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Xapkiecokuil HayionanvHull yHisepcumem 0yOisHUYymea ma apximekmypu, Yxpaina

BU3HAUYEHHS IOYATKOBOI OBEPTAJIBHOI /KOPCTKOCTI BA3H CTIHKH
IHAJIETHOTI'O CTEJIAXKY

B oanui uac 6 Vkpaini npoexmysanns 30ipHO-pO30IPHUX NANEMHUX CUCMEM 30ilICHIOEMBbCA GIONOBIOHO 00
YUHHO20 HOpMamusHozo Ookymenmy [I]. 'V yvomy Ookymenmi 6Kazyemvcsa HeoOXIOHICMb 3ACMOCYBAHHS
eKcenpuMeHmanbHO-mMeopemuyHo20 nioxo0y 6USHAUEHHS NOYAMKO80I 00epmanbHoi dHcopcmkocmi Oasu cmitiku
nanemnozo cmenaxcy. Y cmammi HABOOAMbCA pe3VIbMamu GUIHAYEHHA OAH020 napamempa Ha niocmaei
PO3p0bAeHOT agmopamu 4uceibHoi Mooeni cucmemu «bemoHHa 0CHO8A — CMIUKa nanemnozo cmenaxcyy. Ilokasano,
Wo 3i 30i1bUEeHHAM CIMUCKAIOYOI cuiu 8 cmitiyi 8i00y8aA€MbCA 3pOCMAHHA NOYAMKO80i 00epmAaNbHOI dHcopcmrocmi it

basu.

Knrouosi cnosa: nanemunuil cmenasic, 6aza cmitiku, noYamko8a 00epmaibha HcopCmKICb.

IMocTanoBKka npodJeMu

Cranesi TaxeTHI CTeNaxi IITPOKO
BUKOPHCTOBYIOTHCSI B MPOMHUCIIOBOCTI Ta TOPTIBII s
CKJIamyBaHHSA ToBapiB Ta BupoOiB. [lo cyti, cTemaxi €
TPUBUMIPHOIO 0araTOMOBEPXOBOIO 1 0araToOmpoILOTHOO
cnopynoto. Ilpm 1npoMy, 3 TNPaKTUYHOTO TOTJISALY

(MOXIHBICTE JOCTYImy [0 TOBapiB 1 BHPOOIB, IO
CKJIAYIOThCS), CTEJIaXi HE MAIOTh CUCTEMHU 3B'S3KIB Y
MTO3/I0B)KHBOMY HAIIPSIMKY (pHC.1), i TOMY iX CTIHKICTE B
M03/I0BXXHBOMY HAIpSMKY 3a0€3Me4yeThCsl 32 paxyHOK
JKOPCTKOCTI 0a3M CTIHKM 1 BY3JIOBOTO 3'€THAHHS MiX
pureneM i cTiikoro.

Puc. 1. TumnoBa KOHCTPYKIIis CEKIii MaJETHOTO CTEIaxKy.
(https://www.indiamart.com/proddetail/pallet-racks-7993261362.html)

[IpoextyBanHs  30ipHO-PO30IpHMX  HaJETHUX
cucTteM B YKpaiHi MpoBOAMTECS Yy BiamosixHocTi g0 [1],
a B 3apyODKHIN mpakTHii Biamosiguo 1o [2, 3].

Panime aBtopamm 1wi€i cTaTTi MPOBOAMIMCS
eKCIepUMEHTANbHI JOCHIPKEHHSI HeCy4doi 3JaTHOCTI
CTIHKM TAJIETHOTO cTenaxy [4], a TakoX MpoBeAeHI
poOOTH 3 BH3HAYECHHS XapakTEPUCTHK MeEXaHIYHHX

BJIACTHBOCTEH Marepianmy criffok [5]. Meroto naHoi
poboTH € BH3HAUEHHS IMOYATKOBOI 0O0epTambHOL
JKOPCTKOCTI 0a3u  CTIHKM CcTelaxa Ha IMiJACTaBi
po3pobieHoi urcenbHOi Mojiesnti. 3HaYeHHST O4aTKOBOT
0o0epTambHOI KOPCTKOCTI BUKOPHCTOBYETHCA Hamami
TIPU CTATUIHOMY aHaJIi31.
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AHaJIi3 OCTAHHIX J0CTiIKeHb Ta mMyOaikauii

Po3paxyHKOBY cXeMy MajJeTHHX CTEIaXiB MOXHa
MPEACTaBUTH y BUTILIALI IUIOCKOI abo IMPOCTOPOBOL
peryisipHoi  cTpukHEBOi cucremu. IIpore ocHOBHa
CKJIQIHICTh IIPHU CKJI3JaHHI MOJIOHOI pPO3paxyHKOBOI
CXEMH MOJIATae B TOMY, IO BY3JH 3'€JHAHHS CTPHIKHIB
(haKTUYHO HAITiBKOPCTKI.

Jns  BHU3HAueHHS  IOYATKOBOi  >KOPCTKOCTI
BY3JIOBHX 3'€lHaHb BIAMOBIAHO 10 BKa3iBok [1-3]
BUKOPHCTOBYETHCS EKCIIEPUMEHTANIBHO - TEOPETHYHUH
MIIXIT.

Bukiaa ocHOBHOro Martepiajy

Y crarti  pO3MISHYTO NHTAHHA BH3HAYCHHS
HIOYaTKOBOI JKOPCTKOCTI 0a3u KOJOHH 3a JOHOMOIOIO
METO/IiB YHUCEILHOTO aHAII3Y.

Ha puc. 2 nokazaHO KOHCTPYKTHUBHY CXeMY UL
BU3HAYEHHS IMOYATKOBOI JKOPCTKOCTI 0a3um  CTilKH
IAJIETHOTO CTENaXKy, a Ha PUC. 3 - PO3PaXyHKOBY CXEMY.
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BigmoBimHO 10 po3paxyHKOBOI CXEMH ABiI CTiHKH
TpueaHaHI 10 OeToHHOi ocHOBW. Jl0 KIiHIIIB CTIHOK

MpUKJIAZaeThcst  cTUckatoua cuna F1, cuma  F2
MPUKJIAZAETHCS  TOKPOKOBO, TMpPH ILOMY BeIMYUHA
cruckarouoi cumiaud  F1  3anmimaerbcss IOCTIHHOIO Ha

KoXKHOMY ertami mpukimamanHs cwnu F2. Ilpuifasata B
po0OTI poO3paxyHKOBa CXeMa BIINOBIAE BKa3iBKaM,
HaBEJICHNM Y [2], IpoTe OCHOBHA BiMIiHHICTH IOJISITaE B
TOMy, IIO OETOHHa OCHOBa HE MAa€ MOXIHUBOCTI
MTOBOPOTY. s oOCTaBMHA A€ MOJKJIMBICTh
BUKOPHCTOBYBATH BIIACTHBICTh CUMETPIi PO3paxyHKOBOT
CXeMH TpH po3poOIi umcempbHOI Mozemi [6]. Psax
JOCIITHUKIB 3a3HAa4aloTh, M0 cwiy F2 y ugmcenpHHX
JOCIIPKEHHSX MOXKHA 3aMIHMTH Ha 3afaHe OiuHe
niepemimensst [7-9].

YucenbHa MOJIETIb PO3pOOIISIACS 3 BUKOPUCTAHHIM
nporpamHoro kommiekcy ANSY'S 2021 R2 [10].

Puc. 2. KoHCTpyKTHBHA cXeMa BU3HAYCHHSI T0YATKOBOT JKOPCTKOCTI 0231 KOJIOHH.
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Puc. 3. Po3paxyHkoBa cxemMa BU3HaYECHHS T0YaTKOBOT
KOPCTKOCTi 0a3u

(F1, F2, F3 — ocwoBi cimi, M — peakTHBHHI MOMEHT,

0 — kyT 00epry, A — niHiitHe nepemimenns, L, L, —

JHIAHI po3Mipn).

Teomerpiss  umcempHOi  Momemi  (puc. 4a)

no0ysoBaHa i3 3aCTOCYBaHHSIM IIPOTPaMHOTO NPOIYKTY

SpaceClaim, skuii 103BOIISIE PO3POOUTH TBEPAOTUIHHY

MOJIeNb, Ta TIATOTYBaTH 1i A0 PO30MBKH Ha KiHIIEBi

€IEMEHTH, 3 TMOJAJIBIIOI Iepefadyelo B  MaKeT
KIHIIEBOCJICMEHTHOI'0 aHAi3Y.
Y  po3pobnenii Momenmi BpaxoBaHI  e(eKTH

KOHTaKTHOI B3a€MOJIii, a caMe B3a€EMOJis EJIEMEHTIB
«OIOpHA MINTa — GETOHHA OCHOBa», «OIOpHa ckoba —
CTiliKa», «cTillka — ONIOpHA IUTUTa» JOMYCKA€e B3a€MHUMA

a

BIIpWB €NEMEHTIB OAWH Bix oxHOro. Bimpus =He
JOITyCKAETBCSI MIXK €JEeMEHTAMH «aHKepHHH OonT -
OCTOHHA OCHOBa», «aHKCPHHI OOJT - OMOpHA ILTUTAY.
Bont M10, 1m0 Kpiriirh ONMOPHY CTIMKY 10 OTMOPHOI
CKkoOM, MOJENIOBANHCSA Y BHITISAL CTPIDKHIB, SKi
MIPUEAHYIOTHCA IO TIEpUMETpa OTBOPIB 32 JOIOMOTOIO
xkopcTkux enemeHtiB [11, 12]. PospaxyHok Momeni
MIPOBOJMBCS Y TEOMETPUYHO HENIHIHHIM IMOCTaHOBII 3
ypaxyBaHHAM (i3UYHOI HETIHIHHOCTI BIACTUBOCTEH
MarepiaiiB MOJEI.

Po3paxyHku mpoBOAWIIMCS Ui TPHOX BapiaHTIB
3gayeHp ctuckaroyoi cwm: F1 = 20 kH; F1 = 40 xH;
F1 =60 xH.

BokoBe mepeMillicHHs 3agaBajiocs B JIiama3oHi
Bix 0 10 5 MM, i IPUKIIAANIOCs IIOKPOKOBO, TOYHMHAIOYHN
3 JpYroro KpOKy HaBaHTAXEHHA, B TOH dac K
cruckaroue 3ycwnis F1 npukmaganocs 3 mepioro
KpOKy  3aBaHTaXEHHSA.  Xapakrep  aedopmarii
PpO3paxyHKOBOI MOZEJi HaBEeJCHO Ha PHUC. 5.

Ha ocTanHbOMY eTalli 3aBaHTaXCHHS BiJI0yBa€ThCS
BIIpUB CTiliku Big omopHoi rtuuTH (puc. 6).

Puc. 4. KinmeBoeneMeHTHA MOJIEIb
(a — reomerpuuHa cxema; 6 — cxeMa NPUKIIAJAaHHS CTUCKAIOUOl CHIIH; 6 — (hparMeHT 6a3n).
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10,014 Max
8902
7,7895

66771

55647

44523

3,3398

22274

1,115
0,0025852 Min
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Puc. 5. 3araneHi nedopmariii po3paxyHKOBOI MOJIENi HA KiHIIEBOMY €Talli 3aBaHTA)KCHHS

Presurs
Type: Pressurs - Top/Bottam
Unit: MPa
Time; 02 5
11.08.2022 11:11

20972 Max
L]
16073

13623
11174
0e74
QBT
038248
811751
-0.10745 Min

a

© Pressure
Type: Pressure - Top/Bottom
Unit: MPa
Time: 65
11.08.2022 11:12

36009 Max
3,841
1768
13,519
18357
15,196
11,025
68732
1,77
-1.4497 Min

1

Puc. 6. ITosist KOHTAKTHOTO HANPY)KEHHS B OTIOPHIH IIIUTI 0231 KOJIOHU
(a — 6okose mepemimnierns 0 Mm; 6 — GOKOBE TepeMileHHs 5 MM)

Jis mobynoBu 3anexHocTi «M-0» 1 momaneoro
BH3HAUEHHS TIOYATKOBOi JKOPCTKOCTI 0a3W KOJOHHU
BU3Ha4yaBcs KyT MOBOPOTY 0, mist doro B moxeni Oyia
nepenbayeHa KOHTPOJIbHA TOYKa (puc. 7), Juisl SIKOi

¢ikcyBanmcs 3Ha4YeHHS KyTa IIOBOPOTYy MOJENi Ha
KOXKHOMY KpOIIi 3aBaHTa)KEHHSI.

Ha puc. 8 naBezneHo rpadixu 3anexsocti «M-0»,
OTpHUMaHI 3a pe3yibTaTaMH pPO3PAXYHKY YHCEIbHUX
MOJICTICH.

66



Byoisnuymeo ma yusinoHa indcenepis

= i 'J —

=
b
wamE
\
%

100,30 (me|

25,00 ; A 7
— L _4“;‘_“ i +

Puc. 7. ITosokeHHsSI KOHTPOJILHOT TOYKH ISl BU3HAUCHHS KyTa TOBOPOTY.
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Puc. 8. 3anexuicts «M- 0»

(a — F1=20 xH; 6 — F1=40 xH; ¢ — F;=60 xH; M, — XapakTepucTH4HE 3HAYECHHsI TPAHUYHOTO 3THHATLHOTO MOMEHTY,
Mgg — pO3paxyHKOBE 3HaYCHHS TPAHUYHOTO 3THHAJIIBHOI'O MOMEHTY, ®, — KyT 00epTy, K, — mouaTkoBa oGepraibHa
JKOPCTKiCTh, Al, A2 — momi ¢iryp, 0OMeXeHHUX JiHI€I0, IO MPOXOIUTh Yepe3 IO0YaTOK KOOPIMHAT 3 KyTOBHM

koedimierroM K, Ta miniero 3anexxnocti M-0).

Ha migcraBi BkaziBok [2] mpoBemeHO 00poOKYy
OTPUMAaHUX 3ajJexHocTer «M-0» Ta
3HAUEHHS obepranbHOi

OTPUMAHO
MOYaTKOBOT HKOPCTKOCTI
NPUIHATOrO KOHCTPYKTUBHOTO pillleHHs 0a3u CTiiiKu

MAaJICTHOTO CTCIIAKY.

BucHoBxku

Ha mincraBi po3poOieHoi dHCenmpHOI Mopemi
BU3HAYECHO KOPCTKICTh 0a3u KOJOHH CTIMKH MAaJETHOTO
crenaxy. OTpuMaHi 3HaYCHHSI TOYaTKOBOT 00epTaIbHOT
KOPCTKOCTI MOXYTh
MOJIATIBIIOMY — CTATHYHOMY PO3paxyHKOBOT

CXEMH MaJIETHUX CTENAXIB JJIsl BU3HAUEHHS X HeCcy4oi

BUKOPHCTOBYBATHCS B
aHaJnsi

3IATHOCTI NPY 33JJaHNX YMOBaX HaBaHTAXECHHS.
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DETERMINATION OF BASE PLATE STIFFNESS OF STEEL STORAGE RACKS.
V Riumin, Y. Solodovnik, K. Riumina
Kharkiv National University of Civil Engineering and Architecture, Ukraine

In recent trends the development of structural steel using cold formed steel section plays a vital role in main
frame construction of portal frames. These frames find its use in the construction of economic industrial,
agricultural and residential buildings due to its lightweight and robustness. With the major claims in comparison
with hot rolled steel profiles, cold formed steel possesses low cost, highly versatile with standard design procedures.
Among various structural designs, industrial storage racks are the most prominent structures constructed using cold
formed steel. It has been widely incorporated with the rational space utilization in warehouses and factories for
goods storage. These rack systems have been classified as static and dynamic types. The adjustable pallet rack was
found to be the commonly used static system. It consists of transversal beams and column upright which is grounded
with base plate connections. This system provides the stability in down aisle direction. The beams (stringers) have
boxed cross-sections while columns (uprights) are open thin walled perforated to accept the tabs of beam end-
connectors, which join beams and columns together without bolts or welds.

This paper addresses the problem of determining the stiffness and strength of steel storage rack base plate
assemblies. Base plate assemblies are usually bolted to an upright and to a concrete floor, and they are used to
provide resistance against the flexural buckling of the upright and/or the overall down-aisle buckling of the frame.
The semi-rigid stiffness is usually determined by means of a test of two pre-loaded uprights connected to a concrete
block in a dual-actuator set-up. Guidance for conducting the test is provided in the European Standard EN 15512.
However, several aspects of the test need clarification, notably the test set-up and the transducer arrangement for
measuring the rotations of the base plate.

Keywords: storage rack, base plate assembly, initial rotational stiffness.
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