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1. BeeOeHue

locppo-6anka (Sin-beam oOT naTuMHCKOro sinus — M3rMb) 3TO COCTaBHasi MPOMETHas KOHCTPYKUUS C
BOJTHOOOpa3HbIM FPedHEM M WMPOKUMUK NnacTUH4YaTbiMu pébpamun (pucyHok 1). Modpo-6anka npeacrtaBnsiet
coboi ceapHoOi AByTaBp. BepxHum n HWXHUIA Nosica BbINOSIHEHbI M3 cTanu TonwmHon ot 6 o 30mm. LWnpuHa
nosicos — oT 160 go 400mm. CteHka npepgcTtaensieT cobon cuHycomaanbHonM popMbl rodpy, BbIMONIHEHHYIO M3
ropsiiekataHon ctanu. TonwmHa cteHkn ot 2,0 go 3,0mm. BbicoTa rodppo-6anku MoXxeT ObiTb pasHOWM (PUCYHOK
2).

H

t, =3.0Mm
v by =2.0MM
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PucyHok 1. YepTtex rodpo-6anku [9] PucyHok 2.Nodpo-6anka [15]

CormacHO MpPOEKTHOW [OOKyMEeHTauuM W HOpMaMu MPOEKTUPOBAHWUSA CTarlbHbIX KOHCTPYKUWA, AN
N3roToBneHnst rodpo-6anok MPUHMMAlOT: ANS MOSCOB — ropsYeKkaTaHyl JMCTOBYK CTalflb HE HWXKEe MapKu
C255 no NOCT 27772 (Ct3cn, no TOCT 14637); Ana CTeHKM — XOonogHoKaTaHy TOHKonucToByto ctanb Ct3cn
no FOCT 16523. [MpuMeHeHMe WHbIX KOHCTPYKLMOHHBLIX MaTrepuanoB ToXe BO3MOXHO, B 3aBUCUMOCTU
OT TpeboBaHU 3aka3a U HOPMaTUBHO-TEXHUYECKOW OOKYMEHTauMuM AN KOHKPETHOro Buaa npoaykumu. odpo-
Ganka npu3HaHa OOHMM M3 «MHHOBALUMOHHbIX MaTepuanoB» B cTaTee [1]. Todpo-b6anka — HOBasi KOHCTPYKUUS
anst Poccum, XoTsi BO BCEM MUPE OHa y)XXe LUMPOKO MCNosb3yeTcs.

B 1988 roagy aBcTpuickon kOMNaHun Zeman BrnepBble NpeacTaBuiacbs BO3MOXHOCTb MCNOMNb30BaTb CBOU
3anaTteHToBaHHble rocpo-6anku npu cTpoutenscTBe nepsoro B [lonble ToproBoro ueHTpa Ha 55000
KBagpaTHbIX MeTpoB. [pumeHeHne rodpo-H6anok He TONbKO NO3BOMUMO YNOXUTBECA B CPOK, HO M CHU3WUTb 06LLMI
BEC KOHCTPYKUui Ha 700 ToHH, To ecTb Ao 1400 BmecTo 2100 TOHH. OHa akTMBHO nNpuMeHsieTcsa B cTpaHax EC.

«B ocHoBe pacuyeTa KOHCTpyKUMA C npuMmeHeHneM rodpo-6anok nexmt EUROCODE 3: Design of steel
structures; Part 1-1: General rules and rules for building» - Batnd H.U., anpektop VHXXeHepHO-CTpOUTENBHOrO
nHCTUTYTa MNoNUTEXHUYECKOTO YyHMBEPCUTETA.

2. O630p numepamypbi

ViccnenoBaHuto HecyLen cnocobHOCTU Banok yaeneHo 4ocTaTouHO 0onbloe BHMMaHue [1-15]. CtanbHble
GankM c ropupoBaHHOM CTEHKOW B HaCTOdWEee BPEMS aKTMBHO MPUMMEHSIOTCA B 30aHWUSX PasfnnyHOro
HasHauyeHus [24]. MMaBHbIN HeJOCTaTOK NPSMOM CTEHKM OObIMHOW OBYTaBpOBOW Ganku 3TO notepss MeCTHOW
ycTondmBocTh. B rocppo-6ankax 3a cHeT BOMHMCTOW CTEHKM Takon Npobremsl HeT [6].

CornacHo [23-26] npodunb CTeHKkM rodppo-6ankm MoxeT OblTb [BYX BWOOB: TpaneumeBUOHbIA U
cvHycoupganbeHbli (pucyHok 3). Takke npuMeHsATCs rodpbl C TpeyronbHbIM O4epTaHvem obpasyowen [7].
Kaxabin TN rochpnpoBaHUsa MMeeT CBOU AOCTOMHCTBA U HegocTaTkn. C TOYKM 3peHust NPOCTOThbl U3rOTOBMEHUS
Hanbonee BbIrOAHbI rOdpbl C TPEYrofbHbIM O4YepTaHMeM oOOpasyolern, a C TOYKU 3PEHUS YCTOWYUBOCTU
rodppupoBaHHON CTEHKM NPeanoYTUTENbHbI BONHUCTLIE [6]./icnonb3oBaHne MMEHHO nocneaHero Bmaa npoduns
BO3pocno B nocnegHue rogbl. M3-3a ToHkoro nucta (1,5-3) MM nNpocuns CTEHKM MPOUCXOAUT 3HAYUTENbHOE
CHWXEHMe Beca Mo CpaBHEHUIO C ropsiyekaTaHbIMU NPOUnsaMU U1 CBapHbIMU ABYTaBpPOBaMU ceYeHnsiMuy [24].

37

3aboposa [.0., OyHaeBckas FO.MM. MNpenmyLuecTBa 1 ocobeHHOCTU NpUMeHeHUst rocppo-6anku B ctponTenscTae. /
Zaborova D.D., Dunaevskaya J. P. Benefits and specifics of using corrugated beam in construction. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U COOpYXeHnn, 2014, Ne7 (22)
Construction of Unique Building_;s and Structures, 2014, Ne7 (22)

=
=
=

——
12
a -— \ __' o~
"3 |

}
E |
I

PucyHok 3.1. TpaneumBuaHbIn Npodnnb CTEHKU [2] PucyHok 3.2. CuHycouaanbHbIi Npodnnb CTEHKU [2]

B Hauane 1960-x, TpaneuueBuaHble rOpPUPOBaHHbIE MonepeyvHble 6ankm ucrnonb3oBanucb Ans
MeTannnM4yecknx KOHCTPYKUMW W acTakag Ha aBTocTpagax B EBpone m AnoHmm ¢ 1980 roga [24]. Takxke,
paclinMpeHne rpaHuL, NpUMEHeHMs cTanbHbiX 6anok ¢ roppupoBaHHON CTEHKOW MOXHO MPOM3BECTM 3a CYeT
BHEOPEHUS UX B rMAPOTEXHMUYECKME COOPYXKeHNa [23].

3. Llenib pabomebi

Llenbto paboTtbl ABnsieTCa nccnenoBaHne OOCTOMHCTB M HEOOCTATKOB rocpo-6anku ang pauuoHansHoro
MCNonb3oBaHMs B cTpouTenbcTBe. B cBA3M € 4yem, HeobxoOAMMO M3y4nTb KOHCTPYKUMIO rodpo-6anky u
paccMoTpeTb ee 0COOEHHOCTM.

4. lNpumeHeHue 2ogbpo-barnok

Fodbpo-6ankm Ncnonb3yoT:

1. Kak HecyLme KOHCTPYKLMN NPW CTPOUTENBCTBE 34aHUA (PUCYHOK 4);
2. Kak aneMeHTbl MOCTOBbIX KpaHOB (PUCYHOK 5);

3. B kauecTtBe 6anok NoKpbITUN U NEPEKPLITUI (PUCYHOK 6);

4. Kak kpaH — 6anku.

PucyHok 4. MHOroaTaxHbI XXunou Aom B ropoae Anmartbl pecny6nuku KasaxcraH.
Kapkac 3paHus BbINONHEH U3 cTanbHbIX KONOHH U 6anok ¢ TpeyronbHO-rodypupoBaHHbLIMU CTEHKaMM.
MepekpbITHSA BbINOMHEHbI N3 MOHONIMTHOTIO Xerne3obeToHa [6]
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PucyHok 5. ABTOMOGUIIbHLIN MOCT B SinoHun. B KauecTBe NPONeTHOro CTPOeHUs MoCTa NpUMeHeHbl 6arnku ¢
TpaneuveBUAHO-rohpupoBaHHON MeTasnNIM4eCKon CTEHKOW U Xene3o6eTOHHbIMU nosicaMmu. [6]

‘ S =
PucyHok 6. MHOroaTaxxHas aBTOCTOSIHKa B aaponopTy ropoaa Bena, ABctpus. B kayectBe 6anok nepekpbiTus
NPpUMeHeHbI cTarnbHble 6anku ¢ BONTHUCTO-roppupoBaHHON CTEHKOW NPOU3BOACTBA KOMMaHun Zeman. [6]

B Hawe Bpemsi, npon3BoACTBO ropo-6anok — 37O HENPEpPLIBHbIA U aBTOMATU3MPOBAHHLIN MPOLIECC
npov3BoauTENBHOCTLIO A0 20 ThiCAY TOHH NpoAaykuum B rod. B Havyane nuHWM pynoHHas ctanb nocTtynaeT C
pasmaTtbiBaTeNsd B BbINPAMUTENb ONS CHWKEHWS HanpsbKeHUs, NoTOM CTanb PEeXeTCs Ha MNonockbl 3apaHee
onpeaenéHHon WUpKuHbl U AnvHbl. [lanee 3aroToBKM noovepeHO NocTynarT B npodunupytowmii npecc. Nonkn
NPWXUMaKTCa K TopuaM ropupoBaHHOM CTEHKU C MOMOLLbI rMapaBnnyeckoro ycTponctea. [eomeTtpud
ropupoBaHHON CTEHKM CKaHMpPyeTCHa nas3epoM, a MOTOM MO CTbiKy MeXAy HeW W MOSIkoW NMpOMCXOAWUT CBapka
OBYMsi CBapoyHbiMu nuctonetamun. CBapka ugeT TOMbKO C OOHOW CTOPOHbI, MOTOMY YTO TOMWWUHA CTEHKU
Hebonbwasa. HyxHble KpenexHble 3MeMeHTbl NPUBapMBAalOTCS YXKe BPY4YHYl, 3ateM 0Oanky 3adyuwaroT,
oKpalmBaloT 1 cyLiar.

5. OcobeHHocmu 2ohpo-banok

PaccmoTpum 6onee nogpobHo ocobeHHOCTU rodpo — Ganok:

1. Bnazodapsi eoghpupo8aHHOU CMEHKe, KOHCMPYKUUsS 3ghghekmueHO e8ocrpuHuMaem u3aubarouwjue
Haegpy3ku, u eé€ npocghunuposaHHbie arnemeHmbl 6oree ycmouyusbl K OnumesibHOlU cmamu4yecKkol Hazspy3ke
(monkn  BocnpuvHUMaT wM3rmbarwmne MOMEHTbI U HOpMarbHble Harpy3kM, a rogpupOBaHHbIE CTEHKM
BOCMPUMHMMAIOT nonepeyHble cunbl). [peMmyliectBOM cuHycomaanbHOro pebpa nepen npsMbiM - ABASETCS
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yCTpaHeHue MecTHon aecdopMaLmm, KoTopas CBOMCTBEHHa NNockum nnactuHam. lNpueegem HebonbLion pacyeT
Ha MPOYHOCTb roppo-Bankm M cpaBHUM €ro C pacyeTOM Ha MPOYHOCTb KMNacCMYEeCKOW ABYTaBPOBOMW OGarnku.
Bosbmem rogppo-6anky mapkm WTA(B, C) — H— b xt, robe WT — rodpo-6anka c cuHycongansHon opmMon
rodpa cteHku; A (B, C) — TonwmHa cTeHku:

A=2,0wmm; B=25wmm; C=3,0 Mmm; H— BbicOTa CTeHKN, NpuHnmaemas pasHon 500; b — wmnpuHa nosica:
MWHMManbHoe 3HayeHne b = 170 mm; t — TonwmHa nosica: t = 15 mm; L-gnunHa; L=6000mm.

Bua, pasmepbl M reomeTpuyeckne XxapakTePUCTMKM MOMEpeYHbIX ceveHun, macca 1 n/m rocppo-6anok
cooTBeTCTBYIOT TY 5261-001-43892121-2005.

WTB — 500— 170 x 15./1 Bo3bMeM Onsi pacdéTa KnacCMYecKkylo OBYTaBpOBYH 6anky C TakMMu xe
pasmepamu.

Mockonbky rocpo-b6anka nmeet nsrnbebl, TO

B 1 meTpe cogepxuTca cTeHka rodpo-6anku

2] A ONVHON 1185,9 MM (puc.7).

1185,9 PaccmoTpum OoAVH MeTp rogpo-6anku.
Mnowanmn OomkHbl ObITh paBHbl, T.e. A=A,

= A A=2,5%1185,9 = 2964, 751’
1000
CnepoBaTenbHo,
PucyHok 7. Mnowaab ogHOro MNOroHHoro meTpa rodpo- A 2064.75
Ganku X=—=——"""=2965uu
100 1000

PacuéTt npegocTtaeneH B TabnunyHom bopme aAns ygobcTea cpaBHEHUS.

Ta6nuua 1. PacueT 6anok Ha NPOYHOCTb

O6bI4yHasa aByTaBpoBas 6anka. Fodpo-6anka.
UcxopHble 110 PucyHok 8.1. CeueHue ‘é PucyHok 8.2.CeueHue rocdpo-
OaHHble I 1:1‘5 AByTaBpoBOW Ganku A 6anku
Mo coprameHTy Mo copTameHTy npumem
2,5 npumem AByTasp 2,965 asyTtaBp Ne50.
o Ne50. o
A z A z
~_IZ'E —I:H
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O6bIuHasa gByTaBpoBas 6anka. Fodpo-6anka.
MowmeHT *h3 *h3
WHepuum l, = -1, =4,78cm* l, = 1, =4,78cu’
1 12 1 1 12 1
b*h’ b*h’
|, = ; 1,=270,323cu’ |, = ; 1, =320,66cn*
2 12 2 2 12 2
| — MOMEHT MHepunm | — MOMEHT MHepLMK
a, =24,25cm a, =11,75cm a, =24,25cm a, =11,75cm
F =255 em? F =255 em?
F, =5,875cm? F, = 6,968cm”
F-nnowaab NpsiMOYrofibHUKOB F-nnowaab NpsiMOyrofibHUKOB
|, =32134cn*=3,21*107 »/* |, =32566,11 cu* =3,26%107 u/*
BbiBoa: MomeHT nHepumm rodppo-6ankm 6onblue (Ha 1,5%), 4em y 0ObI4YHOWM ABYTaBpPOBON Barnku, HO
HEe3HaYUTENbHO.
HopmanbHoe | Harpyska. Harpyska.
HanpsXxeHue H xkH H xkH
q=5""=0,05""~ q=5"-0,05*%
M cm M cm
o=Y. 5=1555%10" o=M. 5=1535*10°
w w
BbiBoa: Tak kak MOMEHT nHepuun rocppo-6anku 6onblue (Ha 2%), a Harpyska oaMHakoBasi, TO y rocpo-
Banku HopMmarnbHoe HanpsXXeHue Byaet MeHbLue, Yem Yy 0BbIYHON.
Papguyc | |
MHepLuuK i=.— i= |—
F F
F =(F+F,)*2=62,75cm" F =(F+F,)*2=64,936cm"
i =22,64cm i =22, 4cm
BbiBoA: Y rodpo-6ankn paguyc nHepumnm MeHblue, No3TOMy OHa byaeT nmeTb BonbLuyio
3KOHOMUYHOCTb. (MeHbLue Bcero Ha 1,1 %)
Mporu6 5 g*|* x4
q*l " 5 qg*I "
=— f=1,31*10"m f=—o f=1,3*10"m
384 EI 384 EI
BriBoa: Tak Kak MOMEHT MHepuun rodpo-6ankm GonbLue, a Harpy3ka oguHaKkoBas, TO Yy rodpo-06anku
nporn6 6yaet meHbLUe, YeM Y 0bblvHOM (Ha 1%).

M3 npvBedeHHbIX pacyeToB BUAHO, YTO MO BCeM napameTpam rogpobanka nMeeT npeumyLlecTsa nepes
06BbIYHOW Ha J0MK NPOLIEHTA.

2. Obnacmb npumeHeHusi makux 6asioKk aHanocuyHa ObbIYHbIM O8ymasposbimM/maspossiv bankam 6e3
CMPYKMypHbIX oepaHu4eHud.

B HacToswee Bpems rodppo-6ankm NpyMeEHSOTCS He TOMNbKO B KA4eCTBE CTPONUIbHbIX 6anoK B MOKPbITUSIX
OAHO3TaXHbIX 31aHWUIN, HO N B KA4YECTBE HECYLLMX KOHCTPYKLUIN KYyMNOmoB, ranepen n MHOroaTaxHbIX 30aHUN.

3. Obuwuti sec cmpoumernbHbIX KOHCMpPYKUUl ymeHbwaemcs Ha 10-30%.

B nocobun PamHwTtenH A. «CtanbHble Gankv MUHMManbHOro Beca» aBTOPOM OblM COMOCTaBMEHbI
nokasaTenu mMaccbl, CTOUMOCTHU, OfWHbI, U MacCbl HanpaBneHHOro MmeTanna 48 BapnaHToB Ganok c NOCKMMMU U
rodopupoBaHHbIMKU CTeHKaMu. CpaBHEHWe MNokasano, YTO CBapHble ABYyTaBpbl C rOMPUPOBAHHOM CTEHKON
9KOHOMUYHee Mo pacxogy ctanum Ha 9-27% 4em cBapHble ABYTaBpbl C MNMOCKOW CTEHKOW, Ans Bcex 48
paccMOTPEHHbIX BapuaHToB [24]. Takas 9KOHOMMS OCYLLECTBASETCA 3a CYeT BO3MOXHOCTW YMEHbLUEHUS
TOMLWMUHBbI CTEHKM roppo -6arnok.
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4. Sin-barnku criedyem UConb308amb fpU «CrIOPHbIX» fposiemax 30aHudl.

[NpakTnka nokasbiBaeT, YTO Npu nponeTax 4o 8 — 9 MEeTPOB XOPOLLO UCNOoNb30oBaTb Knaccuveckne 6anku. B
nponetax ot 9 oo 15 mMeTpoB Knaccuyeckne 6ankv MCNonb3oBaTb HE paLMOHarbHO, MOTOMY YTO UCNONb3yeTcH
MHOrO nuLIHero matepuana. [ina TakMx nponeToB nNpuHMMaTb bepMy TOXe He ONTMMarnbHO, OHa yBenuyuBaeT
CTPOUTENbBHYIO BbICOTY, YTO HE Bcerga xopoLuo. [No3ToMy B TakMx Criydasix cambiM ONTUMarbHbIM pelleHMemM ans
NPOEKTUPOBLUMKA SBMSIETCS WCMoNb3oBaHMe rodpo-6anok, Ans WX W3roTOBMEHUS MWCMOSb3YT MeHbLUEe
MaTepuana, OHM AalT MEHbLUYIO Harpy3Ky Ha KOHCTPYKUMIO U HE YBENUYMBAIOT CTPOUTENBHYIO BbICOTY.

5. Bbicmpasi ckopocmb 8038e0eHusI, npocmoma cbopKu U néakocms 0ocmasku Ha 06 bekm.

ABTOMaTMU3NPOBAHHbIE FMHUN MO3BOMSAKT COKPATUTbL AOPOroM M OONMiA NpeaBapuTenbHbIA NpoLece
cbopkn u cBapkm rogpo-6anku. Mo cpaBHeHUIO C depMamMu OHM ferye MOHTUPYHOTCH U AOCTaBMAKTCHA Ha
obbekT.

6. Foghpo-6arnky MOXHO UCIMOMb308amb Kak afiemMeHm ousalHa.

Bnarop,apﬂ opurnHanbHOMY BHeLWlHeMY BuUAOY Takue Oankn MOryT CTaTb apXUTEKTYPHbIM 3J1€MEHTOM
NOMELLEHMNS, HO 3a CYET BOJSIHACTOW CTEHKM Mbiflb U rpA3b ocenaeT Ha FOd)an N Takaa KOHCTPyKUuMA Ond
OYUCTKN. DTO 3HAUYUTENBLHO YMeHbLUaeT 3KOJTIOMM4YHOCTb NOoMeLLeHNA “ 3CTETUYECKNI BUA.

7. OKOHOMUSI Ha OMOIIIeHUU.

Mockonbky Bankun ¢ rodprpoBaHHON CTEHKON NO CPaBHEHMIO C (DEPMON IKOHOMSAT CTPOUTESNBHYIO BbICOTY,
TO oborpeBaeMbIt 06beM 3aaHNst OyaeT MeHbLUE.

8. Takol mun 6anok s.ensgemcsi Haubosiee 3ampamHbIM MPU U320MO8JIeHUU.

Habop obopynoBaHusi, TpebGyeMblii ANs NPOU3BOACTBA, a TaK )e paspeLleHne Ha MOKYMKY TakoW JNMHWK Y
KOMMaHuyM Zeman, CTOST HAMHOIO JOPOXe, YeM NPON3BOACTBO (PUPMEHHBIX KOHCTPYKLIWIA.

9. He pekomeHdAyemcs ucronb3o08amb 3mom murl basok 8 Ka4ecmee KOJIOHH.

Mpn paboTe KOMOHHbI Ha CXaTue, MPOYHOCTHLIE XapaKTEPUCTUKN TaKOW KOHCTPYKLWW, BbIMOSIHEHHON U3
rocppo-6anku xyxe, 4em y KOHCTPYKLUK, BbINONIHEHHOM M3 06bIYHON BGanku.

10. B HopmamueHolU numepamype roka Hem cgedeHuli o eoghpo-banke, 3TO 3aTpydHSET npouecc
NPOEKTUPOBAHUS N MHOTME NMPOEKTMPOBLLMKN OTKa3biBalOTCA paboTaTb C TakuM TMNoOM Ganok.

B ceasn ¢ BeBegeHmem B 2007 rogy Ha Tepputopumn KasaxctaHa POC PK 5.04-24-2006 copTtameHTa
3(PPEKTUBHBIX CBaPHbLIX ABYTaBPOBbIX Npodunen ¢ roppupoBaHHLIMU CTEHKaMu, obnacTtb NPUMEHEHUS TaknxX
Ganok B pecnybnuke HamHoOro ysenuuunack. [py agantauum 3Toro TeXHUYECKoro AokymeHTa ans Poccuiickon
®enepaumn nnu paspaboTkM HOBbIX CTPOUTESbHBIX HOPM K MpaBun rogpo-6anka 6onee 0XOTHO NPUMEHSANAch
Obl B CTPOMTENbLCTBE Ha Tepputopun Poccum.

6. BbIi80ObI

lMpoaHanuanpoBaB Bce OCOOEHHOCTM NpUMeHeHWs rodppo-6anku, MOXHO NpUATM K BbIBOQY, YTO ee
ncrnonb3oBaHne LienecoobpasHo faneko He BO BCEX Clyyasix, MOTOMY 4TO Yy rodpo-6ankvm ecTb CBOM MNAKCHI U
MUHYCbI. [1OCKONbKY OCHOBHBIMW KPUTEPUSMW NPWU  BbIMOSTHEHWU MPOEKTHbIX paboT MOMMMO MPOYHOCTU W
HadEeXHOCTU [JOMmKHa OblTb 3KOHOMMYecKas IPPEKTUBHOCTb, TO BbIOOP CTPOUTENbHBIX KOHCTPYKUMU W
mMartepuanos criedyeT OCyLIeCTBAATbL C 0COB0N BHUMATENbHOCTLIO. locne Toro kak yaacTCcst CHU3NTb 3aTpathbl Ha
Npon3BOACTBa rodpo-6ankm 1 NOsIBUTCA TEXHMYECKas AOKYMeHTaumsl, MOXHO OyaeT aymaTb O Gonee WMpoKoM
npuMeHeHuUn rogppo-6anku Ans CoBpeMeHHOro CTpouTenbCTBa Ha Tepputopun Poccun.

42

3aboposa [.0., OyHaeBckas FO.MM. MNpenmyLuecTBa 1 ocobeHHOCTU NpUMeHeHUst rocppo-6anku B ctponTenscTae. /
Zaborova D.D., Dunaevskaya J. P. Benefits and specifics of using corrugated beam in construction. ©



CTpouTenbCTBO YHUKaNbHbIX 34aHUIN U coopyXeHun, 2014, Ne7 (22)
Construction of Unique Building_;s and Structures, 2014, Ne7 (22)

NurtepaTtypa

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.
22.

Yepesosa H. iuBecTnumm B 6yaywee // Bantuiickuin MlopusoHT Ne2(10) man-utoHb 2013. C.6-9.

KaTtiowuH B.B. OnTMMu3auusa [OBYTaBPOBbIX CEYEHWUW pamHblXx KOHCTpykuui // XKypHan CrtpoutenbHas
MexaHuka W pacyeT coopyxeHun. WsapatenbctBo: OAO  «HayyHo-uccnegoBaTeNbCKUM — LIEHTP
«CtpouTtenbctBo» (Mocksa) 2012. C.22-23.

MontopagHeB A.C. Hecyuiasi cnocobHOCTb M ONTUMM3aUns CTanbHbIX TOHKOCTEHHbIX Ganok // duccepTauus
(Kog cneunanbHocty BAK 05.23.01). CneumanbHocTb: CTpouTenbHble KOHCTPYKUMW, 30aHUSA Y COOPYXKEHUS,T.
Mocksa. 2013. C. 57-60.

UnbuHa A.A. MNMpoYHOCTb M YCTOMYMBOCTb CTarbHbIX U3rMbaeMbIX 3rIEMEHTOB C perynsipHo U HeperynsipHomn
WwaxmaTtHoh nepdopaumenn cteHkn. [ucc. Ha couck. ydeH. cten. K.T.H. (Kog cneuuwanbHoctn BAK
05.23.01).CneumansHocTb: CTpoUTEnbHbIE KOHCTPYKLUMKM, 34aHWSA 1 COOpyXeHus.r. Bnagnmmup. 2004. C.3-4.

MeTannu4yeckune KOHCTpykumm nog pea. B.B. Nopesa Tom 1, 2001. C. 294-303.

KyopsiBueB C.B. PacueT aByTaBpoBoK Ganku ¢ ropprpoBaHHOM CTEHKOW Ha M3rnb B CBOEWN MIOCKOCTU MOL
OencTBmeM ctaTuyeckux Harpysok (Yactb 1: Metoauka Pacueta). FOY BIO «Ypan. l'oc. TexH. YH-T-YTU».
EkaTtepuHbypr, 2007. 17 c.: un. Bubnuorp.: 20 Ha3B. Pyc. len. B BUHNTW 20.07.07, Ne749-B2007. C. 33-34.

Kyapsisues C.B. Pacuet aBytaBpoBon Ganku ¢ ropprpoBaHHOW CTEHKOW Ha M3rnb B CBOEWN MMOCKOCTU MO
JencTBmem craTmdeckmnx Harpysok (Mactb 2: Metoguka Pacueta). TOY BIMO «Ypan. loc. TexH. YH-T-YTW».
EkaTtepunbypr, 2007. 17 c.: un. bubnuorp.: 20 Ha3s. Pyc. flen. B BUHUTW 20.07.07, Ne749-B2007. C. 250-
258.

ConosbeB A.B., Jlykun A.O., AnnaTtoB B.FO., CaBoctbsHOB B.H. Yuet ocobeHHocTen pabotbl 6anok c
rodprMpoBaHHO CTEHKOM B pacyeTax Ha cTecHeHHoe kpy4veHue // BecTHuk MITCY. — 2012.-Ne11,C.-105-112.

OctpukoB .M., MakcumoB HO.C., OonwuHckuii B.B.. WccnepoBaHnue Hecyuien cnocoBHOCTM CTamnbHbIX
OBYyTaBpoBbIXx 6anok € BepTMKanbHO rogpupoBaHHOM CTeHkon // CTpouTenbHas MexaHuka Wu pacyeT
coopyxeHui. — 1983.- Ne1.-C.68-70.

BapaHoBckag C.I'. TpoYHOCTb M YCTOWYMBOCTL rOPMPOBAHHOW CTEHKM CTanbHOW [OBYyTaBpoBOW Oamnku.
AsToped. Ouc. Kana. Tex. Hayk. HoBocnbupck, 1990. C. 20.

Y6arnigynnoes M.H. lMoBblweHne Hecywen cnocobHOCTU 3KCniyaTupyeMbix COopyxXeHui // CTpouTenscTBo
YHUKanbHbIX 30aHui 1 coopyxeHuit. 2013. Ne4 (9). C.15.

Bpoyne B.M., Mowncees B./. YcTOWYMBOCTb MPSAMOYrOfibHbIX MMAACTUHOK C  YNPYrMMm 3allieMreHuem
NpoJonbHbIX CTOPOH // CTpoutenbHas MexaHuka n pacyeT coopyxeHui. 1982. Ne1, C. 39-42.

Bnacos B.3. ToHkoCTEHHbIE ynpyrie cTepxxHu. PuamaTnagar, 1961. C. 568..
Bonbmup A.C. YcTtoumBocTb aedopmupyembix cuctem. M. : Hayka, 1967. C. 984.

OonvHckmn B.B. CranbHble [OByTaBpOBble purenu c ropupOBaHHON CTEHKOW B CEWCMOCTOMKMX
MHOrO3TaXHbIX paMHbIX kapkacax. ABToped. Ancc. kaHg. Tex. Hayk. Cneu. 05.23.01. HoBocnbupck, 1985. C.
22.

MakcumoB FO.C., OctpukoB .M. Jlerkme cTtanbHble KOHCTPYKLUMU MOKPbLITUA MPOW3BOACTBEHHBLIX 3aaHun //
Okcnpecc-uHdopmaumsa. Anva-Ata: KasLlHTUC MNocetpos Kasaxckon CCP, 1987. C. 41.

MeTannuyeckme KoHCTpykuuun. CnpaBoyHuK npoektuposLlumka. M.: ACB, 1998. T.2: CTtanbHble KOHCTPYKUMMK
34aHuin n coopyxeHun, 1998. C. 512.

CreneHeHko A.H. NccnegoBaHue paboThl MeTannmyecknx 6anok ¢ TOHKMMM roopupoBaHHbIMU CTEHKAMK NpU
CTaTUYECKOM 3arpy>keHunn. [Iucc. Ha couck. yveH. cten. k.T.H. Cney. 05.23.01. Ceepgnosck, 1972. 151 c.

Banku ¢ ropprpoBaHHOM CTEHKON. TexHuveckasa gokyMeHTaums. Zeman&Co GesellschaftmbH., 1993.14 c.

KyouwwuH HO.N., Begenst E.W., UrhatbeBa B.C. [ ap.] MeTtannuuyeckme KOHCTpykumu. 8-e u3a., nepepab. A
pon. M.: Uspgatenbckuii ueHTp «Akagemusy, 2006. C. 688.

CHul 2-23-8*.CTanbHble KOHCTPYKLMK.

Poranesuy B.B., KygpsiBueB C.B. KoHueHTpauusi HanpsbkeHWn BOMM3W KPYroBblX OTBEPCTUMA B
rodopupoBaHHbIX CTeHkax 6anok // 3sectus BysoB. CTpoutensctBo. 2008. Ne11.C. 8-13.

43

3aboposa [.0., OyHaeBckas FO.MM. MNpenmyLuecTBa 1 ocobeHHOCTU NpUMeHeHUst rocppo-6anku B ctponTenscTae. /
Zaborova D.D., Dunaevskaya J. P. Benefits and specifics of using corrugated beam in construction. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U COOpYXeHnn, 2014, Ne7 (22)
Construction of Unique Building_;s and Structures, 2014, Ne7 (22)

23.

24,
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

banbsaHHMkoB M.U., XononoB W.C., ConosbeB A.B., JlyknH A.O. TlpumeHeHue cTanbHbiX Ganok c
rodopupoBaHHON CTEHKON B rMapPOTEXHUYECKUX coopyeHusx // BectHuk MITCY. 2013. C.34.

davHwTeriH A.A. CtanbHble 6ankv MuHMMansHoro Beca. 3a-so MonutexHunyeckuin ynnsepcuteT, 2007. 95 c.

Pasternak H., Kubieniec G. (2010) Plate girders with corrugated webs. Journal of Civil Engineering and
Management. 2010. Vol. 16. Issue 2. Pp. 166—171.

Sayed-Ahmed E. Y. (2005) Lateral torsion-flexure buckling of corrugated web steel girders. Proceedings of the
Institution of Civil Engineers Structures & Buildings. 2005 Issue SB1. Pp. 53—-69.

Zhang. W, Y. Li, Q. Zhou, [et. al.] (2000) Optimization of the structure of an H-beam with either a flat or a
corru-gated web. Part 3. Development and research on H-beams with wholly corrugated webs, J. Mater.
Process. Technol. Vol.101. Issue 1. 2000. Pp. 119-123.24.

Abbas HH, Sause R, Driver RG. (2006) Behavior of corrugated web I-girders under in- plane loading. Journal
of Structural Engineering ASCE 2006. Vol. 132. Issue 8. Pp. 806-814.

Basher M., Shanmugam N.E., Khalim A.R. (2011) Horizontally curved composite plate girders with
trapezoidally corrugated webs. Journal of Constructional Steel Research. Vol. 67. Issue 6. 2011. Pp. 947-956.

Khalid Y.A., Chan C.L., Sahari B.B. [et. al.] (2004) Bending behavior of corrugated web beams. Journal of
Materials Processing Technology. 2004. Vol. 150. Issue 3. Pp. 242-254.

Eldib M.E.A.-H. (2009) Shear buckling strength and design of curved corrugated steel webs for bridges.
Journal of Constructional Steel Research. 2009. Vol. 65. Issue 12. Pp. 25-27.

Wakchaure M.R., Sagade A.V. (2012) Finite Element Analysis of Castellated Steel Beam. International
Journal of Engineering and Innovative Technology (IJEIT) 2012. Vol. 2. Issue 1. Pp. 365-367.

Ezzeldin Yazeed Sayed-Ahmed. (2007). Design aspects of steel I-girders with corrugated steel webs.
Electronic Journal of Structural Engineering. Issue 7. Pp. 27-30.

Elgaaly, M., Seshadri, A., Hamilton, W. (1997). Bending strength of steel beams with corrugated webs.
Journal of Structural Engineering. Vol. 123. Issue 6. Pp. 772-782,

Schafer, B.W., Pekdz, T. (1999). “Laterally Braced Cold-Formed Steel Flexural Members with Edge Stiffened
Flanges. Journal of Structural Engineering. Vol. 125. Issue2.

Driver RG, Abbas HH, Sause R. (2006) Shear behavior of corrugated web bridge girder. Journal of Structural
Engineering. 2006. Vol. 132. Issue 2. Pp. 195-203.

44

3aboposa [.0., OyHaeBckas FO.MM. MNpenmyLuecTBa 1 ocobeHHOCTU NpUMeHeHUst rocppo-6anku B ctponTenscTae. /
Zaborova D.D., Dunaevskaya J. P. Benefits and specifics of using corrugated beam in construction. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U COOpYXeHnn, 2014, Ne7 (22)
Construction of Unique Building_;s and Structures, 2014, Ne7 (22)

Benefits and specifics of using corrugated beam in construction

D.D. Zaborova', J.P. Dunaevskaya®

123aint-Petersburg Polytechnical University, 29 Polytechnicheskaya st., St.Petersburg, 195251, Russia

ARTICLE INFO

Technical paper

Article history Keywords
Received 26 March 2014 construction,
Accepted 7 July 2014 sin-beam,

steel structure,
strength,
flexural strength.

ABSTRACT

Corresponding author:

Beam with a corrugated wall is a structure consisting of
belts of arbitrary cross-section and a thin metal wall
which is curved in the transverse direction. Currently
such structures are used as beams, floors in multi-floor
residential buildings, large-span beams covering in
industrial  buildings, dome design elements in
administrative buildings. In this article we study the use
of corrugated beam and its comparison with the classical
I-beam. It is shown that the use of corrugated beam has
a number of advantages and some disadvantages.
Based on the research conclusions were made:
Corrugated beams help to save material because of the
reduced wall thickness and the curved shape. Strength
of corrugated beams is only slightly above the strength
of normal beams. Replacing conventional truss or I-
beam with corrugated beam is not always possible.

+7 (911) 180 6033, zaborova-dasha@mail.ru (Darya Dmitrievna Zaborova, B.Sc.)

+7 (981) 706 2268, juliadynaevskaya@gmail.com (Julia Paviovna Dunaevskaya, B.Sc.)

45

3aboposa [.0., OyHaeBckas FO.MM. MNpenmyLuecTBa 1 ocobeHHOCTU NpUMeHeHUst rocppo-6anku B ctponTenscTae. /
Zaborova D.D., Dunaevskaya J. P. Benefits and specifics of using corrugated beam in construction. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U COOpYXeHnn, 2014, Ne7 (22)
Construction of Unique Building_;s and Structures, 2014, Ne7 (22)

1. Introduction

Corrugated beam (Sin-beam from the Latin sinus - bend) is a component of spans with wave crest outs and
wide plate fins (figure 1). Corrugated beam is a welded girder. The upper and lower belts are made of steel with a
thickness of 6 to 30mm. Belt width - from 160 to 400mm. Wall is a sinusoidal corrugation made of hot-rolled steel.
The wall thickness is from 2.0 to 3.0 mm. Height of corrugated beams can be different (figure 2).

Now there is a challenge for the reduction in the cost of construction, so weighty sin-beams have my
advantage, because saving the raw material is 10-30 % as compared with the conventional construction metal
structures and up to 40 % - as compared with the flange beams and hot rolled beams, which reduces the final
cost by 10-12 %.
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Figure 1. Drawing sin-beam [9] ] Figure 2. Sin-beam[15]

According to project documentation and design standards of steel structures for the manufacture of
corrugated beams are welcome: for belts - hot rolled steel grade S255 GOST 27772 (according to GOST 14637);
for wall - cold-rolled sheet steel St3sp according to GOST 16523. Using other structural materials is also possible,
depending on the requirements of the order and normative-technical documentation for a particular type of
product.

Corrugated beam as one of the "innovative materials” is recognized in the article [1].
Corrugated beam — is new design for Russia, although the world has already widely used.

In 1988, the Austrian company Zeman first opportunity to use its patented corrugated beams during the
construction of the first shopping center of 55,000 square meters in Poland. Application corrugated beams not
only allowed to meet the deadline, but also reduce the total weight of 700 tons of structures, i.e to 1400 instead of
2100 tons.

Itis actively used in the EU.

"The basis of calculation of constructions made of corrugated beams lies EUROCODE 3: Design of steel
structures; Part 1-1: General rules and rules for building», - Vatin N.I., Director of Institute of Civil Engineering.

2. literature Review

Investigation of bearing capacity of beams paid much attention [1-15]. Steel beams with corrugated wall are
being actively used in various buildings [24]. The main drawback of the conventional straight wall, I-beam is the
loss of local stability. In corrugated beams through undulating wall is no such problem. [6].

According to [23-26] profile wall corrugated beams can be of two types: trapezoidal and sinusoidal (figure
3) Just apply the corrugations with a triangular outline generator [7]. Each type of corrugation has its advantages
and disadvantages. From the standpoint of ease of manufacture, the most beneficial corrugations forming a
triangular outline, but in terms of the stability of the corrugated wavy wall preferred [6]. Especially for the main
frames of single-storey steel buildings the use of corrugated web beams, mainly with sinusoidal corrugation, has
been increased very much during the last years. Due to the thin web of 1,5 mm to 3 mm corrugated web beams
afford a significant weight reduction compared with hot rolled profiles or welded I-sections [24].
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Figure 3.1 Trapezoidal Corrugation [2] Figure 3.2 Sinusoidal Corrugation [2]

In the early 1960s, trapezoidal corrugated web beam used for metal structures and overpasses on
highways in Europe and Japan since 1980 [24].Corrugated beams can also be used in waterworks [23].

3. Objective

The aim of this work is to study the differences of strength characteristics corrugated beams from the
classical I-beam. In this case, it is necessary to study the structure corrugated beams and to calculate the
strength of both structures.

4. Application of corrugated beams

Corrugated beams are used:

1. as load-bearing structures in buildings (figure 4);
2. as the elements of bridge cranes (figure 5);

3. as the beams of roofs and ceilings (figure 6);

4. as a crane — beam.

= EmE
Figure 4. Multi-storey residential building in Almaty, Kazakhstan. The building frame is made of steel columns and
beams with triangular-corrugated walls. Overlap of reinforced concrete. [6]
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Figure 5. Road bfidge in Japan.
As a bridge span beams applied with trapezoidal corrugated-metal wall and concrete belts [6].

—_—

ol el

As joists used steel beams with wavy-wall corrugated production company Zeman. [6]

Nowadays, the production of corrugated beams - a continuous and automated process performance up to
20 thousand tons per year. At the beginning of the line comes from rolled steel uncoiler straightener in order to
reduce stress, and then steel is cut into strips of a predetermined width and length. Next, enter the blanks
alternately press profiling. Shelves are pressed against the ends of the corrugated wall with a hydraulic device.
The geometry of the corrugated wall LSU, and then the junction between it and the shelf occurs welding two
welding guns. Welding is only one hand, because the wall thickness is small. Desired fasteners already welded
manually, then beam sanded, stained and dried.

5. Features of corrugated beams

Let us consider in more detail the features of corrugated beams:

1. Owing to the corrugated wall design effectively load a bending loads, and profiled elements (of the
corrugated wall) are more resistant to long-term static load (shelves perceive bending moments and normal load,
and corrugated walls perceive shear forces). Advantage over direct sinusoidal ribs is to eliminate the local strain,
which is characteristic of flat plates.
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The following is strength calculation of corrugated beams and compare it with the expectation of the
classical strength I-beam. Take for example the corrugated beam WTA (B, C) - H - b x t,

where WT — the corrugated beam with sinusoidal corrugation of the wall; A (B, C) - wall thickness:

A=2.0mm;
B =25 mm;
C=3.0mm;

H - height of the wall to be considered equal to 500;

b - width of the belt: the minimum value is b =170 mm;
t - thickness of the belt:

t=15mm;

L-length;

L = 6000mm.

The minimum length of the beams -4000 mm, maximum length - 12000 mm. Type, size and geometry of
the cross-sections, the mass of 1 ¢ / m of the corrugated beams correspond THAT 5261-001-43892121-2005.

WTB - 500 - 170 x 15, and take (for) calculate the classical I-beam with the same dimensions.

1185.9

XJ A
1000
Figure 7. Area of one meter corrugated beams

Consider one meter corrugated beams.

Area must be equal, i.e A= A.

A=2,5*1185,9 = 2964, 751>

A 2964,75

100 1000
Calculation is provided in tabular form for easy comparison.

Consequently, x = =2,965mm

Table 1. Strength calculation

Normal I-beam. Corrugated beam (sin-beam).
25 2,965
(=] [
b z @A Z
Initial data
| — . C————
A "
Figure 8.1..I-b9fam cross section. Figure 8.2. Corrugated cross-section beams.
Product mix girders take number 50. Product mix girders take number 50.
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Normal I-beam. Corrugated beam (sin-beam).
*h3 *xh3
l,= 1, =4,78cu’ l, = 1, =4,78cm’
1 12 1 1 12 1
b*h? b*h?
|, =——; 1,=270,323cx* =" ; 1, =320,66cnu"
Moment of I - moment of inertia | | — moment of inertia
inertia a, =24,25cm a, =11,75cm a, =24,25cm a, =11,75cm
F =255 om’® F =255 cm’?
F, =5,875cu F, = 6,968cw”
F- area of rectangles F- area of rectangles
|, =32134cu*=3,21*10 u* | =32566,11 cu* =3,26*10 u*
Conclusion: | The moment of inertia of corrugated beams more than usual, but not much. (More on 1,5%)
Load. Load.
xkH H H xkH
Normal q=5—=0,05K— q=5K—=0,O5—
M cM M cm
stress v Y
o=—:0=1555*10"° oc=—:0=1535*10"°
w w
.| Since the moment of inertia is more corrugated beams and the load is the same, then the
Conclusion: i
corrugated beams normal stress will be less than usual. (More on 2 %)
= ! 1= !
Radlqs of F F
gyration 5 5
F=(F+F)*2=62,75cm F=(F+F,)*2=64,936cm
1 =22,64cm i1 =22,4cm
Conclusion: | Corrugated beam has radius of gyration smaller, so it will be more economical. (Less than 1,1 %)
5 q*I*
=28 _131%10%u 5 g*I*
Deflections 384 EI =— f =13*10°m
384 EI
. | The moment of inertia of the corrugated beams is bigger, and the load is the same, then the
Conclusion:

deflection of the corrugated beams will be less than normal. (Less than 1 %)

2. Scope of application of of these beams is similar to a conventional I-beam / T-bars without structural
constraints.

Currently, corrugated beams are used not only as rafters in coatings of one-storied buildings, but as a load-
bearing structures of the domes, galleries and multi-storey buildings.

3. Total weight of building structures is reduced by 10-30 %.
In the manual A. Feinstein "Steel beams minimal weight" by the author were associated indicators of the weight,
value, length, and weight (of the) directional metal 48 variants of beams, flat and corrugated walls. The
comparison showed that the welded | sections with a corrugated wall more economical consumption of steel on 9-
27% than welded | sections flat wall, in all 48 variants [24]. Such savings is realized by reducing the thickness of
the wall corrugated beams.
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4. Sin-beams should be used in «disputed» spans buildings. The reality is that during the beam span up to
8 - 9 meters good to use classic beams. In spans from 9 to 15 meters classic beams to use is not efficient
because it uses a lot of extra material. The truss is also not optimal for such span, it increases construction
height, that is not always good. Therefore, in such cases the best solution for the designer is the use corrugated
beams, for the production of these corrugated beams need less material), they give less of a load on the structure
and do not increase the building height.

5. Fast speed of construction, ease of assembly and ease of delivery to the site.

Automated lines allow reducing expensive and time-consuming preliminary process of Assembly and
welding of corrugated beams. Compared to the ones they are easier to install and are delivered to the object.

6. The Sin-beam can be used as a design element.

Such beams can be an architectural element of the room due to original appearance, but due to the wavy
wall, dust and dirt settles on flutes and this design is difficult for cleaning. This significantly reduces the
environmental friendliness of the room and the aesthetic appearance.

7. Savings on heating.

Because beams with a corrugated wall construction save height compared with the truss, the heated
volume of the building will be less.

8. This type of beam is the more expensive in the manufacture.

The set of equipment required for the production, as well as permit for the purchase of such line of the
company Zeman, much more expensive than production of brand products.

9. Do not use this type of beams as columns.

When operated of the beams at the compression, strength characteristics of this design, made of
corrugated beams worse than the design, made from ordinary beam.

10. Construction regulations don’t have information about the corrugated beam, so it complicates the
process of designing and many designers refuse to work with this type of beams.

In connection with introduction the assortment of the effective welded double-tee profiles with corrugated
walls, in 2007 on the territory of Kazakhstan RDS RK 5.04-24-2006, the area of application of such beams in the
Republic is much increased.

Adaptation of this technical document for the Russian Federation or the development of new building
standards and rules corrugated beams more readily applied in construction on the territory of Russia.

6. Conclusions

It may be concluded that using corrugated beams is advisable not in all cases. The main criteria of the
project work in addition to strength and reliability should be taking into account economic efficiency, the choice of
building constructions and materials should be undertaken with great attention. As soon as the cost of the
corrugated beams will be decreased and will appear technical documentation, you can think about the broader
use of corrugated beams for modern construction on the territory of Russia.
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