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B cmammi nionimatomocsa numanHa 3aCMOCY8AHHA NONEPEOHbOZO HANPYIHCEHHS
071 30IIbUEHHS HCOPCMKOCTE MA CMIUKOCMI 3a1i300eMOHHUX ma Memanesux cnopyo. B
AKOCMI NPUKNaoie GUKOPUCHOBYEMbCA BAACHUIL 00CGI0 aA8mopa npu  1aumyeaHHi
Ce2MeHmHUX Memanesux @epm nponvomom 84m i3 3acmocy8anHAM NOnepeoHbO20
Hanpysicents npu OyOieHUYmMEI aneapy y M. Aimamu, a maxoxc 0OuH 3 HAUACKPAGIUUX
npuKnadie niocunenHs Cnopyo nonepeoHim Hanpyxcennam — OCmanKincbka menegeica.

The article analyzes the application of prestress to increase the stiffness and
sustainability of reinforced concrete and metal structures using the following examples:
the construction of the Ostankino TV tower in Moscow and the construction of the
hangar in Almaty, using segmented metal trusses with a span of 84.0 m

The load on the circular foundation of the Ostankino television tower is transmitted
through ten separate inclined supports. In this case, not only horizontal inclined forces
arise, but also the forces caused by temperature effects from uneven solar heating of the
tower’s aboveground trunk. During the construction of the tower, vertical cracks
appeared in the body of its foundation.

It was decided to strengthen the previously erected foundation by creating a
prestressed reinforced concrete cage to apply compression on all ten supports. To
increase reliability and durability, the cross-section of the foundation was increased in
width by 1.5m and in height by 2.25m. Bundles of prestressed reinforcement were laid in
the channels of all the 10 supports. Each bundle consists of 24 steel wires each having a
diameter of 5mm.

To prevent the appearance of horizontal cracks in the reinforced concrete trunk, it
was proposed to create preliminary compression on concrete with 180 prestress strands
having a tensile force of 12 tons. As a result of the fire in the year 2000, 80% of the
prestressed strands sagged on the brackets. Presently, the tower stands fully restored.

The second subject of research is the use of prestressed metal structures
(segmented trusses). The trusses were initially arranged on a horizontal rack. This
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structural design resulted in additional deformations of the individual elements. Upon
application of the very first load while tightening one side of the truss, the entire truss
buckled against the load and collapsed completely, as a result of the eccentricity.

To overcome this defect, the structural design was modified. While the manufacture
of the subsequent trusses was also carried out in the horizontal position, the tightening
tension was applied in the vertical position on either side of the trusses. In this case, the
friction caused between the bundles and channels of the lower chord with connecting
strips was avoided. In all, 24 trusses were constructed.

This demonstrates the fact that the use of prestressed high-strength metals in
construction can increase the rigidity and sustainability of structures, while ensuring
economic viability at the same time!

Kniouoei  cnosa: niocunenns, nyuku NONEPeOHbLO HANPYICEHOT apmamypu,
meineeseaxca, cecmerHmHa d)epMa.

Keywords:  strengthening, bundles of prestressed reinforcement, TV tower,
segmental truss.

CTBOpeHHsT  IONEPEeJHBOTO  HANMpPY)KEHHS  3aBXIU  MOB's3aHe 3
BUHHMKHEHHSIM MOYaTKOBOI jAedopmarliii, 3BOpOTHOI 1o 3HaKy aedopmarii Bix
HaBaHTaeHHs. [lpm  nil  ekcruryaTaliiiHOro HaBaHTaXXEHHsS  CIIOYaTKY
BUOUPAIOTHCS MMOYATKOBI AedopMallii, a JIMIe NOTIM KOHCTPYKLIl HOYWHAIOTh
nedopmyBatucs, B OCHOBHOMY, B CBOEMY HAIIPSMKY.

3acTocyBaHHS TONEPEIHBOIO HANpPY)XEHHS B KOHCTPYKLISAX OyamiBenb i
CHOpPYZ TPH3BOAWTH JO ICTOTHOTO 3HIDKCHHS BHTpAaTH MaTepiady 1 a0
30UTBIICHHS X dKOPCTKOCTI 1 CTIHKOCTI.

Metoro maHoi cTarTi € aHami3  PaliOHAJBHOTO BHUKOPUCTAHHS
TIoTIepeIHhO-HAIIPYKEHNX KaHATHUX TPOCIB MpH 3BeAeHHI OCTaHKIHCHKOT
TeseBe)ki B M. MOCKBa, a TaKOX 3aCTOCYBaHHS ITyYKOBOi BHCOKOMIITHOI
apMarypH JUisi 3BeJIeHHS CETMEHTHHMX MeTajeBux depM npoiboTom 84.0M mpu
OyniBHHULITBI aHrapa B M AJIMaTH.

OnHUM 3 HaMsACKpaBilIMX TNPHUKIANIB B icTopil OyAiBHHIITBA, KOJIH
3aCTOCYBaHHS MOMNEPEJHHOr0 HANpPYXXEHHsI HE TUIbKH BPATYBaJO KOHCTPYKIIIO
BiJl OJAJIBIIOTO AehOPMyBaHHs, a i JO3BOJIMIO CTBOPUTH CIIOPY/Y Ha TOU 4ac
pexkopaHoi BHCOTH, Oe3ymoBHO, € OcraHkiHcbka TeneBexa (H=540m),
HaBaHTAKEHHS Ha KUTbLEBIH (yHIAMEHT SKOi IepelaeThCsl depe3 JEecsTh
OKpeMHX NOXwimx onop. [Ipym mpoMy BHHHMKAIOTh HE TUIBKH TOPHU30HTAJIbHI
MOXWJI 3yCHJUISl, ajie 1 3yCHIUIs, BUKJIMKaHI TEMIIEPaTypHUMH BIUIMBAaMH BiJ
HEpIBHOMIPHOTO COHSYHOTO HarpiBy HaJ3eMHOro crtoBOypa Bexi. [lpm
BUKpPHBJIEHHI CTOBOYpa B HOTO TiJli BUHUKAIOThH 3rMHAIbLHI MOMEHTH. BHacinok
CHUIBHOT NIl mepepaxoBaHWX BHINE 3YCHIb (BEIMYMHA SKUX B IIEPBHHHOMY
poeKTi Oysia HeoOoIiHeHa), B TIpotieci OyAiBHUIITBA BEXi B Tifi 11 GyHIaMEHTY
3'SBHIINCS. BEPTHUKAJIbHI TPILIIHH.

Ilicns nmoBrux mUCKyciit Oyino UPUHHATO pIMICHHA MOCHINTH paHiIIe
3Be/IeHNH (yHIAMEHT Ha NMPHUPOJHINA OCHOBI IUIIXOM CTBOPEHHS IOIEPEIHBO
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HaIpy»XeHoi 3aJ1i300eTOHHOI 000HMU 3 OOTHCHEHHSM BCiX JIecATH rpaHeid. Jlis
ITiIBUILEHHS HaITHOCTI 1 TOBrOBIYHOCTI Tepepi3 pyHIaMeHTy Oyio 301IbIeHO
B mupuHy Ha 1.5M i B BucoTy Ha 2.25M. B o00oiimi ymupeHoi wacTuHU
(byHAaMeHTY AJsl YKJIaJaHHS MYYKiB MONEPEJHBO HAINPYKEHOT apMaTypu Oynu
nepen0avyeHi rOpu30HTANIBHI KaHaIM, BUKOHAHI 31 cTaneBux Tpyo @70mMm.

B kananu Bcix 10 rpaneit Oynu ykiazieHi Iydkd NOMEPEIHbO HANpPyKeHOT
apmarypu. KoxxeH mnydok yTBopeHMid 3 24 cranmeBHX JIpoTiB O5MM 3
po3paxyHKoBUM omopoM R = 1700krc/cm?. Ilyukn BkIaganucs B KaHaIH
nonapso. Beboro 1o nepumerpy dyHnamenty 6yiio 3akiaaeno 1040 myuxkis. Ix
KiHII 3aKpilUTIOBalM B OJHOMY KaHami 3 JOMOMOTOIO aHKEpiB, Ui
BUTOTOBJICHHS SIKMX BUKOPHCTOBYBAIIHCS KOJIBOPOBI MeTan (LIUHK, CBUHELID).

Hatsar nyuxiB npoBoamBcs Aomkpatamu monBiiHOi mii. Ilomepemne
Hamlpy>KeHHS KiJbIleBoI 000MMH CTBOpWIO B (YHIAMEHTI ITOYATKOBE
o0TUCHEHHS cuior0 5930TcC.

Pawnimie s ycyHeHHs BUHUKIIOL leopMarii OyB 3aIipOIIOHOBAHUI TaKOX
BapiaHT MpUOYAOBH CTaJeBOI IIMYHTOBOI CTIHKM Ha TiauOuHY 20M, mpoTe mpu
LOMY IPYHT OCHOBH ()yHJaMEHTIB BEXi BHSBUBCS O B 3aMKHYTOMY LIMJIIHAPI,
IO Mpu3Belo O JO BENMKHX OCiaHb, TaK K KOE(DILIEHT IONepeuHOro
PO3LIMPEHHS Y CTaBaB OJIM3BbKKUM JI0 HYJISL, B 3B'3KY 3 IIMM, B ITPOLIEC] TUCKYCIH,
el BapiaHT NOCHIICHHS OYB BiIXWUICHUI.

Jus 3amoOiraHHs TOSBH TOPH3OHTANBHUX TPIIIMH, B 3a71i300€TOHHOMY
cTOBOYpi OyI0 3aIpONOHOBAHO CTBOPUTH IIOTIEpEeIHE OOTHCHEHHS OeToHY. Take
oOTucHeHHs 3a0e3nedyBanocs 180 cTameBUMM KaHaTaMH 3 3yCHIUIAM HATATY
12Tc. HampyxyBaHi KaHaTHI eJeMEHTH OYJHM 3alpPOCKTOBaHI BIIKPUTHMH i
pO3TaIioBaHi BCepeArHI CTOBOYpa BEXi, IO T03BOJIUIO TIOBTOPHO MiATATYBATH,
a Ipu HeOOXIHOCTI 3aMIHUTH KaHATH.

Jnst 3akpimsieHHs BepXHiX KiHIB KaHATHOI apMaTypu IepeadadeHi
KiJIbLIeBl KOHCOJIBHI Aiaparmu. KaHaTy micis iX HATATY KpilMIKCs JI0 CTIHU 32
JIOIIOMOT'0I0 3aKJIQIHUX JeTaliei, BCTAHOBJICHUX 4epe3 KoxHi 7.0M 1o BHCOTI.
Jyis 3abe3mneyeH s CIiIbHOT po0OTH 3 3ai300€TOHHOI 000JIOHKOK CTOBOYpa,
3aKJIaJiHI JeTali, BATOTOBJICHI i3 CTaJeBOi MITaOW, 3aMOHOJIYTYBAIM B CTiHI MiJ
yac ii OeroHyBaHHs. KoXeH KaHAT miciis HaTATY MIATATYBajdW TBUHTAMHM Ha
Bincrani 80-100MM Big BHYTpIOIHROI TOBEPXHI CTOBOypa 1 3aKpiluTioBaA
xoMyTamu. Ha KibIieBUX KOHCONBHUX Aiadyparmax ankepmd o 10-12 kaHaTis,
a 3 BigM. + 270mM o 20-30 xaHaTiB.

Ha camomy Bepxy 3ami3o0eroHHOro crtoBOypa (BizM. +385.5M)
po3TanioBaHa KijblieBa aiadparma, TOBIIHHOIO 1.5M, sika cipuiiMae 3yCHIUIS Bij
59 xaHaTiB, a TAKOX BiJl CTaJIeBUX aHTEeH, BucoToro 148m [1].

B pesynbrati moxexi B cepmai 2000 p Tineku 20% kaHatiB epeOyBaiu B
HATSTHYTOMY CTaHi i BUKOHYBaJIH CBOIO (DYHKIIIIO 3a MpoeKToM, a 80% KaHaTiB
MIPOBUCHYNIN Ha (¢ikcaTopax, NPUETHAHUX [0 3aTi300€TOHHOI OOOJOHKH.
[pubmmznao 10% 1ux KaHATIB May OOPHB APOTIB, IO BXOISTH 10 11 ckiany. B
KaHaTaX, sKi rmepeOyBayii Oe3rocepesHb0 B 30HI ITOKEXKi, 3aXMCHE MAaCTHIIO
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MIPaKTUYHO OYJI0 BiJICYTHE, a caMi BOHH MOJAIBIIIH eKCITTyaTallii He iJIarain.
Ha manuiit MOMEHT CTaH BEXIi MOBHICTIO BiTHOBJIEHO [2].

ABTOp crarTi Oe3nocepeHbO0 OpaB y4acTbh NPH BIAIITyBaHHI CETMEHTHUX
MeTaleBuX (epM MPOoILOTOM 84M 3 3aCTOCYBAHHSM ITONEPEAHBOTO HAIPYKESHHS
npu OyJIBHUITBI aHrapa B M. AJMary.

Oco0MBICTh MONEPETHHO HANPYKEHUX METAICBUX KOHCTPYKILIH monsrae
B TOMY, 1110 B TIPOIECI BUTOTOBJICHHS 1 MOHTa)XXy B HaIlpy)KEHHUX MEpeTHHaX abo
CTPIDKHSIX INTYYHO CTBOPIOIOTHCS BIACHI HANpPYTH, MPOTHIEKHI 3a 3HAKOM
Hanpy>KeHHAM BiJl pO3paxyHKOBOTO HABAHTAXCHHSL.

IcHy!OTH B OCHOBHOMY TpU BHUIAM MONEPEIHLOrO Hampy:KeHHs. [lepriuii
BUJI TIOTIEPEAHBOTO HANpPY)KEHHA BHUKOPHCTOBYETHCA B KOHCTPYKIISIX, HATST
€IIEMEHTIB SKUX CTBOPIOETHCS HATSDKHUME TPUCTPOsiIMHA. EKOHOMIst MaTtepiary
JOCSTa€ThCA B PE3yIbTaTi 3aCTOCYBAHHS BUCOKOMIIIHOI CTali B HAIPy>KyBaHOMY
€JIEMEHTI.

Oco0J1MBO BaXJIMBOIO B TaKMX KOHCTPYKILISX € MOXJIMBICTh IITYYHOTO
pEryJIloBaHHS 3yCWJIb y BUTIAHOMY 3 TOYKH 30pY 3HIDKCHHS BarW HampsMKYy.
[HXeHep-KOHCTPYKTOP, KOPUCTYIOUHCH LM MPHHIMIIOM, OTPUMYE MOXKIMBICTb
AKTHBHO BTPYYaTUCS B TPy CHJI 3 METOK INEPEepO3MOALTYy 3YCHIb B OKPEMHX
eJIeMEHTax.

Jpyruii BHI TOINEPENHBOTO HANPYKEHHS IOJIATAE B BHIO3MiHI EITIOp
Hanpyru. lle moxe OyTtm 3poOieHO TMONEepeqHIM BHUTHHOM CIIEMEHTa 1
3aKpiIUIEHHSM HOTO B TakoMy MoJiokeHHI. OTprMaHa emfopa MOMEHTIB, pa3oM
31 3BOPOTHOIO 3a 3HAKOM CMIOPOI0 BiJ EKCIUTyaTalifHOTO HaBaHTA)KCHHS,
JO3BOJISIE OTPUMATH HAWOLTBII BHTiNHI 3TWHANBHI MOMEHTH 1 3a0€3MEeYUTH
3MEHILIEHHS TIepepi3y eneMeHTa.

I ocTaHHE: MOXKIIMBO CTBOPIOBATH MOTIEPE/IHE HATIPYKEHHSI PETyIIOBaHHIM
eMIop 3TUHAIOYMX MOMEHTIB UUISIXOM TigiloMy a0o OIycKaHHS —OIop,
JIOMaralo4rch ONTUMAJIBHOTO OOpHCy 3arajibHOi emropu MoMeHTiB. Llum ke
NPUIIOMOM 3/1aBHa KOPUCTYIOTHCSI TPH INPOEKTYBaHHI HEPO3PI3HUX OaloK B
PI3HUX CHIOpYyAax.

[NonepenHe Hanpy>X€HHS MOXKE 3aCTOCOBYBATHCA 1 B THX BHITAJIKaX, KOJIH
HEOOXITHO TIJBUIIHUTH JKOPCTKICTh KOHCTPYKIii a00 3HU3UTH BEIHYHMHH
3HAKO3MIHHHX 3yCHJIb 3 METOFO IiIBUIICHHS BTOMHOI MIITHOCTI.

O0'ektn 1 Meroam Jociail:keHHsi. BHrotoBieHHs nonepeaHbO
HanpyxeHux ¢epm npoaborom 84,0 M (24-cerMeHTHUX (epM) BUKOHYBAJIOCS
npu OyniBHMITBI aHrapa B M.AnMmaru (Kazaxcran) i M Konaxpi (I'Binest) (puc.
1).

ITonepenubo HampyXeHa 3aTsHKKa pO3TAlIOBaHA B HWKHBOMY IOSIC
¢depMu, mO Mae TMEPeTHH 3 JBOX IIBEJIEPiB 3 PO3TANIOBAHMMH BCEpEAMHI
MEPEeTHHY YOTHpPMa IMyYKaMH BHCOKOMIIHOTO ApoTy (mo 24 apotu @5 MM B
KOXKHOMY NyduKy). HampyxeHHs 3aTsDKKM BHKOHYBAJIOCS —JIOMKpaTamu
MOJBIHHOI 11iT 3 ABOX omop ¢epmu. [IpuknagaHHs HaBaHTAXXEHHS TPOBOJIMIIOCS
y wotupu eramu: I — 500 kH, IT — 400 xH, IIT — 300 xH, IV — 200 kH. 3aramsHe
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HaBaHTAXKCHHS Ha HWXKHIM nosic dpepmu — 1400 kH. Ha oqun myuok apory (24
CTPUKHA) 3arajbHe HaBaHTaxkeHHs ckiano 350 kH. /o oxHOro Apoty B myuky
Oyno mpuxiazeHe HaBaHTaxkeHHs 14,5 kH. Ilnoma nepetnHy OmHOTO ApOTY
A=0,2 cM?. Benuunna HaIpyry Ha OJMH JPIT CKJlaaaja 125kr/cM.

Puc. 1. ®orodikcamis nmpu OyAiBHUITBI aHTapa
B M. Anmatu (Kazaxctan)

B rmpoueci mnpuKkianaHHs HaBaHTKEHHS B 3aTSDKII  BiIOyBaeThbes
BepTHKaJbHA eopMallis GepMH.

Ilepuia depma Oyna BlAlITOBaHA HAa TOPH3OHTAIBHOMY cTenaxi. [lpu
TOPU30HTAJILHOMY IIOJIOXKEHHI (epM okpeMmi T eleMEeHTH OTpHUMalu J0JATKOBI
nedopmarii Bix BuacHoi mii. [Ipu mpukiagaHHI MepIIoro eTamy HaBaHTAKCHHS
0 3aTSDKKH 3 OgHOTO OOKy (epMu, cramocs pyHHYBaHHS Bciel ¢epmu B
pe3yNbTaTi BAHUKIIOTO €KCIIEHTPHCHUTETY.

BuroToBnenHs HacTynHHX (epM HpoBOAWIIOCS B TOPH30HTAIEHOMY
TIOJIOKEHHI, @ HATAT 3aTSDKKU - y BEPTHUKAJIBLHOMY TIOJIOKEHHI 3 JIBOX CTOpPiH
¢depm. Bukirouanocst TepTs IMyUKiB i MIBEJIEPiB HIPKHBOTO TOSICY 3 CIIOIYYHUMH
mwankamu. byio 3i0pano 24 depmu.

BuroroBiieHHs 3aTSKOK. [IpiT HAAXOMUB Ha 30UpaJbHUN MalTaHYHK B
OyxTax, Hapi3Ka IMPOBOAMIACS Ha NIPAaBUIILHO-BIIPI3HOMY BEpCTaTi.

VY 3B'S3Ky 3 THM, L0 aHKEPyBaHHsS 3aTsHKKH BUKOHYBAJIOCS aHKEPOM
«KOJIOJIKA 3 MPOOKOI0» HATSHKHUM JIOMKPATOM 3 JIBOX CTOPIH (epM, NOBXKHHA
3arOTOBKH JJPOTY CKJIAJA!

L>1+ 2l; + 30cwm, 1)

Je L - 3aranpHa JOBXXHHA 3aTOTOBKH;

| - BiicTaHp MiX ymopaMu KOHCTPYKLIT, 110 CIIPUYUHSIE HATSIT;

I; - BigcTaHp Bi TOPIS OMOPHOI TOJIIBKM JOMKparta J0 33aAHbOI CTOPOHH
KJIMHOBOT 000HMH.
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ITy4uKku CyLUiNBHOTO MEPETHHY KOMIIOHYBAINCS 33 JOMOMOTOK THMYACOBHX
3aTHCKaviB 1 CKPIIUTIOBAIKMCSA CKPYTKaMu 3 obOmnaneHoro npoty udepe3 80 - 100
CM.

Jnst BAMIpIOBaHHS 3yCHIIb B CTEPIKHSAX 3aCTOCOBYBAIHCS THHAMOMETPHYHI
cKo0m.

BucHoBkn

1. 3acTocyBaHHS MONEPEIHBO HATPYKEHHUX EJIEMEHTIB B KOHCTPYKIIISX 3a
JOIIOMOTOI0 TOPU30HTAIBHAX OOTHCKHHUX KAaHATIB JAa€ MOIINUBICTB!

- MEXaHI3yBaTH BUTOTOBJICHHS KAHATHUX apMaTypHUX CJICMEHTIB;

- BUKJIIOYMTH HAarpiB MeTaly KaHarta 0 BUCOKHX TEMIIEpaTyp;

- M JBUIIUTH IPOAYKTUBHICTH TpaIli;

- CHIPOCTUTH PO3MILICHHS aHKEPIB HA OIIOPHUX IUIOIIMHAX 3aJi300€TOHHHUX
niadparm, abo onop, Tax sk radapuTH TiIb30KINHOBHX aHKEPIB BHSBJISIOTHCS B
2 pa3u MEHIlIe, H)K rabapuTH «3aJMBHUX» aHKEPIB;

- BUKJIIOYMTH BUTPATH KOJIbOPOBUX METaIIIB (LIMHKY, CBHHIIIO).

2. 3acTocyBaHHs IMONEPEIHHOTO HANPYKEHHs BUCOKOMIIIHUX METaJiB B
OyIiBHHLTBI J103BOJISIE 30LIBLINTH XKOPCTKICTB 1 CTIMKICTh CIOPYA, NPU LILOMY
3abe3rneuye NeBHUH eKOHOMIUHUH eeKT.
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