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Abstract. In the article, the authors consider one of the ways to solve the problem of reducing
metal consumption and increasing the efficiency of metal structures by choosing an effective static
scheme. The choice of the appropriate scheme is carried out for the most common elements of metal
structures - beams, which also include roof purlins.

To cover the industrial building of the seaport, discontinuous and continuous stringer systems
are being developed and their efficiency is analyzed in terms of metal consumption and labor
intensity.
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Introduction. One of the important tasks in the field of improving building structures,
including steel ones, is to reduce their material consumption, which can be achieved on the basis of
further study of the actual operation of structures, improvement of design schemes, development of
the structural form, the use of high-strength steels, the use of effective types of cross-sections of
elements. Steel Structural Design Codes [1] recommend «to choose the optimal technical and
economic indicators of structural schemes of buildings; apply progressive constructions...; to provide
manufacturability and the least complexity of manufacturing structures; to apply designs providing
manufacturability and the least complexity of installationy.

The problem of reducing metal consumption will never lose its acuteness, since prices for raw
materials and energy are constantly increasing, and the Earth's interior is gradually depleting. This
prompts to constantly develop measures to save metal and consider it one of the main tasks of
scientific and technological progress in metal construction.

To cover the industrial building of the seaport, continuous cut and discontinuous systems are
being developed and their efficiency is analyzed in terms of metal consumption and labor intensity.

Analysis of recent research and publications. Among the many ways to solve the problem of
reducing metal consumption and increasing the efficiency of metal structures is the possibility of
choosing effective schemes, in particular continuous ones, in the most common elements of metal
structures - beams, which include purlins. These issues were considered in works [2, 3, 4, 5] and
others. Continuous systems have long attracted the attention of scientists and metal-building
engineers. A large amount of material has been accumulated about these structures, on the basis of
which the advantages and disadvantages of continuous beam structures can be distinguished. The
advantages of continuous structures include: 1) a decrease in metal consumption compared to
discontinuous structures under the same operating conditions, which is a consequence of a more
favorable distribution of bending moments in beams. This is especially important for long lengths
and significant loads, when the mass of the supporting structure makes up a significant proportion of
the entire set of loads, which is manifested in the structures of building coatings; 2) less deformability
of the structure due to static indeterminacy with the same dimensions and cross-sectional size in
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comparison with similar discontinuous structures. This advantage makes it possible to expand the
field of application of steels of increased and high strength, when restrictions on deformability force
them to reject them in discontinuous structures; 3) reduction or absence of a break in the deformation
line on intermediate supports; 4) greater efficiency of using the elastoplastic stage of steel work in
continuous beams than in discontinuous ones. The bearing capacity of continuous beams increases
not only as a result of the development of limited plastic deformations, but also as a result of the
redistribution of the bending moment; 5) the possibility in some cases of lifting during the installation
of enlarged structures that overlap several spans at once.

Continuous structures also have some disadvantages: 1) the possibility of the appearance of an
uncontrolled stress state due to uneven settlement of the bases, as a result of which their reliability is
fundamentally reduced; 2) the accumulation of thermal deformations, larger in magnitude than in
discontinuous structures. This disadvantage is especially noticeable in open long structures subjected
to the action of temperature at its large drops; 3) the difference in the values of the support reactions
on the extreme and intermediate supports; 4) an increase in some cases of the specific labor intensity
of the manufacture of structures, as a result of the implementation of additional elements that ensure
the continuity of beams; 5) some complication of installation when creating continuity after lifting
structures, when the installation is carried out span-by-span. In this case, the labor constant of
installation may increase, since the labor intensity of work, especially welding, at the top is much
higher than the labor intensity of the same work at the bottom. The first of these disadvantages is the
most significant. The rest disadvantages are not fundamental. And yet, continuous beam structures
have not had proper distribution.

The aim of the work is to determine the effectiveness of continuous purlin with a different
number of spans and the corresponding provision of the least laboriousness of manufacture, creation
of continuity and installation.

Research results. An industrial building, for which discontinuous stringer and continuous
coating scheme is being developed, is a single-span one-story 138 m long, a span of 30 m, a pitch of
trusses of 6 m (Fig. 1).
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Fig. 1. Marking scheme of discontinuous purlins

- To determine the effectiveness of the use of continuous purlins, the selection of sections of a
discontinuous purlin (Fig. 1) and a continuous one was performed with a different number of
continuous spans (Fig. 2, 3).

- The continuous purlin is calculated as a single-span beam merely supported on the upper
chords of the trusses. The calculation is carried out for uniaxial bending, since the slope of the coating
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is 1.5% <2%. The cross-section of the purlin was selected from a rolled channel with parallel flange
faces No. 1811 (DSTU 3436-96).

T r
] ez Pz ez rz Pz Pz ez ez B
@ ' Pz Pz Pz Pz P2 Pz Pz P2 _§
~ Pz Pz Pz Pz P2 Pz Pz P2 /E’
Pz Pz Pz Pz P2 Pz Pz P2 §
S
~ Pz Pz Pz Pz Pz Pz Pz P2 HS|
S Pz Pz Pz Pz Pz Pz Pz P2 _%
= -~ Pz Pz Pz w2 [ TPz Pz Pz ez -S|
Pz Pz Pz Pz Pz Pz Pz ez Kl
s
= Pz Pz Pz Pz 2 Pz wrz pz - S
Pz Pz Pz Pz 2 Pz Pz arz E
. Pz ez Pz Pz 2 Pz Pz rz E
@ 5500 | 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000 6000 | 5500 =
500 1500 2000 2000 12000 i2q60 2600 2000 1500 500

~

506066006066 6686a

Fig. 2. Marking scheme for two-span continuous purlins
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Fig. 3. Marking scheme for four-span continuous purlins

Sections of a continuous two-span purlin (Fig. 2) and a continuous four-span purlin (Fig. 3)
were selected from a rolling channel No. 14P. Saving steel per one running meter of a purlin in
comparison with a discontinuous scheme is 2.1 kg.

When selecting a section of a continuous purlin, the possibility of the development of limited
plastic deformations in the section and the corresponding partial redistribution of the support and
span moments (as for sections of the 2nd class by the type of stress-strain state [1]) were taken into
account. In accordance with this and the requirements of [1], the calculated value of the bending
moment M was determined by the formula:

M=a-M__ (1)

where M. — 1s the largest bending moment in a span or on a support, found from the calculation of
a continuous purlin under the condition of elastic work of steel.
Moment redistribution coefficient a:
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M,
a=051+ )
Mmax
The numerical value of the conditional bending moment M,s was taken equal to the larger of
the two values:

M, = ; MQJ,ZO.S-M2
1+— 3)

where M; — bending moment in the outermost span, calculated as for a freely supported single-span
beam;

a — the distance from the section, where the bending moment A, acts, to the outer support;

M>— maximum bending moment in an intermediate span, calculated as for a freely supported single-
span beam;

[ — end span length.

It is very important for continuous purlins to design a simple knot that will provide continuity.
It should not be complicated and with a minimum labor intensity of the device, since these works are
performed by the installer at a height, on the coating of the building being constructed. From this
point of view, the most rational is a two-span continuous purlin (according to the scheme in Fig. 2).
The length of each span of the purlin is 6 m, the total length of the purlin is 12 m - corresponds to the
standard size of the rolled product. Such a purlin will be completely prepared for installation in the
factory and its installation is carried out with a single mark drawing on the trusses located with a pitch
of 6 m. Fastening is carried out, as for discontinuous purlins, on bolts, through a shorty from an
unequal angle welded to the upper chords of the trusses. But in this case, there is no mounting gap
(10 ... 20 mm) on the middle support of a two-span continuous purlin, as in the case of a 6 m long
discontinuous purlin.

- For continuous purlins with more than two spans, creating a continuous line is already a more
difficult task. The following knot solution is proposed: firstly, along the length of the continuous
purlin, the knot must be located in the zone of action of zero bending moments, where the value of
the force is zero or close to it; further, between the channels at the junction, we leave a gap of 50 mm,
and on the side of the wall of the joined channels we install an overlay (with a length of 0.1 /purin =
0.1:6 = 0.6m, where lpurin = 6 m is the span of the purlin) from the channel of the same section, located
with shelves in the opposite direction; we pre-fix the abutting channels and the pad using two bolts
of normal accuracy (we place them in the middle of the wall in height), and then we make the
connection by welding; the upper weld seam should be internal, it should not protrude above the plane
of the upper flanges of the channels, so as not to interfere with the subsequent fastening of the sheets
of the steel profiled flooring - for this, before installation, the feather edges of the channels of the
purlins and the overlays along the length of the joint are beveled. This unit is simple, technologically
convenient in execution and has low labor intensity.

- Also, for a four-span purlin, in the presence of two twelve-meter mark drawings, you can
make a joint on the middle support, but in this case we accept a longer pad - 1.2 m (the pad protrudes
beyond the axis of the joint on each side by a distance of 0.1 /purin = 0.1:6 = 0.6 m).

Conclusion: Replacing discontinuous purlins with continuous ones leads to significant savings
in steel; does not increase the labor intensity of work and even somewhat simplifies installation when
using a two-span scheme; increases labor intensity and complicates installation when using multi-
span schemes.

1. The simplest in terms of labor intensity and execution is the device of a continuous purlin
according to a two-span scheme. In this case, it is possible to use rolled product of a standard length
(12 m) and use the same attachment points for the purlins to the upper chords of the trusses, as in the
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discontinuous scheme (in the absence of an installation gap). Saving steel when using a continuous
two-span scheme (channel No. 1411, DSTU 3436-96) compared to the discontinuous-section layout
of the purlins (channel No. 18I1, DSTU 3436-96) is 24 kg for 6 m long rolled products. Saving on the
entire coating of the projected building (span 30 m, length 138 m, truss spacing 6 m, purlin spacing 3
m; Fig. 1, 2), where the number of 6 m long purlins is 276 pieces: 276-24 = 6624 kg.

2. When using a continuous four-span scheme (Fig. 3), the savings in steel (channel No. 14I1)
compared to the discontinuous scheme (Fig. 1) of the location of the purlins (channel No. 18I1) is
also 24 kg for rolled products with a length of 6m. In this case, the steel savings for the entire covering
of the projected building is also 6624 kg, as when using a two-span continuous scheme, but with a
more complex and time-consuming assembly.

3. To cover the projected building, it is recommended to use purlins according to a continuous
two-span scheme, which, in comparison with the discontinuous scheme, provides a steel saving of
6624 kg and does not increase, but even somewhat reduces the labor intensity and complexity of
installation due to the use of standard 12 m long rolled products.
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AHoTanis. OgHUM 3 BaXIJIMBUX 3aBAaHb B 00J1aCTi BIOCKOHAJIIEHHS OYyiBEIbHUX KOHCTPYKIIii,
y TOMY YHCJIi CTaJIEBUX, € 3HW)KEHHS 1X MaTepialoMICTKOCTI, 110 MOKe OyTH JOCATHYTE HAa OCHOBI
MOAAJIBIIIOTO BHBYCHHSI JIWCHOI POOOTH KOHCTPYKIIIH, BIOCKOHAJICHHS KOHCTPYKTHBHHUX 1
PO3paXyHKOBHUX CXEM, PO3BUTKY KOHCTPYKTHUBHOI ()OpPMH, 3aCTOCYBaHHS BHCOKOMILIHUX CTaJIei,
BUKOPHUCTAHHS €(PEKTUBHUX THITIB TIOTIEPEUHUX TIEPEPi3iB €ICMEHTIB.

Cepen OaraThOX MNUIAXIB PIMICHHS 3a7a4l 3HMKCHHS METAJIOEMHOCTI 1 IIiJIBUIICHHS
e(EKTUBHOCTI METaJleBUX KOHCTPYKLIN 3HAXOIUTHCS 1 MOXKIUBICTH BUOOPY €(DEKTHBHUX CXEM,
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30KpeMa HEepO3pi3HUX, B HAMOUIBII MOMKUPEHUX €IEMEHTAaX METAJIEBUX KOHCTPYKILINA — Oaikax, 10
SIKUX BITHOCSITHCS 1 TPOTOHU TTOKPHUTTIB.

Jns mokpuTTsS BUPOOHMYOi OyHiBIi MOPCHKOTO TOPTIBEIBHOTO IOPTY PpO3POOIAETHCS
MIPOTOHOBA PO3pI3HA 1 HEPO3pi3HA CUCTEMH 1 aHATI3YETHCSA X €(PEKTUBHICTH MO METAIOEMHOCTI 1
TPYIOMICTKOCTI.

Jlnst BU3HaUeHHs €peKTUBHOCTI 3aCTOCYBaHHS HEPO3PI3HUX MPOTOHIB OYB BUKOHAHHUH Mia0ip
mepepi3iB PO3Pi3HOTO MPOTOHY 1 HEPO3PIZHOTO MPH Pi3HIM KUIBKOCTI HEPO3PI3HUX MPOJIHOTIB.
[Tepepi3 po3pi3HOro MPOTOHY MiAIOpaHuil 3 MPOKATHOTO HIBEJIEepa 3 MapalieIbHUMU IPAHSIMHU MOJHUIh
Ne 1811, mepepi3u HEPO3PI3HOTO JIBOMPOJITHOIO MPOTOHY 1 HEPO3PI3ZHOTO YOTHUPHOXIPOIITHOTO
nporony miaiopani 3 nmpokarHoro msenepa Ne 14I1. ExoHoMmist cTaili Ha OJTHOMY ITOTOHHOMY METPi
HEPO3PI3HOTO MPOTOHY B MOPIBHSAHHI 3 PO3PI3HOIO CXeMOI0 ckiamae 2.1 xe.

[Ipu migbopi mepepidy HEPO3PI3HOTO MPOTOHY BpPaxXOBYBajacs MOXKIHUBICTH PO3BUTKY B
nepepizi 0OMeXeHUX IUIACTUYHUX Je(opMaltiid 1 BIAMOBIAHUI 9aCTKOBUH TIEPEPO3IOIiT OTIOPHOTO 1
MPOJIITHOTO MOMEHTIB (SIK JUIs IIepepi3iB 2-T0 KJIacy 3a BUAOM HAIPYKEHO-Ie(POPMOBAHOTO CTAHY).

Haii6imb11 mpocTuM 3a TPYJIOMICTKICTIO 1 BUKOHAHHSM € BJIAIITYBaHHS HEPO3PI3HOTO MPOTOHY
3a JIBOMPOJITHOIO CXeMOolo. B 1ipboMy BUNAnKy Ui BiIMPaBHOI MapKu MOXKJIMBE BUKOPUCTAHHS
MpOKaTy cTaHnapTHOi HOBXHHU (12 M) 1 3aCTOCYBAaHHS TaKUX XK€ BY3JiB KPIIUJICHHS MPOTOHIB 10
BEpPXHIX TOSCIB KPOKBSIHUX (PepM, SIK MPU PO3pi3HIA cxemi (3a BiACYTHOCTI MOHTa)XHOTO 3a30pY).
ExoHOMis cTali Mpy BUKOPUCTAHHI HEPO3Pi3HOI JABOMPOJIITHOI CXEMH B MOPIBHSAHHI 3 PO3PI3HOIO
CXEMOI0 pO3TaIlyBaHHS MMPOTOHIB JIJIs1 TOKPHUTTS OYAiBIIi, IO MPOEKTYeThCs (mpomiT 30 m, TOBXKUHA
138 m, xpox dhepM 6 ., KpOK MPOTOHIB 3 M) ckiagae 6624 ke.

[Tpu BUKOpUCTaHHI HEPO3PI3HOI YOTHUPHOXIPOJITHOI CXEMH €KOHOMIsl CTallli B MOPIBHSHHI 3
PO3PI3HOIO0 CXEMOIO CKIIaJIa€ TaKOXK 6624 k2, K TPH BUKOPUCTAHHI ABOTIPOIITHOI HEPO3PI3HOT CXEMH,
aJie 13 OUTbII CKJIaHIIINM 1 TPYAOMICTKHM BY3JIOM.

3aMiHa PO3pI3HUX MPOTOHIB MOKPHUTTS JOCTIIKYEMOI OyIiBiII HEPO3PI3HUMHU MPUBOAMUTH 1O
1ICTOTHO1 €KOHOMII CTai; He MIBUIIYE TPYAOMICTKICTh POOIT 1 HaBITh ACKIIbKA CIIPOIIYE MOHTAX
IIPU BUKOPUCTAHH1 IBOMPOIITHOT CXEMH; MMiJIBUIILYE TPYIOMICTKICTh POOIT 1 YCKIaJHIOE MOHTAX IIPU
BUKOPUCTaHHI 0araToOmpoJIiTHUX CXEM.

KurouoBi ciioBa: depma, moKpuTTs, Oalika, MPOTOH, PO3pi3Ha cXxeMa, Hepo3pi3Ha cxema

MOBBIIIEHUE Y®®EKTUBHOCTH MPOI'OHHOM CUCTEMbBI ITIOKPBITHUS

Kynuenko 10.B., k.T.H., IO1IEHT,

steelconpro@gmail.com, ORCID: 0000-0003-1480-6884

Cunraesckuii I1.M., kx.T.H., IOICHT,

mdipk@ukr.net, ORCID: 0000-0003-1268-414X

Jleceuko A.B., k.b-M.H., TOIIEHT,

a.lesechko@ukr.net, ORCID:0000-0002-2352-6174

KoncranTunos II.B., x.T.H.,

Konstantinov31@mail.ru, ORCID: 0000-0002-8478-2980

Ooecckas 2ocyoapcmeeHHas akademus CmpoumeibCcmed U apxXumexmypol

AHHoTanusi. OgHONW W3 BaXHBIX 3a7ad B OOJAcTH COBEPIIEHCTBOBAHUS CTPOMUTEIHHBIX
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Cpenu MHOrMX MyTed penieHusi 3aJaud CHIKEHHMS METaUIOEMKOCTH M TOBBILICHUS
3 PEKTUBHOCTH METAJUTMUYECKUX KOHCTPYKIIMM HAXOJHUTCSI M BO3MOXKHOCTH BBIOOpa 3(()EeKTUBHBIX
CXeM, B YaCTHOCTH HEpa3pe3HbIX, B HAMOOJIEe PacCHpOCTPAHEHHBIX AJIEMEHTaX METAJUTMYECKUX
KOHCTPYKLHUH — Oankax, K KOTOPbIM OTHOCATCS U IPOTOHBI MOKPBITUH.

Jli TOKPBITHUS MPOU3BOJACTBEHHOTO 3/IaHUSI MOPCKOI'O TOPTOBOrO MOPTa pazpadaTbIBaeTCs
MPOTOHHAs pa3pe3Has W Hepa3pe3Has CHCTeMbl H aHanu3upyercss uX d(G(EKTUBHOCTh IO
METAJIJIOEMKOCTH U TPYIOEMKOCTH.

- [nst onpenenenust 3¢(GHEeKTUBHOCTH MPUMEHEHUS HEPa3pe3HBIX MPOTOHOB OBLI BBIMOIHEH
noa00p CeYeHUil pa3pe3HOro MPOroHa M HEPa3pe3HOro IMpH pPa3HOM KOJIMYECTBE HEpa3pe3HbIX
nposetoB. CeyeHne pa3pe3Horo NporoHa noAoopaHo M3 MPOKATHOTO MIBEJUIEpa ¢ MapalieIbHbIMU
rpansiMu mojiok Ne 18I, cedyeHuss Hepa3pe3HOro NBYXIPOJETHOTO MPOroHa U HEPa3pe3HOro
YETBIPEXIPOJETHOTO MPOTOHA NO00paHbl U3 mpokaTHOTo mBeiiepa Ne 14I1. DxkoHoMus cranu Ha
OJIHOM MOTOHHOM METPE€ HEPa3pEe3HOro MPOroHa Mo CPaBHEHUIO C pa3pe3HOM cxeMoil cocTaBisieT 2.1
Ke.

[Ipu moxbope cedeHHs] Hepa3pe3HOro MPOTOHA YUUTHIBAIACH BO3MOXHOCTH DPa3BUTHUS B
CCUCHHWU OTPAHUYCHHBIX IUIACTHYECKUX JedopMalii ¥  COOTBETCTBYIOIIEEC YACTUYHOE
repepacnpeielieHue ONOPHOro U MPOJIETHOIO MOMEHTOB (KakK JJis CEYeHHH 2-ro Kiiacca Mo BUILY
HaIpsHKEHHO-1€(OPMUPOBAHHOTO COCTOSIHHS ).

Haubonee nmpocThIM MO TPYAOEMKOCTH M HCIIOJIHCHUIO SIBIIIETCS YCTPOWCTBO HEPa3pe3HOTO
MpOroHa IO JIBYXIIPOJIETHOM cxeme. B »TomM cnydae 11 OTHpPaBOYHOM MApKH BO3MOKHO
MCIOJIb30BaHUE MpOKaTa CTaHAapTHOM AnuHbl (12 M) U MpUMEHEHHE TaKUX K€ Y3J0B KperuieHUus
MIPOTOHOB K BEPXHUM TIOsCaM CTPOMIIBHBIX (hepM, Kak MpU pa3pe3Hoi cxeme (IpU OTCYTCTBUU
MOHTQXHOTO 3a30pa). DKOHOMHUS CTAJIH MPU UCIIOJIH30BAHUN HEPA3PE3HOU JBYXIIPOJIETHONW CXEMBI
[0 CPaBHEHHUIO C Pa3pe3HON CXEMOM pacCHOJIOKEHUsS MPOTOHOB JUJISl MOKPBHITHS MPOCKTUPYEMOIO
snanust (npostet 30 m, nmHa 138 v, mar gepm 6 u, mar nporoHoB 3 m) cocTaBisieT 6624 ke.

[Ipy w#cnonb30BaHUM HEPA3PE3HOM YETHIPEXIPOJETHOM CXEMbl 3KOHOMHUSI CTald IO
CPaBHEHHUIO C pa3pe3HOd CXEeMOW cOocTaBisieT Takxke 6624 ke, Kak MpU HCIOIb30BAHUU
JIBYXIIPOJIETHON HEpa3pe3HON CXEMBI, HO ¢ 0OJIee CIOKHBIM U TPYAOEMKHUM Y3JIOM.

3amMeHa pa3pe3HbIX IPOrOHOB MOKPBHITHS HCCIEIYeMOr0 COOPYXKEHHUS Hepa3pe3HbIMU
MIPUBOJIUT K CYIIECTBEHHOM YKOHOMUU CTAJIH;, HE TIOBBIIIAET TPYAOEMKOCTh PabOT U JJaxKe HECKOIBKO
YIOPOIIAeT MOHTAXX IPU UCIOJIB30BAHUU JIBYXIIPOJIETHOM CXEMBbI; MOBBIIIAET TPYIOEMKOCTh padoT 1
YCIIOXKHSIET MOHTaK IIPU UCIIOJIb30BAHUN MHOTOMPOJIETHBIX CXEM.

KuroueBsble ciioBa: (hepma, MoKpeITHE, OAJIKa, IPOTOH, pa3pe3Has cxeMa, Hepa3pe3Has cxema
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