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AHoOTauis. Y cTaTTi HaBeACHI pe3yabTaTh ONTHMI3alii KPOKy 0ajoK y OamouHii KiIiTii
CIPOIICHOTO THUITY, KOJIM Ha BEPTUKAJIbHI HECydl KOHCTPYKIIi (CTIHH, KOJIOHH) CIIUPAIOTHCS
cTayieBi Oanku IBOTaBpoBOTrO Mpodumo. ONTUMaNIBHHA KpPOK Oalok MimgiOpaHuil TakuMm
YHHOM, 11100 CyMmapHi BUTpaTH CTajli Ha Oanku 1 HacTui Oynu MiHiMaidbHUMH. [IpoBeneHo
JOCIIJKSHHS, ISl IKMX 3HauYeHb KPOKY, )KOPCTKICTh Oanku 3abe3redeHa mpu piBHOCTI JIiBOI
Ta MPaBOi YaCTUH YMOBHU MIITHOCTI 32 HOPMAJIbHUMU HANPYKEHHAMHU. 3’SICOBAHO, Y SIKOMY
BUTIAJIKY TIPH 3HAWICHOMY ONITUMAIILHOMY KPOKY OaJloK, 3a0e3nedeHa i >KOPCTKICTh. 3 METOI0
3’sCyBaHHS MPAKTHUYHOI 3aCTOCOBHOCTI OTPUMAaHUX PE3yibTaTiB, 3aaya Oysa po3B’si3aHa Mpu
KOHTPOJIbHUX YHCIIOBHX JAHHX.

KirouoBi ciaoBa: OajloyHa KIIiTKa, CTaJeBUH HACTWI, KpOK OajoK, ONTHMI3allis,
MIIHICTB, )KOPCTKICTb.
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AHHoOTanus. B cratbe npuBeneHbl pe3yabTaThl ONTUMHU3ALMY IIara 0aloK B O0aTOYHON
KJIETKE YIPOUIEHHOIO0 THUIA, KOI/la Ha BEpPTUKAJbHBIE HECYIIHE KOHCTPYKLUHU (CTEHBI,
KOJIOHHBI) ONMUPAIOTCS CTajbHbIe OANKU ABYTaBpoBOro mpoduis. OnTuManbHBINA mar 6agok
nmogo0paH TakuM 00pa3oM, YTOOBI CyMMapHBIC 3aTpaThl CTaIM Ha OaqKk¥ W HACTWI OBLIH
MUHUMaNbHBIMU. [IpoBeneHO uccienoBanue, s KaKUX 3HAUEHUH IIara, >KeCTKOCTh OaKu
oOecrieyeHa MpU pPaBEHCTBE JIEBOM M MpaBOW YacTed YCIOBUS MPOYHOCTH MO HOPMaJIbHBIM
HANPsDKEHUSIM. BBISICHEHO, B KaKOM Clly4ae MpH HaWJEHHOM ONTHMAlLHOM IIare Oayok,
oOecrniedeHa ee KecTKOCTh. C 1e/1bI0 BBISICHEHHS IPAKTHUECKON MPUMEHUMOCTH MOJTYYEHHBIX
pe3yNIbTaToOB, 3a/1a4a ObliIa pelieHa MPU KOHTPOJIbHBIX YUCTIOBBIX TAHHBIX.

KawueBble ciioBa: OanodHas KJIETKa, CTAJIbHOW HACTHII, IMar OajoK, ONTHMH3AIlNs,
MPOYHOCTb, )KECTKOCT.

SELECTING THE RATIONAL PITCH OF BEAMS FLOORING FOR THE BEAM
CAGE OF A SIMPLIFIED TYPE
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Abstract. The article presents the results of optimizing the pitch of beams in a beam
cage of a simplified type, when steel beams of the I-beam profile are supported on vertical
supporting structures (walls, columns). The optimal pitch of the beams is selected so that the
total cost of steel on the beams and flooring is minimal. A study was carried out for what
values of the pitch, the rigidity of the beam is ensured when the left and right parts of the
strength condition are equal to normal stresses. It was found out in which case, when the
optimum pitch of the beams was found, its rigidity was ensured. In order to clarify the
practical applicability of the results, the problem was solved with control numerical data.
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Beryn. B cygacHux ymMoBax €KOHOMIsl CTajli Mae BaXJIMBE 3HA4YCHHs. ToMy OyiBenbHI
KOHCTPYKIIi HEOOXITHO TPOEKTYBaTH TaKUM YHHOM, I[00 Mpu 33JaHOMY JdiF0UOMY
HaBaHTA)XCHHI BUTPATH CTaJli OyJM 3BEJICHI 10 MiHIMyMY.

AHaJi3 ocTa”HHIX Kepea aociigxeHb i myOjikamiii. [lutanHs pamioHaIbHOTO
IPOCKTYBAaHHS CTAJIEBUX EJIEMEHTIB, IO MPAIIOIOTh HA 3TMH PO3IIISAAIOTHECSA Y pAAl Mpaib
NPOBITHUX BITYM3HSIHUX Ta 3aKOPJOHHHMX BueHHX [1-4]. 30kpema, pyu BiIbHOMY IUIAHYBaHHI
CTaJIeBOi OaI0YHOT KIIITKH, BUPILIYETHCA 33a4a MiI00py KPOKY 1 MPOIBOTY OAIOK BUXOSYN
3 MaKCHMMAalIbHOTO BUKOPHCTAHHS 1X HECYy4oro pecypcy MpH HaiOuIbIl panioHanbHIA Gopmi
MOTIEPEYHOro mepepidy [5-7]. Skio, BiIHOCHO MOBTi CTaaCBl OAJIKU PO3TAIIOBYIOTHCS JOCHTD
OJM3BKO O/IHA BiJ 1HIIOI, TO BUHHKAE MPOTUPIUYS. MK KOPCTKICTIO OaloOK 1 HEOOXIJHICTIO
3a0e3rnevyeHHs X MIIIHOCTI 32 HOpMaJIbHUMH HaIpy>KEHHSIMU MPH MiHIMalbHOMY 3anaci [5-7].
To6TO KOHCTPYKIIiS cTae Hee()EKTUBHOIO 3 TOUKHU 30pYy BUTPAT CTaJIi.

Bupinenns He po3B’si3aHMX paHille YacTHH 3arajbHOi NMpPodJeMH. AKTYalbHUM €
JIOCIIJKEHHSI MOXJIMBOCTI MiI00OPY CXeMM PO3MIIeHHsl OaloK y IiaHi, sika O BiAmoBigaia
KPUTEPII0 €KOHOMIYHOCTI. Y SKOCTI TaKOr0 KpUTEPII0 MOXHA PO3TJSAaTH BUTpPATH CTAIN Ha
0aJ0YHy KOHCTPYKIIIO Y IIIIOMY.

IlocranoBka 3aBaanHs. Po3risiHeMo Oano4yHy KITKY CIPOILEHOTO THILY, KOJM Ha
BEPTUKAJIbHI HECY4l KOHCTPYKLIi (CTIHU, KOJIOHH) CIIUPAIOTHCS CTaJleBl OAJIKU IBOTABPOBOTO
npodinro. Ha HuX yknagaeTses ctanieBuit HacTui (puc.1).

Kpok 6anok X cnpoOyemo migibpaTv Tak, o0 CyMapHi BUTpaTH cTali Ha OaJkd i
HacTwi Oynu MiHIManbHUMHU. Takuit kpok X=X, OyzeMo Ha3UBaTH ONTHUMalbHUM. /[ Horo
3HAXO/PKEHHS CKJIaJIeMO LUIbOBY (YHKIIIO BAapTOCTI CTami JUisd HAacTUiIy 1 OajoK Ha 1M
NEPEKPUTTS, IEPEMIHHUM apryMeHTOM siKoi € Kpok Oanok X. [ToTimM gociaiaumMo 1o QyHKIio
Ha eKcTpeMyM [6]. SIkmo excTpemyM Oy/e BiAMOBiZaTH MiHIMyMY (YHKIII i TO3UTHUBHOMY
3HAYCHHIO apTYMEHTY, TO ONITUMAIBHUIA KPOK 0anok X, Moke OyTH 3HAMICHUN.
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1 — craneBwuii HaCTHII
2 - cTaneBi OaJIKU TBOTaBPOBOTO MPOQILIIO
3 — BepTHUKaJIbHI HeCy4i KOHCTPYKIT (CTiHH, KOJIOHH)

Pucynox 1. banouna xnimka cnpoweno2o muny

OcHoBHUIT MaTepian i pe3yabTaTu. Bugimmmo 3a JTOBKHHOIO OallkK¥l JESKY IUISHKY

mmmpunoro C (auB.puc.l). Bapricte crami ans Hactuiny 1 Oajgok Ha AUISHII HNEPEKPUTTS,
rtonia sikoi nqopiBaioe C-X

S'[Zoi‘t'C‘X'Pﬁo"'oa'Aa'ﬁ'pﬁO’ (1)

ne I 1 L, rpu/Kr — 11iHa 1KT cTasi BIAMOBIAHO JJI HACTUITY 1 0aJoK;
Per,KT/ M — LIIBHICTE CTall;

{ — TOBIIMHA HACTHITY;

Ag — MJI0111a MOTIEPEYHOro Nepepi3y ABOTaBpoBoi 6anku (puc.l);

Ay =2A; +A, =2b,t. +ht_, @)
ne Af — TI0IIa MONEPEeYHOro Mepepizy OHI€T TOTHUIL,;

A, — TII011a TONEPEYHOro NePepi3y CTIHKU.
Bapricts crani 1y HacTuiy 1 0anok Ha 1M MIEPEKPUTTS

St A6
S=—= t+ —
o x Per| Uy HG < | 3)

Benmuuunu U1 Ag 3anexars Big X. Bupaszumo ix gepes X 1 mijgcraBumo y popmyiy (3).
I'pannune BimHomieHHs X/t BUXOASYM 3 PIBHOCTI MPOTHHY HACTHIY TMOCEpEIUHI

IPOJILOTY TPAHUYHO TIPUITYCTUMOMY TIPOTHHY BUPAKAETHCS PopMyJioro [5]
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1€ Noy — BEJIMYHUHA, 3BOPOTHA TPAHUYHO NPUITYCTUMOMY IIPOTHHY;
Jins kH/m? — eKCILTyaTaliiiHe (HOpMaTUBHE) KOPUCHE HABAHTAXKCHHS HA TICPCKPUTTS;

E1 — Moaynb mpyXKHOCTI cTaJli TPU HEMOXKJIMBOCTI MTONEPEUYHUX AehOopMaIliii HaCTHITy.
ITpaBa yactuna Gpopmynu (4) He 3anexuTs Bin X. Tonl pyHKuito T MOXKHA 3amucaru y

BUTIISAIL

1
b =X =XPy, (5)
4an 72E,
T 1+ 4
nOH qu
e
1
P, = = ConSt_ (6)
4an,, 72E,
15 | T4
nOH qu

[TpuiiMemo, MmO ABI OJHAKOBI MONHWIN 1 CTIHKA JBOTaBPOBOi OaJIkKM MalOTh BHIJIS]
OpsAAMOKYTHHUKIB. [Ipu iboMy BrcoTa O0ajiku h € onTuManbHOI0 1 00UUCITIOETHCS 38 POPMYJIOI0

[7]
3
h=3>A,W
32% , (")

ne ho=h/t, — 3a1ana THYUKiCTh CTIHKH (Ay=CONSt);
W=M/Ryy; — moTpiOHHII MOMEHT OMOpY MOMEPEYHOrO Mepepi3y i3 YMOBH MII[HOCTI

0aJIKK 32 HOpMAJILHIUMU HanpykeHHsmu [8];
Ry — po3paxyHKkoBuii omip cTali, BCTAHOBIEHHH 32 MEKEI0 TEKY4OCTI;
Yc — Koe(ILIEHT YMOB poOOTH.
3ruHarounit MoMeHT M nocepennHi NpoJboTy OalIKM 3aJ€KUTh BiJl HEBIZIOMOI'O KPOKY

X 1 BUpaxkaeTscs HopMyIioro

Xy 12
M — qu 8’Yf . (8)

e Yi - Koe(ilieHT HAAIMHOCTI 32 HaBaHTAKEHHSIM,;
| — mpoutiT Ganku.
Toni W e dynxiiero Bing X:
2
quXYf I
= —=X_- p2 ’ 9
0~ gR y (9)
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Benmuunny W BHpa3zumo yepes3 po3MipH MornepeyHoro nepepizy

T 05h 05h| 12

(]

3 3
1 {t“’h +2Af(0.5h)}:%+Ah (11)

ne | — MoMeHT iHepIIii monepevyHoro nepepisy.
3 ¢opmynu (11) Bupaxkaemo 0Ny MOMEPEIHOTO niepepizy onHiel momuii As aepe3 W i
npencraBisieMo y Burisiai Gynkuii Bix X 3 ypaxyBanuam popmyi (7)1 (9)

1 h® ) 3 [2x%p,’
A== W- |=25/2X P2
1 h( 6ij 4\ 3, (12)

[Tnoury monepevyHoro nepepizy CTiHKU A, TaKOX MPEACTABIAEMO Y BUTIIAII QYHKIIIT BiJl
X 3 ypaxyBanusMm dopmyi (7) i (9)

2x°p,”

=2A, x
3. (0 (13)

3
A w=ht =— =23

@DyHKIIis IJIOILI OTIEPEYHOTo Nepepi3y Oanku npuiiMe BUTIISAL

2 2

2X
A;0=2A;0+A,00=33 XPr _yo ®p,. (14)
3,
pi(S]
2p,°
=33|—2- =const
Ps 3 '

®

3 dopmymu (3) 3 ypaxyBanHsM ¢opmyrn (5) 1 (14) oTpumaeMo MHiTLOBY (YHKIIiO
BapTOCTI CTaJIl AJIs HACTHITY 1 6asiok Ha 1M~ mepeKpuTTs

Aso 3
S<x>=pm(uﬂt<x>+u6 “ ))=pﬂ[uﬂplx+u6p3x ] (15)

[leprra moxiaHa 1iNb0BOT QyHKIIIT

dS(x) 1 4




JlopiBHIOIOUHM 11 HYJIO 3HAWEMO 3HAUYCHHS X=X,, NMPU SIKOMY LUJIbOBAa (PYHKIliS Mae
EKCTpEMYM

1 H6p3 4
Xo = 3 p | (17)
a1

JIerko mepeKoHaTHCh, IO IEH EKCTPEMYM BiAMOBiAa€ MiHIMYMY (DYHKITIi.
[Micna mincranoBku y dopmyny (17) BupasziB Ui HOCTIHHMX mHapaMeTpiB p1 1 Ps
OTPUMAEMO

V(LY 1 (3 T4 72 |
X0 =4 (_) _6 - quYf noH 1+ ) 1 I
HH /I 16RyYC 15 nOH qu

3 - (18)

[Ipu BuBomi dopmymun mns X, nepeadadanocs, MO TONEPEYHU mepepi3 Oanku
nigoupaBcss BUXOISYM 13 3a0e3MeueHHs] MIIHOCTI 32 HOPMalIbHUMH HampyxeHHsamu. [Ipu
IIbOMY KOPCTKICTb OAJIKU MIPU ONTHMAIBHOMY KPOKY X, MOXe OyTH He 3a0e3neueHa.

3’scyeMo, 7S SIKMX 3Ha4eHb KPOKY X KOPCTKICTh Oanku 3a0e3neyeHa Mpu piBHOCTI
JTiBOi Ta MpaBOi YaCTUH YMOBH MIITHOCTI 32 HOPMAJIBHUMH HampyXeHHAMHU. s 1poro
PO3B’SHKEMO TaKy CUCTEMY:
|2

Qi XY

sW = Rch ; (19)
i qli XI3 < i
384 EI n, (20)
| =W-0,5h; (21)
3
h=3 EMW ; 22)

ne 1/N, rpaHUYHU BiTHOCHUI TPOTHH OAJIKH.

HepigHicth (20) Bupaxae co60r0 yMOBY >KOPCTKOCTI Oajiku, a piBHAHHA (19) BuUmIuBae
13 YMOBH MIIIHOCTI.

Buxrounsim 3 cucremu |; W; i h, oTpmMaemo taky yMoBY

3
XZ(E RyycnoJ 16Ryyc
24 Ey; 301, VA,

| =X operc, (23)

1€ Xicoperk MIHIMAIBHUM KPOK OaJIOK 13 YMOBH KOPCTKOCTI.

I3 Bupasy (23) BurumBae, 1mo It 3a0e3MedYeHHs KOPCTKOCTI 0alloK, IX KpOK MOBHUHEH
OyTH He MEHIIE BEIMYNHH Xoperk-

3’scyeMo, y SIKOMY BUIIQJKY NpH 3HalZeHOMY X, 3a0e3MeueHa KopcTKicTh Oanok. s
nporo Tpeba miacraButH X=X, 13 Gopmynu (18) B ymoBy (23). Ilicas mepeTBopeHb
OTPHMAEMO:
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w,const , (24)

IIpaBa yacTuHa 1i€l yMOBHU (Aymin) MpomopLiiiHa Ry y mocTomMy cTyneHi, TOOTO yxke
MIBUJIKO 3pocTae npu 30ibnienHi Ry. Tomy, mo6 3a0e3mneunTy sxopcTKiCTh 0anok nmpu X=X,,
Ry noBuHHO OyTH JOCTaTHHO MaJIUM.

3 MeTor0 3’sACyBaHHS MPAKTUYHOI 3aCTOCOBHOCTI OTPUMAHUX PE3YJbTaTiB, 3aj1a4a Oyma
PO3B’s13aHa TPU TaKKUX JaHUX:

Ry=18kH/cM?; 01n=20x11a; 1=12M; ho=50; Ney=150; Ny=250; y¢=1,2.

[Ticns BUKOHAHHS PO3paxyHKIB 3a HaBeEHUMU BHILE GopMynaMu Oyld OTpUMaHi Taki
pe3yabTaTu:

X,=54,37cm; 1=0,521cm; h=46,1cM; Xikoperk=52,36¢M; Aoy, min =47,56<A,=50.

3HaueHHs X, BUSABUIOCA TPOXH Oiblie, HIXK Xixoper, TOOTO KOPCTKICTh Oanok mpu X,
3abe3nedeHa. 3 ¢popmynu (23) BUILIUBAE, MO Xikoperse IPONOPIIiiHE Ry4 TOOTO Jy*Xe HIBUIKO
3pocTae mpu 30UTBIICHHI IHOTO Hapamerpy. 3 iHmoro Ooky, aHamizyroun (opmyny (18)
MOKHa 3pOOMTH BHCHOBOK, 110 mpu 30unbmieHHI Ry, X, — 3Menmyetscs. Tomy, mpu
Ry>18KH/CM2 Xo<Xioperk » TOOTO KOPCTKICTB 3a0e3neueHa He Oyze. Lle nmiarBepaxye paHiiie
3po0JIeHH BUCHOBOK PO T€, IO Tpeba 3aCTOCOBYBATH CTaJlb HU3HKOI MIIIHOCTI.

ToBmmua nHactmry t=0,521cM BUSBWIIACH TPOXH MEHIIE MIiHIMAJIHHOTO 3HAYCHHS
t=0,6cM, sike PEeKOMEHIYEThCS IS 3aCTOCYBaHHS. SIKIIO MPHHHATH mpotiT O6anok 1<12m, To
X,, @ 3HAUMTH 1 T BHMAYTH 1I1e MEHIIE, IO € HEMAOIIIFHUM. TOMY MPaKTUYHO 3a7a4a Ma€ CEHC
MIPU BIIHOCHO BEJIHMKHUX MPOJIHOTAX OAOK.

BucHoBKkH. Y pe3yibpTari MPOBEICHUX TOCIIHKCHD 0yJI0 BCTAHOBJICHO, IIO:

- ICHy€ MPUHIIUTIOBA MOKJIMBICTh MiTIOpaTH KPOK OajoK, KU BIAMOBiIa€ MiHIMaIbHIN
BapTOCTI EPEKPUTTS

- 3aJaya Ma€ MPAKTUYHUN CEHC NPH BIHOCHO HU3bKOI MIIHOCTI CTajli 1 B1JIHOCHO
BEJIMKUX MPOJIHOTAX OaJIoK.

VY nopanbuX AOCHIPKEHHSIX AOLUIBHO PO3MISHYTH LIUIBOBY (DYHKIIIO HPUBEACHUX
BUTPAT 3 YPaxXyBaHHIM €KCIUTyaTallIHHAX BUTPAT.
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AHHoOTanus. B crartbe npuBeneHbl pe3ynbTaThl ONTUMM3AIMK I1ara 0anok B OanoyHOU
KJIETKE YIPOIIEHHOIO0 THIMA, KOIJla Ha BEPTUKAIbHbIE HECyIMe KOHCTPYKIHMH (CTEHHI,
KOJIOHHBI) OIHUPAIOTCSl CTajbHble OajdKW JABYTAaBPOBOTO MPOQMIS C YJIOKEHHBIM Ha HHX
CTaJIbHBIM HACTUJIOM.

OnTtumanbHbI mar Oanok noadupaeTrcs TakUM 00pa3oM, 4yTOObI CyMMAapHbBIH pPacxoj
CTajy Ha Oajku M HAacTWJ ObLI MUHUMAaJbHBIM. J[1s1 3TOro cocraBieHa IeneBas (yHKLIUS
CTOMMOCTH CTaJIM JUIS HACTHIIA M GAJIOK Ha 1M TIepeKpBITHS, apryMEHTOM KOTOPOIl SIBIISIETCS
mar Oanok. Jta QyHKIUS HccienoBajgach Ha sKCTpeMyM. TonmMHa HacTuiIa Oblia MPHUHATA
COOTBETCTBYIOIIEH MpPEIeIbHOMY OTHOLIEHHWIO Iara OajdoK K 3TOH TONIIMHE M3 YCIOBUS
#ecTKOCTH. [IprHATO, YTO 1BE OJJMHAKOBBIE MOJIKH M CTEHKA JIBYTaBPOBOM Oallku UMEIOT BUJ
npsiMoyrosibHUKOB. [Ipu 3TOM BbIcOTa Oanku SIBISETCS ONTHUMAalbHOM M COOTBETCTBYET
MUHUMAaJIbHBIM 3aTpaTaM CTaJIH.

[Ipu BbIBOAE (oOpMydBl Ui ONTUMAJIBHOTO Imara OajJoK MpeArnojaraioch, 4YTO
NoNepeyHoe ceuyeHue Oalku moadupaeTcss HCXOAs U3 oO0ecledyeHus MPOYHOCTH II0
HOPMaJIbHBIM HampspKeHUsIM. B 3TOM ciiydae, >KeCTKOCTh Oaliki MpH ONTUMAJIBHOM IlIare
MoXeT ObITh He oOecrneueHa. [losToMy, OBUIO MPOBEAEHO HCCIEIOBaHME, JUIS KaKUX
3HAYeHMWH Iara, >KECTKOCTh Oajku oOecriedeHa MpU PABEHCTBE JIEBOM M MpaBoil ydacTeit
YCIIOBUS IIPOYHOCTH 110 HOPMAJIBHBIM HanpspKeHUsIM. OHO ONUPaioch Ha PELIEHUE CUCTEMBI
YpaBHEHUH TPOYHOCTH U IKECTKOCTH, KOTOPOE€ TO3BOJIWJIO TMOJY4YUTH QOpMYTy s
MHUHHMAJIBHOTO I1ara 6ajJoK U3 yCIOBHUS )KECTKOCTH.



BrrsicHeHO, B KakOM ciiyyae NMpH HalJEHHOM ONTHMAJIBHOM Iare 0ajok, obecreueHa ee
XKeCTKOCTh. [l »sToro Hamo, 4YTOOBI THOKOCTH CTEHKH Oankh Oblla HE MCHBIIC
ompezaeneHHoro 3HadyeHus. [lomydena Qopmyrna ains 3TOro MHUHMMAIbHOTO 3HaueHus. Ee
aHaAJIN3 TO0Ka3aJjl, YTO TaKas rMOKOCTh IMPONOPIMOHATIbHA PACYCTHOMY COIPOTHUBIICHUIO CTAIU
B HIGCTOﬁ CTCIICHHU, TO €CTh OYCHb 6LICTpO paCTeT HpI/I YBGHI/I‘-IGHI/H/I 3TOI'0 COHpOTI/IBJIeHI/ISI.
[ToaTomMy, 4TOOBI OOECIIEYUTh JKECTKOCTh OAJOK MPH HMX ONTUMAJIBHOM IIare, MPOYHOCTh
CTaJld JIOJDKHA OBITH JocTaToyHO Manoi. Okaszanoch, YTO CYIIECTBYET MPHHIIMIIUAIHHAS
BO3MOXXHOCTh MOJ00paTh Imar OajioK, KOTOPBIH COOTBETCTBYET MHHHMAJIBHOH CTOMMOCTH
[IEPEKPBITHSL.

C 1eibio BBISCHCHUS NMPAKTHYECKOH MPUMEHUMOCTH IOJYYSHHBIX PE3yJIbTAaTOB, 3ajada
6BIJIa pemeHa HpI/I KOHTpOHLHBIX YUCJIOBBIX JAHHBIX. HOJIy‘-IeHHbIC pGSYJ'IBTaTLI HOI[TBepI[I/IJII/I
BBIBOJI O TOM, YTO HAJI0 MPUMEHSAThH CTalb HU3KOW MPOYHOCTH. Kpome 3Toro, oka3ajioch, 4To
3a/1a4a UMEET CMBICH MMPU OTHOCUTEIHHO OOJIBIIHX MposieTax 0aiokK.

Abstract. The article presents the results of optimizing the pitch of beams in a beam cage
of a simplified type, when steel beams of an I-beam profile are supported on vertical
supporting structures (walls, columns). Steel flooring is laid on them.

The optimal pitch of the beams is selected so that the total consumption of steel on the
beams and flooring is minimal. For this purpose, the objective function of the cost of steel for
the flooring and beams per 1 m2 of flooring is compiled, the argument of which is the step of
the beams. This function was investigated for extremum. The thickness of the flooring was
adopted corresponding to the limiting ratio of the pitch of the beams to this thickness from the
stiffness condition. It is accepted that two identical shelves and a wall of an 1-beam have the
form of rectangles. Moreover, the height of the beam is optimal and corresponds to the
minimum cost of steel.

When deriving the formula for the optimal beam pitch, it was assumed that the beam
cross-section is selected based on ensuring strength at normal stresses. In this case, the
stiffness of the beam at the optimal pitch may not be provided. Therefore, a study was
conducted for what values of the pitch, the rigidity of the beam is ensured when the left and
right parts of the strength condition are equal to normal stresses. It relied on the solution of
the system of equations of strength and stiffness, which made it possible to obtain a formula
for the minimum beam pitch from the stiffness condition.

It was found out in which case, when the optimum pitch of the beams was found, its
rigidity was ensured. For this, it is necessary that the flexibility of the beam wall should be at
least a certain value. A formula is obtained for this minimum value. Her analysis showed that
such flexibility is proportional to the design resistance of the steel to the sixth degree, that is,
it grows very rapidly with increasing this resistance. Therefore, in order to ensure the rigidity
of the beams at their optimal pitch, the strength of the steel should be sufficiently small. It
turned out that there is a fundamental possibility to choose the step of the beams, which
corresponds to the minimum cost of overlap.

In order to clarify the practical applicability of the results, the problem was solved with
control numerical data. The results confirmed the conclusion that low-strength steel should be
used. In addition, it turned out that the problem makes sense with relatively large spans of
beams.



