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Y crarTi Ha KOHKPETHOMY NPHUKJIAAL J0CHIIKEHO, IK BILIMBAE 3aMiHa (pepMH
HA CYNUIbHMH purejb Ta BHOIP HOro JKOPCTKOCTeH HAa PpPe3yJbTaTH
PO3PAaXyHKY CTaTHYHO HEBU3HAYEHOI CTAJICBOI paMH.

For a single-span steel frame with rigid crossbar bolt the forces in the sections
of the column at constant, snow, wind and crane loads have been determined.
The calculations were performed using a software package JITIPA-CAIIP 2016
(non-commercial version) for various calculation schemes. Schemes with
replacement of a truss on a continuous crossbar have been used. Thus in
scheme 1: we adhered only to the approximate ratios of bending stiffness; in
scheme 2: for crossbars and columns there were set bending and axial stiffness
calculated by known formulas that are based on loads, mechanical and
geometric parameters; in scheme 3: for the crossbar we have set bending and
axial stiffness determined on the basis of cross-sectional areas of the truss
belts; and for the column the calculations were made by known formulas
depending on the loads, mechanical and geometric parameters. The
calculation scheme with a crossbar as a truss has also been used.

The simulation results have indicated a slight change in effort when changing
the axial stiffness. Thus, when reducing the axial stiffness by two orders of
magnitude, the change in effort from constant, snow, wind and horizontal
crane load has not exceeded 1.7 %.

The difference between the efforts that were obtained as a result of
calculations in the approximate setting of the ratios of bending stiffness and
setting of the stiffness (bending and axial) calculated according to the
formulas based on loads, mechanical and geometric parameters does not
exceed 7.5%. There is a large difference in moments in individual sections, but
the values of bending moments in these sections are insignificant.
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The difference between the forces obtained when replacing the truss with a
beam and calculating its stiffness by bending moments and cross-sectional
areas of the belts has been insignificant (in most sections does not exceed
10% ). In some sections this difference is larger, but it should be noted that the
amount of effort in these sections is insignificant. The difference in bending
moments of about 10% for all sections occurs under both constant and snow
loads. It should also be noted a more significant difference between the results
of calculations regarding the calculation schemes with the farm and the
corresponding beam. And as to wind loading it happened practically in all
sections.

KiawuoBi ciaoBa: pama, koioHa, ¢epma, CTaTHYHA HEBU3HAYCHICTh, CTallb,
BHYTPIIITHI 3YCHJIJIS, pO3PaxXyHKOBa cXeMa

frame structure, column, truss, static uncertainty, steel, internal forces, calculation
scheme

Beryn.OgHOMOBEpXOBI  MPOMHMCIIOBI  OY[IBIII  9acTO  IPOEKTYIOTHCS IO
KapKacHI cxeMi 13 MeTajeBuM KapkacoM. OcoOJIMBO 1€ CTOCYEThbCS OyIiBeb 13
3HQYHUMU [POJIbOTAMHU Ta KpaHAMHU BEJIMKOI BaHTaXOMiAMOMHOCTI. Pama, sk
MPaBWIIO, € CTATHYHO HEBU3HAUCHOIO, & PUTEIh MPOCKTYETHCA Y BUTIISAI (pepMH.
Tomy akTyaJbHUM € BUBYCHHS OCOOIMBOCTEH pO3paXyHKY TaKHX HECYUYHUX CHUCTEM.

AHami3 ocraHHix gocdimkeHb i myoOaikamiii. OcoOMMBOCTIyTBOpECHHS
pPO3pPaxyHKOBHX CXEM CTaTUYHO HEBHU3HAUCHHX METAJIEBUX paM, 30KpeMa
MOYaTKOBOTO BHUOOPY KOPCTKOCTEH e€JeMEeHTIB, HaBeneHo y [1-5]. ¥V crarTax[6,
7]aBTOpPU MPOMOHYIOTH MIXO0IM O BUBHAUYECHHS )KOPCTKOCTEHN (hepm.

IlocTaHoBKa 3aBJAAaHHA.Y CTaTUYHO HEBU3HAYEHUX CHCTEMAX, SIK B1JIOMO,
3YCHJUISA TIPY CUJIOBUX HaBAHTAXKCHHSX 3aJIeKATh BiJl CITIBBITHOIIECHB KOPCTKOCTEH
eneMeHTiB. ToMy iX po3paxyHOK € iTepalliiHUM 1 CIOYaTKy HEOOXiTHO 3aJaaTh
*)opcTkocTi (iX cmiBBiAHOMIEHHS). JlOCaiIMMO HACKIJIBLKHM BIUIMBA€E 3aMiHa (GepMu
Ha CYIUIBHUN pHrellb Ta MOXMOKA y TMOYATKOBOMY 3aJaBaHHI YKOPCTKOCTEH Ha
pe3yapTaTd po3paxyHKy. JlOCHiJKEHHS  MpPOBEJAEMO B paMKax IPOrpaMHOIO
xoMmiuiekcy JIIPA-CAIIP.

MeTonquka Ta pe3yabTaTH AOCTiKeHb. [Ipu po3paxyHKy CTaTUYHO
HEBU3HAYEHHUX CTAJIEBUX paM PEKOMEHAOBAHO [1-3] peKoMeHIOBaHO BU3HAYATH
OPCTKOCTI €JIEMEHTIB Ha 3ruH3a (HopMyIamMu:

-JUIs1 pUrestsi Mpy HEBIJIOMUX Iepepi3ax NosAciB pepMu
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VY mux popmynaxM,,,, - MaKCUMaTbHIUHN 3rHHAILHII MOMEHT B PUTEII, SIK OalIl Ha
IBOX IIAPHIPHUX OMOpax, HABAHTAKEHIN MOCTIHHUM 1 CHITOBUM HaBaHTaXCHHSM,
h,- BucoTa (epMH B CepeluHI NPONLOTY, R\- PO3paxyHKOBHMI OIIp Marepiaiy
KOHCTPYKIIiI, y- Koe(DiIlieHT, SKUH BpaxoBY€ VYXWJI BEPXHBOTO TMOSACY 1
nedhopMaTUBHICTh TpaTku depMu, R,- cuia piBHA OIOPHIN peakilii purems, sK
mapHipHOi 0ajJKiM HaBaHTAXKECHOI MOCTIMHUM Ta CHITOBUM HAaBAaHTAXKCHHIM, D~
MaKCUMaJbHUW THUCK HA KOJIOHY BiJl KpaHiB, /; - BUCOTa MiJKPAHOBOI YaCTHUHU
KOJIOHH, k; - KOe(DIIE€HT, TKUI 3aJI)KUTh BiJl KPOKY KOJIOH, k; - KOCQIIIEHT, SIKUH
BpaxoBYy€ HEPIBHICTh IUIONI TEpepi3iB HaJ KpaHOBOI Ta TIAKPAHOBOI YaCTHH
KOJIOHHU, h,- BUCOTa HAJIKPAHOBOT YACTHHH KOJIOHH.

[Ipn po3paxyHky Oe3 3acTOCyBaHHS MPOTPAMHHX 3ac00iB IIbOTO JOCHTH,
OCKIIbKM y KIACUYHUX METOJaxX (METOJ| CHJI, METOJ| MEePEMIlIEHb) MH HEXTYEMO
BIJIMBOM TIOMIEPEYHHUX Ta MO3JOBXHIX cui. [Ipm po3paxyHkax i3 3aCTOCYBaHHSIM
nporpamHux 3aco0iB (Hanpukian JIIPA-CAIIP) HeoOXimHO 3aJaTd TakKOXK
MTO3/TOBYKHIO JKOPCTKICTh. PekomMenaartii ;urst 1ib0oro HaBeaeHl y [2] :

- 0CBhOBa JKOPCTKICTh PHUTEISI

EA, =4El,/h; €
- 0CBhOBa JKOPCTKICTh MIAKPAHOBOI YaCTUHU

EA, =4EI, | h} (5)
- 0CbOBA JKOPCTKICTh HAJKPAHOBOI YACTHHH

EA, =4EL, | h; (6)

Takox y [2] nHaBeneHo (opmynu A BU3HAUEHHSA KOPCTKOCTEH (epMu Mpu
BIJIOMUX Ilepepi3zax NosciB pepmMu

El, = E(Apz + Appz)) (7)
EA,=~2EA; (8)

VY dopmynax Ay, Ap- miuomi nepepisiB HUKHBOTO Ta BEPXHBOI'O MOsCIB hepMu B
CepenrHl MPOJIbOTY, Z;,Zp- BIACTaHI BiJl IIEHTPIB Baru MOSCIB 10 HEHTpadbHOI OCi
(Gepmu B cepeHi IPOIbOTY, 2A~ MJI0IIA Iepepi3iB NosACiB GPepMu.

Hocmimkenass  OynemMoO  OPOBOAWTH  HA  IPHUKIAAI  OJHOMPOJITHOI
pPaMHHAIOCTIHE, CHITOBE, BITPOBE 1 KpaHOBE HaBaHTaXeHHs 3TimaHO [1] (puc.l).
Pama € cratmuno HeBu3HadeHOro.IloCTiiiHE HaBaHTaXEHHSA: PIBHOMIPHO
posmoaiieHe Ha purenb 23.56 xH/m, piBHOMIpHO poO3MOIiIcHE HAa HAIKPAaHOBY

gacTuHy kosionu 18.31 kH/mM, na migkpanoBy - 11.30 xH/m. Cairose
HaBaHTaXXCHHS - pIBHOMIpHO po3mnoauleHe Ha purenb 8.4kH/M. Kpanose
HaBaHTa)XKCHHS D,.x=2670.3xH, M,,.x=2002.7xHMm, D.in=955.3xH,

M,.,;»=716.0xkHm, T=89.8xH. BiTpoBe HaBaHTa)K€HHS: PIBHOMIPHO PO3MOIiJIEHE TIO
BHCOTI BiJl aKTUBHOTO Ta MAacCHUBHOTO THCKY BiamoBimHo 2.77 kH/m Ta 2.08xH/m,
30cepeKeHe Ha piBHI pureds - BiamosigHo 62.25kH ta 46.69xH.
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Puc.1 Po3paxyHKOBiI cXxeMUTa po3paxyHKOBI Ilepepizu pamu
Ha ocnoBi ¢opmyi (1 - 6) BU3HaA4a€MO KOPCTKOCTI esleMeHTiB (Tabm.1).

Ta0mmig 1
XopcTkocTi eeMeHTIB paMu
XKopcTkicTh
Ne Exement pamu 3rMHaJIbHA, MH-m” ocroBa, MH
1 Purenn 5236 2111
2 ITigkpanoBa 4yacTHHA KOJIOHH 4078 7250
3 HankpanoBa yacTrHa KOJIOHH 1169 4677

CriBBIJHOILIEHHS 3TUHAJIBHUX )KOPCTKOCTEN €JIEMEHTIB

El,/El, /ElI,=1169/4078/5236=1/3/4 (9)

Po3paxyHok mpoBeaemo B pamkax JIIPA-CAIIP. Pe3ynbTaTté po3paxyHKIB Mpu
MPUHHATIN OCHOBIN KOPCTKOCTI HabaraTo OUTBIIIN 3a 3THHAIBHY (aHAJIOT PYYHOTO
pPO3paxyHKy KJIACHYHUMH METOAaMH) Ta CIIBBIIHOMICHHSIM MiX 3THHAJIbHUMH
xopcrtkoctamuEl/El/EL,=1/3/4naBeneni y tabnuui 2.

Ta0mums 2
3ycHiuis TPy PUOJIM3HOMY CTIBBITHOIICHH] 3rHHALHUX 1 BETMKUX OChOBHX
AKOPCTKOCTSIX
KopoTko4acHi HaBaHTaKECHHS
0 E 0 K BIJI JBOX KpaHiB BITPOBE
% E = 8 g ]:)maxHa TmaxHa
& > 5 & © s &
5 2 g E KOJIOHY KOJIOHY 2 8
= S =g | B a a | =
as ° TiBY P TiBY P m o
BY BY
1 M, kH-m | 1260 453 -220 313 | 95.1 | 210 | -523 533
N, kH -420 -151 29.3 -29.3
) M, kH-m | 736 261 -738 -205 | 281 | 23.8 | -152 136
N, kH -534 -151 29.3 -29.3
3 M, kH-m | 602 223 1270 507 | 279 | 21.6 | -145 128
N, kH -534 -151 -2660 | -970 29.3 -29.3
M, kH-m | -783 -285 -101 -862 | -701 | -471 | 1350 -1310
4 N, kH -719 -151 -2660 | -970 29.3 -29.3
Q, xH 84.5 31 83.5 83.5 | 59.8 | 30 -113 105
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PesynpTaTé MOzeNIOBaHHS BKa3ylOTh Ha HE3HAYHY 3MIHY 3yCWJIb MpPH 3MiHI
0CBOBOT KOPCTKOCTI. Tak mpu OChOBIH KOPCTKOCTI PiBHIN 3THHANIBbHIN (3MCHIIICHHI1
il Ha aBa TOPSAKW) 3MiHA 3YCHJIb BiJ TMOCTIMHOTO, CHITOBOTO, BITPOBOTO Ta
TOPU30HTAIBHOTO KPAaHOBOI'O HaBaHTaxXeHHS He nepeBuurye 1,7%. CyrreBime s
3MiHa BIUTMBA€E HA 3yCWILIS BiJl BEpTUKAIBHOTO KPAHOBOTO HABaHTaXEHHS. Pi3HUILA
csarae 11%.

Buznaunmo 3ycwins y mepepizax pamu, NPUNHSBIIM 3THHAIBHI Ta OCHOBI
YKOPCTKOCTI HaBeeHi y Tabnwuil 1. PesynpraTn monani y Tabmauit 3.

TaOmuus 3
3yCHIIIS TIPH )KOPCTKOCTSIX €IEMEHTIB 3TiH0 Tadmmmi 1
= KopoTtkouacHi HaBaHTa)KEHHSA
o 5 2 K BiJl IBOX KpaHiB BITpPOBE
% E == g DmaxHa TmaxHa
[5) © 2 2 = KOJIOHY KOJIOHY =2 3
= =S =S T =) &
a = ) . mpa . mpa o =
JiBY By S
BY BY
| M, kH-m 1190 429 203 | 309 | 849 | 197 | -496 505
N, kH -420 -151 27.8 -27.8
) M, kH-Mm 691 245 -716 | -203 | 268 | 13.7 | -124 109
N, kH -534 -151 27.8 -27.8
3 M, kH-Mm 558 207 1290 | 510 | 266 | 11.8 | -117 102
N, kH -534 -151 -2660 | -970 27.8 -27.8
M, kH-m -770 -280 -64.3 | -845 | -723 | 472 | 1380 | -1330
4 N, kH -719 -151 -2660 | -970 27.8 -27.8
Q, xH 80.9 29.7 826 | 82.6 | 603 | 295 | -114 105

Pi3HuLs 3ycuiib OTpUMAHUX B PeE3yJIbTaTl PO3PAXYHKIB IMPU HPUOIUZHOMY
CHIBBIIHOIICHHI JKOPCTKOCTEH Ta JKOPCTKOCTSIX (3TMHAIBHUX Ta OCHOBHX)
migpaxoBaHux 3rigHo (opmyn (1)-(6)ne mepeBumye 7.5%. Benmmka pisHUI 1O
MOMEHTaX Mae Micie Yy mepepizax 4 (Il BepTUKAILHOTO KpPaHOBOTO
HaBaHTA)XXEHHS Ha JIIBY KOJIOHY) Ta y nepepizax 2, 3 (IS TOPU3OHTAIHHOTO
KpaHOBOTO HaBaHTaxeHHs). Clig 3ayBakWTH, IO TPH I[OMY BEJIMYHUHU
3rUHAJILBHUX MOMEHTIB y IUX Mepepi3zax € He3HAYHUMH. TaKoK Ma€e MicIe pI3HUIS
y pesyiabTaTtax 1no momeHtax Ounst 20% y mnepepizax 2,3 Big BITPOBOIO
HaBAHTAXXCHHSI.

[Tpn BUKOHAHHI pO3paxyHKiB 13 3aCTOCYBaHHSM MPOTPAMHUX 3aC00iB MOXKHA HE
3aMIiHATH (hepMy MMOKPUTTS Ha Oanky. AJsie Tpu IIbOMY HEOOXiTHO 3HATHU Mepepi3n
enemenTiB ¢epmu. Crinyroun dopmynam (7), (8) HeoOXimHO Xoda O mepepizu
nosiciB. Jlns Hamoi 3amadi y [1] BUKOHaHO po3paxyHOK (epmu Ta mijaidpaHo
nepepi3u ii eneMeHTiB. Bu3HauMMmo 3ycwiuis B paMmi 13 3aCTOCYBAHHSM LUX
pe3ynbTaTiB (Tabnuis 4)
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Taomug 4
3yCHIIS TIPU PO3TIISIAL PUTEIIA, IK PepMU

KopoTtkouacHi HaBaHTa)XKCHHSI
0 E o ¥ BiJl IBOX KpaHiB BITPOBE
% 5 = S g DmaxHa TmaXH"‘1
3) © 2 3 E KOJIOHY KOJIOHY = 3
= = =l = =] =
= e ) . mnpa . I =
m JiBY By JiBy | IpaBy o
| M, xH-m 1230 441 -244 182 | 101 134 -429 417
N, kH -420 -151 23.5 -23.5
) M, xH-m 659 233 -717 | -284 | 265 -26.9 -51.8 25.8
N, kH -534 -151 23.5 -23.5
3 M, xH-m 526 196 1290 | 429 | 263 -28.6 -45.9 19.9
N, kH -534 -151 -2660 | -967 23.5 -23.5
M, xH-m -978 -355 563 | -803 | -785 | -453 1470 | -1400
4 N, kH -719 -151 -2660 | -967 23.5 -23.5
Q, kH 91.7 33.5 752 | 75.2 | 63.9 25.9 -115 104

BrkoHaeMO Takok pO3paxyHKH MPUHMHSBIINK 3TMHAJIBHY Ta OChOBY JKOPCTKICTh
pureNsl Ha OCHOBI peallbHUX PO3MIpiB MOsCIB (hepMH TOCEpearHi MPOoaboTy [1]
(BepxHii mosc 200x160x8, amxHiN mosic 160x7) 3rigao dopmymu (7), (8).
Pesynpratn HaBeneHi y Tabmmi 5.

Tabmumsas
3yCHIUISI IPU CYNITBHOMY PUTENI 13 J)KOPCTKOCTSIMU 3T1IHO MTepepi3iB MOSICIB
KOpOTKO‘-IaCHi HaBaHTaXCHH:A
0 E 2 ¥ B1J] IBOX KpaHiB BITPOBE
= & 5 5 ° 9 2
3) 2 3 E KOJIOHY KOJIOHY 2 3
= = =S = E &
Q o o . IIpa . o =
JBY By JBY | IpaBy o
1 M, kH-m 1310 470 -203 299 | 86.8 189 -486 494
N, kH -420 -151 27.2 -27.2
’ M, kH-m 753 267 -713 211 | 267 8.18 -114 97.7
N, kH -534 -151 27.2 -277.2
3 M, kH-m 619 229 1290 502 | 266 6.26 -107 90.9
N, kH -534 -151 -2660 | -969 27.2 -27.2
M, kH-m -846 -307 -54.8 | -847 | -729 -472 1390 -1340
4 N, kH -719 -151 -2660 | -969 27.2 -27.2
Q, xkH 89.3 32.7 82.2 82.6 | 60.7 290.1 -114 104

[3 anamizy pe3ynbraTiB (Tabiuii 3-5) MOKHA 3pOOUTH BUCHOBKH, IO PI3HUISL
MDK 3YCWJULIMH OTPUMaHUMH TIpU 3aMiHi gepMmu Oalkow Ta MiApaxyHKy ii
KOPCTKOCTEH 3a 3STHHAJIFHUMU MOMEHTaMU Ta 3a TIepepizamMu MOsCIB € HE3HAYHOIO
( B OmbIiocTi mepepiziB He mepeBulnye 5%). B okpemux nepepizax ms pisHHUI €
OUIBILIOND, aje CJIJI 3ayBaXKUTH 110 BEJWYMHA 3yCWIb Yy LHUX I[epepizax €
HE3HAYHOIO.
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Takox ciix BIAMITUTH CYTTEBIILY PI3HULIO MK pPe3yJIbTaTaMH PO3PAXYHKIB 3a
PO3PAXyHKOBUMHU CXe€MaMHU 3 (PEPMOIO Ta €KBIBAJEHTHOK Oankoro (puc.2, 3). Ha
PUCYHKaxX TO3HAYECHHS =#—BIANOBIJAE PO3PAXYHKOBIA CXEM1 13 pUreleM
(DEPMOIO, ==@==- PO3PAXYHKOBIN CXEMI 13 KOPCTKICTIO CYIUIBHOTO PUTENS 3T1THO
3TUHAJIBHOIO MOMEHTY, =—#— - PO3PaxyHKOBIH CX€MI 13 KOPCTKICTHO CYLLIbHOTO

pUrens 3rifHoO epepi3iB MosCiB PepMu.
1500

1000 -+

500

3ruHansHUI MoMeHT, KHM
=)

-500

-1000

-1500

KopauHara nepepizy no BUCOTI KONOHU, M

Puc.2. I'padiku MOMEHTIB y JiB1H KOJIOHI B1J NOCTIHHOTO HaBaHTaeHHs (0 BHU3Y)
1500

1000 -

500

20 25

3ruHanbHUM MOMEHT, KHM

-500 -

-1000 - 1 1 T 1
Kop/auHata nepepisy no BUCOTI KOJIOHU, M

Puc.3. I'padixu MmomeHTIB y miBi# K0yI0H1 Big D, Ha miB1H K0I0HI(() BHH3Y)

BucnoBku.llpy nonepeaHbOMYy MNPU3HAYEHHI JKOPCTKOCTEH €IEMEHTaM
CTJIEBOT OJTHO MPOJITHOI paMU 13 JKOPCTKUM 3’ €THAHHSIMHU (PEPMU Ta KOJOH MOXKHA
KOpHUCTyBaTtucs BIAOMHUMH (Gopmynamu (1)-(8)asss BU3HAYEHHS KOPCTKOCTEM.
Pi3HuIS y BENMYMHAX BU3HAYECHHUX 3YCWIb y OLIBLIOCTI MEpPEPI3iB KOJOH MpHU
3a/laBaHH1 )KOPCTKOCTEH purens 3rigHo Gopmyin (1)-(6) Ta 3rimHo dhopmyn (7). (8)
He nepesuiye 10%.

[Ipu 3amiHl ¢pepmu OaNKOK Ta MIAPAXYHKY i1 JKOPCTKOCTEW 3a 3TMHAJIbHUMU
MOMEHTAMH Ta 3a MEPEPI3aMU MOSACIB PI3HULS Yy 3TMHAJIBHUX MOMEHTax I YCIX
nepepiziB Outst 10% mae mMicue mpu NOCTIHHOMY Ta CHITOBOMY HABAHTAaKEHHI,
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B  eBpomneiichbkiii  NpakTHULIi  MIMPOKOr0  BHKOPUCTAHHA  3400yJH
BYIJICIUIACTUKOBI Matepiagn mBeiinapcbkoi ¢gipmu Sika, 30xkpema crpiuka
SikaCarbodur Tta monorHo SikaWrap, sike TakoK MOKe BHUKOPHUCTOBYBAaTHCS
nias aHkepyBaHHsl cTpidok SikaCarbodur. IlopiBHAHHS, cucTeMaTH3alIA Ta
BHU3HAYEHHSI ONTHMAJIBHOIO BapiaHTY AHKEPYBAHHSA CTPIYKH IOJOTHOM
NOJIETHIUTh TNPOEKTYBAHHS MiJICHJICHHS KOHCTPYKLiii Ta CHPOCTUTH iX
PO3paxyHOK.

In European practice, carbon fiber materials of the Swiss company Sika, in
particular SikaCarbodur tape and Sika Wrap canvas, which can be used to
strengthen both inclined and normal sections of bending reinforced concrete
structures, have become widely used. In addition, Sika Wrap can also be used
to anchor SikaCarbodur tapes. Its advantage, which differs from all other
methods - is simplicity and extremely low complexity. Usually there are two
main reasons for strengthening structures at the same time. This is an
unsatisfactory technical condition of the object, and an increase in the level of
various types of loads acting on the object and exceeding the value of bearing
capacity.Strengthening the structure is almost always a task that requires an
individual approach from a technical and economic point of view.

Re in for cement of structures with the help of composite tapes based on
carbon fibers is a universal method. It is effective in strength hening, concrete,
wood, metal, stone and other structures. Separation with composite materials
is a competitive method. In general, a significant reduction in the cost of rein
for cement is achieved by reducing the time of execution of works, due to the
simpli city of rein for cement
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