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AnHoTamusa: M3BecTHO, YTO ayTpUrepHast TEXHOJIO-
TUS JaeT BO3MOXKHOCTD CTPOUTENSIM, TTIPOEKTUPOBIIM -
KaMM U APYTUM yYaCTHUKAM CTPOUTEJILHOTO Ipoliecca
MIPOEKTUPOBATh M BO3BOIUTH YCTONYMBBIE BEICOTHBIC U
IpYyrue BUABI 3aHUN pa3HOOOpa3HBIX (OPM. AyTpU-
TrepHbIE CUCTEMBbI, MIPUHLIUITUATIBHO, - MOTYT OBITh TO-
PU3OHTAJILHBIMU, IMAaTOHAJILHBIMU, IBYX3TaxKHBIMU
i 6e3 OMOSICHIBAIOIINX (hepM WM BePTUKAIbHBIX
cBs3eii. KoHCTpyKIuMS 11 KaXX10ro TUIa 30aHuid YHU -
KaJIbHa, a B 3aBUCUMOCTH OT pacCMOJOXKEHUS IO BbICO-
Te — MOXET ObITh pa3HOIl B TIpeaesiaX OHOrO OObeKTa.
AyTpuUTepHBbIe 3TaXK1 TOMOTAIOT IepepacnpeaesaTh Ha-
TPY3KY MEXIY IAPOM M HECYIIMMMU DJIEMEHTAMU 1 KOH-
CTPYKIUSIMH. JlaxKe eclIi 3MaHne OKa3bIBacTCs ITOIBEP-
JKEHHBIM OJTHOMOMEHTHOMY JIECTPYKTUBHOMY BO3/1eii-
CTBUIO (HampuMep yaapy) — MocCJeICTBUS MOTYT OBbITh
CBelieHbl K MUHUMYMY. B paboTe paccMOTpeHO BIUSTHUE
OJHOA3TAXXHOTO XKeJIe300€ TOHHOTO ayTpUrepa pacroJo-
KeHHoro Ha 13 araxe 25 3TtaxkxHoro 31aHusa B MOCKOB-
ckoit obnactu Poccum Ha Bo3nelicTBME BETPOBOI Ha-
TPY3KH.

KinroueBbie cioBa: si1po XXEeCTKOCTU. Xeje300e-
TOHHBIN KapKac, ayTpurep, MeToJl KOHEUYHBIX 3Jie-

MEHTOB, J€CTHUYHO-IUGMTOBEIN y3€J, pacueTHASI
cxeMma, cOOp Harpy3oK, CHeroBast Harpy3ka, BETpO-
Bas Harpyska

B maHHOIi cTaThe pacCMOTPEHO BIUSIHUE BBEICHUE
ayTPUTEPHOTro 3TaXa Ha 3JaHue C XKeJIe300e TOHHBIM Kap-
KacoM.

3naHue uMeeT 25 HaA3eMHBIX 2TaXeil BEICOTOU 3
MeTpa 1 1 TToa3eMHEBIN 3Tax TOM XKe BHICOTHI, Tabapu-
Thl 3aaHus B TaHe 30x20 M. BepTukanbHbIMU HeCy-
UMY 3JIEMEHTaMU SBJISIIOTCS KOJTOHHBI CEYeHUEM
400x800 mM. u cteHbl ToamuHOMK 200 MmM. CTeHHI,
pacrnoJjioXXeHHbIe Ha TUTIOBOM 3Taxe, pacIiojgaralorcs
BOKPYT JICCTHUIHO-TU(TOBOTO y3J1a M 00Pa3yIioT SIAPO
KECTKOCTH. 111 JaHHOU KOHCTPYKTHUBHOM CUCTEMBI
OBIIIM OIpeaesIeHBl COOCTBEHHBIC W BEIHYKICHHBIC
YacTOThl KojJeOaHult, TOpU30HTabHbBIE TIEpeMelle-
HUS, U YCUJIUS B BEPTUKAAbHBIX 27eMeHTax. Jlanee B
pacYEeTHYIO CXeMy ObLIM BBEeAEHBI JOTIOJHUTEIbHBIE
nradparMbl XKeCTKOCTH COTJIACHO IJIaHy HEeCYIINX
9JIEMEHTOB, MpeAcTaBIeHHOM Ha puc. 1. Harpy3ku,
YYUTHIBaeMEbIC TIPU pacuyeTe MPUBEIeHBI B cOOpe Ha-
TPYy30K.

MODELING OF THE INFLUENCE OF THE LOCATION OF
THE OUTRIGGER SYSTEM ON THE DEFORMATIVE BEHAV-
IOR OF BUILDINGS UNDER IMPACT
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Abstract: It is known that outrigger technology enables builders,
designers and other participants in the construction process to
design and erect stable high-rise and other types of buildings of

various shapes. Outrigger systems, in principle, can be horizon-
tal, diagonal, two-storey or without girdling trusses or vertical
connections. The design for each type of building is unique,
and depending on the location in height, it can be different
within the same object. Outrigger floors help to redistribute the
load between the core and load-bearing elements and structures.
Even if a building is exposed to a simultaneous destructive
impact (for example, a blow), the consequences can be mini-
mized. The paper considers the influence of a single-storey
reinforced concrete outrigger located on the 13th floor of a
25-storey building in the Moscow region of Russia on the impact
of wind load.

Keywords: stiffness core. reinforced concrete frame, outrigger, finite
element method, stair and elevator assembly, design scheme, load
collection, snow load, wind load
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Puc. 1. Cxema 1- rutaH Hecylmx KOHCTPYKIIMI TUTIOBOTO 3Taxka 00eMX KOHCTPYKTUBHBIX CUCTEM.
Cxema 2- 1j1aH HeCcylluX KOHCTPYKIMI 13-r0 3Taxa 2-ro BapraHTa KOHCTPYUPOBAHUS

Coop Harpy3okK

Harpy3ska ot coOCTBEHHOTO Beca XeJ1e300€ TOHHBIX
KOHCTPYKIMIA ObllIa 3aJaHAa aBTOMAaTUYECKHU, C YICTOM
KoadpduumeHTa HaJexXHOCTU 1o Harpy3ke f=1.1.

COop Harpy30K OT COOCTBEHHOTO Beca IMOJIOB 3/1a-
HUS npeAcTaBlieH B Tabauie 1.

Harpy3ka oT Beca moJios.

HopmaTtuBHOE 3HaYeHME TOJIE3HOM HAarpy3Ku Ha
TUTIOBOM 3TaX 3MaHUSI IPUHSITO COTJIacCHO TabJInIle
8.3 CIT20.13330.2016 paBaomy Pt = 1.5 xITa. C yue-
TOM KO3(hpuIMeHTa HaleXXHOCTH 1o Harpy3ke f=1.3
(mynkT 8.2.7 CIT120.13330.2016) pacueTHOE 3HaYEHUE
ITOJIC3HOM HArpy3KM IIpuHUMaeTcs paBHBIM 1.95 kI1a.

IMone3Has Harpy3Ka MPUKJIaIBIBACTCS K TIUTE IO~
KPBITHS KaK paBHOMEPHO pacIipeieicHHas.

HopmaTuBHOe 3HaYeHUE CHETOBOW HAarpy3Ku
onpenaensiercst mo dopmyie 10.1 CIT 20.13330.2016:

So =M Co ¢Sy =1-1-1+15=15xH/M>

raue:

U- K03 DUIUEHT HOPMBI;

ce — Kod(D(PUIIMEeHT YINTHIBAIOIINI CHOC CHETa C
TTOKPBITHS;

ct — TepMUYeCKU KOIPHUILIMEHT;

Sg — HopMaTuBHOE 3HaYeHUE Beca CHETOBOTO paii-
oHa (a1 MockBbl mpuHuMaetcs 1.5 kH);

PacuerHOe 3HAUEHNE CHETOBOI HATPY3KH C YUETOM
Ko dunmeHTa HageXXHOCTH Mo Harpyske f =1.4
(myukr 10.12 CIT 20.13330.2016) npuHrMaeTcst paB-
HbIM 2.1 KH.

Tabauya 1
Harpy3ku Ha nepeKpbITHSI
Non/n Haumenosanue, Bud nazpysku Hopmamuenas . Pacuemnas
MOAWUHA CAOS, MM naepyska, klla naepyska, klla
1 Kepamorpanurnas IMocrosinHas 0,24 1,2 0,29
mTka, 10
2 Kneesast ocHoBa, 5 [MocrostnHast 0,09 1,3 0,12
3 LemenTHo-necyanHas ITocrositHHas 0,63 1,3 0,82
CTsIKKa, 35
Htoro 0,96 1,28 1,23
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CHeroBasi Harpy3ka npukJjaablBaeTcsl K MIUTe M0-
KPBITUSI KaK PaBHOMEPHO paclipeaesieHHasl.

BertpoBas Harpyska

CoriacHO COBpeMeHHbIM HOPMATUBHbBIM JOKYMEH -
TaMm, MOJIHAs BETPOBasl Harpy3Ka Ha 3laHuE CKJIaabl-
BAETCS U3 CPEIHEN WM U NyJIbCALIMOHHOM Wg COCTaB-
JISIOLIEH.

3HayeHUe CpeaHell BETPOBOI HArpy3KU OIIpee-
nserces mo ¢popmyite 11.2 CIT 20.13330.2016:

Wp = Wo " k(z,) " C

Ine:

w(0 — HOpMaTUBHOE 3HaYEHNE BETPOBOTO AABJICHUS
(mrst Mockssl 0.23 xI1a);

C- a3pOoaMHAMMYICCKUM KO3 DUIUEeHT (IpUHUMA-
€MBbI/i PaBHBIM JJ11 HABETPEHHOW UM MOABETPEHHOM
croponsl 0.8 1 0.5)

k(ze) — koo pULIMEHT yUUTHIBAIOIIUI U3MEHEHUE
BETPOBOTO IaBJEHUS IO BBICOTE, OMpPeaeasIeTcs 1o
dopmyne 11.3 CIT 20.13330.2016:

z
k(ze) = kyp (1_;)2(1

Kosdpduuments: k10 u a mpuHUMaroTcs no Tabau-
me 11.3 CIT 20.13330.2016 B 3aBUCHUMOCTH OT THUIIA
MECTHOCTH (ITPpUHUMAEM TUIT MeCTHOCTU B).

KosdpduimeHT ze npuHUMAaeTCS COTJIACHO ITYHKTY
11.1.5 CIT1 20.13330.2016 cayuaii B.

PacueTHOE 3HaUeHME BETPOBOI HATPY3KHU C YIETOM
KoapduuuneHTa HagexxHocTu f=1.4 115 pa3auuHbIX
BBICOT MpPEACTaBICHBI B TAOIULIE 2.

3HavyeHHne BETPOBOii HATPY3KH.

O61asa cxeMa JIeiicTBUS BETPOBOM HAarpy3KU MO~
Ka3zaHa Ha puc. 2.

3HaueHue cpeiHel CoOCTaBIsoIIe BETPOBOM HArpy3-
K1 YMHOXAaeTCsI Ha TPY30BYIO IIJIOIIAAb U TTPUKIIaIbIBa-
eTCs K TOPLIEBBIM y3JIaM TUIUT NepeKpbITus. st Kop-
PEKTHOTO y4yeTa TMOJHOIM BeTpOBO# HAarpy3ku (B ToM
YHCye MyJIbCallMOHHOI) He00X0AMMO Ha3HAYUTH TUIT

Tabauya 1.
3Ha4eHNsl BeTPOBOIl HArPY3KH
Sona deiicmeus Ze Wm npu Wm npu
Haepysku c=0.8, klla | ¢=0.8, klla

0<H<315m 30 1,08 0,67
31.5M<H<345m 33 3,31 2,07
345M<H<37.5m 36 6,32 3,95
37.5M<H<40.5Mm 39 10,22 6,38
405M<H<435Mm 42 15,09 9,43
435M<H<475m 45 21,05 13,16
475M<H<75Mm 75 68,83 43,02
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Puc. 2. Cxema pacrnipeeiaeHUs] BETPOBOI HAarpy3KH.

Harpy3Ku [jisl cpefiHeii cocrapisionein «HeakTuBHOE»,
Jajiee HeOOXOIMMO CO3IaTh TMHAMUYECKOE 3arpyKeH1e
1 Ha3HayvyaeM IapaMeTphl MyJIbCallMOHHOM Harpy3Ku.
Janee npucBanBaeM AJisi JMHAMUYECKOTO 3arpy>KeHUsI
Tun «MrHoBeHHOe». B TakoM citydae 1oJjiHasi BeTpoBast
Harpy3Ka YYUTBIBaeTCsI KOPPEKTHO ITPOTPAaMMHBIM KOM-
TJIEKCOM TP pacyere.

JlaBJieHHEe TPYHTA HA CTEHbI IO3€MHOI YACTH 31aAHUS

boxoBoe naBieHue rpyHTa (pacyeTHOE 3HaUYCHUE)
Ha Hapy>XHbI€ CTEHBI MOJ3EMHON YacTu 3AaHUS MPU
Harpy3ke Ha IOBEPXHOCTh 3eMJIM Y CTeH 3maHus p=10
kH /M.

BricoTa nmpuBeneHHoro cios rpyHTa: Hrp= p/
egrp=10/18=0,56 ™,

BepxHee 3HaueHue Ha TparelMeBUIHON 3MI0Ope
6okoBoro nasienus rpyuta: (s = £f XZrpX Hip x

Qo = @ ¥grpX Hip « tg? (45°- /2) =1,15%18x

0,56x0,33=3,83
HuxHee 3HaueHMe Ha TpallelIMeBUAHON 3MIOpe
OOKOBOTO JIaBJIE€HUSI I'PYHTA:

Q= 2% i X(Hup+Hip) Xt (45°- j /2) =1,15%18 w2

(2,5+0,56)x 0,33=20,9
HaBneHue rpyHTa MPUKIIAAbIBACTCSA K CTEHAM IO/ -
BaJjia TparelMeBUIHOU HAarpy3KO.
ITocne mpuaoXeHus: Bcex Harpy30K B TPOrpaMMHOM
KOMILIEKce HeoOXoaumMo 3aaaTh TaObiauIbl pacueTHOTO
coueranus Harpy3ok (PCH) u pacueTHOro coueraHus
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KoadpuumeHTsl coueTaHuii 1151 KpaTKOBPEMEHHbBIX Ha-
rpy3oK paBeH =1.0 111 OCHOBHOI IO BIMSTHUIO HArPy3-
ku, =0.9 mg Bropoit m =0.7 Wi OCTaTbHBIX HATPy30K.
IToMuMoO codeTaHMiT HArpy30K HEOOXOAMMO Ha3HAYNUTH
TPYTIIIbI B3AUMOWCKITIOYAOIINX HATPY30K, B TAHHOM CJTy-
Yyae B3aMMOMCKJTIOUAIOIIMU SIBJISIIOTCSI BETPOBbIE BO3-
NEWCTBUS, NEVCTBYIOILME B PA3HbIX HAIIPABICHUSIX.
Tabauua PCH cocraBnsercs BpyuHylo. [l1aBHOE ee
otanaure ot Tadbmuiel PCY gsnstercs, To yto PCH nc-
TOJIB3YIOT JIJISI OTIpeJie/IeHusl TiepeMeneHnii. Tak Kak
nepeMenIeHNsl ONMpPeaeIsIIoTCS OT HOPMATUBHBIX Ha-
IPYy30K, a Mbl 3aJlaBajii UX PaCYETHBIMU HEOOXOIUMO
KO3 @UIIMEHTH cOYeTaHUS HArpy30K pa3aejuThb Ha

Puc. 3. K onpeneneHno 60KOBOTo 1aBAeHMS TPyHTa
Ha CTeHBbI MoA3eMHOU yacTu 3naHus OObeMHBIM
BEC HACBIITHOTO IpyHTa cocTaBisieT grp=18 kH/M3,
K03 (PUILIMEHTH HaIeXKHOCTHU T10 Harpy3Ke.

yroJl BHyTpeHHero TpeHus j=300.
Ilepen pacyeToM HEOOXOOMMO YIIaKOBATh CXEMY,

YTOOBI MCKIIIOUUTH BO3MOXXHEIE YIBOCHUS Y3JI0B U
9JIEMEHTOB.

st onpeaeneHus COOCTBEHHbBIX YaCTOT KOJIeOaHM it
ObLT TIpOBeIcH MOAAIbHBIN aHanu3. B pe3ynbrare pac-
yeTa ObLIN IMOJTydeHbI 9acTOThI Tt 10 hopM KoaebaHMiA.
PesynbraThl TIpeAcTaBACHBI B TA0IUIIE 3.

3HaYeHUS 9YaCTOT U MEePUOIOB COOCTBEHHBIX KO-

yeTaHUsI IS IJIMTEIbHBIX HArpY30K paBeH =1.0 mj1st oc-
HOBHOI 110 BIMSIHUIO HArpy3Ku ¥ =0.95 11 OCTaIbHBIX.  JieOaHU 1J1sI 000MX BAPUAHTOB KOHCTPYMPOBAHUS.

yewnuii (PCY). Tabnuua PCY renepupyercst aBToMaTu-
YECKHU € YYeTOM KO3(MDUIIMEHTOB coOueTaHU I pa3-
JIMYHBIX TUIIOB Harpy3ku. CorjacHO HOpMaTUBHO-TEX-
HUYECKOM NOKYMEHTANH, KO3MOUIINEHT cCoYeTaHSI TS
TTIOCTOSTHHBIX Harpy3ok paBeH =1.0, koaddunmeHt co-

Tabauua 3.

Ne popmbl | ) 3 4 5 6 7 8 9 10

KosieOaHui
Yacrota KosnebaHUit
TlepBoii cxeMbl
I,
Hacrora koneGamit | 579 80 | 0.510 | 1.140 | 1.200

Bropoii cxeMbl ¢

0.241 | 0.252 | 0.503 | 1.145 | 1.207 | 1.489 |[2.423]2.750 | 2.854 | 2.881

1.505 |2.471 | 2.833 | 2.902 | 2.940

11
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Puc. 4. OcHoBHbIe (hopMbI KosIeOaHU1. 3HaUEHUE YaCTOT AJIsl JaHHBIX (pOopM KoJiebaHUii cMOTpU B Tabiulie 1

(cnesa Hanpaso coomeemcmeento 1, 2 u 3)
_ RIOR

CrpowutenbcTBo U apxutekTypa (2022). Tom 10. Beimryck 1 (34)



Construction and Architecture (2022) Vol. 10. Issue 1 (34): 83—88

At

e

s |

-Acen |

Adma

Puc. 5. TopuzoHTanbHbIe epeMelleHUs 30aHUi (cieBa 1-blii BApUaHT KOHCTPYUPOBAHUS,
cripaBa 2-0if BApUaHT KOHCTPYUPOBAHMS).
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Puc. 6. M3rubarommii MOMEHT B KOJJOHHAX 1-TO 3Taxa.
(cBepxy 1-bIif BapuaHT KOHCTPYUPOBAHMS,
CHU3Y 2-011 BapMaHT KOHCTPYUPOBAHMST).

Ha puc. 4 mpencraBiieHbI OCHOBHBIE (DOPMBI KOJIE -
OaHUit 115 MepBOro BapuaHTa KOHCTpyupoBaHus (2
MOCTyNaTeIbHbIC B TEPIICHINKYJISIPHBIX HATIPpAaBICHM -
ax U 1 KpyTunabHas). 3eJIeHHBIM LIBETOM ITOKa3aHO
M3HAYaJbHOE MMOJIOXEHNE KOHCTPYKLIMU, PO30BBIM B
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Puc. 7. IlpononbHOE ycuine B KOJJOHHAX 1-ro aTaxa.
(cBepxy 1-bIit BapuaHT KOHCTPYUPOBAHWS, CHU3Y 2-0M
BapuaHT KOHCTPYMpoBaHUsT). CHHUM 1IBETOM MTOKa3aHBI
cXaTble KOJIOHHBI, OPAHKEBBIM PACTSHYTHIC.

MOMEHT MaKCUMaJIbHbBIX IepeMeleHnii. DopMbl KO-
JieGaHUM JJIsI BTOPOrO BapraHTa KOHCTPYUPOBAHUS
COOTBETCTBYIOT T€M, YTO YKa3aHbl Ha puc. 4.

ITyTem pacyeTra METOIOM KOHEYHBIX DJIEMEHTOB
OBbLIM IOJYyYeHbl YCKOPEHUSI Pa3IMYHbIX 9JIEMEHTOB

CrpoutenbcTBo 1 apxuTekTypa (2022). Tom 10. Beimyck 1 (34)
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3MaHMS, a TAKXKE YCUIIMS B DJIEMEHTaX U TOPU30HTAJIb-
HbIE TIepEeMEIIEHUS.

Ha puc. 5 moka3zaHbl mepeMeleHUs ABYX KOHCTPYK-
THUBHBIX CXEM, PACYETOM ObLIM I10JIy4eHbI 3HaYeHus1 6130
MM. JUIS1 IepBOTO cirydast U 4880 MM. /11 BTOPOTO CJTyvasi.
Kak BuauM BBeieHUE ayTPUTePHOTO 3Taxa CHU3UIIO I'O-
pU30OHTaJIbHBIE TTepeMeleHns Ha 21%.

Ha puc. 6 moka3zaHbl IepeMeleHUs ABYX KOHCTPYK-
THUBHBIX CXEM, pPACYETOM ObLIM IIOJy4YeHbI 3HaYeHUs 5790
kNM. mist mepsoro ciaydast 1 5260 kNM. 1jist BToporo
ciaydast. PazHunia B ycuusx cocrapisieT okoso 12%.

Pacyetom Takske ObLIM OIpe/Ie/ieHbl yCKOPEHMS BEPX-
HETO ATaxa 30aHui, 11 EPBOM KOHCTPYKTUBHOM CH-
CTeMbl MAKCUMMaJIbHOE YCKOopeHue paBHo 10,46 M/c2, mist
Bropoii cucteMsl 10.12 M/c2. To ecTb ayTpUTepHBIIT 3TaxK
He 0Ka3aJl CYIIeCTBEHHOTO BJIUSTHUSI YCKOPEHUSI 3IaHU.

Ha puc. 7 mokaszaHbl TpOAOJIbHbBIC YCUITHS B KOJIOHHAX
IIepBOro dTaxa, MaKCUMaJIbHOE CXXUMalolllee YCUIue B
nepBoM BapuaHTe cocTaBisgeT 78500 KN, BO BTOpOM Ba-
puanTe 67900 kN. To ecTh MPOIOIbHOE YCHIIUE YMEHbB-
muiock Ha 13.5%.

BbiBoabI.

1.  BBemeHme ayTpUTepHOTO 3TaXka B KOHCTPYKIIMIO
MHOTO3TaXKHOTO 3IaHMS TTO3BOJISIET COKPATUTh 3HAUCHHE
BHYTPEHHUX YCWJIMI B BEpTUKAIbHBIX 3JIEMEHTAX 3/1a-
HUI, a TaK>Ke YMEHBIIUTh 3HAYEHUSI TOPU3OHTATbHBIX
MEePEMEILIEHUA.

2. AyTpuUTepHBII 3TaX CYIIECTBEHHO MOBLILIAET
YCTOMUMBOCTD 3MaHUS K IIPOTPECCUPYIOIEMY 00pyIIIe-
HUIO.
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