rNABA BOCbMASA

AHANN3 PE3VYJIbTATOB UCCJIEAOBAHUSA CTEH
N3 TPEXCJIOMHOU KNAAKU C BEPTUKAJIbHbIMUA
KUPMNYHbIMN OUADPATMAMUA

8.1. BBegeHue

B rnaBe 7 OBUIO yCTAaHOBJICHO, UTO HPU pac4ene cmeH HeoOXooumo
6 nepeyro ouepeds yHumoleams Hazpy3Ku om 6eca KAaoKu u nepexkpoimuil,
a makxce 6AUsTHUE MEMNEPAMYPHO-BAANCHOCMHBIX Oehopmauuil. Bet-
POBBIE Harpy3KW IpH BBICOTE 3MaHMII He OoJiee TSITU 3TaXel U Ipu
HaJIMIUU B CTEHE TOPU3OHTAIBHBIX OTIOP B BUJIE TUIMT MEPEKPHITHIA,
PaCIOJIOXKEHHBIX ¢ IIIaroM IO BBICOTE 3Taxka He Oosee 3,5 M, He CIo-
COOHBI BBI3BaTh 3HAYMMOTO M3rHba CTEHBI U3 €€ IIOCKOCTH. Berpo-
BbI€ HATPY3KHU B PSIZIC CIydaeB JOJLKHBI YIMTHIBATHCS TOJIBKO IIPU OIT-
pelleIeHU BEPTUKAJIbHBIX YCWIMI, TTPUKIIAIbIBAEMbIX K CTEHE. DTH
YCHJIMSI MOTYT OBITh ITOJIy4eHBI U3 pacyeTa BCero 31aHusl, B TOM YHCIIe
U Ha BeTep.

8.2. MepepacnpepeneHne ycunuit MeXxay crnosiMu npu AeicTBun
Harpy3ku oT Beca KJ1aAKu U NepeKkpbITUi

B TpexcioitHol KiTagke ¢ BEPTHMKAIBHBIMUA KUPIUYHBIMU Auad-
parMaM# MOXKET IMPOUCXOINUTH CYIIECTBEHHOE IepepacrpenecHme
YCUITUIA MEXKITy CIOSIMU. BepTuKaibHbIe YCHITHS B CJTO€ KITaIKW C Har-
GOJBIIMMU BEPTUKATBHBIMU Te(OpMaALIMSIMU YMEHBIIAIOTCS, a B APY-
TOM CJIO€ BO3PACTAIOT Ha TY K€ BEJTMINHY.

HedopMaliny MOJI3y4ecTH M yCauKW B KJIagKe HAUWMHAIOT IPOSIB-
JIATBCS eIlle B IPpOIIecce BO3BEACHMS CTEH U IMPOIOJIKAIOTCST B TCUEHUE
HEKOTOPOTO BpPEMEHM IIOC]Ie OKOHUYAHUSI CTPOMTENbeTBaA. [loaTomy
Mocjie OKOHYAHUSI BO3BEACHUSI CTEH YCUJIUS B CIIOE C HAMOOJBITUMU
CYMMapHBIMH JIe(hOpPMAaIUSIMK TIOJI3YYECTH M YCAIKN YMEHBIIAIOTCS 3a
cYeT JaJTbHEMIIIero nepepacipenesieHUs YCHITAIA MEXKIY CIIOSIMU CTEHBI.

PacueThl cTeH M3 TPEeXCIOWHOM KIAAKN ¢ BEPTUKATbHBIMUA KUP-
MUYHBIMA TradparMaMy ¢ YYeTOM ITO3TAITHOCTU W JUTUTEILHOCTH
BO3BeICHHUS TTOKa3an cireaytomee (ri1. 7). OCHOBHOE mepepacrpese-
JIEHUE YCUJINIA MEXIY CIIOSIMU CTEHBI TIPOUCXOINT ellle B TIpollecce ee
Bo3BeAcHUs. Hauunas ¢ momenma oxonvanus 603eedenus 30anus, ne-
pepacnpeodeasaemoe Mexcoy CAOAMU CHIEHbl YCUAUE 6 HUNCHUX IMANCAX
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yeeauuusaemcs ne 6oaee, wem na 5—10%. B éepxnem smasice nepepacn-
pedeasiemoe MexHcoy CAOSAMU CHICHbL YCUAUE MONCEN YEeAUMUNbCA HA
40% u 6oaee.

Crosib HeOOJIbIIIOe U3MEHEHUE BEJIMYMHBI Tepepacipene/isieMbIX
MEXIy CIOSIMU YCUJIUI B HYDKHUX 3TakaxX OOBSICHSIETCS OTHOCUTETh-
HO HeOOJIbIION ITMHOM quadparMel (pacCTOSTHUEM MEXIY CJIOSIMM) 1
maroM auacdparM 1Mo CpaBHEHUIO C BBICOTOI cTeHBI. [IpoBeneHHbIC
045 npomsaXceHHbIX cmen ViccliefoBanus [8.1] mokasanu, 4To mpu co-
OTHOIIIEHWH JUTMH CTeH K MX BBICOTE 00JIee ST C MOMEHTa OKOHYA-
HUST BO3BEACHUS TIepepacIpeie/IieMble YCUINsI MOTYT BO3PAaCTH B psi-
Jie ciaydaeB Ha 2/3.

B BepxHeM 3Taxke K MOMEHTY OKOHYaHMSI BO3BEIEHUSI BepXa CTCHBI
M YKJIaJIKW CAMOT'0 BEPXHETO KUpIrIa quadparMbl 00JIbIIas YacTh yII-
PYTMX M 4acTh HEYNpyrux aedopmaruii yxke npouuii. Hanpaxcenus
6 GepXHell uacmu CHeHbl MO2YM GO3HUKHYMb MOAbKO OM HASPY3KU OM
NOKpPbIMUS, 0CIAGUIENCS 4aACMU HA2PY3KU HA NePeKPbIMU U PA36UMUs
OdaumenvHbvix degpopmauuil.

IIpu pacuere Ge3 ydyeTra MO3TAITHOCTH BO3BEICHUSI, B JTMHEWHOM
IMOCTAaHOBKE W MPUHSITUN MaTepraia M30TPOITHBIM IMPAKTUIECKU He-
BO3MOXHO Y4ECTh UBMEHEHNE HAIIPSIKEHHOTO COCTOSIHUSI BCJICICTBIC
ero nojizyyect. Harmpumep, pacuer Ha BepTUKaJIbHYIO HAIPy3Ky CTe-
HBI CO CJIOSIMU M3 TVIMHSTHOTO KMPITMYA JACT T XK€ HaPsDKeHUST, 9TO 1
M3 CWJIMKATHOTO, XOTs Je(opMaIiy OyayT 3HAUUTEIbHO OTJINIAThCS.

HawubGosnpliree nepepacnpeneieHue yCUInii MeXIy CJIOSIMUA TTPOUC-
XOIIMT IIPU COYETAHUU CJIEAYIOIINX (PaKTOPOB:

— OJIMH U3 CJIOEB SIBJISIETCS HECYLLMM, a APYTOM CAMOHECYILIUM;

— MOoyJIb fepopMalnii KIaaku (¢ y9eTOM I0JI3YUeCTH) HECYIIIeTO
CJIOSI HKE, YeM CaMOHECYIIIETO;

— nedopMaliy ycaaKy KJIaIKyd HeCYIIEro CJIOs BBIIIE, YeM CaMo-
HECYLLErO.

Bepmuxkaaonote ycuaus mexcdy caosamu nepepacnpedeissiromcst npax-
mu4ecKu nOAHOCMbIO 6 npedeaax 00H020 Imax3ca.

V351l cONpsDKeHUs MEePEKPHITUN ¢ HapYXKHOW CTEHOM IOJIKHBI
MMPOCKTUPOBATHCS TAKMM 00Pa30M, YTOOBI CITY>KUTD JIJISI CTEHBI TOpH-
30HTaJILHBIMU OIOpaMM. B 3TOM cilydyae, ITOCKOJIbKY BepTUKaJIbHBIC
YCHITHSI MEXITY CJIOSIMU OT BBIIIEJIEXKAIIIMX ITaxKel yKe repepacipene-
JICHBI, uzeubarouiue MOMEHNbL YHUMbIGAIONICSL MOALKO 0Nl GHEUEeHINPEH-
HO NPUAONCCHHBIX HAZPY30K 8 Npedeaax paccmMampusaemozo 3maxicd.

BenenctBue mepepacrpenesieHUsl YCWIMI MEXIY CIOSIMUA CTCHBI
B BEPTUKAJIbHBIX IMadhparMax BOSHUKAIOT KACAMEAbHbIe HANPANCCHUSL.
KacatenbHble HaIpsDKeHUsI CITIOCOOHBI BBI3BAaTh Cpe3 KIIaaKu nuad-
parMsl.



8.3. MepepacnpepeneHne ycunuit MeXxay Crosimm
npu TemnepaTypHO-BNaXXHOCTHbIX BO3JeUCTBUAX

Kacameavnoie nanpancenus 6 ouagpacmax oT TeMIIepaTypHO-
BJIAXKHOCTHBIX Je(opMaIiniii MOTYT OBITh COITOCTABUMBI 10 BEJTUIMHE
C HaNpPSDKEHUSIMU, BO3HUKAIOIIMMK OT BEPTUKAILHOM Harpy3ku (OT
Beca KJIaJIKK U TTIepEeKPBITHI).

BcienctBre HeOOMHAKOBBIX AeOpMaINii CIOEB TTPOMUCXOIUT UX
CABUT OTHOCUTEJIBHO IpYyT Apyra. B atom pasgese paccMarpuBaeTcs
CIBUT CJI0€B IO BepTuKaiy. CIBUT CJIOEB IO TOPU3OHTAIA aHAJIOTH-
YeH paccMaTpuBaeMbIM B IIaBe 9 ciaydasm.

B kupnuunvix ouagppacmax, umerowux OmHOCUMEAbHO 00ALULYIO
JHCECHKOCHIb, KACAmeabHble HAnpAXdCeHus 6 ouagpazmax om memnepa-
MYPHO-6AANCHOCIMHDBIX 6030eliCMEUIl 8 6ePXHEM IMadice CONOCHAGUMbL O
GeauMUHe C HANPANCEHUAMU OM 6ePMUKAAbHOU Hazpy3Ku. B nuxceaexnca-
WX SMaxcax KacameabHbIMi HANPANCCHUAMU 6 KUPNUYHbIX Juadpazmax
Om MeMnepamypHo-6.1aX¥CHOCHIHbBIX 6030€liCMBUL MOJNCHO NnpeHedpeb.

[1pu yyeTe TeMIiepaTypHBIX BO3IEUCTBHUIA OOIBIIIOE 3HAUCHUE MME-
€T COOTHOIIeHHE KO3(P(GUUMEHTOB JUHEHHOro (TeMIlepaTypHOro)
pacIMpeHus KJIaaKH CIIOeB.

8.4. Kputepum Nnpo4yHOCTU KUPNU4HbIX guacpparm
MHOFOCNIOVHOW KNagKu

3a kpumepuii npouHocmu ouagpaem npuHuUMaemcs HenpegvluleHue
KacamenvHoIMU HANPANCEHUAMU NPOHHOCIU KAAOKU HA cPe3:

T<R,, (8.4.1)

e 7— KacaTeJbHbIe HANTPSDKEeHUS, ICMCTBYIOIIME B BEPTUKAIBHOM IJI0C-
KOCTHU, IPOXOJIsILLIel yepe3 auadparmy, 1 BOSHUKAOIIME OT COBMECTHOTO
JIENCTBUST BEPTUKAJIBLHON HArpy3Ky U TEMIIEPaTypHO-BIAKHOCTHBIX JIe-
(hopmanmii, onpeaesnsieMbie 1o opmyJie (8.7.1); Rsg — pacueTHoOe CoIpo-
TUBJICHUE KJIagKK guadparm cpesy, onpeaeisiemoe 1o [1.5] 1 pazneny 4.2.

8.5. MpoBepka HecyLel CNOCO6HOCTYU KIafKu CTEeHbI

8.5.1. Beoownas wacme

Kaaoxa cmenot nposepsemcs pactemom Ha GHeUEHMPEHHOE Cxcamue
KaKx MHO20CAOUHAS KAAOKA 08YMABPO6020 Ce4eHUs.
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Kak otmeuainock, JI.M. OHUIIIMKOM OBUTO MPEUTOKEHO MePEeKPhI-
THUS pacCMaTpuBaTh KaK TOPU3OHTAJIBHBIE OMOPHI IS cTeH [3.12].
B sToMm citydae m3rubaroniyie MOMEHTBI OT BHEIICHTPEHHOTO TTPUJIO-
JKeHUSI Harpy3KHW YYUTHIBAIOTCS TOJBKO OT HATrpy30K, IMPHITOKEHHBIX
B Ipeieiax paccMaTpUBaeMOTO 3Taxa.

B rnaBe 3 nokasano, uro B CHull [1.5] mpu pacuere cTeH c 3KecT-
KAMU CBSI3IMU Ha IEHTpaJIbHOE M BHEIICHTPEHHOE CXXAaThe B OCHOBY
B3STHI T K¢ (POPMYJIBI, UTO M IS CILIONTHOM Kiaaku. B HUX BMecTo
(hakTIEeCKMX 3HAYCHM I TOACTABJISIOTCS MPUBEACHHbBIC TUTOIIAIN 10~
repeyHoro ceueHus. [1puBeneHme mIomaneii Mpon3BOIUTCS IO pac-
YETHOMY COITPOTUBJICHHIO KJIAIKK OCHOBHOTO CJIOSI, YMHOXEHHOMY
Ha K03(GPUIIMEHT UCITOIB30BAHMS €T0 HEeCyIei ClIOCOOHOCTH.

Ocnoenoe omauvue TIPUBO-
IUMOTO B JAHHOW paboTe Me-
Toza, ot Metoza B [1.5], cocTo-
WUT B TOM, 4TO 6 HeM npedaaza-
emcs 0ONOAHUMEAbHO YHUMbL-
6ambv 6epMUKAAbHbIE YCUAUA U
uzeubarouue MOMeHmMbL, 603HU-
Karowue om memnepamypHuvix 21,b6=0,197
6o30eiicmeuii. Kpome mozo, 0o-
HOAHUMEAbHO  RPOU3EOOUNICA 0,038, ML
npoeepka npourocmu ouagpazm fenz0.051 ‘
Ha Oelicmeéue KacameabHbIX
Hanpaxcenuil. KoapduumeHTs
KCITOJI30BaHMS HECYIIEi CITo-
COOHOCTH KJIAIKHM CJIOEB TP
9TOM JOJIKHBI Ha3HayaTbCst o
C YYETOM JUIUTETBHOTO MPHJIO- 0.5, 10.012
KEHUS Harpy3kKd W YCaIKH Nn=2 57
KIIaAKHN. 0,025mH

B cirygae oTcyTCTBHS 3KCIIE- Sniopa

0,333 0,04 sepTuKanbHbIx
PUMEHTAJIbHBIX JAaHHBIX I10 OII- HanpsXeHui

hxc,cx=0,0/78 OT NNTHI
penelieHnI0 Ko3(hOUIIMEHTOB nepeKpuTAS
HUCIOJIb30BaHUST HECylleil crno- 0,154 0,125
COOHOCTH KJIaAKHU CJIOEB C yue-
TOM JUIUTEJbHOTO TTPUIOXKEHMUS
Harpy3ku M yCcajJkKu KJIaJKh He- oo
00XOIMMO YYMUTBIBATH TaKXe 2 oa | ozs
MOMEHTBI, BO3HUKAIOIIME OT 0.68

3TUX BO3ACHCTBUMA.

0,495

zn=0,322

2,28
0,24
=
1,14

0,042 0,404

Puc. 8.5.1. lNpuBeneHHoe ceveHune
paccyuTbIBae@MOro hparMeHTa CTeHbl



8.5.2. Hecywas cnocobHocms KAaOKU MHO2OCAOUHBIX CHEH ¢ 6ePMUKANb-
HblMU duagpaemamu

PaccmoTpyuM (pparMeHT CTeHBI KJIAAKKM ¢ BEPTUKAIBHBIMU Auad-
parmMamu B ypoBHe k-ro 3Taxa (puc. 8.5.1). [IpuHumaem:

*  @epmuKaibHble yCUAU, Oelicmeyioujue 6vlile PAcCMampueaemozo
amasca, NOAHOCHIBIO nepepacnpeoeiutiuct MeXIy CIOSIMM KITaIKU
MPOITOPLIMOHAIBEHO UX XKECTKOCTSIM;

* B IIpeeiax pacCMaTpUBAEMOTO 3TaxKa JIeCTBYIOT Harpy3KH OT Ie-
PEKPBITHS HAJ 3TUM 3TaXKOM M TeMIIePaTypPHBIX BO3IECHCTBUIA.
DKCIEHTPUCUTET TIPHJIOXKEHUS PaBHOICHCTBYIOIICH YCUIWA

B k-OM 3Taxe orpeaelsieTcs Mo hopMmydie:

e=—k (8.5.1)

rae N, — cyMMapHOe BepTUKAJIbHOE YCUIKE, NeHCTBYIOLLEE B CEPEaU-
He k-ro Taxa; M, — MOMEHTBI OT Harpy30K, MPUJIOXKEHHBIX B Tpe/e-
JIaX pacCMaTPUBAEMOTO k-TO 3TaXka, OTHOCHUTEIILHO OCH, TIPOXOISIIEi
yepe3 LEHTP TSKeCTH TMPHUBEACHHOTO CEYeHUs, OIpelessieMble 10

dopmyne:
M, = M + M,[AN (°)]; (8.5.2)

M — MOMEHT HarpysKu OT MePEKPBITUSI Hajl k-bIM 9TaKOM, paB-
HBIiA:

M = N " (8.5.3)

e"ePekpP — 3KCIEHTPUCUTET NPUIOKEHMS HArPYy3KU OT MEPEKPBITUS HAL
k-bIM 3Ta’KOM OTHOCHUTEILHO OCH, TIPOXOSIIEi uepe3 LEHTP TSKECTU
TMPUBEICHHOTO CEYEHUS;

M [AN(1°)] — MOMEHT Harpy3Ku OT ycunuii AN(7°),., BOSHUKAIOILUX B
k-oM 3Taxe OT TeMIepaTypHbIX AehopMalnii KJaaku k-ro staxa:

M AN (") ]=AN({’), e ; (8.5.4)

AN(t),.— ycuiue B k-OM ce4eHUH, TiepepacipeIesisieMoe MexXIy CI0s1-
MM CTEHBI ¥ BBI3BIBAEMOE TeMIIePaTypHBIMU Ae(hOpPMALIUSIMU, OTIPEIe-
Jsietcst mo opmyiie (8.9.1);

€ — pacCTOSTHUE MEXIy LIEHTPaMU TSKECTH BHYTPEHHEro W Ha-
PYKHOTO CJIOEB.
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Hecymasi cnocobHocTh onpeaensiercs: no ¢opmyiam (4.3 a) u
(4.3 6) c ucnosb3oBaHUEM TTOJyYaeMbIX 110 popmyJie (8.5.1) aKCLEeHT-
PUCHUTETOB.

I'MOKOCTb CTEHBI OIPENeIIeTCs M0 TMOKOCTH CEUSHMS IO BEPTH-
KaJbHOU auadparme, T. €. IO TOJIIWHE CTEHBI, paBHOW CyMME TOJI-
IIMH CJIOEB U PACCTOSTHUIO MEXKIYy HUMHU B CBETY.

st onpenenenns koadduireHTa ImpoaoJbHOro u3ruda Tpedyer-
CsI 3HATH YIIPYTYIO XapaKTEePUCTUKY KITAIKH, TIPEICTABIISIONIYIO U3 Ce-
651 Koo PUIIMEHT MPOMOPLMOHATBLHOCTA MEXIY €€ MOIYJIeM YIIpy-
TOCTH M pacYeTHBIM COIPOTHBJIEHUEM cxXaTwio. B rimase 4 naHa ¢op-
Mmyia (4.6) u3 pabotsl [1.5] @It onpeneeHNUs MPUBEACHHOM YIIPYTroi
XapaKTePUCTUKIA MHOTOCIOMHON KITAIKMN.

15T CTeHBI ¢ BepTUKAJIBHBIMU AuadparMamMu 3Ta (opMyiia BUIO-
W3MEHSIETCS CIIEAYIOINM 00pa3oM:

— aecAec + ancAHc + a() A()

o = (8.5.5)
red A +A, +A,

e a,,, a,,., a;— YIPYrue XapaKTepUCTUKM COOTBETCTBEHHO BHYTPEH-
HEro, HapyKHOro cJI0eB U Auadparmel; 4,,, A,., A, — 1uioimanu mnome-
PEYHOTO CEUYCHUSI COOTBETCTBEHHO BHYTPEHHETO, HAPYKHOTO CJIOEB U

aradparmsl.

8.6. BepTukanbHble ycunms B cnosx

Maxcumaavroe no abcoaromuoll eeausune 3Ha4eHue 6epMUKAAbHOO0
ycuaus paeHo:

N(N)"™ + N(sh)™ + N(¥);

N =max
N(N, ok + N(sh ok + N(1).

(8.6.1)

3nech N(N)™ — BepTUKaIbHOE YCUIINE B CJIOE CTCHBI, BHI3BIBAEMOE
BEpTUKAJILHOM HArpy3Koi, Mpu Bo3pacTe KJauKu Oojee TSTH JIET,
Korga cyMMapHbIe necdopMalvi ITOJ3YYeCTH MMEIOT HauOoJIbllee
3HaYeHNE, TTOJACYUTAHHOE C YYETOM COBMECTHOIM PabOTHI CJIOEB— IO
dopmyiie (8.6.2 6); N(N)** — BepTUKAIbHBIE YCUIIUS B CJIOE CTEHBI,
BBI3bIBAEMOE BEPTUKAJbHO— HArpy3Koil Ha MOMEHT OKOHYAaHUS BO3-
BEIECHUSI CTEHBI W TTIOACYUTAHHOE C YYETOM COBMECTHOM pabOTHI CII0-
eB 1o opmysiam (8.6.2 a), (8.8.3 a), (8.8.3 6); N(sh)™'; N(sh)* — Bep-
TUKAJbHBIC YCUJIUS B CJIOE CTEHBI, pa3BUBAIOIINECS BCIIEACTBIE TIepe-
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pacripeieIeHUs] YCUJIWI, BBI3BAHHBIX Ae(opMalusaMu ycaaku (Haoy-
XaHWs ) KIIaIKA COOTBETCTBEHHO JUTS BO3pacTa KJIaaKu 0oJiee TISITH JIeT
1 Ha MOMEHT OKOHYAHUS e¢ BO3BEACHUSI, OIpeaelisieMble TT0 (popMy-
naM (8.6.3), (8.6.4); N(t) — MakcuMaJbHbIe 3HAYCHUST BEPTUKATBHBIX
YCWIJINIA, BOHUKAIOIINX OT TeMIIepaTypHbBIX AeopMmaruii (8.6.5).

Bepmukaavnoe ycuaue 6 i-om caoe cmenvt ckaadbléaemcst U3 ycuius
6 IMoMm ca0e, HOOCHUMAHHO020 0e3 yuema coeMecmHoil paGonot ci0ee, u
ycuaus, nepepacnpeoeasemozo mMexcoy CA0AMU CHIeHbL.

Bepmukaavnoe ycuaue, neiictyioliee B k-OM CEYECHHUU i-OTO CIIOSI
OT BEepTUKAJILHOI HArpy3KW, MOJCYNTAHHOE 0451 MOMEHMA OKOHUAHUS
6036e0enus cmemnbt, PAaBHO:

N(N)¥ =N} +AN)" (8.6.2 a)

Bepmuxaavnoe ycuaue, nevicTByioniee B k-OM CEYEHIH i-TO CITOST OT BEPTH-
KaJTbHOI HATPy3KU, TIOACUYNTAHHOE 0451 603paACHa KAGOKU NAMY Aem, PABHO:

N(N)ji = N+ AN +ANKNRE™  g6.26)

rae N, — ycuue B k-OM Ce4eHHH i-TO CJI0sl, TIOACYUTAaHHOE 6e3 yue-
Ta COBMECTHOM PaGOThI CIIOEB;
AN(N)} — ycunme, mepepacripenesisieMoe MEXIy CIOSIMU CTEHBI
B YPOBHE k-TO CEYCHMST HA MOMEHT OKOHYAHWS BO3BEACHUS CTCHEI,
nojyyaemoe u3 ¢opmyinl (8.8.6) MOACTAHOBKON COOTBETCTBYIOILINX
3HaUYEeHU I KOA(DPUIIUEHTOB;
AN(N),f"_a” — ycuiMe, IiepepacipeiesieMoe MEXIy CIOSIMUA CTECHBI
B YPOBHE k-IO CE€YEeHHUsI C MOMEHTAa OKOHYAHMSI BO3BEICHUSI CTCHBI,
nosiyyaemoe u3 popmysni (8.8.20).

Bepmukaabroe ycuaue B c0e CTEHBI, BhI3bIBacMOe deghopmauusmu
ycadku (HaOyxaHUsl) KJIAAKU, HA MOMEHM OKOHYAHUS 6036€0eHUs CTe-
HBI PaBHO:

N(sh)™ = AN(sh)™ (8.6.3)

rne AN(sh)’ — yewnne, nepepacnpezenseMoe ¢ 6osee a1edpopmupye-
MOTO CJIOST CTEHBI, BBI3bIBaeMoe AeopMausIMI YCaaKy (HaOyXaHWsT)
KJIaIKA Ha MOMEHT OKOHYaHUST BO3BEIEHUSI CTECHEBI, ONpeae/IsieMoe 110
dopmyie (8.10.1) .

Bepmukaavroe ycuaue B Clioe CTCHEI, 6bi3bléaemoe oegopmanuamu
ycaoku (HabyxaHusl) KJIaaKu, 045 6o3pacma Kaaoxu boaee 5 .aem paBHO:

N(sh)™ = N(sh)™ + AN(sh)""" (8.6.4)



rae AN(sh)OK_d” — ycume, repepaciipenesisieMoe ¢ 6osee 1eopMupy-
€MOTO CJIOSI CTeHBI M BbI3bIBaeMoe JeopMalnsIMK ycanku (HaOyxa-
HUS) HaYMHAas ¢ MOMEHTa OKOHYAHMS BO3BEACHUS M OIpelessIeMoe
no ¢opmye (8.10.2 6).

BepTtukanbHoe ycuine B k-OM 3Taxke B CJIO€ CTeHBI, BEI3BIBAEMOE
TeMIlepaTypHbIMU 1e(OpMaLIUSIMU, PABHO YCUIMIO, TIepepacIipeaeisi-
€MOMY MEXIY CITOSIMMU:

N, =AN®),.. (8.6.5)

rae AN(1), — ycunue B k-OM cedeHue, MEPEPacpenesIeMoe MEXIy
CJIOSIMUA CTE€HBI W BbI3bIBAEMOE TeMIIepaTypHbIMU AeopMalusIMU,
onpenensiercs mo ¢popmyie (8.9.1).

8.7. CymmapHble BeNM4MHbI KacaTeslbHbIX HanpsH>XeHUn
B Anacpparme

B cootBeTcTBUM ¢ TIpUHATBIM KputepueM (dopmyna 8.4.1), npo-
6epKa npounocmu XKJaaky guadparM npouzeo0umcs no MaKCUMaibHblm
KacameabHblM HANPANCEHUAM, SIBJISTIOIIIIMCS CYMMOM HATIPSKEHUI OT
CUJIOBBIX M TEMIIEPaTypPHO-BIIA’KHOCTHBIX BO3IECUCTBUIA.

MakcuMaIbHBIN YPOBEHb CYMMAapPHBIX KacaTeJTbHBIX HATIPSIKEHWIA
MOKET JTOCTUTAThCSI cpa3y IMOCce OKOHYAHWUS BO3BEACHUS B cllydae,
KOTa HaNpsKEHUS OT YCaJIKKW MMEIOT IPYToii 3HaK U He YCITeNId pa3-
BUTBCSI TTOJTHOCTHIO.

KacarenbHbIe HaITpsDKEHMS, BBI3bIBaeMbIe TeMIIepaTypHBIMU 1eop-
MalsSIMA, HOCAT IMKITMYESCKWI XapakTep. VX BejlnunMHa 3aBUCHT He
TOJILKO OT BPEMEHH Io1a, IJIT KOTOPOTO OHU OMPEIeIISTIOTCST, HO U OT Bpe-
MEHH Tofia, KorJa ObUIa BBITTOJTHEHA Kilanka. B 3amac mpodHocTn Kaca-
TeJIbHBIC HAITPSDKEHM S, BEI3bIBaeMbIe TeMIIepaTypPHBIMU Ae(opMarvusiMu,
JIOJDKHBI BEIOMPATHCST TAKMM 00pa30M, YTOOBI MX YUeT TTPUBOIMII K ITOJTY-
YEHUIO0 MAaKCUMAJIGHOM BEJIMYMHBI CyMMAapHBIX KacaTeIbHBIX HaIlpsoKe-
HMii. B ciiydae, Korma yder 3TMX HAIpsDKEHMI MPUBOIUT K CHIDKEHUIO
CYMMapHBIX HAITPSDKEHUIA, MX BEIMIMHA TIPUHUMAETCST pAaBHOM HYITIO.

B 3maHuMsax BBICOTOM OoJiee IBYX 3TaxkKell B HMIKHEM 3Taxe Kaca-
TeJTbHBIE HATIPSDKEHWS OT TeMIIepaTypPHO-BIIAXKHOCTHBIX BO3IEHCTBUIA
HEBEJIMKW WM UMM MOXKHO IMpeHeOpeyb. He3HaunTeIbHO BO3pacTaroT
TaM BEJIMIMHBI KacaTeJIbHBIX HAMPSDKEHWI U TTOC/Ie OKOHYaHUS BO3-
BelleHUsI CTeHBI. B 3TOM cilydae IjisT HUKHEro STaxka KacaTelbHbIe
HaTpsDKEHUS paBHBI:

Ty =T(N Vs (8.7.1)



e 7(N),,, — KacaTeJbHbIe HAMPSDKEHUS OT BEPTUKATBHO Harpy3KH,
ornpeaessiemble 1o opmyde (8.11.2).
B BepxHeM 3Taxke M B OAHOITAXKHBIX 3TaHUSIX (TP BBICOTE 3TaXa

He OoJiee 5 M) KacaTCJIbHbIC HAIIPAXKCHUA paBHbI:

T, =max[t(N)"

6epx

6epx +T(Sh 6epx +T(t)max . (872)
3nece— 1(N)%

.,; — KacaTelbHble HaNps>KeHUs] B BEPTUKAJIbHBIX U-
aparmMax B HUKHEM 3Taxe, IEWCTBYIOIIME HA MOMEHT OKOHYaHUSI
BO3BEIEHUSI CTCHBI W BBI3BIBACMbIC BEPTUKAJIbHBIMU YCUIUSIMH N,
omnpenensiores mo dopmyine (8.11.1); #(sh)?; t(sh)’ — KacaTenbHbIe
HaIpsDKeHUs B BEPTUKAIBHBIX TradparMax, pa3BMBaoIIecs BCIe-
JICTBHE neopMallvii yCaaKy KJIaIKh CI0eB CTEHBI COOTBETCTBEHHO
IpM BO3pacTe KJIanku 6osiee S5 JIeT 1 Ha MOMEHT OKOHYaHHUSI ee BO3-
BeleHUA, onpeaesaorcsa no gopmynam (811.4), (8.11.5); 7(1),,,, —
MaKCUMaJIbHBIC 110 aOCOTIOTHOM BEJIMIMHE KacaTeJbHbIC HAIIPsIKe-
HUS OT TeMIMepaTypHbIX dedopmannii, coBnamamnyue no 3HaKy ¢
7(N) (IIpy HECOBIaJCHUU 3HAKOB HpI/IHI/IMaeTCH 7(t) = 0), onpene-
asioTes o hopmyie (8.11.3); 7(N)% epx — KACaTEJIbHBIC HATIPSKCHMUS
B BEPTUKAJbHBIX AuadparmMax, BbI3bIBaeMbIe BepPTUKAJIbHBIMU YCH-
nusiMu N TIpY Bo3pacTe KJIaaKu 6oJiee ISITH JIET C MOMEHTa OKOHYa-
HUS BO3BEACHMS CTEHBI, KOT/Ia CyMMapHbIe AedopMaliiy Imoji3ydec-
TH UMEIOT HanOOJIbIIIe 3HAUCHUsI, OTIPEACIISIIOTCS TI0 (hopMyJIe:

T(N e = T(N Yoy +T(N )50 (8.7.3)

7(N)gs,, — KacaTe/lbHble HAMPSKEHNs B BEPTUKATBHBIX MMacdparmax
B BEPXHEM 3TaXe, JeHCTBYIOIME HA MOMEHT OKOHYAHUS BO3BEICHUS
CTCHBI U BI3BIBACMBIC BEPTUKATLHBIMMU YCHIHAMH N, onpeensorcs
o popmyie (8.11.1); 7( N)e"e’;; ¥ _ kacatesibHble HATIPSKEH WS B BEPTH-
KaJIbHBIX IadparmMax B BEpXHEM 3TaxXe, Pa3BUBAIOLIMECH C MOMEHTA
OKOHYAHUS BO3BEICHUS CTEHBI U BBI3bIBAEMbIE BEPTUKAIBHBIMU YCU-

nusimu N, onpenesitores 1o popmyie (8.11.2).

8.8. Ycunus ot BepTUKanbHOW Harpy3Ku, nepepacnpepensiembie
MeXAyY CNOosIMU CTeHbl C KMUPMUYHbIMU Auadpparmamm

8.8. 1. Yeunus om eepmuranvroil HaepysKku, nepepacnpedensembie Ha MO-
MeHm OKOHYAHUsL 6036€0eHUS CHeHbl

Bo3bMmeM (parMeHT CTeHBI (paccMaTpUBaeMBId paHee Ha
puc. 8.5.1), WIMHA KOTOPOTO paBHA PACCTOSTHUIO MEXIY CMEKHBIMU
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nnadpparMamu. [IpyHUMaeM, 4TO B ypOBHE NIEPEKPLITUIA CTEHA UMEET
FOPU3OHTAIbHBIE ONMOpbl. OTHOLIEHME UIMHBI TaKoro QparmeHTa
K €ro BBICOTE OyIET TaKMM, YTO TOPU3OHTAJIbHBIE HANPSKEHUS pacil-
pelenATca B npeaesax Kaxaoro cjios NpakTUYeCKU PaBHOMEPHO, 32
MCKJIIOYEHUEM CaMoro Bepxa cTeHbl. [103ToMy M BepTMKajbHBIE Jie-
(dbopMalMy B OTHOM TOPU3OHTAIEHOM CEYEHMU B TIPEeIax KaxI0ro
CJ1051 OyIyT TaKKe PaBHBI.

PaccmoTpum cTeHy ¢ KMpHNUYHBIMU AuadparMamMu, MOIyJb Je-
(bopManuii KJ1aJKn KOTOPBIX TAKOM Xe, KaK ¥ y HapykHoro cjios. [Tpu
3TOM NIPUHUMAEM, YTO CBOOOAHBLIE BEPTUKaJbHbIE AedopManuu
KJIaJIKU BHYTPEHHEro cjiosi (0e3 yyeTa COBMECTHOM pabGOThI CJIOEB)
MEHBIIIE, YEM Yy HAPYXXKHOTIO CJIOH.

HapyxHblit cioii 1 1nadparmy MOXHO paccMaTpUBaTh KakK €M-
HBII CTEpPKEHb, TUIOIAb TOPU30HTAILHOTO CEYEHUA KOTOPOTro paBHa
CyMMe IUIOLIA/IE# HapyKHOTO CJI0S1 U AMa(dparMal.

Ha MOMeHT OKOHYaHMs BO3BE/IEHUS CTEH BEPTUKAJIbHBIE OCEBbIE JIe-
(dopmauuu B k-OM rOpU30HTAJILHOM CEYEHUH i-TO CJIOS CTEHBI PABHBI:

N(N)OK
e(N)y; =—7=, (8.8.1)
ki

rae N(N)}'; — BepTUKaJIbHOE YCUIIUE B K-OM CE€UEHUU i-TO CJIOSl HA MO-
MEHT OKOHYAHMsl BO3BENEHUSI CTEHBI, ONpEeIsieMoe Mo (hopmyre
(8.6.2a); G}, — oceBast XECTKOCTb k-0 CEUEHUSI i-TO CJI0S1 CTEHBI 1JIs1
BO3pACTa KJIAKU Ha MOMEHT OKOHYAHMsI BO3BEIEHUSI CTEHbI, OTIPEIe-
ngemas 1o hopmyie:

v =ES A (8.8.2)

E} — Mmonynb aedopmauunii KJIaakyu k-ro ce4eHHs i-ro CJIOos CTEHbI
JUTSL BO3pacTa KJIaaKKi HA MOMEHT OKOHUYAHMSI BO3BEACHMsI CTEHbI, OIT-
penensieMblii 1o opmyie (6.4.7); A, ; — TUIOLIAAb TONEPEYHOTO ceve-
HMUSI KJTAIKU k-TO CEUESHWUSI i-TO CJI0SI CTECHBI.

BepTukanbHoe ycriivie BO BHyTpEHHEM— CJIO€ HA MOMEHT OKOHYa-
HUS BO3BEICHHS CTEHBI paBHO:

N(N)Y* =N’ +AN(N)™ (8.8.3 a)

k,6c k,6c k,6c -

BepTI/IKaI[bHOG YCUJIME B HAPYKHOM CJIOC HAa MOMCHT OKOHYaHUA
BO3BCACHUA CTCHbBI pPAaBHO:

N(N)Y,. = N/ + AN(N) (8.8.36)

k,ne k,ne >
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e N;, — ycuiue B k-OM CeYeHHMH i-TO CJI0sl, TIOICUNTaHHOE 6e3 yue-
Ta COBMCCTHOI/I paboTbi coe; AN(N){',. — yeunue, nepepacrpesess-
€MOE C BHYTPEHHETO CJIOSI CTEHbI B YPOBHE K-TO CEYEHUSI HA MOMEHT
OKOHYaHUsl BO3BefeHUs cTeHbl; AN(N)", . — ycunue, nepepacnpesie-
JisIeMO€e Ha HapyKHBbIiA CJION CTEHbI B YPOBHE k-I'O CEYEHNSI HA MOMEHT
OKOHYaHUS BO3BEJICHNUS CTEHBI.

Veunus AN(N)Y,. u AN(N){',. paBHbI 110 aGCOMIOTHO# BeTMUMHE 1
IIPOTUBOIIOJIOXHBI IO 3HAKY:

AN(N), ==AN(N),.. (8.8.4)

[1py OTCYTCTBUU TpelIMH MEXIYy KJIaIKoil BHYTPEHHETO CJIOSl U
nuadparmoit BepTUKalibHble deghopmanuu Kiaodxu ouaghpazmot u eHym-
PeHHez0 cA05 no wey medxcoy Humu OyayT paenst. OTCrOa:

e(N)% =¢e(N)x. (8.8.5)
IMoncraBus B hopmyay (8.8.5) popmyisl (8.8.1)—(8.8.4), moayuum:
N/ Nhee N; NV ine
AN(N)* - Gk; (8.8.6)
k.6. 1 1
ko Oiue

3nech Gy, G}, — OCEBbIE KECTKOCTH B k-OM CEYEHMM COOTBET-
CTBEHHO BHYTPEHHETO M HAPYXHOTI'O CJIOEB CTEHBI U1 BO3pacTa KJlaj-
KM Ha MOMEHT OKOHYaHWSl BO3BEIEHMs CTEHBI, OIpelesigeMble I10
dbopmye (8.8.2).

Croduiee B yMcIuTeNle BhIpakeHUE TPEACTaBIAET CO00i pa3HOCTD
BEPTUKAJILHBIX Je(OopMaluii CI0eB Ha MOMEHT OKOHYAaHHUS CTEH,
MOJICYMTAHHYIO O€3 yueTa COBMECTHOM paboThI c1oeB. O003HAUMM:

N? N?
Ae(N)j =—bee _—Lre, (8.8.7)
k,6c Gk HC
% L L (8.8.8)
Gk éc Gk HC
Torna: )
AN(NY* AelV),. (8.8.9)
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Kak orMevanoch BbIIe B TJI. 6, 3IMI0Opa BePTUKAIBHBIX YCHJIMIA
AN(N);; nepepacnpeensieMbIX MeXIy IByMsl CJIOSIMU CTEHBI, MOXET
OBITB C JOCTATOYHON CTEIIEHBIO TOYHOCTH IIPUHSTA TPEYTOJbHOM. Mc-
XOJI51 U3 3TOTO, ycuue AN(N) . 6 ypoeHe k-20 cevenus MOXeT ObITh Bbl-
YUCJICHO I10 (hopMyJIe:

AN(N)* = AN(N)%,, Z’; (8.8.10)

rae ZK — pacCTOAHUEC OT BE€pXa CTCHLBI 10 k-ro CEUCHMUs, H — BbIcOTA
CTCHBDI.
AHaJIOTUYHO MOXET OBITh BBIYUCIECHO U CyMMapHoO€ YCHJINE
N(N)Hu3 i* :
N(N)* = N(N)* 2k
k,i HU3,i H
. (8.8.11)

8.8.2. Yeunus om eepmukanvHoil Haepysku, nepepacnpedensemvle ¢ MO-
MeHma OKOHHAHUS 8036e0eHUsl CMeHbl

Ilocae oxonuanus eo3eedenusi CTeH rnepepacnpeneacHue yCUauit
MEXY CJIOSIMU BCJenCcTBUE AeopMalinii MOJA3y4yecTy U yCaaku OyaeT
HEKOTOpOe BPeMsI MIPOJOJIKATLCSI, B OCHOBHOM B @epXHell Hacmu CTe-
Hbl. [Tpr 5TOM BepTUKabHOE YCUIME B c0€ (BHYTPEHHEM), B KOTO-
pOM cyMMapHble nedopMaluu OT MOJA3YYeCTH U yCaaKu BbILIE, YEeM
B JIDYIOM cJioe, GyleT yMeHbIIAThCs Ha BeludnHy AN a B ipy-
TOM — COOTBETCTBEHHO YBEJIMUMBATHLCS HA 9Ty BEJUUMHY.

B Gonee nedopmMupyeMoM BHYTpeHHeEM cioe yeuust AN pi-
30BYT deghopmanuu ynpyz020 60ccmanoéaeHus, a B MeHee neopmupye-
MOM Hapy>XHOM cJjioe OyIyT CIIOCOOCTBOBATh POCTY ynupyeux deghopma-
uuil u noazy4ecmau.

bd;opmauuu KAAOKU, Pa36usaroujiecs 8 HaApyNcHOM caoe Om ycuaui
N(N)ic,,c € MOMERMA HAMAAA 6036e0eHUs CMeERbL B TEUEHUE HEKOTOPOTO
nepuoja mocjie OKOHYaHUS BO3BENEHUsI MOXKHO OTNPeneuThb 1o dhop-
MyJIaMm:

( Z/l Z/l — N(N)k HC
LHC ,HC k i (t])

rae f, = 1, + 30 — MOMeHT BpeMeHHU, paBHbIi 30 CyTKaM 1ocjie OKOH-
YaHUs BO3BEICHMSI CTEHBI (YCIIOBHO MPUHMMAaETCsI, 4To 3a 30 cyToK
Mocjie OKOHYaHUS BosBez[eHI/Iﬂ CTeHBbI OCHOBHAsT BEJIMYMHA YCVIIUI

repepacIpeaciuTCs); N(N)K .« — BEPTHKAJIbHOE yCUJIME B HAPYXXHOM

(8.8.12)
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CJIOE OT BEPTUKAIBLHOM HArpy3Ku HA MOMEHT OKOHYaHUS BO3BEACHUS
CTCHDbI, paBHOC:

N(N)kHC N(N)kHC +AN(N)kHC! (8813)

rae N(N)K 4 — BEPTHKAJIBbHOE YCUJIME, IPUIOXKEHHOE K Hapy>KHOMY
oo (6e3 yuera repepacrpeneaeHust yeuinii); AN(N)” e — yeue,
repepacripenessieMoe Ha Hapy>KHBIH CJI0M ¢ Hayaia BO3BEICHMS CTCHBI
JI0 3aTyXaHWsT nedOopMalMil TTOJI3yYeCTH TTOCIe OKOHYaHUS BO3Bele-
HUS CTeHBI (YCIIOBHO MPUHUMAETC, 9TO 3a 30 CYTOK IOCjie OKOHUAHUS
BO3BeICHMS CTEHbI OCHOBHASI BEJIMYMHA YCYIIHMI TTepepaciipeieTuTCs);
G,‘zf’ﬂc oceBast JKECTKOCTD k-TO CeYeHUsI HApY>KHOTO CJI0ST JIJIsT BO3pac-
Ta KJIaIKW IISTh JIET JJTs CIIydast OKOHYaHMS pocTa Harpy3ku dyepes 30

CYTOK ITOCJIC BO3BCACHMA CTCHLI, OIIpEAC/IACMasd 1o (I)OpMYJ'IGZ

GkHC E" A" (8.8.14)
rae F ,?”HC — MoyJIb neopMalvii KIIaaKK Hapy>KHOTO CJI0SI B k-OM ce-
YeHUU, omnpeneiaseMblii o dopmyie (6.2.10)—(6.2.12): 4. = — 1uio-

K,HC
miaab IMOornepeyYHOro CEYCHMs KiaaaKu k-oro ceueHus HApPY>KHOTIO CJI0s

CTCHBI.
Jleghopmayuu xaaoku, pazeusarouguecst 60 HymMpeHHeM cao0e ¢ Ha1a-
4a 8036edenus V1 najiee B TSUCHUE IISITU JIET ITOCJIC OKOHYAHMUSI, PABHBI:

—0n\0
E(Nksc kec — 8( l?,’;c k,6c +8(AN/?’ZC ﬂ)k,sc , (8815)

Nox on

rae 8( k,6¢ )k}gc — I[C(i)OpMaL[I/II/I BHYTPEHHETO CJI04 KJIaaKW, pa3BrUBa-
IOIIIUECH B TCUCHUE IISITU JIET C MOMEHTA HavyaJia BO3BEACHM S, oe3 yue-
Ta IepepacipeacicHnA YCI/IJ'II/Iﬁ TIOCJIC BO3BCIACHUS CTCHBI.

N
( :’;c 2”’“ = Gg”(txj (8.8.16)

e tl = T, — MOMCHT OKOHYaHMA POCTa HAIrPY3KMU Ha BHYTpeHHI/IfI

CHOfI, paBHbIﬁ MOMECHTY OKOHYaHUM BO3BECACHUS CTCHBI, € (AN Z’;Cd/’)k,i?c -

Z[ed)OpMaLII/II/I YIIPYroro BOCCTaHOBJICHUA KJIAAKW BHYTPEHHETO CJIOs
0K—0n

OoT YCI/IJ'[I/Ifi ANK ec > HE€pepacrnpenesasaeMoro ¢ BHyTpeHHEro ¢jos Ha

Hapy>KHbIM C MOMC€HTA OKOHYaHWMS BO3BECACHUS CTCHBI:

AN(N)OK —0n '

k,6c

S(A OK —0n )2 — . :
* Gec

k,6c

(8.8.17)
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rne G (t)) — oceBasi KeCTKOCTb kK-Or0 CeYEeHWsI BHYTPEHHETO CJIOSI
CTEHBI B BO3pacTe KJIaAKU NATh JIET AJd CIydash OKOHYaHMs pocTa
B MOMEHT OKOHYaHMs BO3BEIEHMS T, ., OINpeledemMas 1o (opmyie
(8.8.14); ANK”’;C M _ yeunus, mepepacrpenensieMble ¢ BHYTPEHHETO
CJI0S1 C MOMEHTA OKOHYAHMS BO3BEJCHUS;

G, — oceBast XXeCTKOCTb KJIaJIKM BHYTPEHHETO CJI0sI LISl BBIYMCICHHUS
nedopMalMii yIIpyroro BOCCTaHOBJIEHUS, onpeessgemMas o Gopmy-

JIc:

G..=E. A

rie E0,. — MOIyJb YIPYTOCTH KJIaIKU, ONPEAeIeMbli o dhopmysie
(6.2.13); A, ,. — IOl TIOMEPEYHOTO CeYeHHUs KIAIKU k-To ceye-
HUS BHYTPEHHETO CJIOSl CTEHBI.

Jledopmanny KJ1aaku, pa3BUBaIOIIMECH 110 IIBY MEXIY BHYTPEH-
HUM CJIOEM 1 1nadparMoit, nocjie OKOHYaHMsI BO3BEEHUS CTEH OyayT
NO-TIPEXHEMY PaBHbI MexXJy coboii. OTcrona nedopmannn, pa3BruBa-
IOLMECS B HAPYXKHOM Y BHYTPEHHEM CJIOSIX TI0 ILBY MEXIY HUMM OT
BEPTUKAJIbHBIX YCUJIMIA C MOMEHTA HayaJla BO3BEECHUA CTEHbI B Teye-
HUE JUINTEJILHOTO NepHUoJa Iocje OKOHYaHMs BO3BEICHUS, TAKXkKe

paBHBI MEXIY COOOIA:

(8.8.18)

k,6c ,6C

6/1 o — (3/1 on
EN ) ene= €N o ine - (8.8.19)

[MoncraBum B hopmyay (8.8.19) dbopmyibl (8.8.12)—(8.8.18) u BbI-
MOJTHUB TIpeoOpa3oBaHUs, MOJIYUYNM YCWINE OT BepTUKAJILHONM Har-
PY3KH, TIepepaciipeiesiieMoe MeXAy CJIOSIMUA ¢ MOMEHTA OKOHYAHUS
BO3BEICHUS CTEHBI:

NING. NN AN(N)”

k,6c

1 (8.8.20
kHc(t _T +30) G:cﬂ(tlzfox) G!?C ’( )
N(N)k W HANN  NON ANCNEE oy

(t,=1,,+30)  G"(t,=1,) G

kHc

Yeunus ANNZY 1 AN(N)Y paBHBI 110 aOCOIOTHOM BeIMUMHE U
MPOTUBOIIOJOXKHBI 1O 3HAKY:

AN(N)" =—AN(N)Z™. (8.8.22)

k,He

BrImtoTHUB ipeoGpa3oBaHys, TTOJIYYHNM, 9TO
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N(Zv)ksc N(N)kﬂc
0K—0n Gaﬁ(t orc) G Hc(t :Torc +30)
AN (N eepx,auc = 1 . 11
G/ (t,=r1, +30)

(8.8.23)

k,6c kHc

Yeuwmma ANCN)Y™ | miepepacripeneisieMble MeXIY CIOSIMUA CTEHBI
C MOMEHTa OKOHYAHMS €€ BO3BEICHUS, ITO BEICOTE CTEHBI M3MEHSIIOT-
cs He3HAUMTEBHO (TJ1aBa 8) ¥ IIpH OTpeieJIeHNU BEPTUKAJTBHBIX YCH-
JIWIA MOTYT IPUHUMATLCS 10 3HAYEHUIO B BEPXHEM DTaXe:

NN = AN(N)< 2 (8.8.24)

6epx

8.9. Ycunus ot TemnepaTypHbIX BO3AEACTBUM,
nepepacnpepensieMble MeXAy CJIOIMU CTEHbI
C KUpPNU4HbIMU Auacpparmamm

AHaJIOTUYHO TOMY, KaK OBIJIO ITOJYYEHO BhIpakeHUE MIJIsl OIIpee-
JICHUSI YCWIMIA, MepepacrpeacasieMblX MEXIY CJIOIMU CTEHBI IpU
JNEWCTBUM BEPTUKAJIBHON Harpy3ku (COOCTBEHHOTO Beca CTEH M Tie-
PEKPBITHIT), MOXET OBITH IMOJYYEeHO BBIpaXKeHUE IUISI OIpeaesICHUS
ycuauil, nepepacnpeoeassemvix Mexcoy CA0AMU CHIEHbL NP meMnepamyp-
HbIX 6030elicmeusx:

e(1)p 0 ~€)

_ » ’ 9.1
AN, , T 1 9D

Gl G,

e &(1)0,., €t)?,. — TemreparypHble nedopMalny COOTBETCTBEHHO
BHYTPEHHETO M HAPY>KHOTO CJIOEB CTEHbI B K-OM CEUCHUH, OMpPeessi-
eMBle, KaK OIMMCAaHO B pasuene 6.6; GK - G,?HC — OCEBBIE XXECTKOCTHU
CJIOEB CTEHBI B k-OM CEUeHUH, OITpeIeliseMbIe C YIETOM TOJBKO YIIPY-
roit pabotsl Kiaaku no dopmyie (8.8.18) ¢ moacTaHOBKOI COOTBET-

CTBYIOLIMX 3HAYECHUU 111 BHYTPEHHETO X HAPY>KHOTO CJIOEB.

ec HC

O003HaYNB:
Ae(); = (e~ €O (8.9.2)

ITOJIy4YUM:
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Ag(1)?
AN(r) =220k (8.9.3)

CBoGoHble TeMIepaTypHble edopMariny c1oeB CTeHb £(7)? ; paB-
HBI:

et) =oAL, (8.9.4)

rae a,; — KoM ULMEHT JIMHEHHOro pacIiMpeHusl i-ro C1osl KJIaaKu
[1.5], [1.6]; &(?)? — BepTHKaibHBIE TemIepatypHble xedopmanni,
MOJCYMUTAHHBIE O€3 yuyeTa CBs3eii CIBUIa MeXI1y CJIOSIMU CTEHBI; Af; —
pacyeTHbIC 3HAYEHUS TTPUBEICHHBIX CPEIHUX TEMIIepaTyp i-To CIIOsI
CTEHBI, OTIpe/ie/iseMbIe C Y4ETOM U3MEHEHUST TeMIIepaTyphl BO3AyXa 1
COJIHEYHOM pajualivy 1o 1. 6.6.

Bepmukaavnoe ycuaue, 6vizvieaemoe memnepamypHusimu oegopma-
UuAMU, PAGHO YCUAUIO, Nepepacnpedetiemomy Mexcoy CA0AMI, N OTIpe-
nensiercs mo popmyire (8.6.5).

8.10. Ycunus oT BNaXKHOCTHbIX BO34ENCTBUMN,
nepepacnpepensieMble MeXAy CNossMU CTEHbI
C KUpNUYHbIMU anachparmamm

Hedopmauuu ycaagku (HaOyxaHMsI) KJIaAKW, KakK W TeMIepaTyp-
HbIe, SIBJISIOTCS 00beMHBIMU. [1py orpeesieHny yCUIINiA, Tiepepact-
penensseMbIX MEXIY CIIOSMUW, pasHHUIA MEXAY HUMU OyIeT TOJIbKO
B TOM, 4TO AeOopMaLiuy yCaaKd He HOCIT, KaK MPaBWIO, IIUKINYEC-
KU1 XapaKTep 1 B 3TOM CMbICJIE CXOXKM ¢ 1e(hOPMALIMSMU TTOJI3YUECTH.

YcioBHO TIpUHMMAEM, 4TO AedOopMaIiy yCaaKu KJIaaK BHYTPeH-
HEro cJjosl Bblllie, YeM HapyxXHOro. Ycuaus om odegpopmauuil ycaoxu
KAadKu, nepepacnpeoeasiemole Mexcoy cA0AMU, MOTYT BBIYUCIIATHCS 10
dbopmyam, anagormaHbeIM popmytam (8.8.6) 1 (8.8.23) ¢ moacTaHOB-
KOl B HUX COOTBETCTBYIOIIMX 3HAYCHU I KOA(PDOULUEHTOB p(Sh) U BbI-
paxkeHM 1T OTIpeIe/ICHUST CBOOOIHBIX Ae(hopMaIInii CIIOEB:

AN(sh)Z; - &Of)zx; (8.10.1)
AN (sh){',. AN (sh){,.

AN (shy“s% = Gdﬁi’ L =T) i‘”f(t 1730 51024
G,m kﬂc(t =1, +30)
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Ag(sh)?

AN (sh)™ =" - k. (8.10.26)
ke y(sh)y
rac oK __ 0K
1 1
sh)%o — (8.10.4)
/}/( ) erc knc(t _T +30)
B mipuBeneHHBIX BbIlIe (opMyiax Ae(sh)"" Y(sh)% ; — Pa3HOCTb

CBOOOTHBIX BCPTUKAJIbHDBIX I[e(bOpMaHI/II/I CJ'IOQB CTCHDBI B k-om ceue-
HHWMH, BbISBBAHHBIX ILGCbOpMaHI/IHMI/I yCaaKM KJIaaKu:

Ae(sh)y =e"(sh)!" —e°(sh);". (8.10.5)
Ae(sh)" = °(sh)" -°(sh)" (8.10.6)

rae so(sh)?’“’ so(sh)l‘?f’; — cBOOOIHBIE nepopMali ycaaKy KiIaaKu, pa3-
BUBIIKECS C Hadajia BO3BEJACHUS CTEHBI B TeUeHUE JUIMTEIEHOTO Bpe-
MEHH, OIpeiesisieMble B COOTBETCTBUM C TJIaBOIA 6.

Bepmurxaavnvie ycuaus, evizvieaemvle 64aHCHOCHHbIMU Oedhopmaui-
AMU, PAGHBL YCUAUAM, NePepacnpedetiembiM Mexcoy CAOAMU, N MOTYT
orpenensaThbes o popmyraam (8.6.3), (8.6.4).

8.11. KacaTenbHble HanpshxeHus B auacparme

8.11.1. Kacamenvhble HanpsiviceHuss OmM GepMUKAAbHOL HAPY3KU,
deticmayroujue Ha MOMEHM OKOHYAHUS 8038e0eHUsl CINeHbL

KacarenbHble HaIrpsi>K€HUA, HCPJICTBYIOLHHC Ha MOMCHT OKOH4Ya-
HUsI BO3BCIACHUSA, B JTII000M TOPU30OHTAJIbHOM CCUYCHUUN Z[I/Iad)pal"MbI
MOTYT OBITh RRIUUCTEHK TT0 chonmve:

oy =me L AN N s o ANONV) s 5111
H zh, Hh,

rae ACN)S. , — yeuiusl, riepepacrpeeseMble MexX1y CIOSIMU Ha MO-
MEHT OKOHYAHMS BO3BEICHUS CTCHBI B €€ OCHOBAHWM, OTIpeIeiIsieMbIe
no popmysie (8.8.9); H — BbIcOTa CTEHBI; Z — PacCTOSIHUE OT BepXa CTe-
HBI 10 k-TO CeueHUs; hg — TOJIIIMHA JuadparMsl.

B necywux cmenax, xorjga Harpy3Ka IpUKJIaIbIBaeTCS B YPOBHE TTe-
PEKPBITUI, KacameavHble HANPAXNCEHU 1O blCOMe IMaica pacnpedee-
HbL HEpagHoMepHo. DTO MOXKET YUUTHIBATHCS C TTOMOIIBIO KO3 OUIIM-
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€HTa HEPABHOMEPHOCTH KacaTeIbHbIX HANPSDKEHUI m 2, IoJTy4eHHO-
IO M3 PacYeTOB METOAOM KOHEUHBIX JIEMEHTOB TP MEJIKOM pa30uB-
K€ Ha 2JIeMeHThI. [J1s1 citydast HeCcylmx CTeH ¢ BepTUKAIbHBIMU KUP-
MUYHBIMKA ITradparMamMu Ko3(p@PUIIMEHT HepaBHOMEPHOCTH Kaca-
TEJIbHBIX HANIPSKEHUI m 2¢ IPUHUMAETCs paBHbIM 1,5.

8. 11.2. KacamenvHule HanpsiceHUus om 6epmuKanibHoll Ha2py3Ku, paseu-
saroujuecs c MOMeHMAa OKOHUAHUS 8036€0eHUsI CIeHbl

Kak cka3aHo B I1aBe 7, 3a c4eT geopMaIyii OI3y4ecTH KITaaKu,
obyagaronieil pa3IMIHBIMU 1e(OPMALIMOHHBIMU XapaKTepUCTUKAMU
MPH CXKATUU M PACTSKEHUH, a TaKKe 10 BEPTUKAIN W TOPU3OHTAIIH,
C MOMEHTa OKOHYAHMS BO3BEICHMS CTEHBI TIepepaciipeie/icHIe YCH-
JIAI MEXIy CIOSIMU TIPOIOJIKAETCsS. DTO B CBOIO O4Yepelb BBHI3bIBACT
B auadparMe, riaBHBIM 00pa3oM B €€ BepXHEil 4aCcTH, pOCT KacaTesb-
HBIX HampsokeHWi. B pmadparMe HIDKHETO 3Taxka 3MaHMS BBICOTOM
B IBa 1 OoJiee 3Taxkeil KacaTeJIbHbIEe HAMMPSDKEHUS ¢ MOMEHTAa OKOHYA-
HUS BO3BEACHUS CTEHBI BO3PACTAalOT HE3HAUMTEJIHbHO (0KOJO 3%) n
MOTYT He YYUTHIBAThCS. B cpeHMX aTaxkax mpupalieHre KacaTeJIbHbIX
HanpsDKeHUI MOXeT DOCTUTHYTh 17% u Gosiee. B Hanbosnbieii Mmepe
C MOMEHTa OKOHYaHUsI CTPOUTEILCTBA BO3pacTalOT KacaTeJIbHbIE HAIT-
psiXKeHMsT B BepxHeM aTaxke (B 1,5 paza).

Kacameavnote nanpsayicenus om 6epmuraibHoil Ha2py3Ku, pa3euearo-
wuecss ¢ MOMEHNA OKOHYAHUS 6036€0CHUsI CIEHbL 6 6ePXHeM Imaice,
MOTYT OBITh OITpeIeSIeHBI TT0 (hopMyJIe:

AN N 0K—041
T(N)Zsp—xd/l — m:K—dﬂI;—;;epx-, (8112)
om'’g

rae A(N)e‘;’;;d” — BEJIMUMHA YCWJIWIA, TiepepacipeneasieMbIX MEeXKIy
CJIOSIMM B BEPXHEM 3TaXke CTEHBI C MOMEHTA OKOHUYAHUS €€ BO3Be/Ie-
Hus, onpenenseMas o gopmyie (8.8.24); H™ — BbicoTa BepXHEroO
aTaxa; hg — TOJIIIMHA JuadparMbl.

KoaddunmeHT HepaBHOMEPHOCTUKACATEIbHBIX HAMPSKEHUN
m2<=9 pa3BUBAIOIINXCS MOCIIE OKOHYAHWsI BO3BEIEHUS OT feopma-

LW TTOJI3YYECTH KITAAKM, TIPUHST PaBHBIM 1,2.

8. 11.3. KacamenvHble HanpsajceHus om memnepamypHuix oeghopmayuii

[Mpn KUpIUIHBIX AuadparMax, KeCTKOCTh KJIaIKW KOTOPBIX CO-
ITOCTaBMMa C 3KECTKOCTBIO KJIAIKU CJIOEB, KACAMEeAbHbIe HANPANCCHU
om memnepamypHbixX 6030eiicmeuil Pa3BUBAIOTCS B OCHOBHOM B BepX-
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Hell yacTH CTeHBI BBICOTOM Ha 1,5 ataxka. @opma 3Mmopbl MOTOHHBIX
KacaTeJIbHBIX YCYIINI 6TM3Ka K TpeyrojibHoM. BeanmynHa repepacmpe-
JIeJIIEMOTO MEXKIY CJIOSIMU YCUITUST paBHA TUTOIIAIN 3TOM Smiopkl. OT-
cloJla MaKCMMaJlbHOE 3HadyeHMe KacaTeJIbHBIX HaIpSLKEHU MOXeT
OBITH OIpeesicHO 110 (hopMyJIe:

_2AN(>).

T(t)gepx ==\ (8.11.3)
15H ,, hg

roe AN(t) — ycuinst OT TeMIlepaTypHBIX BO3IEUCTBUIA, Iiepepacipee-

JIsieMble MEXIy CJIOSIMU, ompeaessieMbie o ¢popmye (8.9.1).

8. 11.4. KacamenvHble HanpsaiceHus om ycaoku KAaoKu

XapakTep 3MIopbl KacaTeIbHBIX HATIPSDKEHWH, BO3HUKAIOIINX OT Je-
(opmarmit ycamku Kiiaaky TaKOM ke, KaK ¥ TTPY TeMITepaTypHBIX gedop-
mauusix. B coorBercrBun ¢ paznenamu 8.10 u 8.11.3 nomyumum hopMyJibl
JUTSI OTIPENICTICHUST KACAmeabHbIX HANpsdceHuil 6 KupnuuHoi ouagpazme,
GO3HUKAIOWUX OM Oehopmauuil ycaoku Kaaoku, Ha MOMEHIM OKOHYAHUS 803~
6edeHust CmeHbl U 3a nepuood, HAUUHAIOWUIICS C MOMEHMA OKOHYAHUSL.

AN(sh)}"
s = 2 ke 8.11.4
T(S 6epx L 5 Ham hg } ( )
0K—0n
z_(sh)ox—()/t _ AN(Sh)kﬁc , (8 1 15)

6epx L5 Ham hg

rae AN(sh)2, AN(sh)z“ggﬂ — ycunus B k-OM Ce4eHUH, Tiepepacipee-
JISieMble ME3XIIY CIOSIMHM CTEHBI 1 BbI3bIBaeMble 1e(hOpMALIMSIMU YCal-
KM, COOTBETCTBEHHO JIJTII BO3pacTa KJIagKu Oojiee TSITH JIET U Ha MO-
MEHT OKOHYAaHWSI ee BO3BEICHUs, OIpenesisieMble Mo (QopMmyaaM

(8.10.1), (8.10.2 a).

8. 12. BepmukanvHole nepemeujeHust om 6epmuKaibHOU HA2PY3KU MHO20C-
A0UHOI KAAOKU 8 8epXHell Hacmu CmeHbl, pa3euearouuecs ¢ MOMeH-
ma oKOHYaHUs 8036e0eHUs

B psnie ciyyaeB BO3HMKAeT HEOOXOTMMOCTh OIIPECTICHIS 6epmuKa.ib-
HbIX nepemeuieHuil CHeHbl, 0COOEHHO 6 ee 6epXHell Hacmu, npomeKarouux
¢ MOMEHMma OKOHHaHUs 6036edenuss cmenbl. HarpyuMep, Takast HeOOXOIM-

20



MOCTb MOXET BOBHUKHYTb ITPH OLIEHKE Pa3HOCTU BEPTUKATbHBIX ITIepeMe-
LIEHWI HAPY>KHOI CTEHBI Y TPUJIETaloIIMX K HEM KOHCTPYKLMI KapKaca.

BepruxkanbHble aegopMaliy Hapy>KHOTO CJIOSI OT BepTUKATbHOM
Harpy3ku B JII0OOOM TOPU30OHTAJILHOM CEYEHUU CTeHbI k, MpOTeKaro-
III1€ B TCUCHME MSTHU JIET C MOMEHTA OKOHYAHUSI BO3BEJAECHHUS paccMat-
pHMBAEMOTO 3Taxa, paBHBI:

N(N
e(NJ Yo = (01’;) (8.12.1)
kHC

e N(N)2,. — BepTHKaTbHBIC YCUINS B k-OM CEYCHHH HAPYXHOTO
cJl0s1, onpeesseMble Ul BO3pacTa Kjaaku Oosee MmaTH JIeT 1o $op-
myite (8.6.2 0);

G,‘j’CH‘Z”(t 7) — OceBast KeCTKOCTb k-0 CeUeHUs HapYXHOTO CI10sl CTCHBI,
nocuMTaHHAst s MOMLy1st AepopMartmii Kianku E 2% % pu okoHda-
HUU POCTa HATPY3KU B MOMEHT #; = 7, + 30:

Goxd/z - E(maﬂAk,Hc; (8.12.3)

k,nc k,nc

Gox—aﬂ — on—aﬂAk

k,6c k,6c ,6C 0

(8.12.4)

i€ Ay oo Ay g — TUIOMIAMM k-TO CEUCHUSI COOTBETCTBEHHO HAPYXKHOIO
¥ BHYTPEHHETO CJIOCB;

E ;’,’j_‘)” — Mmo0yau deghopmauuii kaadku i-ro cJiosl B k-OM CEUeHUU, OIl-
penensieMbie B COOTBETCTBUH ¢ (popMyItoii (6.4.9) o dhopmyie:

EO
By = e (8.12.5)
' nkﬂc (t)

rue 77K Hcaf’(tl) — KO3((pULIMEHT, MO3BOJSIIOIINN yuecTh Aedopmaunun
KJIaIKW Hapy>KHOTO CJIOST, TIPOTeKaloIe ¢ MOMEHTa OKOHYAHMST BO3-
BEICHMS CTeHBI JO— WX 3aTyXaHWsI, IPX OKOHYAHUS pOCTa HATPYy3KU
B MOMEHT BpeMeHH ¢; =7, + 30, onpezessieMsblii mo popmyse— (6.4.6).

Kak oTMedanoch BbIlIe, IS MPAaKTUYECKUX PacueToOB 3ITIopa Bep-
TUKaJIbHBIX YCUIMiA N;(N)%, BOSHUKAIOILMX B i-OM CJIO€ KJIA[IKH CTe-
HBI OT BEpTUKAJTBHOM HATPY3KU, MOXKET ObITh IIPUHSATA TPEYTOJTHHOI.

Bepmurxaavnvie nepemeuwjenus HApY>XKHOTO CJIOSI, Hpomekarousue
€ MOMEHMA OKOHYAHUS 6036€0€HUs, 66€PX)Y CIEHbl PABHDI:

ok—0n oKk—0n N(N)m He
e(N)Hc,egpx ZS(N mnca o 2 Gox ()ﬂ(t) Hm , (8126)

m,HC
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roe N(N, ,(Z,”Hc — BepTUKAJIbHBIC YCUJIUS, BOSHUKAIOIINE B HAPYKHOM
CJI0€ B OCHOBaHWUM CTEHBI OT BEPTUKAIbHOM HATPY3KH, OTIpeaeIsieMble
o popmyie (8.6.2 6); H, — BbICOTa M-r0 Taxa; # — KOJIMYECTBO ITa-

XKe.

8.13. Mpumepbl pacHeTa TPEXCIIONHbIX CTEH

8. 13.1. IIpumep onpedeseHus 6epMUKAAbHBIX VCUAULL U KACAMEAbHbIX
HanpsceHull, pazeusaromuxcs 6 ouagpazme om memnepamyp-
HbIX 8030elicmauil

Knagka BHyTpeHHETO CJIOsI BHIMIOJHSIETCS U3 TIIMHSIHOTO KUpIiuya
MOJIyCYXOro MPecCOBaHMSI MapKu Io MpoyHocTu M75 Ha pacTBope
mapku 25. Knagka Hapy>KHOTo ¢J10s1 U BepTUKaJIbHOI 1radparmMbl Bbl-
MOJIHSIETCSI M3 KepaMUYeCKOTro MyCTOTEJI0ro KUpruya MapKu IO
npoyHoct M75. T'opu3oHTaIbHOE ceueHre pparMeHTa CTeHbI IPU-
BeleHO Ha puc. 8.5.1.

Metoauka orpeae/ieHus] U3MEHEHUI CPeIHUX TeMIIepaTyp KiIaaku
Hapy>KHOTO ¥ BHYTPEHHETO CJIOEB HAPY:KHOI CTEHBI IIPHBEIcHA B IJIaBe 6.

M3MeHeHus cpeaHuX TeMrepaTyp KJIaaKy JULIEBOTO CI0s1, 1151 XO-
JIOAHOTO BPeMEHU roja ¢, , onpeneaum 1o popmyJe:

ow?

A, =-70,4°C.

N3meHeHus CPpCAHUX TEMIICpATyp KJIaAKM JIMICBOTO CJIO0A, OJIA
TCIJIOIO0 BPEMCHU Iojja MIpUMHUMACM:

at, .. =61,7°

N3meHeHus CpC€OAHUX TCMIICPATypP KJIaaKMW BHYTPECHHECIO CJIOA IJIA
XOJIOAHOI'0O BpEMCHU roga oIrpeacinm 1o (bOpMYJ'IC .

A, =-16,4°C.

M3MeHeHUsT CpeTHUX TeMITepaTyp KJIaKu JIMIIEBOTO CJIOS TSI TeTI-
JIoTO BpeMeHHM roja (6.5.7) mpuHruMaeM:

at, .. =41°C.

w,8¢

PacueTHble 3HAUECHUS TEMITEPATYP BBIYUCIISTIOTCS ITyTEM YMHOMXKE-
HUS TTOJYYeHHBIX HOPMATUBHBIX 3HAUEHUI Ha KO3 GhUIIMEHT HaIeXK -
HOCTH, paBHBIN 1,1.

CB0OOIHEIE TeMIIepaTypHBIe AehOpMALINT KITAAKHI JTUIIEBOTO CIIOST
JUTST TETIJIOTO M XOJIOAHOTO BPEMEHU Tofa OIpeIe UM Io (popMyram
(6.7.1)n (6.7.2):
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&% e = U ye Ay e = 0,000005 x 61,7 = 0,000308;
0% e = A e A,y =0,000005 x (-70.4) = -0,000352.

CBoOOHbBIE TeMIepaTypHble aehopMalMKi KJIAIKU BHYTPEHHETO
CJIOST JUISI TETJIOrO M XOJIOAHOIO BPEMEHU rojia OMpeaeuM TakKkKe I10
dbopmymam (6.7.1) u (6.7.2):

£(1)0, 0 = @50 A, 5. =0,000005 x 41 = 0,000205;
), = a5, A, . =0,000005 x (-16,4) = -0,000082.

rae a,; — K03 @ULUHUEHT JMHEHHOrO PaCIIUPEHUs i-I0 CJI0sl KJIALKHU,
MPUHAMAEMBIN JIT 000MX CIIOEB B COOTBETCTBMU C [1.5] paBHBIM
0,000005.

Pa3HOCTE CBOOOMHBIX TeMIlepaTypHBIX aedopMaliii HapysKHOTO
(JIM1IeBOTO) M BHYTPEHHETO CJI0EB IS TETUIOT0 BpeMeH! Tojia paBHa:

e(R,, = e)s .. — (1), .. =0,000308 — 0,000205 = 0,000103.
PasHocTh CBOOOIHBIX TEMIIEPATYPHBIX AehOpMaliii HapyKHOTO

(JIM1IeBOTO) ¥ BHYTPEHHETO CJIOEB JIJIST XOJIOAHOTO BpEMEHM Tola  OIT-
peaenum no ¢opmyiie (8.9.2):

) .= )2, — (2, = -0,000352 — (-0,000082) = -0,00027.

Yceunust, mepepacrpeensieMble MeXIY CIOSIMUA CTEHBI TIPU TeMIIe-
paTypHBIX BO3ICUCTBUSIX, onpeaeauM 1o ¢gopmyie (8.9.4) ¢ moacra-
HOBKOI1 COOTBETCTBYIOILMX 3HAYCHUI Ae (1)

Ae(n)?,  0,000103

AN, === = < Goagy = 0-00211 MH,
Ae(r)?,  0,00027
AN(), - yo"‘ = 000487 = ~0,00554 MH,

1° onpeneanm 1o dpopmyse (7.9.3):

1
}/OzGO

k,6c

+

G0 = 1/308 +1/616 =0,00487 1/MTa,

k,ne

rne Gy, G} ,. — OCEBbIE XKECTKOCTU CJIOEB CTEHbI B k-OM CEYCHMUH,
oIpeiessieMble C YYEeTOM TOJIBKO YIPYTOil PaBOThI KIAIKH 110 (hopMy-
Je (8.8.18) ¢ momcTaHOBKOW COOTBETCTBYIOLIMX 3HAYCHUIA JISI BHYT-
PEHHETro 1 Hapy>KHOTO CJIOCB:

G = E°. A,=2200x0.28 =616 MIa;
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G =E° A, =1100x0.28 = 308 MITa.

[TomoXnTEeNbHBIN 3HAK KacaTeJIbHBIX HANPSKEHWI TPUHUMAaeM
JUTSL cITydast, Koraa AeMCTBYIOIIME B BEPTUKAIBLHOM TIJIOCKOCTH CIBU-
ralolie yCWJIMS CO3Jal0T MOMEHT, HaIlpaBJICHHBIM IO 4YacOBOW
cTpelike. MakcuMaabHOE 3HaYeHNE KacaTeIbHBIX HAMPSKeHUI, pa3-
BUBAIOIIMXCS BBEPXy AvadparMbl OT TeMIIEpAaTypHBIX BO3ICHCTBHIA,
MOXeET OBITh onpeaeseHo 1o popmyie (8.11.3):

) _2AN(#),  2x0,00211
e T 15H,h, ~ 15x3x0,12

=0,078 MIla;

2AN(t 2x0,00554
T(tc)eepx = ( )C. =

15H b, 1,5x3x0,12 -0,205 MITa.

8.13.2. Ilpumep onpedesenuss 6epmMUKANbHBIX YCUAULL, DA3BUBAIOULUXCS
8 CN05X HA MOMEHM OKOHYAHUSL 6036€0eHUS CHEeHbl

Bpemsa okoH4YaHus BO3BEIEHMA CTEHBI f; = 81 cyTKam ¢ Hayaia
CTPOUTEJIbCTRA.

BepruxkanbHble yCUIINsSI OT COOCTBEHHOTO Beca KJIaJKU 1 TTepeKpbl-
Tl B OCHOBaHMH BHYTpeHHeil crenst N2, = 0,326 MH. Beprukain-
HbIe YCUJIMSI OT COGCTBEHHOTO Beca KJIAAKM B OCHOBAHMU HAPYKHOI
crennt NV, =0,033 MH.

Kak u B npuMepe, npuBeaeHHOM B 8.13.1, KiIagka BHYTPEHHETO
CJI0S1 BBIMOJIHSIETCSI U3 TJIMHSIHOTO KUpPIIMYa MOJyCyXOTo MpeccoBa-
HUSI MapKy IpoyHocTy M75 Ha pacTtBope Mapku 25. Kiagka HapyK-
HOTO CJIOSI U BepPTUKAJbHON AuadparMbl BBHITIOJHSIETCSI U3 KepaMu-
YeCKOT0 MyCTOTEJ0ro KUpnuya Mapku npouyHocTy M75 Ha pacTBope
Mapku 25.

B coorBeTcTBUM € TabJI. 2 padoThl [1.5] pacyeTHOE CONPOTUBIICHUE
KJIaaKu cxatuio pasHo 1,1 MITa (110 tc/m2).

BpeMeHHOC COIMPOTUBJICHUEC KIIaAKM CXKATHUIO PpaBHO!:
R,=2R=2x1,1=22 MIla.

Ynpyraga xapakTepucTUKa KJIaAKU a; i-TO CJI0s1 IIPUHUMAETCA 110
[1.5]. st xmagky BHYTPEHHETO CJIOS M3 KUPITMYa IOJIYCYX0oro mpec-
coBaHus a,, = 500, 114 KJIaIK1 HAPYKHOTO CJI0S1 ¥ BEPTUKAJIbHOM 11~
adparMbl U3 KepaMU4ecKux Kamueii a,, = 1000.

Jlnst KjlaiKy Hapy>KHOTO CJI0d U BepTUKaabHOM nuadpparmel C,, =
A - a=0,46; s knagku BHyTpeHHero ciod C,, =A-a=10,7.

[Tnomaau nornepevyHOro ceyeHus KJaaaky CJI0eB PaBHBI:
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Ay o =0,25x1,14=0,28 m?;
AK,HC = 0’12 X 1514 + 0,12 X 0,31 = 0,17 M2

MouyJib YIIPpYyrocTy KJIaaKH oIpeaesinM mo dpopmyie (6.2.13):
15T KiTamKy BHYTPEHHETO CJIOS:

E?. =500 x2,2= 1100 MITa;
JUTSI KJTaJKW HApY>KHOT'O CJIOS1 M BEPTUKAIBbHOM AruadparMbl:
E?.=1000 x 2,2 = 2200 MIa.

KoaddumeHTsI 115 orpeaesieHus MOJTHBIX AeOopMarnii KJIaaKu
Ha MOMEHT OKOHYaHWs pOCTa HArpy3Kd OIpeaesiuM 1o (opmyiie
(6.4.4):

N (1) o = L56C,, +2,06x0,51gt, = 1,56 x 0,7 + 2,06 x 0,51 [g81 = 2,19;
N (1) s = 156C, +2,06x0,51gt, = 1,56 0,38 + 2,06 x 0,51 1g81 = 1,70;
N (1) seqepx =L56C,. +2,06x0,51gt, = 1,56 x 0,7 + 2,06 x 0,51 1g9 = 2,09;

N (1) e seme =156C,, +2,06x0,51g7, = 1,56 x 0,38 + 2,06 x 0,51 1g9 = 1,59.

MO,Z[y.TII/I Z[e(bepMa]_H/Iﬁ KiIaaK1 B OCHOBaHHMWUM CTCHBI AJI BO3pacTa
KiIIaaKMi Ha MOMCHT OKOHYaHUsA BO3BCIACHMA CTCHbI OIIPCACIMM I10
dopmyie (6.4.7):

E = Eq /Mot () =1100/2,19 = 502 MITa;

Ep = Ene /Mt (1) =2200/1,70 = 1294 MTa ;
E e = Ep. /N0 (1) = 1100/2,09 = 526 MTTa;
E o =En /Mo (1) =2200/1,59 = 1383 MITa.

OceBble XeCTKOCTH clIoeB GY'; B OCHOBAaHMU CTEHBI [Tl BO3PACTa
KJIaJKNH HAa MOMEHT OKOHYAHUsSI BO3BEICHWUS CTEHBI OMpPENETUM IO
dbopmye (8.8.2):

Gr =E% A, =502x0,28=140,6 MH;

6C,HU3 6C,HU3™ "6C

Gy = E% A, = 1294 x 0,17 = 220,0MH;

Gy vre = EpeoepcAue =526 % 0,28 = 147,3 MH;
G* =E” A =1383x0,17=2350MH.

HC,6€pX He,8epx“ THe
KoadpuumeHTs y°¢ onpeaenum no ¢opmyiie (8.8.8):

A S
Hu3_GOK Gorc

6C,HU3 HC,HU3

= 1/140,6 + 1/220,0 = 0,00711+0,00454= 0,0116 1/MH;
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0K 1
14

= o + 0K
eepx
& Gec,sepx He,6epx

=1/147,3 + 1/235=0,00711+0,00454=0,0111/MH.

OHpCI[GJ'II/IM CBOOOIHbBIC BCPTHUKAJIbHBIC ,I[G(.bOpMaL[I/II/I CJIOCB B OC-
HOBaHHWUM CTCHbI HA MOMCHT OKOHYaHUA €€ BO3BCACHMUA:
0

N
e(N )zc,mw - GZZ’”” =0,326/140,6 = 0,00232;

NO
e(N)° HEME — ,033/220 = 0,0001.

= OK
HC, HU3 GHC,Hu3

OrnpenelnM CBOOOIHEBIEC BEpTUKATbHEBIE Te(OpMaLIK CIIOEB BBEP-

XYy CTCHbI HA MOMCHT OKOHYaHMA €€ BO3BCACHU A
0

N
e(N)" - 2% _,0666/147,3 = 0,000452;
6¢, sepx Gec 6epx
’ 0

N >,86epx
e(N)’ 1SPE — (),00714/235 =

HC, 8epx TG
0,0 »6ep Gnc,eepx

rne N(N)? =0,0666 MH; N(N)?.  =0,00714 MH.

6c,6epx HC,8epX

Pa3zHocTh CBOOOIHBIX BCPTUKAJIbHbBIX ,I[C(i)OpMaL[I/IfI CJIOEB B OCHO-
BaHWUM CTCHbI HA MOMCHT OKOHYaHMA €€ BO3BCACHWA paBHaA:

Ae(N ), =€(N)g s —€(N)oe s = 0,00232 — 0,00015 = 0,00217.

Pa3HOCTE CBOOOIHBIX BePTUKAIBHBIX Ie(OpMallMii CJI0€B BBEPXY
CTEHBI Ha MOMEHT OKOHYAaHHMS e¢ BO3BEICHMS paBHa:

AE(N ) = €(N ) sepx —€(N ) e = 0,000452 — 0,00003 = 0,000422.

Ycunne, nepepacnpenensieMoe ¢ BHyTPEHHETO CJIOST B OCHOBaHUM
CTEHBI HA MOMEHT OKOH4YaHusl ee Bo3BeneHus AN(N)Y , onpeneaum
no ¢opmyie (8.8.9):

Ae(N)°,
= VT =0,00217/0,0116 = 0,187 MH.

HU3

AN(N)™

6c, HU3
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M3 pacuera npocTpaHCTBEHHOTO (pparMeHTa CTeHBI C YUeTOM T -
TEJbHOCTHU Y TTO3TAITHOCTU BO3BEACHMUSI, IPUBEASHHOIO B IIaBe 7, re-
pepacropenesisieMble MEXIy CIOSIMU YCUJIMSI HA MOMEHT OKOHYaHUS
Bo3BeaeHus1 paBHbl 0,177 MH. Takum oOpa3oM, MOTpelIHOCTb BbI-
YUCIIEHUS 10 CPAaBHEHUIO ¢ OoJiee TOUHBIM METOIOM COocCTaBisieT 5%.

Ycunue, nepepacnpeaesisieMoe ¢ BHyTPEHHETO CJI0sI BBEPXY CTEHBI
Ha MOMEHT OKOHYaHus ee Bo3BeneHuss AN(N) ., onpeneanm Takxe
no ¢opmyie (8.8.9):

Ae( )0

6epx
0K
6epx

AN(N)*

6c, eepx

=0,000422/0,011= 0,0384 MH.

M3 pacyera mpoCcTpaHCTBEHHOTO (hparMeHTa CTEHBI C Y4ETOM T -
TEJTbHOCTH Y MIO3TAITHOCTH BO3BEICHMSI, IIPUBEACHHOTO B TJ1aBe 6, me-
pepacripeiesiseMble MEXIy CIOSIMM YCHJIMS Ha MOMEHT OKOHYaHWUS
Bo3BeneHust paBHbl 0,0356 MH. TakuM o6pa3oM, ITOrpeIIHOCTh Bbl-
YUCIIEHUS 10 CPAaBHEHUIO ¢ OoJiee TOUHBIM METOIOM COCTaBIsIeT 6%.

BepTukanbHbIe YCHIIMS BHU3Y CIIOEB Ha MOMEHT OKOHYAaHWS BO3-
BEICHMS CTEHBI OITPEICIMM 110 d)opMyJIe (8.8.3a):

NN )osee = Nopsoe TAN(N) e =0,326 — 0,187 = 0,139 MH;

N(N)mone = Noyne *AN(N v, e = 0,033 + 0,187 = 0,220 MH.

BepTukanbHbIe YCUIIUS BBEPXY CI0€B HA MOMEHT OKOHYAHMST BO3-
BelIeHUSI CTeHBI onpeaeaum 1o dopmyie (8.8.3, a):

N(N) oo = Nappeoe TAN(N )ogoe =0,0666 — 0,038 = 0,0286 MH;

NN )oorne = N gopene AN (N) e =0,00714 + 0,038 = 0,045 MH.

8. 13.3. I[Ipumep onpedenenuss 6epmuKaibHbiX YCUAUL 8 CAOSX, PA3BUBAIO-
WUXcsl nocae OKOHYAHUsL 8036€0eHUSsI CeHbl

Bospact kitagku BepXHero 3taxa Ha MOMEHT OKOHUYAaHUsI BO3BEIE-
HUSI CTeHBbI MPUHUMAaeM paBHbIM 9 cyTkaM. OcTajibHbIE MCXOAHBIE
JaHHBIEC IPMHUMAaeM TAKMMMU 3Ke, Kak B mpumepe 8.13.1.

KoadduumeHTsI 115 orpenesieHusT MOJTHBIX AeOopMarnii KJIaaKu
B CepelrHe BEpPXHETro 3Taka Ha MOMEHT OKOHUYAaHUs POCTa HAarpy3KH
orpenesum 1o opmyire (6.4.5):
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ety =T,.) = 2,06 +5,068C, - (0,5+1156C,, ) Ig(t, =7,,) _
= 2,06 + 5,068 x 0,7 — (0,5 + 1,156 x 0,7) Ig(9) = 4,35;

% o (t =7, +30)=2,06+5068C, -(0,5+L156C,, ) lg(t, =7, +30) _
= 2,06 + 5,068 x 0,38 — (0,5 + 1,156 x 0,38) (9 + 30) = 2,5

Monynm necdopMaiuii KjlaaKy BBEPXY CTEHBI JUTST BO3pacTa KJIaIKh
Ha MOMEHT OKOHYAHWS €€ BO3BEACHUS OIPEHeIUM IOo (opMyIie
(6.4.8):

EZZ’, ,6epx = EgZ/nSZ,eepx(tl = TOK = 1100/4535 = 252,9 MHa;

Ezﬂc eepx Eﬂc/nuc eepx(tl = Tox +30) = 2200/2,5 = 880 MIIa.

OceBbI€ KECTKOCTU CJIOEB BBEPXY CTCHBI AJIsI BO3pacTa KJIaaKu Ha
MOMECHT OKOHYaHHA BO3BCACHHSA CTCHbLI OIIPCACIMM II0 (bopMyne
(8.8.2):

G (t,=1,+60)=E” (t =1, +30)A4, = 880x0,17 =150 MH:;

HC.6epx He.6epx

G«fc{leepx(tl :Tox) Ee'dézeepx(tl = TOIC)ABC = 252,9 X 0>28=70;8 MH.

OceBas XeCTKOCTb KJIAJAKW BHYTPEHHETO CIIOST TSI BBIYMCIICHUS
nedopMalnii yrpyroro BOCCTaHOBJICHUS OMPENEISIeTCs TTo (hopMyJie
(8.8.18):

Gl = Eor o Ase = 1100 % 0,28 = 308 MH.

Ycunust N(N)°X
(7.8.30):

eepx, i MOTYT OBITB BbIYHCIICHBI 110 hopmyiam (7.8.3 a),

N(N)Zs. = ,m +AN(N)/",. =0,0666 — 0,038 = 0,0286 MH;

NN ,m +AN(N)Z,. =0,00714 + 0,038 = 0,045 MH.

-0
Yennuga AN(N)(;’épx,ftc’ rnepepacripeieisieMble MeXIy CJIOSIMU BBEP-
Xy CTEHBI C MOMEHTa OKOHYAHMS €€ BO3BEACHUS, OTIPEIeIUM I10 (hop-

myie (8.8.23):

28



NN NN 0,0286 0,0452

wan Gat,=7,) Glo(t,=7,+30) 70,8 150
AN(N)jote === n =1
T om 200 120

G, G .(t =1, +30) 308 150

k,6c k,ne

=0,01MH.

M3 pacdyera MeTOIOM KOHEYHBIX 3JIEMEHTOB 3TO 3HAYEHHME PABHO
taxke 0,01 MH.

8. 13.4. [Ipumep onpedeseHuss KACameabHbIX HANPANCCHUU, pPA3BUBAIO-
wuxcs 6 ouagpaeme 88epxy cmeHbl

B BepxHeM sTaxke KacaTeJbHbIC HANPSKEHUST paBHBI CyMMe Harl-
PSDKEHUI OT TeMITepaTypHO-BIAXKHOCTHBIX BO3IECUCTBUIA 1 OT BEPTU-
KaJbHOUM Harpy3ku. KacareiabHble HaIpsoKeHUST OT BEpPTUKAILHOM
Harpy3K CKJIQABIBAIOTCS M3 HATPSDKeHW, BOZHUKIITMX Ha MOMEHT
OKOHYAHWS BO3BEACHUS CTEHBI M Pa3BUBAIOIINXCS TTOCIIE OKOHYAHMS
BO3BEACHHUS 3a cUeT AehopMaLNif TTOI3YISCTH KITAIKN.

MakcuMaabHOe 3HaYeHEe CYMMapPHBIX KacaTeIbHBIX HATIPSIKEHWIA
BBEPXY CTEeHBI onpeaeauM 1o gopmyJe (8.7.2):

Taepx = max|T(N e +T(Sh ) +T(1) 0 ] =
=-0,071 — 0,205 = -0,276 MIla,

rme 7(sh)” — kacaTeJbHBIC HATIPSDKCHUSI B BEPTUKAIBHBIX auad-
parmax, pa3BUBalOIIMecCs BCIeACTBHE Ae(opMamuii ycaaku KITaaKu
CJI0EB CTeHBI U onpeaeseMbie 1o ¢hopmyJe (7.11.5); nast Kaaaku u3
DIMHSHOTO KUPITMYa M KepaMUIeCKUX KaMHEW MPUHUMAIOTCS paB-
HBIMU HYJTIO.

T(1),..x — MaKCUMaJIbHBIE TI0 a0COJIOTHO BEJIMUYMHE KacaTelbHbIE
HaIpPSDKeHWST OT TeMITepaTypHBIX AedopMalinii, COBITamalomme mo
3HaKy ¢ 7(N), onpeaensitorcest 1o ¢popmyiie (8.11.3). MakcumanbHoe
3HAYeHWE KacaTeJbHBIX HAMNpPSKEHWN TOTO XK€ 3HaKa, 4TO W
(N, ge’;;‘)”, pa3BUBAIOIIMXCS BBEpXY AuadparMbl OT TeMIIepaTypHBIX
BO3IEHCTBUIA, OBIIIO OIIpeaesicHO B IIpuMepe pasaena 8.13.1 1 coc-
TABUJIO BBEPXY CTEHBI JUISL 3UMHETO MEPUOIA BPEMEHU 7(7)gepy =
= -0,205 MIla.

(N fgpx, — KacareJIbHbIe HATIPSDKeHWS B BEPTUKAJTBHBIX Iruadparmax,
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BBI3bIBa€MBIC BEPTUKAJTBHBIMU YCHIIUSAMU N TIpU BO3pacTe KJIaaKu 60-
Jiee TISATH JIET ¢ MOMEHTa OKOHYAHUS BO3BEACHUS CTEHBI, KOTIa CyM-
MapHbIe IedopMaliy TOJ3y4eCcTH MMEIOT HAaMOOJIbIINEe 3HAYECHUS,
ornpeaessiemble 1o popmysie (8.7.3):

(N2 =t(N)x. + (N ? =-0,038 -0,033 = -0,071 MITa,

8epx

7(N) g,x — KacaTelbHbIC HANPSKCHUSI B BEPTUKAIBHBIX Aradparmax
B BEpXHEM 3Taxke, ACHCTBYIOIIME Ha MOMEHT OKOHUYAHUS BO3BEICHUS
CTEHBI M BBI3BIBaEMble BEPTUKAJIBHBIMU YCUIUAMU N, ompenesieHbI
B moapa3szene 8.13.2 u pasasiorcst -0,0384 MIla;

(N, ge’;;‘)”, — KacareJIbHbIe HalIpSKeHMS B BEPTUKAJIbBHBIX Aradparmax
B BepXHEM 3Taxke, pa3BUBAOIIMECs ¢ MOMEHTa OKOHYaHUS BO3BEIC-
HUS CTEHBI U BBI3bIBAEMbIC BEPTUKAJBHBIMU YCUITUSIMHU N, OTIpeelisi-

1o1cst o popmyiie (8.11.2):

6epx

AN(N)>" o -0,01
N oKk—01 ox—@/t 6epx. 2 2 — _
t(N),, " =m] e =1 3x012 =-0,033MI1a,

roe A(N, 8"6’;;.0”, — BeJIMYMHA YCWJINI, NepepacIipelesIsieMbIX MeXIy
CJI0SIMUA B OCHOBAHUM CTEHBI C MOMEHTA OKOHUYAHMUS €€ BO3BEACHMS,
ornpeaeaeHHas o popmysie (8.8.23) B moapaszaene (8.13.2);
m2<=9" — x03(hGULNEHT HEPAaBHOMEPHOCTH KacaTeIbHBIX HaIpsiKe-
HUI1, pa3BUBAIOIIMXCS MOCJAE OKOHYAHMSI BO3BEJAEHUsI OT Jedopma-
LM TT0JI3yYeCTH KJIaaK/, paBHbINA 1,2;
H>m — BbICOTa 3TaxKa.

s Hecyluux CTeH ¢ BEPTUKAJbHBIMU KUPIUYHBIMU TUadparma-

MU m 2 IPUHUMAETCA paBHBLIM 1,5.

Abconomuas eeautuna 3mux HANPANCEHUL NPegbluiaem NpoHHOCHb
KAQOKU Ha cpe3:

- 0.276] > Ryy = 0,24 /2=0,12 MTa,

rae R, ,,— pacueTHOE COMPOTHBICHUE KIAIKN auadparMbl cpesy o
nepeBsI3aHHOMY CeYeHMI0, ITpuHuMaemoe 1o tadia. 10 [1.5] miga ce-
YeHMSI HETTO 0e3 yueTa BepTUKAIbHBIX IIBOB (IIPU LIETTHOM MepeBs3-
Ke TJIolIaAb CEYEeHUsS] HEeTTO B JBa pa3a HUXKe IUIOIIaAud CEYCHUS
OpyTTO).

Takum o6pazomM, MPOUHOCTD KJIAAKU AUa(parMbl B BEpXHEM 3TaXe
Ha cpe3 BJIsIeTCsl He obecrnieueHHOM. 1151 obecrnieueHus HeCyleii cro-
COOHOCTU MOTYT OBbITh BBITIOJTHEHBI pa3IMyHble MeporpusiTusi. M3 Hux

MOTYT OBITh IIPUHSTHI CIICTYIOIINE:
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— CHATHE HArpy3KH OT MEPEKPBITHI ITyTeM OMMPaHUST UX Ha BHYT-
pEeHHME CTeHBI WJIN KapKac;

— 3aMeHa BO BHYTPEHHEM CJIOe KUPITUYa TTOJIyCYXOTO ITPeCCOBaHMS
Ha KMPIUY IUTACTUYECKOTO TTPECCOBAHMS, KJIaJKa U3 KOTOPOTO UMEET
6oJiee BEICOKUIA MOIYJb YITPYTOCTH.

8. 13.5. Ilpumep onpedenenust KacamenbHbIX HANPANCEHUI BHU3Y CHIEHbL

ITockonbKy B HUZKHEM 3Take 3MaHWI BBICOTOM 00J1e€ OTHOIO ATaxKa
KacaTeJbHbIEe HaIPSDKEHUST OT TeMIIepaTypHO-BIAKHOCTHBIX BO3/ICH-
CTBUIA MOXHO HE YYUTHIBATh, MPOYHOCTh KJIAAKW TradparMbl MpoBe-
psieTcs TOJIBKO Ha ICHCTBHE KacaTeIbHbIX HATPSDKEHUI OT BEPTUKAJIb-
HOIi Harpy3ku. [lJ1g 31aHMi1 BEICOTOM OoJiee IBYX 3Taxeil KacaTeIbHbIe
HaMpsDKeHMsI, pa3BUBAIOIIMECS ¢ MOMEHTAa OKOHYAHUS BO3BEACHUS
CTEHBI, TAKXXE MOXHO HE YYMUTBHIBAaTh. TaKMM 00pa3oM, KacaTeIbHbIC
HaIpsKeHUST BHU3Y CTEHBI MOTYT OIpeAesiThes o opmyde (8.7.1):

T, =T(N)

HU3’

roe 7(N)°¢., — HalpsoKeHUS OT TIOJTHOM BepTUKAJBHOM Harpy3Ku, Orl-

HU3

peacjasa€Mbl€ Ha MOMCEHT OKOHYaHMA BO3BCACHUA I10 (I)OpMYIIC
(8.11.1):

e(Ns = mee ANV _ 5 OISTMIL
Hh 15x0,12

g

=0,24/2=0,12 MIla,

=0,15 MIla >R

sq.nt

rae A(N)y, — BeIMYrHA yCWINNA, TiepepacrpeiesieMbIX MEXIy CJIO-
sIMU Ha MOMEHT OKOHYaHUSI BO3BEICHUSI CTEHbI B €6 OCHOBaHUMU, OI-
peaeneHHas o popmyse (8.8.9) B mpumepe (8.13.1);
H — BBICOTA CTEHBI;
H, — ronuuna auadparmsli;
R, s — PACUETHOE CONMPOTUBIICHUE KIAAKN auadparmel cpesy 1o mne-
peBsI3aHHOMY CeUeHMIO, IIpuHUMaemoe 110 Tadi. 10 [1.5] nig ceyeHus
HeTTo (0€3 yueTa BepTUKAJbHBIX IIBOB (MPU LIEMHON MepeBsI3Ke MI0-
1IaJb CEYEHUSI HeTTO B JIBa pa3a HUXKE IJIOLIAANU CeUYeHHUsI OpYTTO).
[ns ciydast HeCylIMX CTeH ¢ BepPTUKAJbHBIMU KUPIUYHBIMU M-
adparMmamMu MPUHUMAETCS paBHbIM 1,5.
Takum o6paszom, NPOYHOCTb KJIaAKM auadparMbl HAa MOMEHT
OKOHYaHUS BO3BEICHHS B HIDKHEM 3TaXke Ha cpe3 sIBJIIeTCsI He obec-
nedyeHHoi. HekoTopble U3 MepoInpusITUiA, 0OECIeUnBaIOLINX MPOU-

HOCTb KJIaJIK1, onicaHsbl B 8.13.3.
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8. 13.6. IIpumep nposepku Hecyueli cnocooHoCmu KAAOKU CMeHbl

Hecyiyo crnocoOHOCT, HEapMUPOBAHHOW KJIAAKKU TIPU CXKATUU
onpeaenaum 1o [1.5]. I'opuzoHTaibHOE CeYeHUE PaCCYMUTHLIBAEMOIo
(bparmeHTa cTeHBI Moka3zaHo Ha puc. 8.5.1. [IpuBenem maTepuan Ha-
PY>XHOTO cJiosl U iMadparMbl K MaTepuaay BHyTPEHHETO cJios 1o op-
MyJie, MPU 3TOM TOJIIUHBI CJIOEB COXPaHUM MPEKHUMU, U3MEHUB
TOJIBKO UX IIUPUHY:

b = :m,.R,.:b m”CR””—114ﬂ—228 ;
red, e red,i mR e m,, Rgc ’ O,5Xl,1 oo
m,R Ix11
b :b = 0~ 29 = - . =
o = by = R = 0125 =024,

rae b,,; ;— NpUBeleHHas IHIMPUHA i-TO CJIOS;
R; m — pacyeTHOE COMPOTUBJICHHUE CKATUIO U KOODDULIMEHT UCITOb-
30BaHMSI MIPOYHOCTH CJIOSI, K KOTOPOMY TIPUBOJIUTCS CEUCHUE;
R;; m; — pacueTHOE CONPOTUBJIEHUE i-TO CJIOSI.
[IpuBeneHHYIO TIIOIIAIb TOPU3OHTATBLHOTO CEYCHHST PACCUYNTHIBA-
€MOT0 YJacTKa CTEHBI OTIPEeIeINM T10 (hopMyJie:
A= ALTA +A s 0,285+bh_, h_+b_ . h

red,HC red red,Hc HC red,0 0=

=0,285+ 0,274 + 0,074 = 0,633 m?,

rae Aec — Iuiomaib TOpU30HTAJIbHOI'O CCYCHMA BHYTPCHHETO CJIOA,
K KOTOPOMY IIPUBOAUTCA CCYUCHUCE,

Ared,uc — NPpUBCACHHAaA 1Iolaigb ropu30HTaJIbHOIO CCYCHUA HaApPyXK-
HOTO CJIOoA, paBHasd:

A =228x%0,12=0,274 Mm%

red,nc

Ared 9 TIPUBCACHHAs IUIOIAAb 'OPU30OHTAJIbBHOIO CEUEHM A I[I/Ia(fbpal"MHI
Ay s = 0,24 % 0,31= 0,074 m2;

h,,, — TOJILIMHA HAPYKHOTO CJIOSI;
h, — TonimHa auadparmMbl (PacCTOSIHUE B CBETY MeXIy Hapy>KHBIM U
BHYTPEHHUM CJIOSIMH ).

Haiigem 1eHTp TsKeCTH MPUBEACHHOTO CEYCHHUS.

CraTnyecKuii MOMEHT MPUBEACHHON TUIOMAAN CEYCHMST HapyXK-

HOTO CJIOSI OTHOCUTEJIBHO BHYTpeHHGﬁ TpaHU CTEHBI paBEH:
SHC :Ared,Hc X (hHC/Z + hd + hec =

= 0,274 % (0,12/2 + 0,31 + 0,25) = 0,170 m>.
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CraTuyeckuii MOMEHT MPUBEAECHHOM MJIOLIAAN CEYCHUS mxla(bpar—
MBI OTHOCUTEJIBHO BHYTPEHHEN I'PaHU CTEHBI PABEH:

Sy = Ao (hy/2 + hy) = 0,074 x (0,31/2 + 0,25) = 0,030 v,

CraTuyeckuii MOMEHT TUJIOIIAAN CeUeHUS BHYTPCHHETO CJIOA OT-
HOCUTEIbHO BHYTPEHHEN ITPaHU CTEHBI PABEH:

S,.=A xh,/2=0,285x0,25/2 = 0,036 M.

6c red,6c

Paccrostnue HOCHTPA TAXKCCTU NPUBCACHHOI'O CCYCHUA OT BHYTPCH-
Hel rpaHu CTGHI)I PaBHO:

u . (S +S ed, HC d B) /(A80+Ared Hc+Ared 0) =
= (0,170 + 0, 030 59 036g 3/3(0 27410.074+0,285) =

[NprHUMaeM 3HaK MOMEHTOB, BBI3BIBAIOIIMX CXKATHE BO BHYTPEH-
HEM CJI0€, TTOJIOKUTEIbHBIM.

MOMEHT OT MePEKPHITUS Hal k-bIM 3TaXKOM OIpeaeuM 1o (op-
myie (8.5.4):

MPEPT = NIPERP PP = () 025 % 0,333 = + 0.00832 MH M,

rae e"?? — 3KCLEHTPUCUTET NIPUTIOXKEHUS HATPY3KU OT MEPEKPBITUS

Hax k-BIM 3TaKOM OTHOCUTEILHO OCH, MPOXOASIIEH Yepe3 LEeHTp Ts-
KECTU TIPUBEICHHOTO CEUCHUS.

MowmeHnT ot ycunuit N(1Y),,, BOSHUKAIOLIMX B K-OM 3Taxe OT TeMITe-
paTypHBIX TeopMallvii KIIaJKW B .1emHee BpeMsl, BRI3bIBACT B KIIAJKe
HapY>KHOTO CJIOST C3KUMAIOIIe HATIPSKEHMST:

M, [N(9)],~ = e AN[N(#9)],, = -0,5 x 0,00211 = -0,00105 MHw.

Mowment ot yeuinii N(19) ., BOSHUKAIOIIMX B k-OM 3Taxe OT TeMIie-
paTypHBIX ITedopMalinii KJIadKW B 3uMHee BPeMsl, PaBeH:

M, [N(1)],” = e AN[N(#9)] . = -0,5 x (-0,0054) = + 0,0027 MHw.
Yeunus AN N(19)],,, AN[ N(1%)] . nonydensl B paszene 8.13.5.

Ha momenm oxonuanus 603eedeHus CYMMAapHble MOMEHMbL DPABHDI:

M, 0% = M""*? + M, [N(#)],,= + 0,00832 — 0,00105 =
=+0,00727 MHwm;

M, o< = M""? + M, [N(1)], + 0,00832 + 0,0027 =
=+0,01102 MHwm.
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Bce mosrydyeHHBIE cyMMapHbIe MOMEHTBI UMEIOT TTOJIOKUTEIbHBINA
3HAaK M HampaBJIeHbl B CTOPOHY BHYTpPeHHETO ciios. Makcumanvholii
uzeubarowuii. mMomenm TnpuHUMaeTcd pasHbiM M, ¢ = +0,01102
MHw. ’

Drcuenmpucumem TIPUITOKEHNUST BEPTUKAJTBLHOTO YCUJINS B YPOBHE
TepBOTo 3Taxa OIpeaesisseM M0 MAaKCUMAaJIbHOM abCOIOTHOM BETNIM -
He M3rndaronero MOMeHTa:

e=M, /N° + €.y, = 10,01102 /0,359 + 0,02 =
=0,031+ 0,02 = 0,051 ™,
rne N°  — cyMMapHOe BepTUKAIbHOE YCUIIME B yPOBHE TIEPBOTO 3Ta-
Ka, PaBHOE:
N = Ngc’m + Ngc’m =0,326 + 0,033 = 0,359 MH;

€y — CITYYAMHBIA OKCLIEHTPUCUTET.

Boicomy cucamoii 30nb1 OTIpEIETIAM U3 YCJIOBUSI PABEHCTBA HYJIIO
CYMMBI CTaTUYECKUX MOMEHTOB 3MIOPbI BEPTUKAJIBHBIX HaprI}KeHI/Iﬁ
OTHOCUTEJILHO OCH TPWIOXEHUSI BEPTUKAJIBHOIO YCUINS Nm ITpu
5TOM TIPUHUMAETCS, YTO B MPENEIBHOM COCTOSIHUM 3II0pa BEPTU-
KaJIbHBIX HATIPSKEHU I SBJISIETCS MPSIMOYTOJIbHOM.

[Tpexne HailnemM cTaTUYECKUA MOMEHT IUIOIIAAM CEYEHUST YaCTU
(urypbl, pacnooXXeHHO! MEeXIY OChIO MPUJIOKEHUST PABHOJACHCTBY-
IOLIEN BEPTUKAIBbHBIX YCUJIUI Y BHYTPEHHEUW TPAHBIO CTEHBI.

O003HAUYUM PACCTOSIHUSI OT BHYTPEHHEH I'paHU CTEHBI 10 TOYKHU
NPWIOXKEHUA PAaBHOAEICTBYIONIEN BEPTUKAIBHBIX YCUTUH Z ).

Zy=0,373 —0,051=0,322 m.

CraTuyeckuii MOMEHT TUJIOIIAAM CEYEHUs] BHYTPEHHEro CJI0s1 OT-
HOCHUTEJIbHO TOYKU MPUI0KEHUST PABHOIECHCTBYIOIIEH BEPTUKAIBHBIX
YCUJIMI paBEH:

S,.=A

6c red,6c

X Zy oo = 0,285 %0,197 = 0,056 1m3.

CraTnyecKuii MOMEHT TUTOIIAAN CeYeHUS TradparMbl, 3aKITIOUEH-
HOI MeXIy BHYTPEHHMM CJIOEM M TOUYKOM MPWIIOKCHUST paBHOIEH-
CTBYIOIIIEH BEPTUKAIBHBIX YCYIINI OTHOCUTENIHEHO 3TOM TOUKH, PAaBEH:

Sopnpas. = rea g < 0,072 x Zy, ;= 0,24 x 0,072 x 0,036 = 0,0006 M3,
CyMMapHbIii CTATUYECKUIT MOMEHT IIJIOLIAAM CEYEHUS YacTu (pu-

TYpBI, PACIIOIOKEHHON MEXIY OChIO TTPUIIOXKEHUSI PaBHOICHCTBYIO-
IIeif BEpTUKAJIBbHBIX YCUIIMI M BHYTPEHHEW TPAHbIO CTEHBI, PaBEH:

S, .. =0,0561 + 0,0006 = 0,0567m3.

npas
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W3 ycioBust paBeHCTBA HYJTIO CYMMBI CTATUYECKMX MOMEHTOB TIJIO-
IIazeil 3Mopbl CKUMAOIINX HATIPSDKEHWI, PACITOIOXKEHHBIX IO pa3-
HBbIE CTOPOHBI OT OCY TIPUJIOXKEHMS PaBHOIEWUCTBYIONIEH BEPTUKAIb-
HBIX YCWIINH, CIIeTyeT:

Soe = =S,0s = -0,0567M3.

/168 npae

CraTruecKuii MOMEHT TIIOIIAIN cedeHUsT auadparMbl, pacrojio-
KEHHOM MEXIy OChIO MPYWIIOKEHMST PaBHOAECTBYIONIEH BepTUKAIb-
HBIX YCWJTW Y TMHUEH CONPSTKEHMS TradparMbl ¢ HApy>KHBIM CJIOEM,
paBeH:

S

/zee,0

Dpeqp * 0,238Zy 5= -0,24 % 0,238 x 0,119 = -0,00680 m>.

[ockosbKy abcomoTHas Beanduna |, o < |
mOil 30HbL NPOX0OUM 6 HAPYICHOM CA0e.

CraTnyeckuii MOMEHT CXKaTOi YacTU CEYEHUS HapyKHOTO CJIOS
OyIeT paBeH:

S, pad» epanuua cxea-

Srvene = Sies = Sresg = -0,0567 — (-0,00680) = -0,0499m7;
Seaesne = Dred ne,encne,enPnc,ene/ 2 70,238) =
= 2,28 Ay cre (e o / 2+ 0,238);
2,28 e (e oo / 2+ 0,238) = 0,049903%;

(Myee)? / 2 10,238 . — 0,02188 = 0.

He,cone
Pemias ypaBHeHue, moayunm:
hye,coe = 0,078 M.
Tlrowaos cocamoil vacmu npusedenHoeo ceuenls paBHa:
A, =0,285+ 0,074 + 0,078 x 2,28 = 0,537m2.
Tubkocms cmenbl paBHA:
A=H/h=3/0,68=4,4.

J1a KJ1aaKy BHYTPEHHETO CJI0Sl U3 KUPIIMYa TOJyCyXOro Npecco-
BaHusA a,, = 500, U1 KJIaIK1 HAPYXKHOTO CJIOA ¥ BEPTUKAJIbHO 1nad-
parMbl U3 KepaMU4ecKux KamHei a,, = 1000.

J1s1 MHOTOCJIOMHON KJIaAKU C BEPTUKAILHBIMU AuadparMaMu
NIPUHUMAETCS npueedeHnan ynpyaas XapaKkmepucmuka KAaoku, onpe-
nensiemasi o popmysie (8.5.7):
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o = Cace + Ay + 0 Ay _ 500x0,28+1000x0,17 _ oo
red A +A, +A, 0,28+0,17 ’

e a,,; @,.; ay— YIPYrue XapaKTepUCTUKKM COOTBETCTBEHHO BHYTPEH-
HEro, Hapy>KHOTo cjoeB 1 auacdparmbl (cM. mpumep 8.13.1);
A, A, Ay — TUIOLIAAN TIONEPEYHOTO CEYEHUsI, COOTBETCTBEHHO,

BHYTPEHHETO, HApY>KHOTO cjIoeB U nuadparmsel (cM. ipumep 8.13.1).
BricoTa cxkaToit yacTi ce4eHUs paBHa:

h,=h—0,037=0,68 — 0,042 = 0,638 m.
I'n6xocTh cxKaTol YacTU CeYEHUSI:

M =3,0/0,638=4,7.
KoadduureHT mpoaoibHOTO M3rnda onpeaenM 1mo ¢hopmysie:

_0+o.
2 T, < (0,95+0,94) /2=0,945,
rae ¢ = 0,95; ¢, = 0,94 — Ko3hdULMEHTBI TPOAOIBHOTO U3ruba, om-
peneneHHble o Taou. 18 CHull [1.5], cooTBeTCTBEHHO AJIST BCErO ce-
YEHUSI U ero C>KaToM YacTH B 3aBUCUMOCTH OT TMOKOCTU CTEHBI U TIPU-
BEICHHOTO 3HAYEHMUSsI YIIPYTroi XapaKTepUCTUKU KITAIKU.
KoahduuneHT @, y4uThIBAIOIIMI MOBBILIEHNUE TPOYHOCTU KJa-
KU IIPY BHELICHTPEHHOM CXaTuu 0J1aroaapsi CIep>KMBaHUIO TTOMepey-
HbIX AedopMaluii pacTIHYTON 30HOI ceueHusl, ISl KJIaaKu ¢ BepTU-
KaJIbHBIMU TMadparMaMy pMHUMaeM paBHbBIM 1,0.
ITpoBepky Hecyllei CTocCOOHOCTH KJIaJKU IMTPOU3BEAEM T10 (popMyJie:

N <mpmRA, ., =[1,0 0,945 x0,5x 1,1 x 0,537 x 1,0] =
=0,279MH < N = 0,359 MH.

rae my,— KO3(h(GULIKMEHT, YYUTHIBAIOLIMI CHUXKEHHUE HECYILEH CIToco0-
HOCTHU KJIQJKU MpU JJIUTEIbHOM MPUIOXEHUN HATPY3KU BCJICICTBUE
BO3MOXHOI'O POCTa CO BPEMEHEM JKCLIEHTPUCUTETA TPUIOXKECHUS
Harpy3ku, onpenensiemblii mo CHull [1.5] u npuHrnMaeMblii ISk CTeH
ToJuHoMi 6osee 30 cMm paBHBIM 1,0;
R — pacueTHOe CONPOTUBJICHUE KJIAIKH CXATUIO, TPUHUMAEeMOE pPaB-
HbIM 1,1 MI1a;
A, — TuIo1aab CXKaToM YaCTU CEYEHUS;
m — KO3((OULMEHT UCIOJb30BaHUSI TIPOYHOCTU CJIOSI, K KOTOPOMY
MIPUBOJIUTCA CceueHue, paBHbIid m,, = 0,5.

Takum 06pa3oM, Hecyllasi CHOCOOHOCTD KJIaJIKU CTEHbI He o0ecrie-
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yeHa. M3 aHanmm3a pelreHrst BUIHO, YTO pa3pylleHre MPOUCXOIUT 10
HapyXHOMY cJiolo. [1py TMOJNHO#M MPOYHOCTH KJIAJKK BHYTPEHHETO
ciod, T.€. ipu m,, = 1,0, Hecyl1as CloCOOHOCTD CTEHbI Obl1a Ob1 00eC-
neyeHa. s obecrnieyeHns: Hecylel CrmocOOHOCTH MOTYT OBITh BBI-
TTOJTHEHBI pa3INYHbIe MEPOITPUSITHUS, HATIPUMED:

— CHATHE Harpy3KM OT MEPEKPBITHI ITyTeM OMMPaHUST UX Ha BHYT-
pEeHHME CTeHBI MJIN KapKac;

— 3aMeHa BO BHYTPEHHEM CJIOe KUPITNYa TTOJIyCYXOTO ITPeCCOBaHMS
Ha KMPIUY IUTACTHYECKOT0 TIPECCOBAHMS, KJIaJKa U3 KOTOPOTO UMEeT
6oJiee BEICOKUIT MOIYJb YITPYTOCTH.
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