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CeBepHa MakegoHuja

PEAYKIINJA HA MOMEHTUTE U YKIIOHUTE HA CIIPEI'HATA
PAMKA CO I1OJIY-KPYTHU BPCKHU

Jurap MEMEJIU !, Teruc TIOTTIOBCKU 2, Mune ITAPTUKOB 3

AIICTPAKT

CrperHaTtuTe KOHCTPYKIINH ce pa3pazboreHu Bo EBpokox 4, a ogpeneHu mpaBuiia ce KOPUCTAT U O]
EBpoxkox 3. Bo EBpokom 4, mpucranor A0 CHOperHatuTe KOHCTPYKIIMHM € CcOo TMojaeinda Ha
KOHCTPYKTHBHHOT CHCTEM Ha IOEIMHEYHH EJIEMEHTH OJHOCHO Kako rpeaa, cToiad u ruiouda. OBa ce
IpeCcINKyBa M BO IPOEKTAHTCKATa Mpakca, T.6 BpCKaTa Irpea-CToJI0 CKOpO CEeKOrall ce TpeTupa Kako
3r1100Ha BpCKa OIHOCHO copa0oTKaTa Ha rpeAara U CTOJIOO0T He ce 3eMa BO npeaBu. BakBuoT TpeTmMan
Ha KOHCTpYKIMjaTa 63 COMHEHHE NPHUJOHECYBA JI0 3rojieMeHa MOTPOIIyBadKa Ha MaTepHjall.

On nmpyra ctpaHa, mopajay caMHOT Ha4MH Ha M3BeA0a Ha BPCKaTa, IOCTOU OAPENECHO KOJHMUYECTBO HA
MOMEHT KOj ce IIpeHecyBa Bo camara Bpcka. Bo EBpokon 3 1 4 He ce gajieHu oapedu 3a onpeaenyBame
Ha MOMEHTOT Kaj MOJYy-KpyTH BpPCKHM OJf N€jCTBO Ha HajBopelieH ToBap. 3a [la moxe nma ce
KBaHTH(HIIMPA KOJIKY H3HECYBa OBOj MOMEHT IMOTPEOHH ce IETaTHH MaTeMATHYKH MOJIETTH U PUTOPO3HU
aHaJM3U Ha MapaMeTpuTe KOU ce BKIydyBaaT BO OBOj mpouec. LlenTta Ha 0BOj TpyZX € Ja ce najae Ommc
Kako ce MpaBH OBOj TpaHcdep Ha BIIMjaHM]ja, KOj NMPETCTaByBa KIY4YEH YEKOp 10 MOONTUMH3HPAHO
KOHCTPYKTHBHO PEILIEHHE.

Knyunu 360posu: Illony-kpyma cnpeenama eépcka, Cnpeenama Pamxa; Memoo na Komnonenmu,
Exeusanenmna Kpyocm na Ceumxyearve; Peoykyuja na enujanuama

! Marwucrpanr, I'panexen dakyarer, Yuusepsurer “Ce. Kupun u Meroauj”, Ckomnje, Peny6ika Cepepra Makenounuja,
d.memedi@seeu.edu.mk

2 Bowu. pod. a-p, I'panexen pakynrer, Yuusepsurer “Cs. Kupun nu Meroauj”, Cxonje, Peny6iuka Cepepna Makeonuja,
popovski@gf.ukim.edu.mk

3 Iou. a-p, panexen daxynrer, Yuusepsurer “Cs. Kupun u Meromuj”, Ckomje, Pery6muka Cepepua MakenoHuja,
partikov@gf.ukim.edu.mk
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1. BOBE]

MojenupameTo Ha CIperHata Bpcka BO OBOj TPYA € CHpOBEleHa CO TaKaHAPEYEHUOT METO]| Ha
nexomnosunyja. CHTe KOMIIOHEHTH INTO ja (opMHpaaT BpcKaTa ce aHATU3UPaHH BO JETANH U
LEJIOCHOTO OJHECYBAmkE KaKo €JIcH MHTETpalieH e € CllaKyBaH 3a Jja MOXKe Ja ce YTBPAU (GUHATHOTO
OoHeCyBame€ Ha camara pamka. OBOj mpucTam mpBO OWJI CHPOBENCH 3a YHCTO YEITHYHH BPCKH.
[MpuHnunoT kopucteH Bo EBpokoj 3 HE OBO3MOXKYBa Jia ce MPOJODKU M 32 CIIPETHATUTE BPCKU CO
JIOJIaBabe YIITE HEKOJKY JAPYTM aKTUBHM KOMIIOHEHTH BO MTPECMETKATA 3a JIa Ce JIOOHMEe CITMKa KaKo Ce
OJlHECYBa €/JHA TIOJTy-KpyTa CIIperHara BpcKa O YeJHK U OETOH.

Cexoj ol KOMIIOHEHTHTE TPHIOHECYBa BO IEIOKYITHATa BPCKa. 3a pasiHKa O] eKCIICPUMEHTATHUTE
MOJIENH 3a MCIIUTYBamke KaJie BpcKaTa ce TpeTupa Kako eHa IIeIMHA M CIIOpel Toa ce OIpeseyBaar
HOTpeOHUTE MapaMeTpH, CO METOJ Ha KOMIIOHEHTH CeKOj €JIEMEHT O] BpcKaTa Ipe3eMa oJpe/eHa
KPYTOCT U (pMHATHUTE KapaKTEePUCTHYHNA MapaMeTpH Ha BpCKara ce BO (YHKIMja O TOSIUHEIHOTO
Y4eCTBO Ha CeKOja KOMITOHEHTA.

KoHcTpyknujara u onpenenyBameTo Ha WHHIMjaIHATa POTAllMOHA KPYTOCT CE€ CIPOBENyBa BO JBE
eTanu:

1. OnpeaenyBaH)e Ha aKTUBHUTC KOMIIOHCHTHU Ha BPCKaTa COCTaBCHa OJ1 YNUCTO YCJINYHU
eJIeMEHTH

2. OmpenenyBame Ha aKTUBHUTE KOMIIOHEHTH Ha CIIpeTHaTaTa BpcKa

3. ®dopmupame Ha 3aeTHUYKH MEXaHW3aM KOj OW TO OIHIIIall B3a€MHOTO COJ/IEjCTBO Ha CUTE OBHE
KOMITOHEHTH BO €JJHa |eJTHHA

2. NHULMNJAJTHA KPYTOCT HA ITOJIY-KPYTA BPCKA

2.1. HHumujadHa KPYTOCT HA MOJY-KPYTa YHCTO YeJIUYHA BPCKA

Ilopaan Toa, MHMIMjANHATA KPYTOCT Sjin; CE M3BEYBa O]l €JaCTUYHATA KPYTOCT HA MOEJIMHEYHHUTE
€JIEMEHTH Ha Bpckarta. EnacTMYHOTO ofHecyBame Ha CeKoja KOMIIOHEHTa € MOAEeNHUpaHa co denep u
cropeq XyKOBHOT 3aKOH COOJBETHATa CHJIa BO CEKOj (eliep U3HeCyBa:

Fi = kiEAi (1)
Kane:

- F; —cunara Bo denepor i

- kj —xoedumeHT Ha KPYTOCT 32 KOMIIOHEHTA i

- A -nedpopmanujara Ha hegepor
Bo eBpoxon 3 u 4 ¢puino3zodujaTa Ha TpEeTHPakE HA BpCKaTta ce 0a3upa Ha IpoIeCcoT Ha JIEKOMIIO3HIIY]a.
Cexoja 01 OBUE KOMITIOHEHTH BO 3aBUCHOCT OJ1 CHJIaTa IITO ja IpUMa Ipe3eMa oJpesieHa aeopmariyja.
Bo mpBara erama Ha aHajgM3a Ha BpcKara, ce pasrienyBa gedopmaiijaTa Ha YUCTO YeIMYHA BpPCKa.
Jedopmariijara Ha 1eJI0KyIIHATa BPCKa CE OMMIIYBA Ha CJICAHUOT HAYMH:

- 1. lepopmanuja Ha Bpckata Kako pe3yiraT Ha nedopmanyjarta Ha yeJaHaTa IJI0Ya, 3aBPTKUTE,
10jacoT Ha CTOIO0OT, peOpPOTO HA CTONOOT
- 2. ledopmanujara Ha peOpPOTO HA CTOIOOT HA CMOJIKHYBambE NPEAN3BUKYBaHA MIPETEIKHO

Bo MIPOAODKEHUEC € JaACH MaTEMAaTUYKN MOJICJI 3a HC BKPYTCHA BpCKaTa Fpeﬂa-CTOH6 CO YeJIHA IIJIoYa:
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1 /

Cnuka 1 — MexaHuuku MOZCI Ha MOJY-KpyTa YUCTO YCJIMYHAa BPCKa

WHnunujanaaTa potaiimoHaa KpyToCT Ha BpKcaTa H3HECyBa

_ _ _ _ -1
kp = (kKewe + Kpp + Keh, + Kt ) )
kc = (kc_v}/c + ka}/s)_l (3)
M _ P2t _ Bz’ Koke pH2[kNm/rad] 4)

jinis = & S =T Z - TR
J b Z4 (kcvl\,c+kcv1\,s+km,1vt+kpg+kcf1b+kbt1) kp+Kkc
Cure KpyTOCHU TapaMeTepd NpPUKaXKaHW Ha CIHKa 1, ce Kako pe3ynTar Ha pa3ludeH TpaHcdep Ha

BJIMjaHHATa BO €J[HA MOJIy-KpyTa BPCKa.

Ha napennara cimka e npuKa)xaHo KOU PErHOHM O]l BpCKaTa c€ aKTMBHPAaT IOA J€jCTBO HA MOMEHTOT

M;

Cnuka 2 — TpaHcdep Ha CHIM BO €HA YUCTO YEJIMYHA MOJIy-KpyTa BpcKa

2.2. HHumu@jajHa KPYTOCT HA CPErHATA MOJY-KPyTa BpcKa

3a ompeenyBambe HA WHHIUjATHATA POTAIIMOHA KPYTOCT HA CIIPErHATa BPCKA, C€ KOPHUCTH MOJEIOT
npeioken oz crpana a Nethercot []. OBoj MexaHHUYKY MOJIEN € KpeupaH Kora ce KOPUCTH YeTHa BpCKa
W € eJleH O]l Haj TIO3HATHTE MEXaHWYKH MOJEIH. Bp3 oCHOBa Ha MEXaHMYKHUOT MOJIEN, M3Pa30T 3a
OTIpeJIeNTyBambe Ha POTAIMOHATA KPYTOCT € JIaZieH BO CIIJHUOT OOJTUK

1,1 2(1,1,1)_ n L

S _ HbDr(kakC)+Db(ker2ch) Dp(Hp~Dr)i-
jini,c — 1 1, 1\/1, 1\ 1
(i)t

Bo momenor Ha Nethercot e ce 3emMa Bo mpeaBHI KPyTOCTa Ha PeOPOTO Ha CTONOOT M3JIOKEHO HA

CMOJIKHYBame K.y s. Ce pa3dupa, 3aHeMapyBameTO Ha OBa FOJIEMIHA OH JOBEJIEIIO JI0 MPEIICHYBamhe Ha

[EJIOKYITHATa POTAllMOHA KPYTOCT Ha crhperHarara Bpcka. Criopea NMpecMETKHTE CIPOBEICHU O

aBTOPUTE HA TPYAOT  , XUIOTETHYKH CE MPETIOCTABYBa J€Ka POTALMOHATA KPYTOCT MPECMETaHa CO
nomMo1 Ha u3pasoT (5) Tpeda na ce pexyuupa 3a 22-25%.

[kNm/rad] ®)
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Cmuka 3 — Mogien Ha cripersara moiy-KpyTa Bpcka

- Dy :lomkxuHaTa MOMery IPUTHCHAT 110jac ¥ 3aT€THATH 3aBPTKH

- Hy: JlomxuHaTa moMery MPUTHCHAT 10jac ¥ 3aTErHATH MOXIaHUIIH
- D,: lomkuHara momMery IpUTHCHAT T10jac M 3aTerHaTa apMarypa

- k,: Kpyroct Ha apmarypara

- ks KpyrocT Ha MOXgaHHUIIATE

MozenotT He To 3eMa BO MPEABH] CMOJIKHYBalETO BO peOpPOTO Ha CTOJOOT KOj € BaxkeH (hakTop
0c00EHO KOTa € BO IMpallamke HECHMETPUYHO TOBapemhe Ha cripernarata Bpcka. Of n1pyra cTpaHa, OBOj
MOJZIe] HE ja ONMINyBa peaHaTa KOH(UTypaldja Ha CIperHara Bpcka BO JAedopMHUpaHa cOCTOjOa.
BrnpoueH, GETOHCKHOT Npecek 3aeHO O YeIUYHaTa rpefa ce JegopMupa 1o HaHeCyBame Ha TOBApOT
Y OBa IIPEIU3BUKYBA JOMIOJIHUTENHY ehopMalniy Bo 3aTernarta apmarypa. Cure napaMmeTpu Ha KpyTOCT
BO OBOj MOJIEJI C€ OIIPEIEIeHH CO CTaTHCTHYKa 00paboTKa Ha MPETXOAHO onpeeneHnTe napamerpu Ox
Jpyra cTpaHa, BO MaTeMaTHYKHOT MOJIET € TIPETIIOCTABEHO JIeKa MOCTOM KPyTa BEPTHKAIHA ITOBP3aHOCT
nomery Kpyrocra Ha 3arerHarara apmarypa(k, ) u kpyrocra Ha Mmoxaanuimte(k). OBa mpeTnocraBka
BO PEAJHOTO OJIHECYBAab-€ Ha €JIHa CIIPErHaTa BPCKa HE € KOpeKTHa. BrpoueM, poranmjaTa Ha 1eIHOT
npecek He OM OBO3MOXKWIO J]a TIOCTOM KpyTa BEPTHKaJIHA 3aBHCHOCT TOMery Kk, M kg Kako IITO e
npetnocraBeno(cimka 3). Ilopagn oBHE NMPWYMHM, MOAEIOT MMa TEHAEHIMja Ja JaBa IOTOJIEMH
BPEAHOCTH OJ] PEAITHO OYEKyBaHHTE.

2.2.1. OnpeneayBame Ha MOMEHT BO ja3eJIOT HA NMOJIY-KPyTa BpcKa

Bo 0BOj Tpyn 3a cuTe KOHCTPYKTHBHU CHCTEMH C€ MPETIIOCTaByBa JeKa UMaaT JTMHEAPHO eNacTHIHO
OJTHECYBamE, 11a BO MPECMETYBAakETO HA MOMEHTHTE HA CBHTKYBAaHE M/MIIM YyTHOUTE 32 TONY-KPYTH
CHpEerHaTH BPCKH MOXe Jia C€ KOPUCTAT NIPUHLIUITUTE Ha CYNIEPIIO3HLIH]ja.

BkymnHara poTtanyja Ha TpefjaTa ce MpeTIocTaByBa Kako CyMapHa BPEIHOCT Ha poTalyjaTa Kora rpejara
Ce CMETa KaKo MPOCTO MOTIPEeHA CO paMHOMEPEH paclpeie/icH TOBap M “‘HeraTMBHATa” poTalMja Kora
rpejarta € W3JI0)KeHa Ha HETaTHMBEH MOMEHT TIOpapld IOJIy-KpYTHOT e(eKT Koj BO rpejara
MIpEIM3BUKYBa “Ha/IBULITYBambe .

Ha nmonnara ckuija e mpercraBeHa €Ha M30JIMpaHa Tpefia M3JI0KEeHa Ha paMHOMEPEH paclpejieiieH
TOBap W CyMapHaTa poTalMja Kako MO3WTHUBHA poTalMja Kora rpeiara € IpPOCTO IMOTIPEHA W
Ha/IBUIIYBamETO KOTa BO TpeJaTa ce BKIyUyBa HEraTUBHHOT MOMEHT OJ1 TIOJIy-KpyTa BPCKa.
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Crnuka 4 — Portanuja Ha Tpena co moiy-KpyTa Bpcka

- 0y: Poramuja Ha MpOCTO MOTIPEHA IPEia O IejCTBO Ha PAMHOMEPHO PACIIPE/IEIICH TOBap

0O, HeratusHa poTaiuja mopaad epekToT o/ MoIy-KpyTa BpcKa
Sjc: CexaHTHA KPYTOCT Ha YHCTO Y€IMYHA UM CIIPETHATA MOJTy-KPyTa BPCKa

Bpckara moMery MOMEHTOT O HaJIBOPEIIICH TOBap U POTalfjaTa Ha MOJyKpyTaTa CliperHaTa BpCKa co
CEKaHTHA KPYTOCT € Ja/ieHa CO CIlIeJIHAaTa paBeHeKa:

0 = — (6)

] Sic
IMopaau mpeTmnocTaBkaTa Ha CYNEpIO3HIMja, BKYIIHATA POTAIMja Ha ja3eJOoT Ha rperara MOXeE Jia ce
OTIPEJIEITN KaKo:

0; = 6y — Oy, )
_ _ali

0™ 24El,,, 8
MLy,

0, =—— 9

ST ©))

Co 3amenyBame Ha paBenkute (8) u (9) Bo paBenkara (7) ce qoouBa:

o_ aly _ MLy (10)
J 24El,  2Elequ
Co usenHavyBame Ha paBeHkute (10) 1 (6) , MOMEHTOT BO ja3esIOT Ha MOJTy-KpyTa BPCKa Ce OIpeenyBa
crpema 13pasor:
2R
=——M 11
3(R+2) 0 11)
Kane
i . . Sj,cLb
- R! xoedunyjen Ha poranpona KpyTocT Koj n3HecyBa R = T
equ
- Og,: Herarusna porarnuja opaau epexToT 01 MOIy-KpyTa BpcKa
- Sjc: CexkanTHa KpyTOCT
- Mj: MomeHT kora rpeaara ce TpeTupa Kako MpocTo MOTIPEeHa

2.2.2. OnpeneayBame Ha BEPTHUKAJIHHOT Yru0 BO ja3esIOT HA MOJYy-KPyTa BPcKa

Penykiujata Ha MOMEHTHUTE TTIOpaan ePEeKTUTE O] MONY-KPYTH BPCKH Ce MPECIUKYBA U Kaj peyKInjaTa
Ha BepTUKaIHHUTE yruOu. BKkymHUTE yrubH ja cienaT ucrara ujeja Kako 1 MOMEHTUTE KOU CE U3BEIICHU

COrJIacHO ciiuka 4.
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HOBTOpHO rnopaau NpeTrnoCTaBKaTa Ha cynepnomuﬂj a, BKYITHUOT yl"I/I6 BO Cp€arHa Ha paCllIOHOT MOXKC
Ja ce Oonpeacian Kako.

8]- = 09 — Ogr (12)
_5qLg
SO—E (13)
2
MLy (14)

st = 8Elequ
Co 3amenyBambe Ha paBenkute (13) u (14) Bo paBenkata (12) ce 1o6uBa:

5 = S MLf

J 7384 8Eleqy (15)

Kopucrejku ru paBenkute (13) u (14) , yrubOT BO cperHa Ha MOJTy-KpyTa paMKa ce OlpeieyBa mpemMa
U3pa3orT:

R+10
i = 5R+10 8o (16)

Kane

- §p: Yrub Kora rpeiara ce TpeTupa Kako MpocTo MOTIpeHa
2.2.3. OnHecyBam-€TO HA IpeAaTa BO MOJY-KpPyTa paMKa

2.2.4. YucTo yeanyHA paMKa

3a onpezaenyBambe HA MOMEHTOT IMPH MONy-KpyTaTa YeludHa BPCKa, KOEQHUIMEHTOT Ha poTaluja ce

SjcLb

onpejenyBa Kako R = - =, npu mro Bo OBOj CITy4aj MMa KOHCTaHTa KPYTOCT I10 JIOJDKWHA Ha TpeiaTa,

equ
Elequ = Elp = const.

2.2.5. Cnipernara rpeaa

TpermaHOT Ha cIiperHaraTa rpeia BO OBOj TPYy[ € Kako A€ of cipersara pamka. Ilon Bnujanue Ha
BEPTUKAIHU TOBAapW 3apajd INPETIocTaBeHHTe e(ekTHu o MOoNy-KpyTa BpcKa, Hall TMopropa ce
O4YCKyBaaT HCTraTUBHU MOMCHTHU. Bo oBaa 005acT Ha HEraTHBHU MOMCHTH, OETOHOT € M3I0KEH Ha
3arernyBame. [lopanm Mamara jakocT Ha 3aTerHYBame, Ha €HAa PEAJITUBHO KpaTKa IOJDKHMHA OJ
PacroHOT Ha rpeJiaTa, Taa ce TPETUPa Kako YUCTO YelnyHa rpeja co kpyrocT Ely oo = Ely,. Ocranaruor
JIeNl o7 Tpejara, € M3J0KEeHa Ha MO3UTHBHUM MOMEHTH Ha CBUTKyBame. Bo oBa obiact, rpenara ce
TPEeTHpa Kako CIperHara u HejsuHara kusnecysa Elg,g.

3apaju POMEHIMBaTa KPyTOCT Ha rpejiata, ce mpuMeHyBa mocrankata Ha Hofmann. Criopen u3pasor
Ha Hofmann, koj ja cMeTa ekBUBasieHTaTa KpyTOCT Kako 30up ox 40% ox MOMEHTaHTa KpPYTOCT Ha
cIpersara rpea Bo nornopa u 60% o1 MOMEHTaHTa KpyToCT Ha rpejaTa Bo nosue. OBue
NPOLIEHTYAJIHU BPEIHOCTH ce 1aeHu Bo amepukanckute npornucd ANSI/AISC u ce npemiosxkeHu
KOTa aHaJIM3ara ce CIPOBEIyBa M0 BIIMjaHHE Ha BEPTUKAIHU TOBAPH.

AR AARAARAAARRRARARAARRAARAAARARARARS VAARAAARAAARAARARARARAARRAARAAARAAARARS
! S

S

lequ =
€L 1=0

ic

Isag

Cnuka 5 — a)mpoMeHIUBa KPYTOCT Ha CIIperHara rpeaa 0) MoJell Ha Tpelia cO eKBUBaJIEHTHA KPYTOCT
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[Ipenopauanute BpemIHOCTH BO obOjacTa Ha HeraTMBHH MoMeHTH cropen EBpoxon 4 ce 15% on
pacIoHOT Ha chpernata rpena. Bo Tpymor [7] ce mokaxyBa Jeka OBHE BPEJHOCTH CE PEATUBHO
NOMaji, OXHOCHO JOJDKMHATa (L 3aBUCH O HAYMHOT Ha TOBAapeme(PaMHOMEPEH TOBap WIH
KOHIIGHTPUPaH), ¥ 0J1 KPYTOCHHUTE KapaKTepUCTUKU Ha BpcKaTa rpeaa-ctond. Bo oBoj Tpyn, ananuzata
e crpoBezieHa 0e3 Ja ce 3eMaaT BO IPEJBHUJ OBHE IapaMeTpH, OJHOCHO €KBUBAJICHTHATa KPyTOCT Ce
IpecCMeTyBa:

EIequ = 40%ElhOg + 60%Elsag a7
Kane

Ihog! MOMEHT Ha MHEPIIMja HA YMCTO YETUYEH IPECEK
Isag: MOMEHT Ha HHEPLHja Ha CIIPETHAT PECEK

3. ITPUKA3 HA PA3YJITATHU 3A CIIPETHATA PAMKA

3.1.1. Onuc Ha pamkaTa

Ce pasrienyBa paMka co pacrton Ha rpeaa IPE240(S235), L, = 7m u Bucuna Ha ctoino HEB160(235),
h = 3m. Jlebenuna Ha akTuBHATa OeToHcKata miova d = 6cm(C25/ 30). Kpyrocta Ha MOX/TaHUIIUTE
W 3aTerHaratra apamrypa ce mnpecMmeTand Bo [7] u msHecyBa kg = 0.95mm k, = 1. TIpobmemoT ce
pasrneayBa ox ®aza |“Iloctojanu Toeapu” u dDasza “ Kpartkorpajuu Tosapu”. Ilpecmeranu ce
MOMEHTHTE BO ja3esIOT Ha BPCKaTa U BO MOTIOpa Ha paMkara. McTUTe MOMEHTH ce CHOPEICHU Kora
paMKaTa OW ce TpeTHpajga Kako MpOCTO MoTnpeHa dveiaudyna pamka(®aza ) u ompeneneHu ce
NPOLCHTYAIHUTE PEAYKIMA HA MOMEHTHTE BO moJje. [lopaau mpomeHa Ha KpyTOCTa Ha rpernara co
3eMame BO TMpPEABUA Ha e(eKTUTe O] KpaTKOTPajHUTE TOBapH W CTBPIHYBAaHkETO Ha OETOHOT,
OTpeJieNICHN Ce HOBHTE MOMEHTH BO ja3eloT Ha BpCKaTa M BO IOJie O] OBa (a3a U THEe pe3ysTaTH ce
CIIOpE/ICHH KOora Mcrara rpesia Ou ce TpeTupaia Kako MpocTo MOTIPEHa.

3.1.2. Tllpuka3 HAa aKTUBHU KOMIIOHEHTH

Bo ciIeaHarta Tabena ce AaICHU MIPECMCTAHUTC KOMIIOHCHTHU HAa KPYTOCT 3a YCJIMIHHUOT ACJ O IIPECCKOT
" CHHPETHATHUOT ACJI COITIACHO CO pPE3YyJITaTUTC ILO6I/I6HI/I BO [7]

[Mapamerap | Bpennocr
KpyrocTa Ha KOMIIOHEHTAaTa
[mm]
Kpp 14.88 .
YeiHa m1049a Ha CBUTKYBambe '~
L‘:l
+
k 20.73 i$
draHmaTa Ha cTOJI00T Ha CBUTKYBambe cfb m
k 7.87 o
PebpoTo Ha cTon0O0T Ha 3aTerHyBambe cwe +
E_é
I
Kpe 53 _n
T'opHHOT pea Ha OOJITOBH Ha 3aTErHYBambe =
k 9.73 ke = (kake +1Gd) ™
PebpoTo Ha cToa00T HA MPUTHCOK cwe '
k 3.62
PebpoTo Ha cTONOOT Ha CMOJIKHYBaHbE cws
k, 11
3aTernara apamrypa
k 0.95
Mok nanunu S
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3.1.3. Onuc Ha cTaTHYKATA MpecMeTKa

ToBapuTe 1 cliTyeTaTa Ha paMKaTa ce JaJeHH KaKo Ha JToJTHATa CKHIIA:

®aza |-lNocTojaHn ToBap ®aza |I-kopucHu ToBap
T Geg=9[kN/m]] Peg=9[KN/m']
IPE240 IPE240
o o o o
< e 2 =
el o m | m m
- . - .
7777777 17777777 77777777 17777777
7m 7m

Cnuka 5 — a)Toapu Bo ®a3za | 6) ToBapu Bo ®Dazaa Il

Bo npBata (haza, mocTojaHHOT TOBap HE BIETYBa BO HOCHBOCTA TYKy C€ CMETa CaMO Kako TOBap 3a
yenuyHaTta paMka. Bo oBa ¢asza, BpckaTta rpema CToiO ce TpeTHpa Kako YHCTO YelMYHa BpCKa U
UHIUIMjaJTHATa KPYTOCT CE€ OIpeIeyBa CaMo CO YYECTBO Ha rpejaTa u CToji00T criopes u3pasor ().

Bo BTOpara ¢aza(kparkoTpajHu TOBap), OETOHOT ce cMeTa Kako CTBPIHAT U COpabOTKaTa CO YeInIHaTa
rpena e nmocturaara. OBa copa®oTka NPHIOHECYBA BO 3roJieMyBame Ha WHHUIMjAIHATA POTAMOHA
KPYTOCT Ha BpCKaTa M HCTaTa Ce ONpeJelyBa CO 3€Mame BO MPEIBUA OCBEH Ha YEITHMYHUOT AET O
BpcKara M MPUCYCTBOTO Ha apMaTypara, MOKIaHUINTE ¥ HUBHATA B3aMHA cOpabOTKa.

3.1.4. IIpecmeTka no (pa3u HA TOBapeme

®da3a |
kpk 2.31:2.61
inis = kb"+kc 2= ~1isc;210-10%-185.1% = 8878[kNm/rad] (18)
Sjs = 8878 0.5 = 4439kNm/rad (19)
_ Sislo _ 44397
El,  210-3892-102 =38 (20)
2R _ 2R ggql} 238 972
M= 3(R+2) Mo = 3(R+2)( ) = 3(3. 8+2)( ) 24kNm (1)
_ R+10 _ R+10 ( 5gL{ \ _ 3.8+10 56.6:7% _ 3.8+10 _
J 7 5R+10 0 T 5R+10 (38451,,) " 5:3.8+10 384210-3892:10~2  5-3.84+10 25 =1189mm (22)
®daza ll
HDr (o D3 () Do (Ho =Dy
Sj,ini,c = 1,1 1 1 (23)
(k_ ks k_)(kb+kc) Wz
250-325(2;1+9173)+185 (11 0;5'9173) ~185.1(260+325)-+~
Sj,ini,c = - '1 R 11 12 = 19794kNm/rad (24)
(1.1 10.95 9.73)(2.31 ) 9.73) 9.73
Sjc =0.5-0.75-20000 = 7423kNm/rad (25)

Co 1en f1a ce ompeieNny eKBUBaJIeHTAaHTa KPYyTOCT Ha CIIpeTrHaTa rpefia, Bo () mpecMeTaHa € KpyTocTa Ha
cBUTKyBame o1 (asa ll(ny = 6.77):

Isag = 17071cm* (26)

lequ = 40%I},0g + 60%Is,5 = 0.4-3892 + 0.6 - 17071 = 11799cm* (27)
_ Sjclp _ 74237 _

R= Eleqy  210-11799-1072 1 (28)
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2R _ 2R (pgalf\ _ 221 (97%\ _ 221 _
M= 3(R+2) Mo = 3(R+2)( 8 ) - 3(2.1+2)( 8 ) T 3(2142) 55.125 = 18.8kNm (29)
_ R+10 ¢ R+10 ( 5SpLy | _ 21410 5-6:7% _ 21410 _

J 7 5R+10 0 7 5R+10 (384Elequ> T 5:2.1+410384-210-11799-10~2  5-2.1+10 5.23 = 3.08mm (30)

Bo mpopomkeHne ce MaJeHH CyMapHUTE MPECMETaHM BIHjaHHWE 3a CIpPErHaTa paMKa W MCHUTHTE Ce
CTIOPEJICHU CO BJIMjaHHATA aKO paMKara ce TPEeTHpa Kako 3riI00Ha.

®A3A: MOCTOJAHU TOBAPU

CnpernaTa Pamka 3rno6Ha Pamka
=9kN/! =
9ea=KN/MY 1 Nm 24KNm Jeg=9KN/m

IPE240

Hueo 1 IPE240

Huo 1

31.115kNm

HEB160
HEB160
HEB160

HEB160

55.125kNm

\
\
\
\

a) 5) 17777,

Y

®A3A: MPOMEHNVBW TOBAPU

Pe=9kN/m' Peq=9kN/m’
18.8kNm 18.8kNm

st I\ IPE240 / S IPE240

HEB160
W
3
HEB160
HEB160

55.125kNm

BepTukanuu yrubu

g+p=6.6kN/m'+6kN/m’ g+p=6.6kN/m'+6kN/m'

Hugo 1 IRE240 o IPE240

15.1

0.23

HEB160
HEB160
HEB160

HEB160

\
)
\
y
\
y

A) f)

Cnuka 5 — a)Toapu Bo ®a3za | 6) ToBapu Bo ®Pazaa Il
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4. 3AKJIYYOK

Kaxo mto u Geme mpernoctaBeHo, eheKTUTE O]l CIIpETamke BO BPCKaTa IPela-cToid OBO3MOXYBaaT
oJiepeieH MOMEHT Ja ce MpuQaTh 01 CAMHOT ja3ell.

Op crpoBesieHaTa aHaau3a, BUJIMBY CE pelyKIMjaTa HAa MOMEHTHTE W YrHOUTE BO TOJIE 3a cliperHara
paMKa BO JIBeTe aHANW3UpaHu (a3u Ha ToBapeme. [lopagu momanaTta KpyTOCT Ha YUCTO YelTMYHATA
rpeaa BO OJHOC Ha CIIpeTHaTa rpeja, Ma MmorojieMa peayKirja Bo moje of ¢asa ,,[I0CTOjaHu TOBapH .
MowmeHTHTE BO TIONE ce peayuupanu 3a 43% Bo 0lHOC HA MOMEHTHTE KOra rpejaTta Ou ce TpeTupana
Kako mpocTo notnpena rpega(Cnuka ..a) 1 6). Bo Botpa (aza,ce 3a0enexxyBa penaTUBHO 3rojieMeHaTa
KpPYyTOCT Ha rpefaTa(mopaan eeKkTuTe o Crperame). HeraTHBHIOT MOMEHTOT IITO ce TpaHchepupa Bo
BpcKara rpejia cToiid, Kako IITO U Ce OUEKyBallle iMa PETaTUBHO ITOMaa BPEJIHOCT CIIOPENIeHO co (a3a
,Jioctojanu ToBapu”. Cemak, U BO OBOj Clly4yaj ce 3abeiexyBa pedyKuuja Ha MoMeHTuTe 3a 33% BO
omHOC Ha mpocto motnpeHa rpema(cmuka () B) u r). Hajromema pemykiumja ce 3abenexyBa Kaj
BepHUTaKIIHUTEe yrubu. BrymHuTe Beputkamau yrudbu ox ¢asza I+ dasza Il 3a cnpernara momy-kpyra
pamMka u3HecyBaaT 15.1mm gozaeka ako ucrara ce aHamu3upa Kako MpoCTo MOTIPEeHa paMKa U3HeCyBaaT
30.27mm(cauka ... 1) u 1),
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