 74 CHull 11-23-81%)
1050-10

=" _380 MITa<R,.
0,266-104 -1
— R, 1200 o
A== 2=__—" —406 (4y = 92 < 120); = 0,43 > @, T. €. YyCTOHYMBOCTD
i VE 1301227 Ay ) e i Y

3JIEMEHTA U3 TUIOCKOCTH (pepMbl oOecriedeHa.
IIpumep 3. TpebyeTcs monobpaTh ceueHrEe HATKPAHOBOM YacTH CTYIMEHYATOW KOJIOHHBI B
BUJIC CHMMETPHYHOTO COCTABHOTO JIBYTaBpa IMpH CIEAyIOmMX ncxoansix naHueix: N = 930

kH; M = 319 xHMm (6:%:31,3 CM); pacyeTHBIE MOMEHT IPHU IMPOBEPKE YCTOMYMBOCTH

2
3JIEMEHTa M3 IUIOCKOCTH M3ruba M, =§M i Ixef = 1560 cm; lyef = 360 cm. JlucTel U3 cTamu

mapku BCt3kn2-1 mo TY 14-1-3023-80 ¢ pacuetnbiM conpotuBienneM Ry = 210 Mlla (mipu
TonmuHe npokara 11-20 mm); — X =981; \/RE =31,3; 7. = 1.

Ilepsviii sman - peABApUTENBHBIN pacyeT (MPUOIMKEHHBIA METO/)
Brruncnum HEOOXOAMMBIE pacUeTHBIE TapaMETPHI:

N E ., 930-10 98]

=g = - =0,01785;
Ry R " 210-1 1560
BN E 93010 B, 50+0260) (R, (0o
"Ry, R 210-1 360 1+ 180
L,
e ¢= o= 20 g7, —13— £ 1 —343 31,3=0,90.
20, 2-360

[IpennonoxuM, 4TO CTEHKA YCTOMYMBA U INPUMEM B KAyeCTBE MCXOJHBIX 3HAUYCHUH
A =2,=1. JlaHHBIE PACYETOB IO NPAMOMY NOAOOPY CECHEHUS NPUBEJCHBI B Ta0II. 92.

Kak BugHO M3 2TOM TaOIUIBI, y)KE€ BTOPOM Iar UTEpalUd JAeT MPAKTHUUYECKH TOYHOE
pelIeHne 3a/[a4i He TONBKO B OTHONICHHH 4 1 A, HO H [¢].

Ilepsviii sman - IpeABApUTENBHBIN pacdeT (YTOUHEHHBIH METO)

Ompexenuvm=0,93-1,9=1,77; 2o - L __ 1 _5s:
A 20 2-2,17

w

n=145-0,05-1,77-0,01(5-1,77)- 1,9 = 1,30; ewer = 1,30 -- 0,93 = 1,21;



A= ! =1,95;
J(1+0,84-1,21°%)(0,096 + 0,035)

e = 0,096 - 1,952 = 0,366:
__ 3010 o) e
0,366-210-1

Bmopoti s3man - KOMIIOHOBKA CEYEHUS

; h |3+u _ h

T1V1+u 271

[, |R, 1560

i = L = =255 CM,
2 VE 195313
torga h = 2,71 - 25,5 = 69,0 cwm; b=i=ﬁ=25,5 cM; ¢, 8 1,19 cm, npumeM tw =
[¢] 271 A, 58
1,2 ce™m; ¢, = b 25 0,74 cM, npume tr = 0,8 cm.
A 344

,
WTak, CKOMIOHOBAaHO ONTHMAJIbHOE COCTaBHOE JIByTaBpoBoe ceueHue 2 (-260 - 0,8) + (-

684 - 12).
Tpemuii 5man - IpoBepKa peIICHUs

1,2-68,4°
+

=81800 CM;
12

A4=2-26-08+ 684 - 12 = 123,6 c™m?, 1x=2'26‘0,8(692’2j

w :M:ZMO oM i = 81800 =253 CM;
! 35 ! 123,6

BYs _ _ A 12
= 9826 436 eu: 2. B T R L U S CL S V. LI R
> 123,6 258-31,3 " 436-31,3 W 2340

A .
A _ 2608 0,253;
A, 684-12

w

Tabauma 92

2

Iar 7 I A A 4] u Cy A ® A, 7 A, c™
UTepann *
Tepeonid | 1,0 | 1,0 | 28,8 | 53,2 | 2,12 | 1,22 | 4,63 |0,083| 0,87 (0,204 2,03 | 131
Bropoit | 1,7 | 2,38 | 33,2 | 54,8 | 2,67 | 2,16 | 5,09 ({0,091 0,93 |0,239| 1,92 | 131
Tpermit | 19 | 2,68 | 34,4 | 58,0 [ 2,71 | 2,17 | 5,40 |0,096) 0,93 |0,242| 1,89 | 130

n=145-0,05-1,81-0,01(5-1,81)- 1,93 =1,30; mef = 1,3 - 1,81 = 2,36; ¢ = 0,367, npu

5TOM B IUIOCKOCTH M3ruda o = __930:10 205 MIla <Ry, m, = E1,81 =121; =0,65 + 0,05
0,367-123,6-1 3
-1,21 =0,71; c=;=0,537; oy = 0,998(0,95 - 0,035 - 2,632) = 0,707, nipu 3TOM U3
1+0,71-1,21
IJIOCKOCTH M3ruda o = ! =200 MIla <Ry.

0,537-0,707-123,6
Ipumep 4. TpeOyercst mogo0paTh ONTUMAITHHOE CEYCHUE OJHOTPOJETHON OaIKu B BHUIIE
COCTaBHOTO CUMMETPHYHOTO JIBYTaBPa MPH CIEAYIOIIMX UCXOIHBIX JaHHBIX: MpoJieT Oankw |
= 1200 cm; mar 6anok HacTuia (pacdyeTHas JUTHHA MKy Toukamu 3akperuieHus) ler =100
CM; pacueTHble yCwiHs B Oajke OT JEHCTBHS PaBHOMEPHO paCHpEeICHHON Harpy3Ku:
M3ru0aroIMii MOMEHT B cepeaune mpoiieta M = 2800 kH-m u omoprast peaknus Q = 930 kH;
MaTtepuan KOHCTpyKIuH - ctaib 18I'mc mo 'OCT 23570-79 ¢ pacyeTHBIM CONPOTHUBIICHUEM

Ry =230 MIla npu TonmuHe npokara 4-20 MM; \/RE =30; % =1.

Ilepewiti sman - NpeIBapUTEIBHBIN pacyeT



Tpebyemass BenmuuMHA  yOPYroro MOMEHTa  CONPOTHBJICHHUS  CeYeHHs]  Oajku
2800000

230-1
[IpeamnonaraemM, 4To pedpPO KECTKOCTH MOCTABICHO MO Kax1yto Oanky Hactiia (o, = 0),

12150 cM°.

NPUHUMAEM OpPMEHTHPOBOYHOE 3HAa4eHWe A, = 5,5, Torga TUOKOCTH CTEHKH

ﬂ:iﬂ, £ _s55.30=165.
, \/ R,

Cornacuo ¢opmyne (209) ontumanbHas BbICOTa CTEHKHM yHOpyrod Oalku paBHA

h, =34165-12150 =126 CM, T. €. TOJIIMHA CTCHKHU f, = % =0,76 cM.

[punumaem tw = 0,8 cm; hw = 125 cm; 4, =5,2.

2
[MpoBepum u3 ycnoBus Ha cpe3 npu K = 1,0 (cm. 1. 28.18), 4ro };— < 09’20%230 1,0=232.
_ . — 2 2800-12 _
Yoenumes, uto hmin B hopmyiae (208) He mpessitnaer hw, rae N, = 400; Q = 3T,

18700 kH-M?; 1,2 - K03 pUIIHEHT meperpy3KH.
—03 400-18700-10°
T 2.06-10° 412150

w 12150

A, =h——0,16Aw=E—O,16'125~0,8=81 CMZ; TOJIIMHA JIUCTa IosfAca 1,2\/81/30:1,64 CM,

Torma & =895 cm. TpebOyemas 1UIOmanb TOSICHOTO JIMCTA

w

A
npumeM tr = 1,8 cm; b:—’:%:45 CM.

Ly R

Y6eaumcsi, uto nipu mare pedep a = 100 cm creHka Oanku sIBISETCS YCTOMYMBOW TIpH A

W

3 3
t
= 5,2. [IlpenBaputenbHO ONpeAeNdM MapamMerp o= ,b’hi(t—’] =0,8%(£} =33 W,

W

a 100
CJICAOBATCIIbHO, IIPpU h_ :1—25 =0,8 IJId OTCEKAa CTCHKH B MECTE U3MCHCHUSA CECUCHUA Oanku

w

(ma paccrosuuu 1/6 or omoper) 4, = 5,30. D10 3HaueHHe OydeT MHHHMAIBLHBIM CPEIH

oCTaJIbHBIX. Takoi xe pe3ynbTaT noixydum u3 Gopmyisl (210).
Taxum oOpa3om, CTEHKa yCTOMUYHNBA.

Bmopotii sman - KOMITIOHOBKA CEUCHHS
[Tpumem cocraBHoi#t aByTaBp 2 - (-450 - 18) + (-1250 - 8);
A=245-18+125-0,8 =262 cm?;
Ix = 780000 cm*;
Wy =12150cm.
Tpemuii sman - IPOBEpKa PEIICHUSI

Bemonasercs B coorBerctBuu ¢ TpeboBanusimu  CHull 11-23-81*.  Pesynbrars
MOJITBEPXK/IAIOT, UTO MIPUHATOE ceueHHe Oanku olnagaer TpedyeMol MPOYHOCThIO U MECTHOU
YCTOWYMBOCTBIO 0€3 U3IUIIHUX PE3EPBOB.

29. TEXHUKO-O9KOHOMUWNYECKHNE NOKA3ATEJIN
OBIIHUE ITOJIOKEHUA

29.1. CTpouTeNnbCTBO M IKCIUTyaTallsl METAJUINYECKOH KOHCTPYKIIMHM B COCTaBE 3/1aHUS
WIN COOPY)KEHHUS OCYLIECTBIISIFOTCS Pa3HBIMU OpraHU3alusMU (IMPOEKTHBIM HHCTUTYTOM,
3aBOJIOM, MOHT@XHBIM YIpaBieHHEM U T. 1.). COOTBETCTBEHHO, MMEETCSI COBOKYITHOCTh
TEXHUKO-)KOHOMUYECKHX  IIOKa3aTesield,  XApaKTepHU3YIOIIMX  pa3jMyHble  OJTallbl
CTPOUTEIBCTBA U DKCIUTyaTalliH, COOTBETCTBYIOIIMX MHTEpEcaM KaKI0M U3 OpraHu3alui U



yIOOHBIX JUIS MCHOJB30BaHMA B MX padore. B Hactosmem [locobun BHMMaHue ynensercs
TEXHUKO-3KOHOMHYECKUM ITOKa3aTeNIsIM, HEOOXOJMMBIM IPH MPOSKTUPOBAHHH.

TexHNKO->KOHOMUYECKHE TI0Ka3aTeldd TIPH TNPOSKTHPOBAHMHM HYKHBI U OIIEHKH
KayecTBa MPOEKTHOTO pEIICHHs, COBEPIICHCTBA KOHCTPYKTUBHOW (OPMBI, BBISIBICHUA
3aTpaT, CBA3aHHBIX C HM3TOTOBJICHUEM, TPAHCIIOPTHPOBAHHEM M MOHTAXXOM (B OTAEIHHBIX
ClIy4yasiX U C SKCIUTyaTalueil) KOHCTPYKIUHU U OLIEHKU TEXHOJIOTHYHOCTH.

TexHHKO-?KOHOMUYECKHE  [OKa3aTeNd, HUCIOJIb3YeMble TP  OICHKE  KadecTna,
MOJPA3CNAIOTCA Ha abconomHuvle U omuocumenvhvie (O€3pa3MepHbIE W pa3MEpHBIE,
MIOCTPOCHHBIE HAa OCHOBE aOcoimoTHBIX). B Hacrosmem [locobun paccMaTpuBaroTcs TOIBKO
abconomuvle NOKA3ameinu.

29.2. Ilpu TpOEKTUPOBAHMM B NEPBYIO OYEpEedb CIEAYeT pPacCMaTPUBATh TEXHHKO-
HSKOHOMHUYECKHE II0Ka3aTeNId, XapaKTepH3YIOIIMe KadyeCTBO IIPOEKTHOTO pEIICHHS |
TEXHOJIOTUYHOCTh KOHCTPYKIIMH C TOYKH 3PEHHS 3aTpaT B OTPACIH CTPOUTEIbCTBA. TakuMu
MIOKA3aTeIISIMH SIBJISIOTCS:

Macca MeTajia;

3aTpaThl HA OCHOBHBIC MaTE€pHAIbI;

TPYIOEMKOCTh U3TOTOBJICHUS;

TEXHOJIOTHYecKasi ce0eCTOMMOCTD U3TOTOBIICHHS;

ce0eCTOMMOCTh U3rOTOBJICHHUS;

3aTpaThl Ha JKEJIC3HOIOPOKHBIN TPAHCIIOPT;

TPYAOEMKOCTh MOHTAKa;

TEXHOJIOTNYecKasi ce0eCTOMMOCTh MOHTAXa;

ce0eCcTOMMOCTb B JIEle.

3aTpaThl Ha OCHOBHBIE MaTepUalbl BKIIOYAIOT 3aTpaThl Ha MPOKAT, CBAapOYHBIE U
JIAKOKPACOYHBIE MAaTEPUAJIbl, PACCYMTAHHBIC HA OCHOBE JICHCTBYIOIINX MPEHCKYPaHTOB.

Tpyooemkocms u320mo61eHUs ULU MOHMANCA €CTh CyMMapHOE KOJIMYEeCTBO paboyero
BPEMEHH, 3aTPAY€HHOTO IO BCEM ONEpalMsIM TEXHOJOTHYECKOTO MPOIecca M3TOTOBJICHUS
WJIM MOHTaXa.

Cebecmoumocms u320mogieHuss B JaHHOM CITydae €CTb CyMMa 3aTpaT Ha U3TOTOBJICHUE B
YCIIOBUSIX 3aBOJICKOTO ITPOM3BO/ICTBA.

Texnonoeuueckas ce6ecmoumocms U320mMoBIeHUs Ul MOHMAdCA eCTh CyMMa 3aTpaT Ha
M3TOTOBJIEHHE WJIM MOHTaXX 0€3 yueTa 3aTpaT Ha OCHOBHbIE MaTepHaJIbl.

Cebecmoumocms 8 Oele €CTh CyMMa TEXHOJIOTHYECKON CEOECTOMMOCTH HM3TOTOBJICHUS,
TEXHOJIOTUYECKO ce0eCTOMMOCTH MOHTa)ka, TPAHCIIOPTHBIX 3aTpaT M 3aTpaT Ha OCHOBHBIE
MaTepHAaIbL.

HauOonee mnomHBIM TNOKa3aTeneM, XapaKTEPU3YIOIIMM BCIO COBOKYITHOCTh 3aTpaT B
OTpaciy CTPOMTENHCTBA, SABISETCS ceOeCTOMMOCTh B jene. M3 sroro He ciemyer, 4To
CpaBHEHHE BAapUAHTOB IPOEKTHBIX PpEIICHUH Bcerja HeoOXOIMMO IMPOBOAUTH IO 3TOMY
nokazarento. Eciam pa3nuuusi B CpaBHMBAEMBIX KOHCTPYKLHUSX TPOSBISIOTCS JIMIIb Ha
OTJENBHBIX 3Tanax CTPOUTENIbCTBA, TO CPAaBHEHHE HYXHO BECTH I10 YACTHBIM ITOKA3aTellsiM,
XapaKTePU3YIOIIUM JTaIlbl CTPOUTENIECTBA, PA3IMUUsl B KOTOPBIX CYIIECTBEHHBI. YacTHbIE
MOKa3aTeN MO3BOJISIOT TAKXKE BBIIBUTH CTPYKTYpY 3aTpaT, YTO BAKHO NPH ONpeAeTIeHUU
HaIpaBJICHUs padOTHI IO COBEPIICHCTBOBAHHIO KOHCTPYKIIHH.

Jlanee mepeuncHAOTCA  elle  HECKOJIbKO TEeXHHKO-DKOHOMHUYECKHMX IoKa3aTeneil,
WCTIOJIh30BaHNE KOTOPBIX MPH MPOESKTUPOBAHHUHU B PSJIE CITYYaeB SBISETCS TIOJIE3HBIM.

Cmoumocmb 6 Oene BKIIOYAET T€ XKe 3aTparbl, YTO M ceOecTOMMOCTb B Jele, HO K
ce0ECTOMMOCTH M3TOTOBJICHUS M K 3aTpaTaM IPH MOHTa)Xe JOOABIISIETCS pacueTHast MPHOBLTh
3aBO/Ia-M3TOTOBUTEINA U pacyeTHas NpUObUIL MOHTaXHON opraHuzanuu. CTOMMOCTb B Jiese
He HeceT B ceOe HOBOM HMHQpOpMAIMKM MO CpaBHEHHIO ¢ cebecToMMOCThI0 B jeine. OHa
ynoOHee il pacuera 3arpar, KOTopble OyaeT HEeCTH OpraHu3alMs-3aka3uuk OO0BeKTa
CTPOUTEINIBCTBA.

Ilpusedennas cmoumocms. Ilon >TUM MOKa3aTeIeM MOHUMAETCS CE0ECTOMMOCTb HITH
CTOMMOCTh KOHCTPYKIIMM B Jiele C J00aBJICHHEM ClIaraeMbIX, XapaKTEePH3YIOMINX
OTHECEHHBIE K KOHCTPYKIMH 3aTpaThl CMEXHBIX OTpaciieil, CBsI3aHHbIE C U3TOTOBJIEHUEM WJIH



SKCIUTyaTaleil KOHCTPYKIIMH, U ClIaraeéMbIX, XapaKTePU3YIOIIUX KaluTajdbHbIe BIOXKEHUS B
CTPOMUTEIBCTBO.

[Ipy mpoeKTUpPOBaHMM Yy4YeT SKCIUTyaTallMOHHBIX 3aTpaT HYXEH B CiIydasX, KoOrjaa
CPaBHMBAIOTCSl BapUaHThl NPOEKTHBIX PELIEHUH, CYLIECTBEHHO Pa3IMYAIOLIUXCS C TOUYKH
3peHus HKCIUTYaTallHOHHBIX CBOMCTB O0OBEKTa CTPOUTENLCTBA. Y YT KAUTAIbHBIX BIOKEHUN
B OTPACIH CTPOUTEILCTBA WM B CMEXKHBIX OTPACIISIX HY)KEH TOra, KOTAa U3rOTOBJICHUE UIIH
MOHTQXX MPOEKTHUPYEMON KOHCTPYKIUHU TPeOyIOT CHEUHAIBHBIX JOMOJHUTEIbHBIX
KaluTaJIbHBIX BIOXKEHUU.

B cocrtaB mpoekta 00OBEKTa CTPOUTENLCTBA 00S3aTENBbHO JOJDKHA BXOAUTH CMETHAs
JOKYMEHTAIUs, B KOTOPOM MPHUBOJISATCS pe3ysbTaThl pacueTa cMeTHOM croumocTu. CMeTHas
CTOMMOCTb BBIYUCIIIETCS Ha OCHOBE ONTOBBIX ILieH. OnrToBas I€Ha HE OTpaxaer
HEMOCPEACTBEHHO MPEUMYIIECTB M HEAOCTATKOB KOHKPETHOTO MPOEKTHOIO pELICHHUS.
Hanpumep, kakoe-1nbo ycoBEpIIEHCTBOBAHNE KOHCTPYKLIUU MOKET 00€CIeUUTh CHUYKEHUE
ee TPYAOEMKOCTH ce0ECTOMMOCTH, HO OITOBas I[€HA MOXXET OCTaThCsl MPEXKHEH;
YCOBEPUICHCTBOBAHWE BCE pABHO JAaCT HKOHOMHYECKHH J(PQEeKT, M OH peanusyercs,
MIOCKOJIbKY YBEITUUUTCS MPUOBUIH 3aBOIa-U3TOTOBUTEIIS.

Takum 00pazom, onToBasi LleHA M CMETHAsh CTOMMOCTh HE MOTYT MCIIOJB30BaThCA Kak
OCHOBHBIE [TOKa3aTeJ M MPU MPOSKTUPOBAHUU.

HOPMATHUBHASA BA3A PACYUETA

29.3. PacueTsl TEXHHKO-IKOHOMHUYECKUX TOKa3aTesIell pa3HbIX BAPHAHTOB KOHCTPYKIUI
HE3aBUCHMO OT NPUMEHSEMOI0 METO/Ia pacyeTa JO0JKHbI BECTUCH JJISl OJJMHAKOBBIX YCIOBUH
W3TOTOBIICHUSI, TPAHCIIOPTUPOBAHUA M MOHTaxa. [103TOMYy MOIKHBI OBITH YCTAHOBIICHBI
OIIpeJIeJIEHHbIE YCIIOBHUSI - pPACUYETHBIE YCJIOBHUS, HNPUMEHHUTEIbHO K KOTOPBIM JOJIKHBI
BECTHCh BCE pacueTbl M HCXOJS M3 KOTOPBIX JOJDKHBI OINPENeNiaThCs KOA(PPUIHESHTHI
npubnmxeHHbIXx (opMyn. PacueTHble YCIOBUS MOTYT IEPUOAMYECKH YCTAHOBJIEHHBIM
MOPSIAKOM HM3MEHSATBCS C YYETOM IMpOrpecca KOHCTPYKTHBHOM (DOpPMBI, MaTepualioB U
TEXHOJIOTUH.

B canyudae, ecnu ans  paccMaTpuBaeMOM  KOHCTPYKLIMM Ha KakoM-ITMOO  3rTame
CTPOUTENICTBA HMMEIOTCSl CYLIECTBEHHBIE OTJIMYMS OT PACUETHBIX YCIIOBHH, pe3yJbTaThl
pacuera 1O COOTBETCTBYIOLUIMM CTaThsIM 3aTpaT HEOOXOAUMO KOPPEKTHPOBATh IO
WH/MBUYaIbHOM METOUKE.

29.4. PacueTHbIe YCIIOBUS M3TOTOBIICHHSI © MOHTaXa 33/1al0TCS B BHJIE MH(POPMAITMOHHBIX
MoJIeIel, BKJIIOUYAIOIINX CIIeTyIOIUe COCTaBHbIE YaCTH:

a) KOMIUIEKT ONHCAHWH THUIOBBIX TEXHOJOTHUYECKUX TPOIECCOB H3TOTOBJICHUS U
MOHTaXa, B TOM YHUCJIE IepeueHb TEXHOJIOIMYECKHX ONEepaluii U COOTBETCTBYIOIUX pabouux
MECT; MlepedeHb 000PYI0BaHMsI IPUMEHUTENBHO K KX/ I0My padoueMy MecTy;

0) HOPMBI TPYZAOEMKOCTH U IITYYHO-KAJIbKYJISLIHOHHOTO BPEMEHH;

B) HOPMAaTHUBBI 3aTpaT MO CTAThIM CEOECTOMMOCTH, OTHECEHHBIE K KaX/I0My U3 pabouux
MECT;

I') PEeWCKypaHTHl Ha TPOKAT, CBAPOYHBIC U JJAKOKPACOYHBIE MaTepHaJIbl (B YaCTH MpPOKaTa
U MaTepHajoB, UCIIOJIb3YEMbIX B CTPOUTENIBCTBE).

29.5. Ilpu HEW3BECTHBIX MpPH TPOCKTHPOBAHWU MECTE€ CTPOUTEILCTBA WM MECTe
U3TOTOBJICHHUST  3aTpaThl Ha  JKEJIE3HOAOPOXKHBIM  TPAHCIOPT  ONpeNeNsioTcs Ui
YCTaHOBJIEHHBIX PACUETHBIX PACCTOSIHUI MEPEBO3KH.

29.6. HudopmanmonHas Mojenb, OTBeuaromas TpeboBanusMm 1. 29.4, paszpaborana
MPUMEHHUTEIbHO K METAJUIOKOHCTPYKLHUSAM Kapkaca mpoMblnieHHoro 3aanus [40]. Ha
OCHOBE MOJIENM CO3/1aHa HOpMaTHBHAas 0a3a MaHHBIX, UCHOJb3yeMas aBTOMATHU3UPOBAHHOMN
CUCTEMOM pacyeTa TeXHUKO-3KOHOMHUYECKUX MOoKa3aTesnei.

3a OCHOBY TEXHOJIOTMH HW3TOTOBJICHHUS TMPHHAT KOMIUIEKT THIIOBBIX TEXHOJIOTMYECKHX
nporeccoB [39], pa3paboTaHHBIX C OpPUEHTAIMEW HA TEXHOJIOTHIO TEPEIOBBIX 3aBOJIOB
OTpaciIu.

TexHonornueckuit mpouecc B Mojenu pazouT Ha 65 omepaumii. Hekotopeie onepanuun
paszeneHsl Ha iepexobl. [lepedens onepanuit u nepexoaoB npusesaeH B [40].



3aTpathl 1O CTaThsIM CE0ECTOMMOCTH, OTHECEHHBIE K OCHOBHOMY 000PYIOBAaHUIO pab0odnx
MECT, IPUHSATHI TI0 JAHHBIM CIIEUATHHOTO UCCIICIOBAHMSI, OCHOBHBIE PE3yIbTaThl KOTOPOTO
omyOnuKoBaHbI B [41].

[IpuMEeHUTETPHO K MOHTQXY KOHCTPYKIMM TPUHATA TPAJAULIUOHHAS TEXHOJIOTHS
MO3JIEMEHTHOT0 MOHTa)ka. OCHOBHOM Ipoliecc pa3doUT Ha YEThIpe YKPYIMHEHHbIE ONEpaliu:
MOHTaX, CBapKa, OKpacka, paboTa KpaHa. YUYUTBIBAIOTCS TakKe padOTHI, CBS3aHHBIC C
JIOCTaBKOW KOHCTPYKIUH: pa3rpy3Ka, TpaHCIOPTHUPOBAHUE, paOOThI Ha CKJIaJIe.

baza maHHBIX 1715 aBTOMaTU3UPOBAHHOTO pacueTa TEXHUKO-3KOHOMHUYECKHUX MOKa3aTesen
BKJO4aeT 173 Tabauiel, HAUMEHOBAHKS KOTOPBIX MpuBeeHbI B [40].

METO/bI PACUETA

29.7. Jlna pacuera TEXHUKO-9KOHOMHYECKUX TOKa3aTeslel CTPOUTENbHBIX METAIITHYECKIX
KOHCTPYKIIUH MOTYT OBITH MCIOJB30BAHBI [BA METOJA: KAIBKYISALMOHHBIA U YKPYITHEHHBIN
(aHaTMTHYECKHUIA).

29.8. KanvKyasayuonHolll Memoo BKIIOYAEeT:

MOJIeTabHBIA pacyeT MOTPEeOHOro MpoKarTa; pacyeT 3arpaT Ha OCHOBHBIE MaTepHAaIb
HENOCPEACTBEHHO 10 IPEUCKYpaHTaM;

MOONEPALMOHHBIN WIH MONEPEXOIHBIM pacyeT TPYyI0EMKOCTH U3TOTOBJICHUSI U MOHTAXa;

MOOTIEPAIIIOHHBIN pacyueT 3aTpar Mo CTaThsIM Ce0eCTONMOCTH.

KanbkynaMOHHBIA METOJ, ONUPAKOLIUICA HAa CTATUCTUYECKUE JAAHHBIE, OTHOCSAUIUECS K
OTJENbHBIM ONEpalusM MU JaXe I[epexojaM, JaeT BO3MOXHOCTb IPOEKTHUPOBIIUKY
KOHKPETHO YUYUTHIBATh BIIMSHHUE OCOOCHHOCTEH MPOEKTHOTO PEIICHUS Ha TPYIAOEMKOCTb,
ce0eCTOMMOCTh M JIPYTH€ TEXHUKO-DKOHOMHUYECKHE TIOKA3aTelH, a TaKKe BBISBIISCT
CTPYKTYypy 3arpaT, 4YTO sBIseTCS 1LIeHHOM uHopmanmeid s AajdbHEHIIEero
COBEpIIEHCTBOBAHUS KOHCTPYKIUU. MeTo IpUro/ieH AJisl pacueTa TEXHUKO-IKOHOMUYECKUX
MoKazaresjael HOBBIX KOHCTPYKTHBHBIX (DOPM, OMBIT M3TOTOBJICHUS KOTOPBIX OTCYTCTBYET.
JIrobas peanu3anus KaIbKyJISIIHOHHOTO METO/Ia TOMYyCKAaeT 3aMeHy HOPMaTUBHOU 0a3bl.

Jlig KanbKyJISIIMOHHOTO METOJa HEOOXOJUMBbI HMCXOJHBIC JaHHBIC, XapaKTePU3YIOIINE
KOHCTPYKLMIO B 1II€JIOM, M JIaHHBIE, XapaKTEPU3YIOIIHE BXOJASAIIME B KOHCTPYKLHUIO
coopounble enuHULBI U JAetanu. [lockonbky Heo0XoIuMo, dYTOOBI pacyeT TEeXHHKO-
SKOHOMHUYECKHX IIOKa3aTesied MOT IPOU3BOJIUTHCS KAK HAa OCHOBE JaHHbIX yeprexed KM/,
tak 1 KM, KanbKyJIsIMOHHBIH METOJ JOJDKEH BKIOYATh MPUOIMKEHHOE 0ONpeieicHUe
HEOroBOpeHHBIX Ha ueprexax KM rabaputos u yncia MeIkux (acoOHHbBIX JeTale.

Pacuer KanbKyJISIMOHHBIM METOJIOM, TPEOYIOUIMM OOJBIIOro 00beMa BBIYMCICHUNA WU
WCIOJIb30BaHUs OOIIMPHOM CIIPaBOYHO-HOPMATUBHOM MH(OpMaLUK, CleAyeT BBITOJIHATh Ha
OBM.

29.9. Vkpynuenmwiti  (aHanumuueckuil) Memoo CBOIWT ONpEACICHUE TEXHUKO-
HSKOHOMHYECKUX TIOKa3aTellell K HEKOTOpol mocienoBarenbHocTd (opmyn. HopmatuBHble
JTaHHBIE HENOCPEJCTBEHHO B pacyueTe He MCMONb3yIoTcs. VcXolHble NaHHBIE ISl pacdera
OTPaHUYMBAIOTCS HEOONBUIMM YHCIOM NapaMeTpPoB, XapaKTEPU3YIOIIMX KOHCTPYKLHIO B
nenoM. OCHOBOW, Ha KOTOPOW COCTAaBISIIOTCS AHAIMTHUYECKHE METOJbI, SIBISIOTCS
3aBHCUMOCTH MEXJly OCHOBHBIMU MapamMeTpaMy KOHCTPYKTUBHOW ()OpMBI M MapaMeTpaMu
MIPOLIECCOB M3TOTOBJIEHUS M MOHTa)ka, IOJIyYEHHbIE IMyTeM OOpabOTKM CTaTHUCTUYECKUX
JAHHBIX, OTHOCALIMXCA K KOHCTPYKIMH B InenoM. Kaxknas KOHKpPETHas METOAMKA
YKPYIIHEHHOTO  pacdyera OpHUEHTHPOBAaHA Ha  ONPEACIICHHBIM BHUJA  KOHCTPYKIIMH,
OIpeJieIeHHbIE OCHOBHBIE ITPOEKTHBIE PEICHHUs, YPOBEHb PA3BUTHS KOHCTPYKTUBHOM (POPMBI
U HOpMaTUBHYyIO 0a3y. 3amMeHa HOpMAaTHBHOW Oa3bl, Mepexo]] Ha HOBbIE KOHCTPYKTHUBHBIE
(GopMBbl, MOSIBIIEHUE HOBBIX TEXHOJIOIMYECKHX MPOLECCOB TPeOYIOT, KaK MpaBUIO, KOPEHHOMH
nepepaboTKU METO/IUKH.

YKpyIHEHHBIC (aHAJTUTUYECKKIE) METOJIbI OPUEHTUPOBAHBI Ha py4YHOU cueT [42] - [45].

Kanbkyasiumonnbiii MeToa pacuera Ha IBM TeXHHUKO-IKOHOMMYECKHMX NOKAa3aTes el MeTaLInYeCKNuX
KOHCTPYKUMI KapKaca NPOMbIIIJIEHHOT0 31aHUs

29.10. KampkynsmuoHHBIA MeTOJ pacdera Ha OBM  TEeXHHKO-?KOHOMHYECKUX
rokaszaresyiell MeTaTIMUYeCKUX KOHCTPYKIMH Kapkaca IPOMBIIIJICHHOTO 3/JaHHs peali30BaH B



cocTaBe IIOJCUCTEMBbl pacyeTa TEXHUKO-3KOHOMHUYECKHMX I[OKa3zaTelel MeTalInYecKuX
KOHCTPYKLHI Cucrembl aBTOMAaTU3alUuU MPOEKTUPOBAHUS (CAIIP)
HHWWnpoekrcranpkoncTpykuuu  uMm. H. TI. MenpaukoBa. [logpoOHoe omnmcanue
noAcucTemMsl mnpuBeneHo B gokymeHTanuu CAIIP, ocHOBHbBIE TOJIOKEHHUS H3JI0KEHBI B
Tpymax® 2,

! Temmepannr I'. A. CucteMa aBTOMaTH3UPOBAHHOTO TIPOEKTHPOBAHHS CTPOMTENIBHBIX KOHCTPYKIHiL. - M.: CTpoiiusaar, 1987-216 c.

2 Kosnep M. C., 3eaenkos B. W. IloacucreMa TeXHHKO-3KOHOMMYECKHX PACYETOB CTPOMTEIBHBIX METaIOKOHCTpyKiwmit/ Tp.
ITHNUnpoexrcranpkoncTpykimyu um. H. II. MenbHukoBa - MccnenoBaHue CHCTeM aBTOMAaTH3MPOBAHHOTO HMPOEKTHPOBAHUS CTAIBbHBIX
KOHCTpyKLmid. - M. 1983, - C. 20-23.

[Iporpamma pacuera TEXHUKO-3KOHOMHUYECKMX TIOKa3aTejeld, BXOJIdIlas B COCTaB
MOJCUCTEMBI W O(GOPMIICHHAsT B COOTBETCTBUU C TpeOoBaHUsAMU EnuHONW CHCTEMBI
nporpammuoii nokymenrtanuu (ECII/]), numeercs B MexoTpacieBoM (GOHAEC aIrOPUTMOB H
IIpOrpaMM aBTOMAaTU3UPOBAHHBIX CcUCTeEM B crpoutenbcTBe [40]. Ilporpammy MoHO
HCII0JIh30BaTh U30JMPOBAHHO (BHE CHCTEMBI).

[IporpamMmy mMoxHO 3kciryatuposats Ha OBM Enunoli cucremsl.

Bpemst pa6otsl Ha O9BM EC-1060 ans pacdera ogHOW KOHCTPYKIIMHM B CpEeIHEM paBHO 4
MUH 00IIET0 MOHOIIOJIBHOTO BPEMEHH, B TOM YUCJIe | MUH MPOIIECCOPHOTO BPEMEHHU.

29.11. Pesymbrarhl = aBTOMATU3UPOBAHHOTO  pacyeTa  TEXHUKO-dKOHOMHYECKUX
IoKasarese npuBefeHbl B Tada. 93-96 Ha mpumepe pacuera HECIO0XKHOW KOHCTPYKLUU -
MOJKPaHOBOM Oaniku, u300pakeHHONW Ha puc. 66. B Tabm. 93 mpuBeneHBI pe3yNbTaThI
pacdera TPYIOEMKOCTH H3TOTOBIeHUS Oamku ¢ yderom 30 omepamnuii  3aBOJCKOTO
W3rOTOBJICHHUS, B Ta01. 94 - pe3ynpTaThl pacyeTa ce0eCTOMMOCTH 3aBOJICKOTO W3TOTOBICHUS
Oanku, B Ta01. 95 - mokazaTenu 3arpaT IpH MOHTaXKe U ce0ecToMMOCTh B jeine. [loka3arenu,
MnpHUBEeACHHbIE B Ta0n. 93-95, paccumTaHbl AJis MApTUM, COCTOSIIICH W3 5 KOHCTPYKIUH.
OcHOBHBIC IOKA3aTSIU CBEJCHEBI B Ta0J. 96.
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TpyaoeMKocTh U3roTOBJIEHUS] KOHCTPYKLIMHU

UYeprex Ne 3-01086-5KM

Mapka o yeprexy 6K4
nepauus Bpewms na Paznen YHB, Ha ocHOBE
BBIIIOJIHEHHE | KOTOPOTO IIPOM3BOAUTCS
oreparuy, OLICHKA BPEMEHHU
4en.-4u
Tloozomosumenvhvie u mpancnopmmusie onepayuu (nopmvl 3MK)
1.IToaroroska merajia 3,421 -
2. IlpenBaputenbHas CTHIKOBKA, CBapKa U POCITYCK 6,526 -
JmcTa
3. KoMmiekroBanue noyhadprkaTon 1,909 -
4. TpancopTupoBaHHE B IIeXe 00pabOTKH 7,240 -
5. TpaHCIOpPTHPOBaHUE B LieXe COOPKU-CBAPKH 3,421 -
6. IlpueM u TpaHCmOpTHpOBaHUE MOny(adbpuKaToB 1,591 -
B IIeXe COOpKH-CBapKU
O6pabomxa u uzeomognenue demanei (YHB)
7. llpaBka 3,509 -
8. M3roToBiienue nrabiIoHOB 0,144 -
9. PasmeTka u HaMeTKa 2,321 -
10. T'a30Bas pe3ka 2,783 -
11.Pe3ka Ha HOXKHUIIAX M IIpeccax 3,633 -
12.3auncTka neraseit ot rpata 0,793 -
13. Crporanue 0,555 -
14.®dpe3epoBanue 0,160 -
15.06pa3oBanue 0TBEepCTHIA 2,302 -
16. I'nbxa - -
17. Hanecenue HoMepa IUIaBKH - -
18.TokapHble paboOThL - -
Coopka (YHB)
19.YcraHoBka 06a30BbIX JeTaieii Ha MECTO COOpKH 0,088 C6. 5, B 1, kapralNe 12
KOHCTPYKILIUH
20. Coopka qByTaBpOB B KOHAYKTOPE 2,280 C6. 5, BhIm. 1, kapta Ne 17
21. Coopka kormupoB it pepm - -
22. COopka KOHCTPYKIUH B nenoM (odopmiieHue 9,672 C6. 5, Bbm. 1, kaprta Ne 05
0a30BbIX JeTanei)
Cesapra (YHB)
23. CBapka MOsICHBIX ILIBOB JIByTaBPOB 3,759 C6. 3, Bbim. 2, kapta Ne 14
24. CBapka KOHCTPYKIHH MOCTIE TOTHO# COOPKU 10,902 -
25. 3auncTKAa IIBOB 1,890 -
26. Ilomauya, ycraHOBKa, KaHTOBKa WU YyOOpka 1,870 -

KOHCTPYKIIMU Ha MECTe CBapKH

Omoenka, oxkpacka, noepyska (nopmvt 3MK)

27. TlpaBKa neitHepoB 0,900 -
28. Otxenka 9,547 -
29. Ouncrka 1 oKkpacka 3,638 -
30. IMorpyska 7,956 -
Uroro: 92,81 -

Pacuer ceGecTOMMOCTH H3rOTOBJIEHHSI KOHCTPYKINHU

Yeprex Ne 3-01086-5KM
Mapka o ueprexy SK4
Cocras 3aTpar CymmMa, pyo.
1. 3aTpaThl Ha OCHOBHBIE MaTEPHAIBI 1558
B ToM umcne croumMocTh mpokara 1385
2. TexHONOTHYECKas CeOECTONMOCTD 267
Tonnas cebecTonMOCTh 1825
CebecTouMOCTb 1 T KOHCTPYKIMU 231
PacuerHas 1ieHa GppaHKO-CTAHIMS OTIPABIICHHS 1962

Taomnuma 93

(DPopma)

Tadonuma 94

(Popma)



Taonuma 95
(DPopma)
OCHOBHbBIE TEXHHKO-I)KOHOMHYECKHE MOKA3ATEJH MOHTAKA KOHCTPYKIIHH

UYeprex Ne 3-01086-5KM

Mapka o yeprexy 6K4
Tloka3aTens 3HaueHue (eIUHUIA
HU3MEpPEeHsT)
1. PacuerHast 1eHa GpaHKO-CTAHIUS HA3HAYCHHUS 2104 py6.
2. OcHoBHas 3apaboTHas 11ata 43 py0.
3. 3aTpaThl Ha MaTEpUAIIbI 2191 py6.
B ToM umcre 3aTpaThl Ha OCHOBHbBIE MaTepHAaIbL 2165 pyo.
4. 3aTpaThl Ha OKCIUIyaTallMI0 MallMH U MEXaHH3MOB (BKJIOYas 53 py6.
3apIuiary)
5. Ilpsmble 3atpaThl Ha MOHTaX 0€3 CTOMMOCTH KOHCTPYKLMHU 236 py0.
(TexHOIOrHYeCKask ce0ECTOMMOCTh MOHTAXKA)
6. TpynoeMKOCTh MOHTaXa 57,2 yen.-u
7. PacueTHast ce0eCTOMMOCTh MOHTaXKHBIX paboT 2608 pyo.
Tabnuna 96
(Popma)

OcHoOBHbIE TEXHHUKO0-I)KOHOMHYECKHE MOKA3aTeIH KOHCTPYKIIMHA 5K4 nmpu
H3roTOBJICHUH MAPTUAMMU I10 5 mr.

(Ueprex Ne 3-01086-5KM, noaxpanosas O6anka bK4)

TToxa3arens Ennnuna 3HaueHHus oKa3arelei
H3MEpeHUsI
Ha |l koH- | Ha 1 ceputo
cTpyknuio | (w3 5 mr.)
1. Macce KOHCTpYKLHH (C Y4ETOM IIBOB) T 7,955 39,77
2 3atpaThl HA MaTepUasIbl IPH H3TOTOBICHHU pyo. 1558 7790
3. Uucno neraneit mT. 35 175
4. Tpyd0eMKOCTb U3TOTOBJICHHUS YelL.-u 92,8 464,0
5. Y enbHast TpyI0EMKOCTh U3TOTOBIICHUS yes.-4 11,7 11,70
6. TexHonornyeckas ce0eCTOMMOCTb H3TOTOBIICHUS pyo. 267 1335
7. CebecToMMOCTh U3TOTOBICHHUS pyo. 1825 9125
8. PacuerHas ieHa (hpaHKO-CTaHIUSI HA3HAUYCHUSI pyo. 2104 10520
9. TpymOoeMKOCTb MOHTaXKa yen.-q 57,2 286,0
10. IlpsMble 3aTpaThl Ha MOHTaX 0€3 CTOMMOCTH pyo. 236 1180
KOHCTPYKIIUH
11. CebecTonMOCTS B fiene pyo. 2499 12495
12. PacuerHast ce0€CTOMMOCTE MOHTaXa pyo. 2608 13040
13. PacueTrHasi CTOUMOCTD B JI€Ile pyo. 2817 14085

[To >xenmanuio MOJIB30BaTENsI KpoMe JaHHBIX Ta0s. 94-96 MoxkeT ObITh BbIJIaHA Ha TEeYaTh
JIOTIOTHUTEIIbHAsT HHPOPMAIIHS:

a) BXoJHas MH(OpMAUsi U TUATHOCTUYECKHE COOOIEHUs, €CTU BXOJHAs MH(PpOpMAaIIHs
COJIEP>KUT CHHTAKCUYECKHE OIIUOKY;

0) cBOJIKa MacChl KOHCTPYKIIMH 110 CTEPIKHIM U JETAIISM;

B) CBOJIKA MacChl KOHCTPYKIIMH TI0 BHIaM MPOKaTa; T) Pe3yIbTaThl pacyeTa YriioB, JUIMHbI
MPUMBIKaHUS IeTajIeH, IJTMHBI U KATETOB CBAPHBIX IIIBOB, HE YKa3aHHBIX HA YEPTEKE;

1) pe3yibTaThl pacueTa 4uclia JeTaliell U 3arOoTOBOK, PE3YNIbTaThl ONMpeNeNeHUs] COCTaBa
ornepainuil (M mepexoj0B) M3TOTOBJIEHUS Ha KAyl AETalb M pacueTa TPYIO0EMKOCTU
W3TOTOBJIEHUS KaXK0M eTanu;

€) JUIsl KOHCTPYKIMHA (hepM U3 TpyO M IIMPOKOIOJIOYHBIX JBYTABPOB: YHCIO M Macca
netaneil B cCOOPOUHBIX €UHUIAX Pa3HOTO YPOBHsI, CyMMapHas JUIMHA IIIBOB KaXKJOTO BUAA
COETUHEHUSI.

29.12. PacueT TeXHUKO-PKOHOMUYECKHX MOKa3aTeNel pa3aesieH Ha dTaIlbl:

KOJMPOBaHUE;

TPYIOEMKOCTD;

ce0eCTOMMOCTE;

JEII0.



Otanbl BBIIOJHSOTCS IOCIENI0BATENbHO, B yKa3aHHOM mnopsake. [locnenyrommue sramnbl
UCHOJB3YIOT Ppe3yibTaThl MNpeAblAymMX. FIMeercs BO3MOXKHOCTb OTPaHUYUTH pacyer
BBIITOJIHEHUEM YACTH ITaIlOB.

Ha strane “KoaupoBanue” BbInosHseTCS BBOJ AaHHbIX B OBM, noruueckuili KOHTpOJIb
JTaHHBIX U (pOopMHUpPOBaHUE BHYTPUMAIIUHHOTO OMUCAHMS KOHCTPYKIMU. BhIOMHSAETCS TaKxke
pacuer macc JieTajlel, CTEpAKHEN U OTIPABOYHBIX MapOK.

Ha »srane “TpynoeMKOCTh”  BBINOJIHAETCS pacdyeT TPYAOEMKOCTH  3aBOJICKOTO
usrorosneHus. [lo BbIOOpY mMONb30BaTeNs pacdyeT B €ro pas3iMyHBIX YacTAX MOXKET
MIPOU3BOJUTHECS C Pa3HbBIM YpOBHEM MOAPOOHOCTH. Pacuer TpyAOEeMKOCTH H3TrOTOBJICHHUS
JeTanel MOKET MPOU3BOAUTHCS MO YKPYIHEHHBIM HOPMAaTMBAM BPEMEHH, OTHOCAIIUMCS K
LIEJION KOHCTPYKLIMM, WIIA 110 HOPMATUBAM, OTHOCSIIMMCS K KaXXJ0M aertanu. Pacuer cBapku
MOXET IMPOU3BOAUTHCA MO HOPMATHBAM HAa KOHCTPYKLUIO WIM Ha €IMHMILY JJIMHBI LIBA.
Bonee moapoOHBIN pacdeT BO3MOXKEH TOJIBKO TPU YCIOBHH IMOJPOOHOTO KOJMPOBAHUS
OMMCaHUs KOHCTPYKIIMU Ha BXOJIHBIX OaHKax (cMm. 1. 29.13).

IIpu cokpaiieHHOM KOAMPOBAHUM Ha OCHOBE dyeprexed KM B Xxoz1€ BBIIIOIHEHUS JTaHHOTO
JTama mporpamma jgopabarbiBaeT MH(POPMAIUIO YepTeXeil A0 ypoBHS, 00eCleYHBAIOIIETO
MPUBSI3KY K HOPMATUBHBIM TaOJIHUIIaM.

Ha srame “CebGecTtomMocTh” BBIMOJHSAETCS pacueT 3aTpaT Ha MPOKAT MU HA OCHOBHBIC
MaTepuabl, a TAKXKE pacueT ce0eCTOMMOCTH U3TOTOBJICHUS.

Ha srane “Jleno” BbIMOJHSETCS pacueT 3aTpaT HA MOHTaX U pacyeT ce0EeCTOMMOCTH B
Jene.

B cocraBe ogHOro 3agaHus il OOHOW KOHCTPYKLIMM MOXHO IPOM3BECTU pACUET s
HECKOJIbKMX 3HAYECHHN CEPUNHOCTU U3TOTOBIICHUSI.

Jiia kaXkaoro 3HaUeHUs: OyAyT MPOU3BECHBI BCE PAaCUeThl U BhIIaHbI BCE PE3YIbTATHI.

B cocrtaBe oHOrO 3a/1aHUsl MOXKHO BBIIIOJHUTH PAacyeT HE TOJIBKO OJHOW KOHCTPYKIIHH,
HO ¥ TPYyMNIbl KOHCTPYKLUMN.

[ToMrMoO Te4aTH BBIXOAHBIX JOKYMEHTOB IporpamMMa (OpMHPYET 3alKCH B MaMATH Ha
JUCKAX, COJEpKalllMe 3HAYCHUS OCHOBHBIX IIOKa3zaTejied B KaXJOW KOHCTPYKUHUH IIpH
KOKIOM I[IOKa3zarejae CEepUMHOCTU. OTH 3alUCH  MOTYT OBITh MCIOJb30BaHbl IIpU
ONTUMU3ALMOHHBIX pacyeTax.

29.13. UcxomHble MaHHBIC JUIS pacueTa IMPEJICTaBISIOT COOOW YIPOIIEHHOE OIHMCAHUE
KOHCTPYKIIMH, COJieprKallee TOJIbKO MH(POPMAalKI0, HEOOXOIUMYIO JUIsl JAHHOTO pacyera U
COCTaBJICHHOE HENMOCpeACTBEHHO 1o yepTexaM KM nmu KM/I.

IlonroroBka MCXOQHBIX JAHHBIX 3AKJIIOYACTCS B 3aHECEHUU CBEICHUN O KOHCTPYKLMHU Ha
OylaHKu aHKeTHOW (opmbl ycTaHoBieHHOro Tuma [40]. Omepanusi MOATOTOBKH JAHHBIX Ha
OnaHKax [Jajiee Ha3blBaeTCs ‘‘KOAUpOBaHMEM . BbINONHEHHE KOAMPOBAHUS HE TpeOyeT OT
UCIIOJIHUTEINS KaKuX-1100 3HaHWM, KpoMe yMeHHus pa3dupartbcs B ueprexkax KM u KM/
bnanku u. nporpamMMsl iepepabOTKU JTaHHBIX MPETyCMaTPUBAIOT BO3MOXKHOCTh MOAPOOHOIO
OINMCAHUS CaMbIX CJIOXHBIX KOHCTPYKLMH M COAEpKaT AJIs 3TOr0 HE0OX0AUMOE YHUCIIo rpad
U CTpPOK. biaHkM OpHEeHTHpOBaHBI Ha 3aHeceHHe HWHQPOpMAalUU, IOCTAaTOYHOM Jis
BBIIIOJTHEHUSI  JIIOOBIX ~ BHUJOB  TEXHUKO-DKOHOMHYECKMX  PAacyeToB, a  TaKxke
aBTOMAaTU3MPOBAHHBIX pabOT MO TEXHUYECKOH MOArOTOBKE Mpou3BojacTBa. [losromy mpu
KOJUPOBAaHUU HH(MOPMALIMM O KOHKPETHON METalNIMYeCKOW KOHCTPYKIUHU 3aloHsIeTCs
TOJIKO YacTh (4acTo Majas) mojei OJaHKOB, a MHOIJA TOJbKO 4acTh OsiaHkoB. CocTaB
JAHHBIX, 3aHOCUMBIX Ha OJaHKH, CYHIIECTBEHHO YMEHBIIAETCS TaKKe B ClIydae pacyera
TEXHUKO-D)KOHOMHUYECKHUX ITOKa3aTee TONBKO 110 YKPYITHEHHBIM HOPMAaTHBAaM BPEMEHH.

29.14. TlonHbBIE BO3MOXXHOCTH CHCTEMBI OMUCAHUS, YUET MOJIPOOHOCTEH KOHCTPYKTHBHOM
¢dbopMBl HEOOXOJUMBI TOJBKO MpPU OMUCAHUU HOBBIX, HETPAJUIIMOHHBIX KOHCTPYKTHBHBIX
¢dbopM, /U .KOTOPHIX HE HaOpaHa CTaTUCTHKA M3TOTOBJIEHMSI U OTCYTCTBYIOT YKPYITHEHHBIE
HOpPMaTHUBbI BPEMEHH.

[Ipn xonuMpoBaHMM TPAJAULIMOHHBIX KOHCTPYKIHMM CleAyeT HCHOJIb30BaTh COKpPALIEHHOE
KOJMPOBAaHUE: OMUCHIBATH HE IMOJHOCTBIO WJIM BOOOIE HE OMHUCHIBATH Y3JIbI U CTEPXKHH,
OITYCTUTh OINMCAHUE JOMOJHUTENbHBIX JIEMEHTOB ()epMbl U CBApHBIX ILIBOB, HE OINUCHIBATH
MEJIKHE JETalH, & BBOAUTH CTPOUTENbHBIE KOO PHUIIMEHTH MAcChl U YUCIIA IeTaJIeH.



29.15. JlanHbie, HEOOXOUMBIE JIJISl pacueTa, BKIIFOYAIOT, KPOME OMUCAHUS METAJUTHIECKUX
KOHCTPYKLUH, AUPEKTHBBI O PEXUME pabOTHl MPOrpaMMbl U O TpeOyeMoii meyatu. 3anuch
JTMPEKTUB BECbMa MPOCTa, OHA U3J0keHa B [40].

IMPUJIOKEHMUE 1
PACYET CTAJIbHBIX KOHCTPYKIIU BEPOSITHOCTHO-9KOHOMUYECKUM METOJIOM

B ocHOBE  BEpPOSATHOCTHO-3KOHOMMYECKOTO  METOAA  JICKHUT IPUHUUI  YUCTO
SKOHOMUYECKOM OTBETCTBEHHOCTH. [lox 3TMM moapasymeBaercs, 4TO OTKa3 3JIEMEHTa WIH
KOHCTPYKLIMM HE BJIeYeT 3a COOOM OMACHOCTM TpaBMaTHU3Ma U TeM 0oJjiee 4eI0BEYECKHUX
xepTB. Cie0BaTeNIbHO, ONTUMANIBHBIA YPOBEHb HAJC)KHOCTH MOXET OBITh OIpENeNeH U3
YHCTO SKOHOMUUECKUX COOOpaKeHUI.

ITockonbpKy Harpy3Ku U CBOMCTBA MAaTEPUAIOB HOCAT U3MEHYUBBIH, CIIy4aliHbIA XapaKTep,
peLIeHne 3aJa4l BO3MOXKHO TOJIBKO B BEPOSITHOCTHOM ITOCTAHOBKE.

[lepByto anmpoOaruio BEpOSTHOCTHO-3KOHOMUYECKUN METOJ MOJIyYWJ B Hallel CTpaHe B
00JIaCTH TEIUIMYHOTO CTPOUTENbCTBA [6] M NpUBEN K CHHKEHHIO MaTepUalIOEMKOCTH
HECYIIMX KOHCTPYKLUN TEIUIUL.

IIpu pacdyere BEpPOSATHOCTHO-DKOHOMHYECKMM METOIOM B DPACUET BBOAATCS HE
HOPMAaTUBHbIE (pacyeTHbIE) 3HAUEHUS HArpy30K M IPOYHOCTHBIX CBOMCTB Marepuana, a
CTaTUCTHUYECKUE XapaKTEPUCTUKU UX paACIpEeICHUN - CpeHUE 3HAYeHUS U KO PUIIMEHTHI
BApHALIAH.

OBIIHUE ITOJIOKEHUA

1. Hacrosmuiéi MeToj MOXeT OBbITh NPUMEHEH IPU pacyeTe HECYIMX CTaJIbHBIX
KOHCTPYKIUHU 3TaHUH U COOPYKCHHH, B KOTOPBIX 1O YCIIOBUSM TEXHOJIOTHH MPOU3BOACTBA H
AKCIUTyaTalliy HET MOCTOSHHBIX pabouux MecT (sl paboTaIOUINX).

le/l MedYaHHeE. YCIOBUSI TEXHOJOTUU IIPOU3BOJCTBA M DJKCIUIyaTalluu BZ[aHI/[ﬁ n COOpy‘)KeHI/II\/’I, B KOTOPBIX HET IOCTOSAHHBIX
padounx Mmect (s pabOTAOIMX), YCTAHABIMBAIOTCSA B 3a/IaHUSAX HA NPOEKTUPOBAHHUE, B YTBEPKICHHBIX TUIIOBBIX IPOEKTAX, a TAKXKE B
COOTBETCTBYIOLIMX JOKYMEHTAX I10 SKCIJTyaTallhuH.

2. llpoexkTupoBaHWE 3IaHUH W COOPYXCHHH, HECyIIHMEe KOHCTPYKIIMH KOTOPBIX
pPacCUMTBIBAIOTCS 10 HACTOALIEMY METONY, B OCTaJIbHOM JOJDKHO OCYIIECTBIIATHCS B
cootBercTBun co CHull 11-23-81*.

3. Ilpu pacuere KOHCTPYKIMH [0 HACTOSIIEMY METOJNY HE JOJDKHBI TNPUMEHSATHCS
K03 (HULIMEHTHI HAJEKHOCTH 110 HA3HAYEHUIO, YCTaHOBJIEHHBIE [4].

4. Cpennue 3HaYeHUs U KO3((UIIMEHTHl BapHallul JaBJIECHUS BETpa CleqyeT NPUHUMATh
o tabm. 1.

Ta6numa 1

CraTucruueckue XAPaKTEPUCTUKHU JABJCHUA BETPa

Berpooii paiion no [3] Cpennee 3nauenue nasiaenus | Koaddunment Bapuanmu Vi
Betpa W, Ia (kr/m?)

[ 196 (20) 0,44
1 265 (27) 0,37
1 353 (36) 0,32
vV 471 (48) 0,30

5. CpenHee 3HaUY€HHME BETPOBOM HArpy3KH w CIEAYET OMpeeisaTh o Gpopmyie
w =kCw o, 1)

TZIe W o - CpeTHEE 3HAYCHUE JIaBJICHHUS BETpa, MPUHIMaeMoe 1o Tabu. 1;
K - k03 UIHEeHT, YIUTHIBAIONINI H3MEHEHNE CKOPOCTHOTO JaBJICHUS BETPaA 110 BBICOTE H
MIPUHUMAEMBII B COOTBETCTBUH C [3];
€ - APOMHAMUYECKHH KOA(PPHUIMEHT, TPUHUMaeMbIii coriacHo [3].
6. Cpennue 3HaueHHS M KOd(PPHUIMEHTH BapHallid Beca CHETOBOTO IOKPOBA CIEIyET
MPUHUMATH 110 Tab. 2.



TaOnuma 2

CraTucTudecKkue XapPpaKTEPUCTUKHU B€Ca CHErOBOIo nmoKposa

CHeroBoi paiioH 1o [3] CpenHee 3HauU€HUE Beca Koadduument Bapuarmn Vs
CHErOBOro MOKpoBa Ha 1 M
TOPU30HTATEHOH IIOBEPXHOCTH

Eo , a (krc/m?)

[ 485 (50) 0,45
I 685 (70) 0,40
1 980 (100) 0,35
v 1470 (150) 0,30
v 1960 (200) 0,30

7. Cpennee 3HaYeHHE CHErOBOM HATPy3KH S Ha 1 M? FOPH3OHTaIbHOMN TIPOEKIMH KPOBIH
CIIelyeT ONpeeniTh 1o Gopmyre
§=48,, ()
rae S, - cpeiHee 3HaYCHUE Beca CHETOBOTO ITOKPOBA;

M - KOOpPUIHMEHT repexojia OT Beca CHETOBOTO IMOKPOBA 36MJIM K CHETOBOW Harpys3ke Ha
MOKPBITUE, TPUHUMAEMBbIH cOriacHo [3].
8. Cpennue 3HaYeHHS Beca KOHCTPYKLUUN U 00OPYJOBaHUS CIIEeyeT MPUHUMATh PaBHBIMU
HOPMAaTUBHBIM 3HAYEHUSM, ONpeieTIEHHBIM B cOOTBeTCTBUU C [3]. KoadummenTs Bapuanun
Beca KOHCTPYKIIUI ¥ 000PYJOBaHUsI CIEAYyEeT MPUHUMATH 1o Tab. 3.

Ta6numa 3

Ko3¢ppuumenTsl Bapuannu Beca KOHCTPYKIMA, 000py/10BaHNUS

Koncrpykuuu, o6opynoBanue Koapduuument
BapHalH Vi
CranbHble KOHCTPYKITHI 0,025
AcOecToLieMEHTHBIE JIMCTHI, JKe1€300€TOHHBIC TIUTHI 0,05
JlepeBsiHHbIE KOHCTPYKIMH (IIPOTOHBI, O0pEIIeTKa) 0,05
CTSKKH, 3aCHINKH, BBIOIHACMbIE Ha CTPOUTEILHON TUIOMIA/IKE 0,15
CraioHapHoe 000pyIOBaHHe 0,10

9. Ilpm pacuere KOHCTPYKIMH HAa OCHOBHBIE COYETAHHUS, BKIIOYAIOIINE OJHY
KpPaTKOBPEMEHHYIO Harpy3Ky, €€ BeJIMYMHY CIeayeT Y4YUThIBaTh O€3 CHIDKEHHH, a mpu
pacueTe Ha OCHOBHBIE COYETaHMsI, BKIIOYAIOUIME JBE KPAaTKOBPEMEHHbIE HArpy3KH WIH
Oonee, cpeiHME 3HAYEHUS 3TUX HArpy30K MJIM COOTBETCTBYIOIME UM YCUJIMS HEOOXOIUMO
YMHOaTh Ha KO3 (PUIIMEHT coueTaHul i, onpenensiemMbli o hopmye

w=1-kux-0,1, (3)

rae K - xkoa(h¢uimeHt, paBHBI OTHOIIEHHIO HOPMATHBHOTO 3HAYEHHS HArpy3KH K ee
cpeaHeMy 3HaueHHIO. [T BCeX Harpys3ok, KpoMe BETPOBOM, ClieAyeT MpUHUMATh K
= 1. 3nauenus K 17151 BETpOBOM HArpy3KH MPUBEICHBI B TA0I. 4;
7 - KOO(QQUIMEHT HaleXKHOCTU IO Harpy3ke, ONpeneseMblid s KaKIOoW Harpysku
coryacHo [3].

Tabnauna 4

Kox¢puuuentsi K 1j1s1 BeTpoBoii Harpy3ku

Berpooii paiion no [3] | 1 11 \Y4
3nauenus k 1,35 1,30 1,25 1,15

MATEPHAJIBI

10. Cpeanue 3HayeHus U KO3(pGUIMEHTH BapHalllu Ipesena TeKy4ecTH CTallu CIeayeT
MIPUHUMATSH 110 TabI. 5 U 6.



TaOnuma 5

CraTucTHYecKHe XapaKTePUCTHKH cTaau, nocrasiasemoi no I'OCT 380-71*

Tpodunu, Mapku craam CpejiHee 3HaYeHHE Koappuumnenr
npejena TeKyuecTn O W BapHaruu Vi
MITa (krc/mm?)

1. THyTbIE, TOJNIIMHA JIUCTA CB. 3 MM, MapKu

cTanu:

BC13nc3, BCr3mc2 305 (31) 0,08
BCt3kn3, BCT3km2 285 (29) 0,08
BC2mc3, BC12mnc2 295 (30) 0,08
BCr2kn3, BCr2kn2 275 (28) 0,09

2. IlpokaTHble, TONIIMHA TOJIKH 1O 5 MM,
MapKH CTaJu:

BCr3T'cn2 315 (32) 0,07
BCr3mc2 295 (30) 0,08
BCr13km2 275 (28) 0,09
3. To ke, CB. 5 MM, MapKH CTaJli, yKa3aHHbIE 270 (28) 0,08
B 1103. 2
TaOnuma 6
CraTucTuyeckne XapaKTepuCTUKH CTaJH, noctasJsiemoii no TY 14-1-3023-80
Mapka cranu Tonmuna CraJib rpynmnsi | CraJib rpynmsi |1
M BUJI IIpOKaTa JIICTa WIN Cpennee  [Koadpduuuenr| Cpennee |Koapdumument
HOJIKA 3HAa4YCHHE | BapWauuu Vi | 3HaYeHWe | BapHaLyH Vp
npobuiIst, MM npenesa npenesna
TEKy4eCTH TEKY4eCTH
o, , Mlla o, ,Mlla
(xrc/mm?) (xrc/mm?)
BCr3cm, suer 4-6 285 (29,0) 0,049 321 (32,7) 0,064
8-10 283 (28,8) 0,050 315 (32,1) 0,060
12-16 273 (27,8) 0,052 303 (30,9) 0060
BCr3mc, nucr 4-6 280 (28,5) 0,055 313 (31,9) 0,058
8-10 277 (28,3) 0,056 309 (31,5) 0,055
12-16 270 (27,5) 0,053 298 (30,4) 0,055
BCr3cn, 4-6 293 (29,9) 0,080 330 (33,6) 0,062
(acon 8-10 292 (29,8) 0,080 325(33,1) 0,058
12-16 282 (28,7) 0,051 311 (3L,7) 0,056
BCr3c, pacon 4-6 284 (28,9) 0,050 318 (32,4) 0,062
8-10 282 (28,7) 0,050 313 (31,9) 0,053
12-16 280 (28,5) 0,051 308 (31,4) 0,053

PACYET 3JIEMEHTOB KOHCTPYKIUI

11. Pacyer »/I€MEHTOB KOHCTPYKUHUH BEpOSTHOCTHO-SKOHOMHYECKHM  METOA0M
npousBogutTcss B cooTBercTBUM co CHull 11-23-81* ¢ 3ameHoit Bo Bcex ¢opMmyax
pacueTHOro CcompoTHBIEeHMs Ry Ha cpeaHee 3HaueHHME TIpefena TEKy4ecTH o,
OIIpeIeNIAEMOro 10 Tall. 5, 6 HACTOSIIEr0 MPUIIOKEHUS; pacueTHON MpoaosIbHOM cuitbl N Ha
3Ha4YEeHUE MPOJOIBHON CHIIBI N OT CPEIHHX 3HAYCHHWU Harpy30K; pacdeTHOro MoMmeHTa M -
Ha 3HAY€HUE MOMEHTa M OT CpeHUX 3HaYeHUH HArpy3oK; Ko HUIMEeHTa YCIOBUIl paboTh
Je - Ha TIPUBEJICHHBIN KO3(PPUIIUEHT yCIOBUN pabOTHI A , OMpENEIsieMblil B COOTBETCTBUH C
1. 13 HacTosIIEero NPUIIOKEHHUS.

Mpumeuanue.3nauenus M, N or cpennux 3HaueHuit HArpy30K ONPEENAIOTCS TEMH ke Crocobamu, uto 3Hadenust M, N ot
pacueTHBIX 3HaYEHUl Harpy30K.

12. Hampsokenust (YCIOBHBIC HAIPSDKEHHS) OT CPETHUX 3HAUCHWH M, N CTOsIIHE B
JIEBBIX YaCTSIX OCHOBHBIX MPOBEPOYHBIX HEPABEHCTB, CIEAYyeT YMHOXaTh Ha Ko3(duiueHt
HAaJIeKHOCTH )4, ONIPEAEIIIEMBIA B COOTBETCTBUH C II. 15 HACTOSAIIETO NPUIIOKEHMUS.

13. IIpuBeneHHBIN KOAPPHUIHUEHT YCIOBUNA pabOThl 7, ONpenensercs o Gopmynam:

ISt cKaThIX 2nementoB 7, =1-0,5 (1 - x); (4)
”mapounx V=7 =1-0,75 (1 - %); (5)

T % - KO3PQOUIMEHT yCIOBHI paboThI, omnpeseiseMblii B coorBerctBum co CHull 11-23-
81*.



14. Koaddurment mnpomonpbHOro u3rnba CKaThIX OJEMEHTOB IPU pacueTe HuX Ha
YCTOMYMBOCTH CIEIYET ONPENENATh o (hopMyIam:

?=1-0,0661" npu 1 < 4,20; (6)

p=176/2" 12 >4720, (7)

e 2=2/c,/E;

A - THOKOCTB DJIEMEHTA;
o, - CpejiHee 3HaUEHUE Npejiesia TEKy4eCTH, IPMHIMAEMOE B 3aBUCUMOCTH OT MapKH CTajln
110 TabJ1. 5 ¥ 6 HAaCTOSIILIErO IPUITIOKEHUS.
[Ipumeuanue. opmyinsl (6), (7) npumensitorcst BMecto dopmyn (8) - (10) CHull 11-23-
81*.
15. KoaddunmeHT Haie:)KHOCTH Y4 OIpeiesieTcs o GopMyIie

y,=exp| v, [2ln vte -1,5v; |, (8)
2,5pv,

rae Vd - pacueTHbId Kod(h(HIMEHT Bapualnyu, ONpeaeaseMbli B COOTBETCTBHHM C I. 16
HACTOSIIETO MPUIOKEHUS;

V - K03hDHUIMEHT, OnpeAeIIeMblii B COOTBETCTBUU C 1. 20 HACTOSIIETO MPUII0KCHHS;
¢ - K03 OUIMEHT YIKOHOMHYECKOM OTBETCTBEHHOCTH, ONPEICISIEMbI B COOTBETCTBUU C
1. 19 HacTosero NpuIOKEHUS;

f = E., - HOpMAaTHB IS TPUBEICHUS PAa3HOBPEMCHHBIX 3aTpaT, MPUHUMACMBIHA COTJIACHO
WHcTpyKuMKM 1O ONpeAeNieHUuI0 SKOHOMHUYECKON 3¢ (EeKTUBHOCTH KaIllUTalbHBIX
BIIO’KEHUH B cTpouTtenbeTre; [ = 0,08.

16. PacueTHbIN KOAPDUITUSHT BapraIlUU OMIPEACIISICTCS 10 PopMyIie

v, =0V +v7, 9)

5 - k03¢ UIUeHT, onpeenseMblii B COOTBETCTBUH C I1. 17 HACTOALIETO MPUIOKEHHUS;
rze Vm -Ko3(pGUIMEHT BapHaluy MpeJesia TeKy9eCTH CTallid, IPUHUMAEMBbIi B COOTBETCTBUU
¢ TabJI. 5 HACTOSIIETO MPHUIIOKEHMS,
Vs - K03 (pULIMEHT BapHalluy YCUIIUH, OIIpeiesieMblii B COOTBETCTBHH ¢ I1. 18 HacTosiero
IIPUJIOKEHUSI.
17. KoaddunueHt § npu npoBepke yCTOMYMBOCTH CKATBIX 3JIEMEHTOB, a TaKXKe IIOCKOM
¢bopMbl U3rHOaeMbBIX M BHELEHTPEHHO-CKATBIX B  OJHOM IUIOCKOCTH  DJIEMEHTOB,
orpeJensercs 1no Gopmyie

C1-0,1154

= 10
1-0,0664"* (10)

Bo Bcex ocTanbHBIX citydasx KOA(Q(GUIUEHT § MPUHUMAETCS PaBHbBIM 1.
18. Koauuuent Vs onpenensercs no popmyine
v, = [vaivf , (11)

rae Vi - xodp@uIMEeHTh BapHallM Harpy3oK, OMpeJesiseMble B COOTBETCTBHH C M. 8
HACTOSLIETO MPUIOKEHUS;
Vi - noneBoit korhuIreHT, onpeaenseMpii mo Gopmyie

v =lal[Xa), (12)

G, - HalPSDKSHHE B 3JIEMEHTE OT CPEIHETO 3HAUCHMSI I-H HArpy3KH.
19. Kos(hpummeHT 3KOHOMUIECKOW OTBETCTBEHHOCTH ¢ OIpeAesieTcs mo hopMyie

E=uy,/c,, (13)



TJI€ # - CPEAHSSI CTOMMOCTh YCTpaHEHUs yiiepOa, BRBI3BAHHOTO OTKa30M KOHCTPYKIIHH;
Co - OKHUJaeMasi CTOMMOCTh HECYIIeH KOHCTPYKIIMH B JIEJIE;
y: - OXHUJAaeMoe 3HaUYeHHEe KO PUITUEHTA HAJIC)KHOCTH.

Hpumeuanue. 3nauenue & creayeT MPUHAMATL PABHBIM: JUIS METALIMYECKUX KOHCTPYKIMH TEITHI[ - 8; [T METALTHYIECKHX

KOHCTPYKLHH KOMILJIEKCOB MOCIEYyOOpOUHO 00paboTKu 3epHa - 2,5.

20. Kosddumuent V rmoka3biBaeT, KaKyld dYacTh CTOMMOCTh PEMOHTa HECYIIeH
KOHCTPYKLIMHU I1OCJIE OTKa3a COCTaBJSET OT IOJHOW €€ CTOMMOCTHU. Jomyckaercss IpuHUMAaTh
v=0,5.

21. Pacyer coeIMHEHHMH »JJIEMEHTOB KOHCTPYKIMH MPOU3BOAUTCS HAa YCHIHS OT
pacyeTHBIX 3HAYeHHH Harpy3ok B cooTBeTcTBUM co CHulI I1-23-81%*. Ycumus oT pacyeTHBIX
3HAQYECHUI HArpy30K OIPENEISIOTCS YMHOXXCHUEM YCHUIIMU OT CPEIHHUX 3HAYCHUM HArpy3o0K
Ha COOTBETCTBYIOIINE KOI(DPUIMEHTHI HAJIEKHOCTU O HArpy3Ke, ONpejesisieMble COrlIaCHO
[3]. Ycunus OT BeTpoOBOW HArpy3Kd JIOTIOJIHUTEIBHO YMHOMKAIOTCS Ha KOX(QUIMEHT,
oTpeeNsieMblii 10 Ta01. 4 HACTOSIIIErO MPHUIIOKEHUSL.

22. IlepemenieHusI SIEMEHTOB KOHCTPYKIUN OT CPEAHUX 3HAYEHUH HArpy30K HE JTOJKHBI
MpeBbINIaTh BenunH, npuBeaeHHbIX B CHull 11-23-81*, a qyig teruun - B [6].

Ipumep. IIpoBepka cxxaToro sneMeHTa epM NOKPHITUS HA YCTOMYUBOCTb.

HUcxoonwvie 0Oannvie

DieMeHTHI TaBpoBOTo ceueHus 2 L75x5; 4 = 14,78 cm?; ix = 2,31 cm; iy = 35 cm; ler = 185
cM. Marepuan - cranp mapku BCt3kn, 'OCT 380-71*. Kpons aByxckatHasi, o = 15 ©°,
nokpeiTHe 6echonaproe; IV cHeroBoit paiioH.

HopMaTuBHBIE 3HAYEHHs HArpy30K: CHEroBoil So = 150 kr/cM?; OT COGCTBEHHOTO Beca
CTANBHBIX KOHCTPYKIHI MOKPBITHA - 50 KI/M?; OT COGCTBEHHOTO Beca KOHCTPYKIMH KPOBIIH
(mepeBSHHEIE MPOTOHBI, OOpemeTka, acbecToneMenTHbIe WMTH) - 100 kr/mM%. Ycuoms B
JJIEMEHTE OT HOPMATHBHBIX 3HAYEHHH Harpy3ok: cHeroBoil - 8,0 T; OT Beca CTaJIbHBIX
KOHCTPYKIUH - 2,67 T; OT Beca KOHCTPYKIMH MOKPBITHIA - 5,25 T; KOA(POUIIMEHT HAIeKHOCTH
0 Ha3HaYeHUI0 1 = 0,95; KoahPUIHEHT SIKOHOMUYECKOH OTBETCTBEHHOCTH & = 2,5; vV =0,5.

Pacuem no CHull 11-23-81*

HopmatuBHBIH cOOCTBEHHBINH BeC MOKPBITHS On = 150 kr; Qn/So = 1; # = 1,4 (. 5.7 [3]).
KoadduuneHnT HasnexHOCTH MO Harpy3Kke JUisi COOCTBEHHOTO Beca Mokpeitus x# = 1,1 (m. 2.2
[3]). Pacuetnoe ycunue B smemente N = 8,0 - 1,4 + 8,0 - 1,1 = 20,0 1. ['ubkocTh 31€MeHTa
A=1,/i. = 80. Koodpdunment npogonsnoro usruda ¢ = 0,686 (tadbn. 72). Kospduuuent

ycoBuit pabotsl % = 0,8 (mo3. 4 Tabm. 6*). ITo Ta6m. 51* Ry = 2300 kr/cm?. IIpoepsiem

ycroitunBocTh daementa (1. 5.3): ynN/@A < Ryy; %: 1874 kr/cm? > 0,8 - 2300 = =

1840 xr/cm?. HepaBeHCTBO He BBINOJTHAETCS. Y CTOHYMBOCTE SIEMEHTa He 06ecedeHa.
Pacuem no nacmosuyemy Ilocoburo

OmpenenseM HampssKeHHE OT CpejHeil CHeropoil Harpysku o, = 540 kr/cm?, oT
COGCTBEHHOTO Beca CTaJbHBIX KOHCTpYKIHi &, = 180 kr/cm? oT Beca kposmu &, = 360
kr/cm?. Tlo dopmyne (12) ompenensem: vi = 0,5; V2 = 0,166; vz = 0,334. Tlo Ta6n. 2 u 3
Haxomum: Vi = 0,3; v2 = 0,025, vs3 = 0,05. Tlo d¢opmymne (11) ompenensem:
v, =40,3°-0,5+ 0,025 - 0,166> + 0,05 -0,334> = 0,151. ITo Tabn. 5 HaxoaUM Vpm = 0,08.
2,9-10°
2,1-10°
= 0,57. TTo dopmyne (9) ompenensieM: v, =40,57-0,08 +0,151> = 0,158. ITo dopmyne (8)

oTpesieNisieM: y, = exp{0,158-2 /m% - 1,5~0,1582} =155. ITo dopmye (6) onpenemnsiem:

OnpeenseM yCIoBHYK THOKOCTE: A =80 =3,0. Ilo popmyne (10) onpenensem: o




©=1-0,066-3,1">=0,640;, N =8,0+5,23+2,67=16T. [lo bopmyne (4) onpenensem: y =1 -
0,5(1 - 0,8) = 0,9. To Tabn. 5 Haxomum: 5, = 2900 kr/cm?. TIpoBepsieM YCTOIYMBOCTH
5 16-10°
0,640-14,78
HepaBencTBo cobmogaercs. Y CTOWYMBOCTH 3JIEMEHTa obecreueHa.

snemeHTa: y,N/gAd<cy,; 1.5 =2566 kr/cm? < 2900 - 0,9 kr/cm? = 2610 kr/cM?.

INPUJIOKEHHUE 2

PACYET CTAJIBHBIX PAM KAK EJJMHBIX HEJIMHEMHbIX CUCTEM
1. Hacrosimue pekoMeHJalMu pacinpoCTPaHSAIOTC Ha IPOEKTUPOBAHUE CTAJIBHBIX paM CO
CIUIOIIHOCTEHYaThIMM  KOJIOHHAMH, BOCHPUHHMAIOLIMX IPOU3BOJIBHYIO CTATHYECKYIO
HArpy3Ky, 3a HCKIoueHueM Harpy3ok oT kpaHoB VI-VIII pexumoB pabotel, mnpu
BBINOJIHEHUH O/IHOTO U3 CIENYIOUINX YCIOBUI:

A <5 )

nimn

F,
E <04, (2)

rne Py - mapamerp pacdeTHOW Harpy3Kd, ¢ TOYHOCTBIO JO KOTOPOTO 3aJaHbl PacyeTHBIC
3HAYCHUS HArpy30K;
Pe - mapamerp KkpuTuueckod Harpy3ku Oilnepa, omnpeneisieMblid corjacHo 1. 4
HACTOSIIIETO MPHIIOKEHHUS.
[Tpu monb30BaHUM HACTOSIIMMH PEKOMEHIAIUSME HE TPEOYeTCsl IPOBEPSTH:
M3rudaeMble 3JIEMEHTHI Ha MPOYHOCTH - 110 popmysie (28) CHull 11-23-81%;
BHEIICHTPCHHO-CXKAThIE M C)KAaTO-U30THYTHIC CTEPXKHH, YJIOBICTBOpPSIOIIUE yciaoButo (1),
Ha yCTOHYMBOCTS - 110 popmyie (51) CHull 11-23-81*.
2. IIpoBepka HecyIel ClIOCOOHOCTH PaMbl TPOU3BOAUTCS 110 GopMyIie

Pd.S Pu, (3)

rae Py - mapameTp npenenbHoM Harpy3Ky, IPUHUMAEMBbI paBHBIM
a— 1 +a a a
F =P — ] (4)
a C
HO He Oonee Pj;

Ps - mapamerp mpedenbHON — IUIaCTUYECKOW — (MPUCHOCOOMSIONIEH)  Harpyskw,
ONPEAEIISIEMBIN COTJIACHO M. 7 HACTOAIIETO MPUIIOKECHUS;

Pa - mapamerp Harpy3kM IUIACTMYECKOM YCTallOCTH, ONPEEIs€MbI corjacHo M. 6
HACTOSIIETO MPUII0KEHUS,

a:#"_Perl; (5)
A (6)
aza[jb; (7
1= ®)

B ¢opmynax (5) - (8):
Py - mapamerp Harpy3Ku KpacBOW TEKY4eCTH, MPH KOTOPOM BIICPBBIC MOSBIISETCS
TEKy4eCTh MaTepuasa, OmpeIe/IIeMbIi COTJIACHO T1. 5 HACTOSIIIETO MPUIIOKEHHS;



b - koadduiment, yduThIBaONMA COOTBETCTBHE (GOpM AePOPMHUPOBAHUS M OTEPU
YCTOMYMBOCTH PaMbl, OIIPEAECIAEMBINA COIVIACHO M. 7 HACTOSIIETO MPUITOKEHHUS.

3. B 3aBucumocTH OT umMciIa ONAcCHBIX COYETAaHMM W BHUJA HArpy3oK pacdeT pambl
BBITOJIHSAETCS OJTHUM M3 CIEIYIOIIUX CIOCO00B:

1py OOJBIIOM YHKCJIE OMACHBIX COYETAHHM HArpy3o0K, KOI/Ia pacdyeT pambl Ha KaxKIoe
codeTaHue Moo4YepeIHO TpedyeT OOIBIINX 3aTpaT MAIIMHHOTO BPEMEHH, TapameTpsl Py, Ps 1
b onpenenstoTces U3 pacyera paMmbl Ha MPUCIOCOOIIEMOCTh, a mapamerp Pe - U3 pacyera Ha
YCTOMYMBOCTD ITPU MAaKCUMAaJbHO BO3MOKHOW BEPTUKAIBLHON HArpy3Ke Ha paMy COIJIACHO II.
4 HaCTOAILEro MPUIIOKEHHUS;

Ipy HEOONBIIOM YHCIIE OMACHBIX COYETAaHWN HArpy30K pacueT pambl BBIIIOJHAETCS Ha
KaXJI0€ COYETaHHWE II0OYEPENHO, a B KauyeCTBE IlapaMeTpa IpeNelbHOM Harpysku Py
[IPUHUMAETCS HAUMEHbIIIEE U3 MOJYYEHHbBIX 3HAYCHUH.

4. llapamerp mnepBod KpuTHYeCKOW Harpy3ku Pe ompeaensercs u3 pacuera Ha
YCTOMYMBOCTh YHPYroil pambl. PEKOMEHIyeTCsl MCIOJIb30BaTh METOJ IEePEMEIECHUM, I
KOTOPOr0 €IMHWYHBIE PEAKLHUH CHKATBIX CTEP)KHEW IPUHUMAIOTCS COIVIACHO CIENYIOLIEH
Tabauie u Tabynuposansl B [19]:

5. [TapameTp Harpy3ku KpaeBoi TEKy4eCTH P, IpUHUMAETCS] paBHBIM

P),:Pg(czi\lczz_Q)! (9)

/i€ 3HaK “TUTIOC” TIepe/1 paauKaloM OTHOCHUTCS K ciydaro c1 < 0, a 3HaK “MHHYC” - K CIy4aro
c1 > 0. KoahduuueHTsl ¢1 M ¢2 BBIYUCISIOTCS JUISI TIONEPEYHOTO CEYCHUs, COACPIKAIICTO
HanboJee HaNPsHKEHHOE BOJIOKHO, TTO (hopMysiam:

- 0.7WR, ; _OTWR, +_B,(M,1.+Nl.r), (10)
P(M,+Nr) 2P(M, +Nyr)

rue r:Z;
A

W - MOMEHT conpoTHBIECHMs NONEPEYHOTO CeueHHs A Haubosiee HaNpsSKEHHOTO

BOJIOKHA;
N, ¥ M, - HOpPMaJIbHas CHJa M HM3TUOAIOIINI MOMEHT, OIpeIesisieMble U3 JTMHEHHOTO
pacuera pambl npu P = 1 [ux 3HaueHus, npuBeleHHble B ¢opmynax (10),

NPUHUMAIOTCS MOJIOXKHUTEIbHBIMHU];

M, - m3rubaroumii MOMEHT B OCHOBHOM CHCTEME paMbl, ONpPEeNsieMbli U3 JMHEHHOTO
pacuera pu P = 1.

Ecmu M, + N =0, To napameTp P, MpUHUMAETCS PaBHBIM

PWR,
P = < (11)
WR, +143P(M, + Nr)
CxeMma CTepKHs BrlpaskeHns: eIMHUYHBIX peakiui
M1 Mz R
EI v(sinv—vcosv) | EI  v(v—sinv) EI  v’(1—-cosv)
I 2—2cosv—vsinv | [ 2—-2cosv—vsinv | [*> 2—-2cosv—vsiny
EI  v'(1—-cosv) EI  v'(1—-cosv) EI v’ sinv
I’ 2-2cosv—vsinv | I* 2—2cosv—vsinv | [* 2—2cosv—vsinv
M W EI  V’siny 0 EI V' siny
_G N —_— T —
N [ sinv—vcosv [* sinv—vcosv
{* e
K| El vsiny 0 EI v'cOsv
N, I’ sinv—vcosv I’ sinv—vcosv
g t
My R R




OcHoBHas cucTeMa pamMbl 00pazyercs U3 3aJaHHOW paMbl MTOCTAHOBKOW (DMKTHUBHBIX OTIOP
NPOTHB JIMHEHHBIX cMemeHuil. J[ns cBOOOAHBIX paM OCHOBHOHM cucTemMoil Oyxer
COOTBETCTBYIOI[asi HECBOOOJHAsl pama ¢ (PMKTUBHBIMU ONOpPAaMU B YpOoBHE purenei. s
HECBOOOJHBIX paM (HUKTHBHBIE ONOPBl CTAaBATCA TakUM O0pa3oM, YTOOBl OHHU
IPEMSTCTBOBAIM IOTEPE YCTOMYMBOCTH pambl [0 HU3IIMM H, IO BO3MOXKHOCTH, HE
MPETATCTBOBAIM MO BBICIIUM (popmMam.

6. Ilapamerp Harpy3ku IIaCTUYECKOH ycranoctu Pa omnpenensercss 0T HOPMaTHBHBIX
3HaYeHUH HArpy30K IpU TOBTOPHO-TIEPEMEHHOM HArpy>K€HHH pambl 10 Gdopmysam,
uneHtuaHbM opmyiam (9)-(11) Hacrosmero nputoxenust 1 Py ¢ 3amenoir N, Ha 0,35

AN ; M, va 035 AM,,u M, Ha 0,35 AM . JluanasoHsl U3MEHEHUs yCHIU AN , AM, 1
AM, ONPEAENSAIOTCS ISl PACUYETHOrO TOMEPEYHOr0 CEYCHHS, B KOTOPOM HMEETCSI
HanOOJIBIINN pa3Max KPaeBbIX HAIPSHKECHHA.

7. IapameTpsl Ps 1 b onpeenstorcs myTeM ammpoKCHMAIK 3aBUCUMOCTH P, = P, (7))
CTENEeHHOHN (yHKIIUEH

P,=Ps1°(b>0,1), (12)

rne P, - mnapaMerp MNpelesbHOM TIacTUYeCKOH (MpUCIOCOONAoNe) Harpysku,
oTIpenieNsieMblii o Ae(OpPMUPOBAHHON CXEME;
77 - yciaoBHOE Oe3pa3MepHOe MepeMeleHUE paMbl.
[TocTpoenue kpuUBOH MPEAEIBHOIO paBHOBECHS (IIPUCTIOCOOIIEMOCTH) “B O0bIIOM” Pp =
P, (77) mpoM3BOANUTCS CTATHYECKUM, KHHEMATUYCCKUM MIJIA APYTUMH H3BECTHBIMH METOIaMH.
8. CraTuyecKuii METO/ MPEAETbHOTO PABHOBECHS CBOIUTCS K HAXOXICHHUIO max 1) (Wiu
max P,) IpU BBINOJIHEHUH CIIEIYIOIINX OTPaHUYCHUIA:

M, +M.Pn+M,P <M, (Pp), (13)

zit p

3alMMCAHHBIX JJIA BCCX PACUYCTHBIX IMONCPCYHBIX CequHﬁ,
rae Myi - ocTaTouHble U3rudacMble MOMEHTBI B I-TOM PACUETHOM CEYCHUH, OIMPEACIISICMBbIE 110
Hene(hOpMUPOBAHHOM CXeMe;

AZ:‘ :Mn‘ -M

oi 1

My - TpelenbHbIE 3HAYCHUS W3rHOAMONIMX MOMEHTOB, BOCIPHHUMAEMbIC I-ThIM
pacueTHBIM CEUYEHHEM, OIpPENEISIEMBIE C YYETOM JAEUCTBHS HOPMAIBHBIX CUJI B
KOJIOHHAX | MOTIEPEYHBIX CHJI B pUressix 1o ¢popmynam (39), (42) - (44) CHull 11-23-
81%*. Jlomyckaercsi ONpenensTh HOpPMalbHble W TMONEPEYHbIE CHIIBI U3 JMHEHHOTO
pacueTa pamsl.

Kunematnueckuii METO/I PE/ICIbHOIO PABHOBECHS CBOAMUTCS K HAXOXKICHUIO max 1) (WIH

max Pp) IpU BBITIOJTHEHNUH CIIEAYIOIINX OTpaHUYCHUH:

PA(n=D,, (14)

3aMUCaHHBIX JUIS KAXIOr0 |-T0 KMHEMaTHYECKH BO3MOYKHOTO MeEXaHHM3Ma IJIaCTHYECKOTO
pa3pyLIeHNs] KOHCTPYKIIMH,
rie A, U D, - COOTBETCTBEHHO paboTa MONEPedHbIX (AKTHBHBIX) HArpy3ok mpu P = 1 n

JUCCHUIIALIMSL DHEPruy, OIpelesieMble Ha paccMaTpUBAEMOM MEXaHU3ME
IJIACTUYECKOTO pa3pyILIEHUs], paBHBIE:

4,= 2(1\7 +M_1)p;
D/’ = ZMp/i(/)n

371eCh | - HOMEp MOMEePEYHOro CEUCHHUsI, B KOTOPOM 00pa3yeTcsl IIaCTHYECKUI IapHUP;
@i - yroj MOBOPOTa i-TOT0 IUIACTHYECKOr0 IAPHUPA; 3HAK CYMMBbI PacIpOCTpaHsIeTCs
Ha BCE ITACTUYECKHUE HIapHUPBHI.

(15)



O0a meroma CBOAATCS K 33aJadaM MaTeMaTHYEeCKOTO MPOrPaMMHPOBAHUS, JTHHEWHBIM
OTHOCUTEIIPHO TapaMeTpa 77, AJS PEUICHHUsS KOTOPBIX PEKOMEHAYETCs HCIOIb30BaTh
CHMILJICKC-METO/I.

9. Pacuer Ha MECTHYH YCTOMYMBOCTh BHEIICHTPEHHO-C)KATBIX M C)KATO-U30THYTHIX
a5ieMeHTOB Tpou3BoauTcs B coorBercTBuH co CHull 11-23-81* ¢ 3amenoit ycnoBHOH
I'MOKOCTH A Ha NPHUBEIEHHYI TMOKOCTH A4 IlpuBeneHHas TMOKOCTh A NPUHMMAETCS IO
T1abn. 74 CHull 11-23-81* mo CcOOTBETCTBYIONIUM 3HAYCHUSIM KOIPODHUIIMEHTOB Mef U (.
[IpuBeNCHHBI OTHOCHTEIBHBIH 3KCIEHTPUCUTET Mf OMpEACSIeTCS B COOTBETCTBUU CO
CHulTI 11-23-81%*, a K03 HUIIUEHT CHIKEHUSI PACYCTHBIX CONPOTUBICHUN @ - TIO POpMYIIe

NP,
T (16)

Y CTOWYUBOCTD U3 TIOCKOCTU JIEHCTBUS MOMEHTA JOJHKHA OBITh 0OecrieyeHa MoCTaHOBKOM
CBsI3€H B TEX IMOMEPEUHBIX CEUCHUSAX, T 00pa3yroTCs MIaCTUYECKHUE NIAPHHUPHI TIPH pacueTe
pambl METOJIOM NPEAETHLHOTO PAaBHOBECHS M0 KECTKOIIACTHUECKOH cXeMe.

10. PacueT pambl IPOU3BOJUTCA B CICAYIOIIEM HOPSIIKE:

a) MpeIBapUTENbHbBIE pa3Mephl AIEMEHTOB paMbl omnpeneistorcs no CHull 11-23-81%;

0) mpomepsieTcs 00NACTh TPUMEHEHHUS HACTOSIIUX PEKOMEHIAIMH corjacHo 1. |
HACTOSAIIETO MPUTIOKEHUS;

B) BBIYMCIISIETCS ITapaMeTp KPUTUYECKOW Harpy3ku Oilniepa P, coryiacHo 1. 4 HacTosIIEro
MIPUIIOKEHNUS;

I') BBIYMCIISETCS NapaMeTp Harpy3Ku KpaeBOW TEeKydecTH marepuana P, corjacHo I. 5
HACTOSAIIETO MPUTIOKEHUS;

J1) BBIYMCISETCS IapaMeTp Harpy3ku IUIacTUYeCKOll ycraioctw P, coriacHo m. 6
HACTOSAIIETO MPUTIOKEHUS;

€) CTPOUTCS KpHUBas MPEACILHOTO paBHOBECHs (MIPHUCIIOCOOISIEMOCTH) ,,B OONBIIOM"
COTJIACHO M. § HACTOSIIETO MPUIOKECHHUS,

) BBIYHCISIOTCS TlapaMmeTpbl Ps 1 b kpuBoil mpenenbHOro paBHOBecHs “B OOJbIIOM”
COTJIACHO M. 7 HACTOSIIETO MPUIOKECHHS,

3) BBIYMCISAETCS NapaMeTp MpelesbHONM Harpy3ku P, U 1OpoBepsieTcsl Hecylast
CIOCOOHOCTH paMbl COTJIACHO I1. 2 HACTOSILETr0 MPUIIOKEHUS;

1) TpoBepsieTCsl MECTHasi yCTOMYMBOCTH 3JEMEHTOB COTJIaCHO M. 9 HacTOsILIEro
MIPUIIOKEHUS;

K) TNPOMU3BOAUTCA YTOUHEHHBIH MOAOOp CEYEHUI SIIEMEHTOB pambl, €CIM MapaMeTp
NpeJeNbHON Harpy3ku P, MpeBbIIIaeT pacueTHbI napameTp Py 6osee ueM Ha 5 %.

OPUMEP

PaccMoTpuM 3aMKHYTYIO IPSIMOYTOJIBHYIO PaMy, Harpy>KeHHYIO BepTukaabHbiMu ( [0,5P,
P], V [0,5P, P] u ropusontansabivMu 1[-P, P] Harpy3kamu, puc. | HaCTOAIIErO MPUIIOKEHHS
(B KBaJpaTHBIX CKOOKaX yKa3aHBI MIPEIEITbl H3MECHEHUS KaXKI0N U3 JIEHCTBYIOINX HATPY30K
BO BPEMEHHU HE3aBHCHUMO JIPYT OT Apyra; P - mapaMmeTp Harpy3Ku).

Pama sBnsercsa yHIpoOIIEHHOW MOJEIBIO SYEMKM MHOTOSIPYCHOTO Kapkaca, a IIpu
OECKOHEYHO YKECTKOM HIKHEM pHresie - OAHOATaKHOM paMbl. OHa MoApoOHO MCCleoBaHa
H.B. KopHoyxoBeiM [19] nnsi OLIEHKHM YCTOMYMBOCTH CIIOXKHBIX CTEPKHEBBIX CHCTEM U
ucnonb3oBaHa B 1. 6.10* CHull 11-23-81* nns onpeneneHust cBOOOJHBIX JJIMH CTOEK
MHOTOATKHBIX paM. TakuMm 00pa3oM, TPHHSITAs pacueTHas CXeMa OTPaKaeT OCHOBHBIC
O0COOCHHOCTH IIEJIOT0 KJIacca COOPYKCHHUH.
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Puc. 1. PacueTHasi cxeMa pambl

Hcxoonvie oOannvlie. Pama BbIONHEHa #3 CTald Mapkud 181mc ¢ pacyeTHBIM
conpotusienuemM Ry =240 Mlla.

Croiika u3 mupokonojgouHoro asyraspa Ne 20 b3 umeer cnemyromniye reoMeTpuuecKue
xapaxrepuctaki: h =202 mM; b = 100,4 mm; d = 5,6 Mv; t = 9,6 mm; H=4 m; 4 = 3,06-10°°
M%, Ix=2,15 - 10° m* Wy = 2,13-10* M3, 1 = 8,39-102 m.

Purenp u3 mmpoxononoyroro asyraspa Ne 20 b* umeer cienyromme reoMeTpHuecKue
xapakrepuctiki: h = 194 mm; b = 99,3 Mmm; d = 4,5 mm; t = 5,5 mm; L =4 m; Ix = 1,3-10° m?;
Wy = 1,34-100* m3; Sx = 7,58-10° m°.

Harpysku: q = 18,355P, kH/m; T = 3,234P, kH; V = 204,93P, xH.

a) Pacuer mo CHullI I1-23-81*
OTHolIEHNE KECTKOCTEW HA 1 M JAJIMHBI PUTENs U CTOMKHU N paBHO:

LH  1310°-4

n=-—Lt—= =0,624.
1L 215-10°-4

W3rubaroniyie MOMEHTHI B YIJIOBBIX ceueHMsX 1 u 7 OyayT CleqyronuMHu:
OT BEPTUKAIbHON HArpy3Kku ( (puc. 2, @ HACTOSILIEr0 MPUIIOKEHHUS):

37 1835-4°-3P

. , = = =20.25P , kH-Mm;
12G+n)  12(3+0,624)

OT TOPU3OHTATIBHOM Harpy3ku 7 (pHc. 2, 6 HACTOSILEr0 MPUIOKEHUS):

TH _ 3234-4P

M, =-M,=-— =-6468P, kH-m.
9 Mq L. 3
x Fn
0
5)
meg-
X
0
Mr
9
M=
[T #
A

-

Me



Puc. 2. Jnopbl u3rudaumx MOMEHTOB

a - OT BepTUKATIBGHOH HAarpy3KH; 6 - OT TOPH3OHTAIBHON HArpy3KH 7 6 -OT JIMIIHEH HEeU3BECTHOH X

Koadduurents! pacueTHON UIMHBI 4 CTOMKHU onpenenum mno ¢opmyne (70, 6) CHull I1-

23-81* mpu p = n= 0,624
n+0.28
= — = =1,50.
#=r08d) o1

B coorBerctBuu ¢ m. 5.27* CHull 11-23-81* onpenensiem:
MA 267130610
NW  2416-213-10"
OTHOILIEHUE TUIOIIAIN TTOJKH K Tuiomanau creHku: AdAw = 048;
ko3 uureHT BnusHus GopMmel ceueHus 7 = 1,51,

MIPUBEICHHBIN OTHOCUTEBHBIN IKCIICHTPUCUTET Mef = M7y = 2,40;
ruokocTh cToiiku A = 71,5;

- }R
YCIIOBHYIO THOKOCTh A = A f =244,

I[lo Tabn. 74 CHull [1-23-81* npuauMaeM KOX(QQHUIMEHT CHIKEHUS PacyETHBIX

conpotunenuit @, = 0,329.
N3 popmynst (51) CHull 11-23-81* naxonum pacueTHoe 3HaYCHHUE MapaMeTpa Harpy3KH

Pq:

=159;

OTHOCHUTEIbHBIN OKCHCHTPUCHUTCT m =

p _PAR, _0329:306-107-24-10"
© N 2416 '
0) IIpoBepka 00J1aCcTH NPUMEHEHUS HACTOSIIMX PEKOMEH AU
[Iposepum ycnosue (1):

2244
240

=2856<5.

m,

Ycnoeue (1) BBIMONMHEHO, CIIEAOBATEIBLHO, paMy MOXHO pacCUMUTHIBATH Ha OCHOBE
Hacrosuiero Ilocodus.

B) Brlunciienne napamerpa KpuTH4ecKoii Harpy3ku P.
VYcioBue mnoTepu YCTOMUMBOCTU paMbl O AHTHUCUMMETPHUYHOW (opMe HMeeT BHJ

v v -~
TPaHCLIEHIEHTHOTO ypaBHEeHHUs [19] 85 = 3n OTHOCHUTEJBHO IapamMeTpa YCTOMYHMBOCTH V,

paBHOTO

v=H ,

rne N - HOpMaibHas CHJia B cToliKe rpu P = 1, paBHas

18354
2 2

+204,9 =2416.

[lepBbrii (HU3MMI) KOPEHb TPAaHCIICHACHTHOTO ypaBHeHus nipu n = 0,624 pasen v = 2,1.
CooTBeTcTBYIOIIEE €My 3HAUEHHE MTapaMeTpa KPUTHUECKOI Harpy3Kku Pe OyneT paBHO

p- V’EI 3 2,17-2,1-10°-2,15-10°

R - =5,149.
H'N 47.2416

r) OnpenesieHne napaMeTpa Harpy3KH KpaeBoil TeKy4ecTH marepuasna Py

CornacHo m. 5 HACTOSAIIErO MPHJIOKEHHS OCHOBHOW CHCTEMOW 3aJaHHON CBOOOIHOMN
pamMbl  OyZmeT COOTBETCTBYIOIIAasi HECBOOOJHAas pamMa C (UKTUBHOW OMOpPOH  OT
TOPU30HTAJILHOIO CMELICHUSI B YPOBHE PUIeENs, KOTOpas IOJHOCTbIO BOCIHPUHUMAET



TOPH3OHTAILHYI0 Harpy3ky T W He BOCIPHHUMAET BEPTHUKAIBbHYIO Harpy3ky (. Ilostomy
AMIOpa U3THOAIOIINX MOMEHTOB B OCHOBHOM cucTeme pambl Oyaet paBHa Mo = Mg (cMm. puc.
2, a HaCTOSIIETO MPUJIOKEHHS), a AMIOPA U3TUOAIOINX MOMEHTOB OT JIIITHEH HEU3BECTHOH Z
(TOpU30HTANBHOTO CMEIIeHHsT paMbl) Oyner paBHa M; = M (cM. puc. 2, 6 HACTOSILETrO
MIPUITOKEHUS).

HaubGonee HampsoKEHHBIM TIONEPEYHBIM CEYCHHEM, B KOTOPOM BO3HHUKAET MEPBBIN
TUTACTUYECKUH TIAPHHD, SIBJISCTCS TpaBoe onopHoe ceueHue purens. [lo dopmynam (10) u
(9) HacTosIIETO MPUITOKEHUS HAXOUM:

. 0,7-2,40-10°-1,34-10
! 5,149-20,254

=0,216;

o = 0,7-2,40-10°-1,34-107 +5,149-26,722

) =0216;
2.5,149.20,254

P, =5,149(0,768 — 1/0,768° — 0,216) = 0,806.
a) Onpenesienne napaMeTpa HArpy3KH IJIACTHYECKOH ycTalocTH Pa

HauGonpmmii pasmMax HampsHKeHHH Ao MMEEeT MECTO B KpailHeM BHYTPCHHEM BOJIOKHE
KOHIICBOTO CEYCHHs TMpPaBOM CTOMKH. B 3TOM BOJOKHE HauWOOJbIIEE CHKUMAIOIIES
HAIPSDKEHUE Opmax KMEET MeCTO Tipu codetanuu Harpy3ok ((P), V(P) u T(P), a HaumeHbliee
ckumaroniee (WM HauOOJbIIee PACTATHUBAMONICE) HANPSDKEHHE Omin - HPU COYCTAHUH
Harpy3ok (0,5P), V(0,5P) u 7(-P). [To ¢popmynam 1. 5 1 6 BBIYUCIIAEM:

AN = Ny = Ny =V = + o o)

18,355(1-0,5)4

=204,93(1-0,5) + =1208 kH

M __ =20251-05)=10,25 kH-m;

max g min

S
B

AM. =M, —-M

T T'max T'min

=6,468(1+1)=12,396 kH-Mm;
AM, =AM, =10,125 kH-Mm;

AM, =AM, + AM, =10,125+12,936 = 23,061 KH-M;

W 2,13-10°

g W=6,961'1072 M.

CornacHo 1. 6 HACTOSIIEro NMPHJIOKEHUS ITapaMeTp Harpy3KH IUIACTHYECKOH YCTaloCTh
P, BbUHCIseTCS TpPU HOPMATUBHBIX 3HAYCHUSAX Harpy3ok. [Ipumem cpenHee 3HaueHHe
ko3 durmenta neperpysku k = 1,2.

o 2:24:10°203:10°12
' 5,149(10,125+120.8 - 6,96-107)

1,285;

o - 2:24-10°-2,13-10™ - 1,2 +5,149(23,061+ 120,8- 6,96 - 107)
’ 2-5,149(10,125+120,8-6,96-107)

P =5,149(1,492 —/1,492* —1,285) = 2,689.

e) ITocTpoeHne KpuBOii NpeaeILHOrO paBHOBecHs “B 6oabmom” Py, = Py, (7))

=1,492;.

Jlns wuTrocTpaly IpuMeHUM 00a MeTo/a NpPEeeNbHOrO PABHOBECHUS: CrMamuiecKuti u
Kunemamuyeckui. B cuily cUMMeTpuum pambl M Harpy3ku OyAeM paccMaTpHBaTh TOJIBKO

BEPXHIOIO MOJIOBUHY paMbl. B cooTBeTcTBHM € Hmropamu MOMeHTOB Mg (puc. 2, a) u M (puc.

X. o
2, 0) npumeMm Oe3pa3MepHbIE KOOPIUHATHI ¢& =~ PAaCcuETHbIX MOMEPEYHbIX CeHCHNH |

takumu: & = 0; £=0,1; £=0,2; £=0,3; £=04; £=0,5; &=10.



CTATUYECKHI METO/I

CornacHo 1. 8 HACTOSMIETO MPUIOKEHHS 3a/1a4a POPMYITUPYETCs CASAYIOLUUM 00pa3oM.

Haiitu max 7 (wau max Pp) Mpu BHITOJHEHUH OTPAaHHYCHUI:
M, +M,Fn<M,(F)-M,-F,.

oi P

Cocranstomue n3rudaromero MOMEHTa B PUresie PaBHBI:

A Ll NP VRN
WL 2ssa-g),

M, =27 0-28).

Dmropa 0CTaTOYHBIX MOMEHTOB Mri B pHresie ocTOsiHHA (pHC. 2, 8) U paBHA
Mri = Mr.

MakcuManipHOE 3HaYCHUE MONEpedHOi CHitbl Qi IMEeT MECTO y IpaBoil OMOPbI PUTelis B
pacyeTHOM cedyeHHuH | = 7 U paBHO

o 4L TH_ (18’35'4 + 3’234'4)13 ~39,934P , kH.
2 L 2 4 ) v
OTHOIIEHHUE CPEHETO KACATENILHOTO HATIPSIKEHUS 7, = % K Pac4eTHOMY CONPOTHBIICHHIO

cranu caBury Rs (Rs = 0,58Ry cormacuo Ta6:m. 1* CHull 11-23-81%*), paBHo:

5L 0 39,394
R ht-058R,~ 0,194-0,0056-0,58-2,4-10°

=0,264.

Cormacuo n. 5.18 CHull 11-23-81* mnpu 3HaueHMsIX Riso,s, YeMy COOTBETCTBYET

s

P < 0,5

70,264
MOTICPEYHBIX CEUCHUSIX MOKHO OMPEACIIATh O3 yueTa MmonepeuHbix ¢ o hopmynam (39) u
(42) CHulII 11-23-81*.

Mopii = WpiiRy = 2SRy =2 - 0,758 - 10* - 2,4 - 10° = 36,38 kH - m.

C YUCTOM MOJTYYCHHBIX BI)Ipa}KeHI/Iﬁ JJIs1 MOMCHTOB OIrpaHUYCHUSA-HECPABCHCTBA AJId CEMU
PACUYCTHBIX IOINCPCUYHBIX CEe4YECHUI 6YI[YT TaKHMMU:

1) My + 6,468 P, < 36,38 + 20,254Py;
2) My + 5,174 P,1 < 36,38 + 7,042Py;
3) My + 3,880 P, 77 < 36,38 - 3,253Py;
4) My + 2,587 P, < 36,38 - 10,575P);
5) My + 1,294 P,7 < 36,38 - 14,979Py;
6) M < 36,38 - 16,446Py;

7) My - 6,468 P, > -36,38 + 20,254 Py,

Jlnist mpuMepa onpeie M KOOPIUHATHI IBYX TOYEK Ha KPUBOH MPEIEIIEHOTO PaBHOBECHS
“B OompiioM” Pp = Pp(7), mpunsiB Pp = Pq = 1. Toraa cucrema orpaHndeHuii-HEpaBEHCTB
CTaHOBHUTCS JIMHEHHON OTHOCHUTENBHO JABYX BapbUpyeMbIX napameTpoB Mr u 7. B olmem
clydae TIIOCTaBJIEHHAs 3ajgada peIIaeTcs MEeTOJAaMH JIMHEHHOTro MpOorpaMMHpPOBAaHMS,
HampuMmep, CUMILIEKC-MeToloM. B maHHOM mpocTtoMm mpumepe perienue maxn = 4,631
MOJTy4eHo “pyuyHbIM” cueToM. IIpu 3TOM ueTBepTOe U cepbMOe U3 OTpaHNUYEHUH MEePeXoIsT B
CTpOTHE paBEHCTBA, YTO COOTBETCTBYET OOpa30BaHHUIO IIACTUYECKHX IIAPHUPOB B
PacyeTHBIX CCUYCHUAX C KoopauHaTaMu & =03 U & =1.

=1,894, mpenenbHble wu3rHOaroe MOMEHTBl Mpi(Py) BO BCEX pacyYCTHBIX

Bropyro Touky Ha KpUBOM IpeNeTbHOTO PaBHOBECHUS “B OOJBIIOM ™ HAMAEM, IPUHSB 7] =
I, Torna cucremMa OrpaHUYEHHUI-HEPABEHCTB CTAHOBUTCS JMHEHHOM OTHOCHUTENBHO JBYX



BapbUpyeMbIX mapameTpoB My u Pp. MakcumanbHoe 3HaueHwe mnapamerpa Py,
YIOBIICTBOPSIIOIIEE MOTYYCHHON CHCTeMe OrpaHWYeHU-HepaBeHCTB, OyAeT paBHO maxP, =
1,686. IIpu 3TOM 1IECTOE M CEABMOE U3 OTPAHUYCHHUI MEPEXOJAT B CTPOTHME PABEHCTBA, YTO
COOTBETCTBYET 00pa30BaHUIO IJIACTUYECKUX IIAPHUPOB B PACUETHBIX MONEPEUHBIX CEUEHUIX
C KoOpAuHaTaMH & =0,6 U & =1. AHAJIOTUYHBIM IIYTEM MOKHO OIPEIECIUTHh KOOPAWHATHI

0001 TOUKM Ha KPUBOM IIPEAEIBLHOTO paBHOBECHS “‘B 0OJIBLIOM .
KUHEMATUYECKWI METO]]

CornacHo 1. § HaCTOSIIErO MPUIIOXKEHUS 3a/laua CTABUTCS CIenyromuM odbpazom. Haiitu
MiNP (w1 Min7) mpu BBINOJHEHHU YCIOBUII COBMECTHOCTH JJIsl BCEX | KHMHEMaTHYECKH
BO3MOJXHBIX MECXAHU3MOB IJIACTUYCCKOTO Pa3spylICHUA paMbl:

PA>D..
4 J J

Pama ofuH pa3 cTaTUYecKH HEOMpeEAeIrMa, OITOMY JUIs MPEBPAICHUS €€ B MEXaHU3M
JOCTaTOYHO 0Opa30BaHMs IBYX IJIACTHYCCKHX IIAPHUPOB. [IepBbIii MIIACTUYECKUI IApHHUP
obpasyercs B HanboJiee HAMPSHKCHHOM PACuETHOM IOMEPEYHOM CEYCHUH | = 7 Ha MpaBOM
OIOPHOM KOHIIE PUTEJIsl, BTOPOU - B OJJHOM U3 PACUETHBIX ceueHHii | = 1-6.

YaenpHas paboTa BHEHMIHMX CHJI A, M auccunanus sHepruu Dj Ha paccmarpuBaeMbIX

MEeXaHM3Max IUIACTUYECKOr0 pa3pylleHuss pambl (pUC. 3 HACTOSIIETO0 IPUIIOKEHUS)
COOTBETCTBEHHO PaBHBbI:
— agl?
4= ‘12

Ep+ THno = (146,8& +12,9367)¢;

oM,
D=3 M0 T ?

%-4)

Puc. 3. Cxema MexaHH3Ma IUIACTHYECKOT0 Pa3pylIeHUsI paMbl

C yyeToM yKa3aHHBIX IIOCJIEIHUX BBIpAXEHUM orpaHuueHusi-HepaBeHcTBa (14)
HACTOALLIETO NMPUJIOKEHUS UIsl KAKJOTO U3 HIECTH BO3MOKHBIX MEXAHU3MOB IUIACTUYECKOTO
paspyuieHust Oyn1yT TaKUMHU:

12,936 7P, > 72,76;
(14,68 + 12,936 7) Py > 80,844;
(29,36 + 12,936 7) Pp > 90,95;
(44,04 + 12,936 1) Pp > 103,943;
(58,72 + 12,936 1) Pp > 121,267;
(73,4 + 12,936 1) Pp > 145 52.

JInsi HarSIAHOCTH ONpEAENIMM JIBE€ TOYKM HAa KPUBOM IPEAEIIBHOTO DPABHOBECUS ‘B
oombmoM” Pp = Pp(7),. IlepByro Touky Haiimem, mpunsiB Pp = Pg = 1. MuHuUMansHOe
3HAYEHHUE MapaMeTpa 7], YAOBIECTBOPAIOLIEE MOJTYYCHHON CUCTEME JIMHEWHBIX OTPAHUYCHUI -
HepaBeHCTB, Oyzmer Miny = 4,631. Ilpu sToM 4YeTBepTOe M3 OrPAHUYCHHUI MEPEXOIUT B
CTPOrO€ PaBeHCTBO, YTO COOTBETCTBYET OOpPA30BaHHMIO BTOPOIO IUIACTHYECKOTO MIAPHUPA B
pacyeTHOM IIONIEPEYHOM CEYEHMHM C KOOpPAMHATOM & =0,3. BTOpylo TOYKy Ha KpHUBOH

NpeJebHOr0 paBHOBeCUs “‘B OoyblIoM™ Hainem, npuHsSB 77 = 1. MuHUManbHOE 3HaYCHHE
napamerpa Pp, yz#oBieTBopsrollee TMOTYYEHHOW CHCTEME JIMHEHHBIX OrpaHHYeHHIA-
HepaBeHCTB, Oyaer MiNPp = 1,686. [Ipu 3TOM I11IeCTOE M3 OrpaHUYCHHI IEPEXOTUT B CTPOrOe
PaBEHCTBO, YTO COOTBETCTBYET OOpa30BaHHMIO BTOPOTO IJIACTUYECKOrO INApPHUpAa B



pacuyeTHOM IONEPEYHOM CEUYEHHU C KOOPAMHATOW & =05. AHAJIOIMYHBIM IYTEM MOKHO

OIIpEeIeNIUTh KOOPAUHATHI JTF000H TOUKM Ha KPUBOW MPEIETbHOTO PaBHOBECHS “B OOJIBIIOM”.
Kak u cienoBano oxunaTh, pe3ysibTaTbl pacueTa paMbl CTATUYECKUM M KHHEMATUYECKUM
METOJIaMH COBIIAJIH.

) Onpenesienne mapaMeTpoB PSs u b KpuBoii npeaeIbHOr0 paBHOBECHA “B 00JILIIIOM”

[ToxcraBnsist koopauHATHl BTOpoi Touku 77 = 1 u P, = 1,686 B hopmyiy (12) Hacrosiiero
pwioKeHus, Haiinem Ps = 1,686. [loacraBnss koopauHaTsl nepBoil Touku 77 = 4,631 u Pp =
1 B 9T0 e BhIpaXKEHHE, TOTYUUM:

s

P, Inl686

P

Inp  In4,631

In

0,341

3) [IpoBepka Hecylel CIOCOOHOCTH PaMbI
[To hopmynam (4)-(8) HACTOSAIIETO MPUITOKEHUS BBIYUCITHM:

5,149

n, = ———— — =1,186;
75,149 - 0,806

5,149
a =
1,686-1,186 " — 0,806

a-b=17565-0,341 =7,224;

+1=7,565;

6,565 0,806

1,18672 — =——1,186""" =1,378;
7,224 1,686
o= 0,0472;
7,224
1,0472 0,0472
P - 168 6( 6,565] (0,0472) _ 1230,
7,565 1,378

YTO IPEBOCXOIUT MapaMeTp pacueTHoU Harpy3ku Py = =1 Ha 23,9 %.
CrenoBarenbHO, UMEETCS CYIIECTBEHHBIN pe3epB Hecyllel cnocOOHOCTH paMBl.

u) IIpoBepka MecTHON YCTOHYHBOCTH 3JIEMEHTOB

[TockonbKy CTEp)KHM paMbl BBIIOJHEHbl M3 MPOKATHBIX mpoduiei, MecTHas
YCTOWYMBOCTh CUMTAETCS 00ECIIEYEHHO.

K) YTOYHEHHBIH OA00pP CeYeHHI 3J1eMEHTOB

3a)1aeMc;1 HOBBIMH, YMCHBHICHHBIMH CCUCHUAMU OJICMCHTOB CTOCK W BEChb PpPacucT
IOBTOPACM 3aHOBO OO TEX IIOP, ITIOKA HE 6yz[eT BBIITIOJIHCHO YCJIOBHC

0,95 Pu < Pd < Pu.
MNPUJIO)KEHUE 3
JIOBEJIBHBIE COEJUHEHUS

1. Hacrosimmee mnpuiiokeHHE PEKOMEHIYETCS TMPUMEHATh TPH  TPOCKTHPOBAHUHU
TH00ETBHBIX COCTUHEHUH CTaJbHBIX KOHCTPYKIMH, pabOTaIOIUX B YCIOBHSIX CTATUYECKOTO
HarpyKeHUs, M3TOTOBJICHHBIX W3 CTAJM C HOPMAaTHBHBIM BPEMEHHBIM COMPOTHBICHHEM OT
355 1o 590 MIla (ot 36 mo 60 krc/Mm?), SKCIUTyaTHPYeMbIX B paiiOHaX C pacyeTHOM
TeMIeparypoi 10 MuHyc 65 °C.

[TpuMeHeHne KOHCTPYKLUI Ha AF00EIBbHBIX COEAUMHEHHX HE JOMyCKaeTCs:

TP TOJIIMHE OMOPHBIX IEMEHTOB {o 10 4 1 cBbIIe 20 MM;

B pallOHaX ¢ CECMUYHOCTBIO CBbIIIE 6 OaNIOB;

B CHJIbHOArPECCUBHBIX CpeJax.



2. Jlns mro0enbHBIX COCOWHEHUN clieAyeT MpUMEHsTh mrobenu mo TY 14-4-1434-87,
MEXaHUYECKHE CBOMCTBA KOTOPBIX MPHUBEICHBI B Ta0. 1.

Taonuma 1

MexaHnu4ecKkue XapaKTepUCTHKH J100eJ1el

HomuHnanbHbIi Mapka cranu TexHu4ecKHue ycIoBUsl. HopmatuBHoe
JIMAMETP CTEPIHKHS BPEMEHHOE
mobens d, MM conpoTuBieHue Ryun,
MITa (krc/mm?)
70K-IIB TV 14-1-3747-86
4,5 70I1B TV 14-1-3746-86 2000 (205)
70 TV 14-1-1881-76

3. CymmapHasi TONIIUHA MPUCOCTUHSIEMBIX JJIEMEHTOB | B 3aBHCHMOCTH OT TOJIIUHBI
OIOPHOTO 3JIeMeHTa 10 U HOPMATUBHOT'O BPEMEHHOT'O COMPOTUBIIEHUS CTaIl Roun OmopHOTro
JJIEeMEHTa HE JOJDKHA TPEBBINIATh 3HAUCHUH, MPUBEACHHBIX B Ta0n. 2. MuHUMAalbHAas
TOJIIIMHA OTAEJIBHOrO IPUCOEANHAEMOT0 IeMeHTa paBHa 0,5 MM.

Tabnuma 2

ToJMHA 3JIEMEHTOB, COeTHHAEMbIX JI00eJIAMH

Tonmuna CyMMapHasi TOJIIUHA PUCOSAUHIEMBIX JIEMEHTOB t, MM, 1pu Roun, MIla
ONOPHOT0 (xkrc/mMm?)
JjIeMeHTa 1o, 10 370 (38) [cB. 370 (38) mo|cB. 430 (44) no|cB. 450 (46) no| cB.510 (52) no
MM 430 (44) 450 (46) 510 (52) 590 (60)
Ot 4 1o 6 4 4 4 4 4
CB.678 0 6 4 4 4
78710 6 4 4 4 4
710712 4 4 4 4 -
7”12”16 4 4 4 4 -
716”20 4 4 4 - -

4. PacueTHbIC COMPOTHUBIICHHS OJHOIIOOCIBHBIX COCAMHEHHUH CIeIyeT MPHHUMATH II0
Taoi. 3.

TaOnuuma 3
PacueTHbIe COMPOTHUBJ/ICHHUSA 3JIEMECHTOB, COCAUHACMbBIX OJHUM I[lOﬁeJ'leM
HanpsxeHHOE COCTOSIHUE 2JIEMEHTOB OrpaHnuenue YcnoBHoe Pacuernoe
COETMHEHHST 3HAYEHUS 0003HaYeHNE | CONPOTHBIICHHE
TOJIIUHEI
[PHCOCIHHSIEM
BIX DJIEMEHTOB,
MM
Cpes3 cTepHs TI00erst t>15 Ras 0,5Rqun
CMsTHE TIPUCOETMHAEMBIX 2JIEMEHTOB 05<t<15 Rap 2,0Run
Pactsxenue OtpsiB Her Rt 0,3Run
TIPUCOCANHSIEMBIX
9JIEMEHTOB
Beineprusanne Her Rt 0,3Roun
nro0enst U3 OIMOPHOTO
JJIEMEHTA

5. B n106enbHBIX COeTMHEHUSIX TPU ACUCTBUU TIPO0JIbHON cuibl N, mpoxosieit yepes
LEHTP TSHKECTH COEAMHEHHUS, paclpelefieHHe €€ MexAy AI0eNsMU ClenyeT MPUHUMATh
PaBHOMEPHBIM.

6. Pacuetnpie ycunusi Ng, KOTOpble MOTYT OBITH BOCHPHUHSTHI OJTHUM ArO0€NeM, CleyeT
OTpeIeATh TT0 GOopMyIIaMm:

Ha cpe3 Na = RasAdNsyin; 1)
Ha cmstue Ng = Rgpdty; 2)
Ha oTpbIB Ng = Rat1Az; 3)
Ha BbiepruBanue Ng = RapAo. 4)

B dopmynax (1)-(4):
A, =7md’ /4 - pacyeTHas TJIOMAL CEUCHHUS TF00CIIS;

Ns - YUCJIO PACYETHBIX CPE30B OJHOTO 00T,
A1 = 7Dt - pacyeTHas IOMIAAb OTPHIBA TPUCOCIMHICMBIX 3JICMEHTOB;



D - nmameTp maiomr;
Az = 7Dtoe - pacueTHas MIONIAAb IPU BBIACPTHBAHUN I00EIIS;
toe - 3¢ dexTUBHAS TONIIMHA OMOPHOTO 3JIEMEHTA, ompeaessieMas o GopmMysam.

t, =006t npu 4<¢ <10 mm; 5)
t,,=09-03¢ mpu 10 < ¢, <20 mMm;
%# - KO3h(OUIMEHT, YYHUTHIBAIOIIMK BEPOATHOCTh IIOTEPH HECYIICH CIOCOOHOCTH
COCIMHEHUS TI0 CMSITHUIO, OIIpeIesieMbIid TI0 popmynam:
v, =10mnpu ¢ > 3,0 Mmm;
y,=1-2(1-N, /N, )(1-1/3) (6)
mpu 1,5< ¢ < 3,0;
7 - KO3 (OUIMEHT, YIUTHIBAOIINI THI COSTUHEHHUS, OTIpeIeIsseMbli 1o Tab. 4.
Tabnuna 4

Ko>gduumenT, ydyuThiBaOIIMA THII COCTMHEHUS

Tun coequHeHus ey )
3 | am— kst —
—— W ‘3
1,0 0,8

Koaddunuent

Tun coenquHeHMS 3
u ——
a——— SR Lﬁﬁ*
o L R
4
0,6

Koodduuuent 0,7 ;

IIpooonicenue maon. 4

ne

7. YUucno arobeneit ng B COCIUHEHUW TpH JAekcTBUU cuiabl N ciemyer omnpenensith u3
yCIOBUS

nd = N/Nmin, (7)

r71e Nmin - MUHIMaTbHOE 3HAYEHUE PACYSTHOTO YCYITHS JIJISL OJTHOTO JTF00EIsI, BEIYMCICHHOE B
COOTBETCTBHH C M. 6 HACTOAIIETO MPUTIOKEHUSI.

8. HpI/I I[GI\/JICTBI/II/I Ha COCAMHCHHE MOMCHTA, BBI3BIBAKOIICIO CABUIT COCAUHSICMBIX
AJIEMEHTOB, paclpelelieHle YCWINA Ha TI00enu ciaeayeT MPUHUMATh MPOMOPLIHUOHAIBEHO
PacCTOSIHUSM OT IIEHTPA TSHKECTH COSTUHEHHUS 0 PaCCMaTPUBAEMOTO A0S,

9. Hro6enu, paboTaroririe OJHOBPEMEHHO HA CABHUT U PACTsDKEHUE, CIEYeT MPOBEPITh HA
PaBHOJICMCTBYIOIIIEE YCHUIIHE.

10. PacyeTHble ceUeHHsI HIEMEHTOB MPHU COSIUHEHUHU UX TIOO0CISIMH CIEIyeT ONpenesaTh
0e3 yuera OTBEpCTHI, 00pa3yeMbIX JIO0ETIMHU.

11. MuHMManTbHBIE PACCTOSHUS OT LIEHTpa A0S 10 Kpas DJIeMEHTa U MEX]y [IEeHTpaMu
nro0ereit He3aBUCUMO OT HalpaBJICHHs YCUIIUH CleyeT IPUHUMATh paBHbIMU 2d.
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