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AHHOTAUNA

BBeaeHune. PaccmaTpuBaloTca METOAMKM ONpefeneHns pacyeTHbIX 3HaYeHWI Hecyllel CrocoBHOCTU TOHKOCTEHHOro
CTEePXHS, NCMbITbIBAIOLLEro AedopMaLyio cxaTus, C y4eTOM BEPOATHON NOTEPU MECTHOW YCTOMYMBOCTY MO OTEYECTBEHHbLIM
1 eBPONENCKUM HOPMATMBHBIM JOKYMEHTaM 1 no Hopmam CesepHol AMepuKK.

MaTepuansl U MeToAbl. PacyeTbl BbINOMHEHbI s TOHKOCTEHHbIX XONOAHOrHYThIX C-06pa3HbIX cTanbHbIX npodunen. Mc-
nosib3oBaHbl COOp ¥ cucTemaTnsaums MHPOPMALIMOHHBIX AaHHbIX, TeopeTudeckoe 06o0LLeHe MaTepranos, NoMy4YeHHbIX
Npy aHanmuse OTeYeCTBEHHbIX U 3apyDeXHbIX HOPMATUBHO-TEXHUYECKUX AOKYMEHTOB, CPaBHUTESbHBIA U CONMOCTaBUTENb-
HbIVi aHanu3bl.

Pe3ynbraThl. [1poBeaeHO CpaBHeHWE METOAO0B OnpedeneHns HecyLlen CnoCcoBHOCTU TOHKOCTEHHbIX CTEPXHEN C Y4eToM
NX MECTHOW NoTepun yCTONYMBOCTU. ANOPUTMbI Pac4HeTOB NpeAcTaBneHbl B TabnuyHon hopme; pesynbTaTbl Takke CBEAEHbI
B Tabnuupbl.

BriBoabl. B xoae aHanusa pesynbratoB, MPUHSB B Ka4ecTBe dTanoHa ANsi CPaBHEHWS HECYyLLylo CrocoBHOCTb, onpene-
neHHyto B cootBetctBum ¢ CI1 260.1325800.2016, nonyyeHo pacxoxaenve ¢ EN 1993-1-3 5 n 12 % — c AISI S100-16.
[MocTpoeHbl rpadhvkv 3aBUCUMOCTM HeCyLLe COCOBHOCTN OT reOMETPUYECKNX XapaKTEPUCTUK CEYEHUS (BbICOTbI, LUMPUHBI
1 TONLWMHBI NPOUNS), YTO AaeT HarnaAHOe NpeAcTaBrieHe B Pa3HOCTM NOAXOA0B K pa3paboTke HOPMaTUBHO-TEXHUYECKMX
[OKYMEHTOB B pa3HbIX CTpaHax.

KIMKOYEBBIE CITOBA: cpaBHUTEMNbHbIV aHann3, TOHKOCTEHHbIE CTEPXXHMW, MECTHas NOTEPS YCTONYMBOCTU, METOAUKM pac-
yeTa, cxatue, acbdekTnBHasA nnoLianb, HOPMATUBHbIE OKYMEHThI
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ABSTRACT

Introduction. The article deals with methods of determining the design values of the bearing capacity of a thin-walled rod
experiencing compression deformation (taking into account the probable local buckling) according to domestic and Euro-
pean normative documents and the design standards of North America.

Materials and methods. Calculations for thin-walled cold-formed C-shaped steel sections were carried out. Methods such
as collection and systematization of information data, theoretical generalization of materials obtained in the analysis of do-
mestic and foreign normative and technical documents, comparative analysis were used.

Results. The comparison of methods for determining the load-bearing capacity of thin-walled rods under local buckling was
made. The calculation algorithms are presented in tables. The results are summarized in unified tables.

Conclusions. Based on the analysis of results (taking as a reference for comparison the load-bearing capacity determined
in accordance with SP 260.1325800.2016) a difference of 5 with EN 1993-1-3 and 12 % with AISI S100-16 was obtained.
Graphs of correspondence between the load-bearing capacity and geometric characteristics of the cross-section (height,
width and thickness) are shown. They give a visual representation of the difference in approaches to the development of nor-
mative and technical documents in different countries.

KEYWORDS: comparative analysis, thin-walled rods, local buckling, calculation methods, compression, effective area,
normative documents

© P.A. latnatymuHa, A.M. Ubparnmos, 2025
PacnpoctpaHsieTcsa Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



Pacyer cxaTbIX TOHKOCTEHHbIX CTep)KHeﬁ no Ael;ICTByI'OLLU/IM

C. 24-38

HOPMaTUBHO-TEXHUHYECKUM AOKYMEHTaM Pa3HbIX CTPaH

FOR CITATION: Gatiatullina R.A., Ibragimov A.M. Calculation of compressed thin-walled rods in accordance with current
normative and technical documents of different countries. Stroitel’stvo: nauka i obrazovanie [Construction: Science and
Education]. 2025; 15(3):2. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2025.3.2

Corresponding author: Regina A. Gatiatullina, gatiatullina.regina@mail.ru.

BBEJIEHUE

Hcnosnb30BaHre TOHKOCTEHHBIX KOHCTPYKIIMH B CTPO-
UTENBCTBE 0OYCIIOBIICHO MX YHUBEPCAIBHOCTBIO, OBICTPO-
BO3BOZMMOCTBIO, 3()(PEKTHBHOCTBIO ¥ SKOHOMUYHOCTBIO.

Brenpenue HOBBIX KOHCTPYKIMI M TEXHOIOTUMN
mpeJrnosiaraeT pa3paboTKy M yCOBEPIICHCTBOBAHHE
CTPOUTENBHBIX HOPM, PErIIAMEHTHPYIOIUX TpeOoBa-
HUSI K JaHHBIM KOHCTPYKIMSAM, MaTepraiam, K pacieTy
U METOJIaM MPOEKTUPOBAHMSI.

Omuoit n3 3amayd mpoekra mepecmotpal CIT 260.
1325800.2016 «KoHCTpyKIINH CTaIbHBIE TOHKOCTCHHBIC
U3 XOJIOJHOTHYTHIX OIIMHKOBaHHBIX MPOQuiei u rod-
PHPOBaHHBIX JTHCTOB. [IpaBuia MPOCKTHPOBAHUM,
COIIaCHO KOTOpoMy B Poccuu mpom3BOIUTCS MPOEK-
TUPOBaHHE DJIEMEHTOB TOHKOCTEHHBIX KOHCTPYKIIHU,
SIBJISIETCSI «TIOBBIIICHUE YPOBHSI rapMOHHM3AI[A HOpMa-
TUBHBIX TPEOOBAHMI C MEXKyHAPOAHBIMA HOPMATHBHBI-
MH JOKYMEeHTaMm». JJ11 3Toro HeoOXoAnMO MpoBecTH
CpPaBHUTEJBHBIN aHAIU3 NOJOXKEHUN JoKyMeHToB EN
1993-1-3: Eurocode 3: Design of steel structures —
Part 1-3: General rules — Supplementary rules for cold-
formed members and sheeting® u AISI S100-16 «North
American Specification for the Design of Cold-Formed
Steel Structural Members»*. [IpencraBisiercst meneco-
00pa3HbIM MO/IBEPTHYTH TIHIATEILHOMY aHAIIU3Y pa3iel
pacuera Ha HECYIIYIO CIOCOOHOCTh M MECTHYIO yCTOMH-
YHUBOCTH CTAJIBHBIX TOHKOCTEHHBIX KOHCTPYKIHH.

B pesynbrare cxaTHs TOHKOCTEHHOTO CTEPXKHS
Habmronaercs morepsi MecTHOl ycrouusoctu (local
buckling), koTopast BO3HHKAeT M3-3a MECTHBIX 1eop-
Malui OT/IEIBHBIX YYaCTKOB ¥ MOXKET IIPE/IIIECTBOBAT
motepu odmieit ycroitunBoctu (global buckling) [1].
[Tpu 5TOM y310BBIE IEPEMELIEHHST OTHOCHTEIILHO MAJIBL.

IIpu Takoii moTepe yCTOMYMBOCTH MPOAOIbHAS OCh
alIeMeHTa ocTaeTcs HeaehopmupoBanHoil. epopma-
LUsI HONEPEYHOTO CEUEHMs TIPOUCXOINT 3a CUET U3rnda

! TlosicuuTenpHast 3amucka K mpoekry nepecmorpa CIT 260.
1325800.2016 «KoHcTpyKumu cTaibHbIE TOHKOCTECHHBIC
U3 XOJIOJHOTHYTHIX ONMHKOBAHHBIX Mpoduiei u roppupo-
BaHHBIX JUCTOB. [IpaBuia nmpoexTupoBanus» (mepBast pexn.).
M. : Munctpoii Poccun, 2022. 7 c.

2 CI1260.1325800.2016. KoHCTpyKIMHU CTabHBIE TOHKOCTEH-
HBIE 13 XOJIIOAHOTHYTHIX OIMHKOBAHHBIX Mpoduie u rodpu-
poBaHHbIX JucToB. IIpaBuna npoexkrupoBanus. M. : Mun-
ctpoii Poccun, 2016. 114 c.

3EN 1993-1-3: Eurocode 3: Design of steel structures — Part 1-3:
General rules — Supplementary rules for cold-formed mem-
bers and sheeting. CEN, 2006. 130 p.

4 AISI S100-16. North American Specification for the De-
sign of Cold-Formed Steel Structural Members. Washington :
American Iron and Steel Institute, 2020. 505 p.

BHYTPEHHHX CTCHOK JJIeMEeHTa. BHelIHue CTeHKH nMe-
10T CMelIeHust. MecTHas MoTepsl yCTOHYUBOCTH CTEPXK-
HSI 3aBUCHT OT TOTO, KaKOW M3 JIEMEHTOB CEUCHNUS HaH-
0oJee CKIOHEH K CMATHIO [2-5].

Eurocode omnpenernsier npeneabHyro IPOYHOCTb dJ1e-
MEHTa IyTeM pacdeTa d(PeKTUBHOI IMPHHBI SIEMEHTOB
cedyeHusl (CTEHKH, TTOJIKK U pedpa jKeCTKOCTH/KPOMKH ).
[Janee adpdexTrBHAS MIMPUHA YMEHBIIAETCS HA OCHOBE
CMATHS/TIOTEPH YCTOMINBOCTH pedpa )KECTKOCTH.

AHanuTudeckas MoJieib JeaTn3UPOBAaHHOM CKATOM
TIOJIKM QHAJIOTUYHA MOJIENH OaJIKH-KOJIOHHBI Ha YIIPYyTOM
tdyamamente [6-10].

AISI — cranmapThl IPOEKTUPOBAHUSA AT AMepHU-
ku, Kanager 1 Mekcuku.

[TprHONT TPOEKTUPOBAHHUS, HCTIONIB3YS METO (-
¢exruBnoii mmpunsl (Effective Width Method), npen-
noxxeHHslit Teoopom don Kapmanowm [11] n mo3xe mo-
mudunrpoBaHHE J[xopmkem Burtepom [12], cryxur
OCHOBHBIM H JIOCTaTOYHBIM JUIsl YCTAHOBJICHUSI HECY-
IIed CrIocOOHOCTH TOHKOCTEHHBIX CTEPIKHEH ¢ ydyeToM
[IOTEPU MECTHOM YCTOMUMBOCTH.

JIOTIOJHUTENBHO /ISl IPOSKTHPOBAHUSI XOJIOIHO-
(hOpMOBaHHBIX AIEMEHTOB, HCITBITHIBAIONIMX Jie(hOopMa-
LUIO CXKaTusl, COIVIACHO TEKYIIEH ceBEpOaMEPUKAHCKON
crenuduranuu AIST S100-16, npumensercs: Direct
Strength Method (MeTox mpsiMoit mpoyHOCTH), pa3pa-
6orannbrit benom Hledpepom [13, 14].

MATEPHWAJIBI U METO/JAbI

[TepBeIif 3Tan pacyera TOHKOCTEHHBIX INpodu-
JIell — MPOBEPKA OTHOLIEHUM IIUPUHBI U BBICOTHI JJIe-
MCHTOB CCUYCHHUS K TOJIIINHEC. HeﬁCTBHTeﬂbeIe 3HAYCHUA
HE JOJDKHBI TIPEBHIIIATh MAaKCUMAJIbHBIC, YCTAaHOBIICH-
HBIe HOpMamH (Tadm. 1).

Ha puc. 1 u3o0paxeno nonepeynoe ceuenue C-
00pa3HO CTATbHON OaJIKH.

Habmromarorcst pacXxoxkJI€HHUS B TIPE/IEIBbHBIX 3Ha-
YEHUSAX TEOMETPHUUECKUX Pa3MepoB U AUANa30HaX TOJ-
IIMH, YCTaHOBJICHHBIX B OTEYECTBEHHBIX U 3apyOeKHBIX
HOPMaXx, BO3MOYKHOH MTPUIHHON Yero SBISIETCS TO (aKT,
4TO JaHHBIC MapaMETpPOB ONPEACIIAIOTCA ONBITHBIM
CrocoooM.

Ha pesynbrarsl 35KCIIEpHMEHTOB BIIHSIOT:

* CBOIcTBa Marepuaina (pa3Hble IPOU3BOAUTENH,
pasHOe KauecTBO);

* reorpadus — ceiicMuYecKasi akTUBHOCTD, CHe-
roBas ¥ BETPOBasi HarPy3KH,

* TIPUMCHEHHE PA3INYHBIX BHIYUCIUTEIBHBIX KOM-
TUIEKCOB.

Tak xax kaxIblid U3 PaKTOPOB MEHSETCS B 3aBH-
CUMOCTH OT MECTa IPOBEJECHUSI UCCIEA0BAHUI, OTHO-
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Puc. 1. XapakrepHsle pasMepbl TOHKOCTCHHOI'O CTEPXKHS
OTKPBITOTO TIPOQHIIS

IICHUS Pa3MEepOB MPOQHIICH IMEIOT Pa3HbIe TPAHUIHBIC
3HAUCHMUS.

BTtopoii aTam — momnpaBka TeOMETPHUCCKIX Xa-
PAKTEPUCTUK CEUCHUS HA 3aKPYIVICHUS B YITIaX KOHTYpPa
(puc. 2).

CunuTaercs, 4TO MECTHOH MOTEpPe YCTOWIHUBOCTH
MTOJIBEPIKEHBI MPSMOJIMHEHHBIC YIaCTKH CEUCHHUS, 3a-
KITIOUEHHBIE MEXTy YTJIaMH Cruoa.

OmnpenensieTcss panuyc u3ruda r, =R+ t/2, tne
R — pammnyc 3akpyrmieHus; ¢ — tonmHa npodust. [a-
Jlee — YMEHBUIEHHBIH paauyc u3ruba g = r, - (tgp/2 —
— sin@/2) WK PACCTOSIHUE OT TOUKU MEPECCUCHHUSI IBYX
CPEIMHHBIX JIMHUIA CTCHKH U TOJIKKA OaJIKu X 710 peajib-
HOM TOYKHM repeceueHus P.

/2 \

¢/2

Puc. 2. 3akpyrieHHbIH yrojl TOHKOCTEHHOIO CTaJIbHOTO IIPO-
¢uist n cpepHsist TouKa cruba

Bo Bcex MeToaukax pacuera BO3MOMKHAsI OTEPs
MECTHOW YCTOHYMBOCTH YYHTBIBACTCS HCKIFOYCHUEM
13 pabOThI YaCTH MOJIKHU U (MJIM) CTCHKH 4yepe3 0e3pas-
MepHbIi Ko duieHT peayuupoanus p [15-20].

Crenymoouiie 3Tanbl pacdyera MpeACTaBICHbBI
B TaOII. 2.

Taba. 1. MakcumanbHbIC 3HAYCHUS! OTHOIICHHIA HIWPUHBI U BBICOTBI SJIEMEHTOB CCUCHUS K TOJIIIUHE

CII 260.1325800.2016 EN 1993-1-3: 2006

AISI S100-16

KoHcTpykuuu cranpHble
TOHKOCTCHHBIE
13 XOJOJHOTHYTBIX
OLIMHKOBAHHBIX Mpoduiieit
U TOpUPOBAHHBIX JIUCTOB.

Eurocode 3: Design
of steel structures —
Part 1-3: General rules —
Supplementary rules for
cold-formed members and

North American Specification for the Design of Cold-Formed

Steel Structural Members

[IpaBuia npoeKkTHpOBaHUS sheeting
b/it<90 (mpu [ >1);
b/it<60 (mpu [ <1),
rie [, — HepeaylMpoBaHHBIH MOMEHT HHEPIHMH SJIEMEHTA HKECT-
b/t <100; b/t <60; KOCTH (KPOMKH) OTHOCHTEIIFHO COOCTBEHHOH LIEHTPaIbHOM OCH,
c/t<40 ¢/t <50 HapaJiIebHOH YCHIIMBAEMOMY 3JIEMEHTY; [, — MOMEHT HHEPIHH

KPOMKH (JIOCTaTOYHBIH, YTOOBI Ka)KAbIH KOMIIOHEHT Bel cebs
KaK 2JIEMEHT JKECTKOCTH)
c/t<60

HJ’IS{ obecrieueHus HEO6X0,HI/IM0171 JKCCTKOCTH U UCKITFOYCHU A HpemueBpeMeHHoﬁ rnorepu yCTOfI‘IPIBOCTPI DJICMCHTa
JKCCTKOCTH:

02<c¢/b<0,5

02<c¢/b<0,6

¢/b<0,7

PacueTHast TONIMHA cTadK (IPUHUMAETCS PABHOIT CKOPPEKTUPOBAHHON — 3 BBIYETOM TOJIIMHBI IIMHKOBOTO WJIM JIPYTOrO
TTOKPBITHSA):

0,5mMm<t <4wmm

26

0,45mMm <t <15mm

He 6omnee 2,997 mm
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PE3YJUBbBTATBI HCCJEJOBAHUSA

Puc. 3. PacnipenierieHre HarpsnpKeHUsI, IPH KOTOPOM ¥ = 1 (1mo-

JIOXKHUTEIIBHOC C)KaTI/Ie)

Pacripenienenue HanpspKeHUs,, IPH KOTOPOM = 1
(monoXxuTenBpHOE CXKATUE), MOKa3aHoO Ha puc. 3.

p J1J1s1 BBITIOJTHEHHSI PACUCTOB BBIOPAHBI ITPOQHIIH COT-
aacao TY 112000-001-12586100-2009 «IIpodwim
CTaTbHBIE THYTBIC JTSI JIETKUX CTATBHBIX KOHCTPYKITHID.

3HageHns dQPEKTUBHBIX MIIOMAACH W HECYIIHX
CrocoOHOCTEH TS pa3THIHBIX THITIOPA3MEPOB CEUCHHHA
npezcTaBieHsl B Tadn. 3—5. OTcneauTs 3aBUCUMOCTD

HGCYH.[Cﬁ CIOCOOHOCTU OT BBICOTHI TOHKOCTEHHOIO

S TY 112000-001-12586100-2009. ITpodunu cranbHbe

THYTBIC JUIS JIETKUX CTAJTbHBIX KOHCTPYKIUi. YensOuHCK :
Yensa6IlICK, 2009. 37 c.

Tao6ua. 2. Pacuet Hecyell cnocoOHOCTH € yUYE€TOM MECTHOM MOTEPH YCTOHUMBOCTH 110 HOPMATUBHBIM JOKYMEHTAM Pa3HbIX

CTpaH

CIT 260.1325800.2016

EN 1993-1-3: 2006

AISI S100-16

KoHcTpykinu cransHbIe
TOHKOCTEHHBIE
13 XOJIOIHOTHYTBIX
OLMHKOBAHHBIX Mpoduieit
¥ TOPUPOBAHHBIX JIHCTOB.
[paBua mpoeKTHPOBAHUS

Eurocode 3: Design of steel
structures — Part 1-3: General
rules — Supplementary rules for
cold-formed members and sheeting

North American Specification for the Design
of Cold-Formed Steel Structural Members

Tpemuii sman — onpedenenue 3¢ghexmusnoli n1owaou ceveHus

D¢ dexTrBHAS MUPUHA PACCUUTHIBACTCS I BCEX YacTel CEUSHUs, B KOTOPBIX ACHCTBYIOT HAIIPSHKEHUS CHKATHS OT ICHCTBHS
OCEBOH CHIIBI, MyT€M YMHOKCHHS T€OMETPHUYECKON MIMPUHBI Ha TOHIKAOmMi kodddunuent p. IDtor kodddunment
HNPUHIMACT BO BHUMAHHE THOKOCTh IUIACTHHEI, €¢ PACUCTHYIO CXeMy M PacIpefeIeHHe HAPsHKSHNI B CEUCHUN

1.1. T'mbkocts mnactunsl (buckling slenderness)

= 1L
b F,’
p i I N il L/ T )
P No., 28,4-1-6Jky P No, 28,46k, Foog. " E (LJ
. 12~(l—},t2) w
rae F — HanpsoKeHWe MOTEPH YCTOWYMBOCTH,

e R = fy — mpexmen Tekydectd, H/Mm% o

KPUTHYECKOE

cr

HaNpsUKEHHE MOTEPU YCTOWYMBOCTH IUIACTMHBI B YIPYTOH CTajuu,
H/MM?; b — COOTBETCTBYOIIAsK IMPUHA CHKATOM YaCTH CEUCHHUS, MM,
{ — TOJILIMHA CTAJBLHOIO JINCTA, MM

H/mm?, E — wmonyns HOura, Hmm?, p = 0,3 —
ko3 purment Ilyaccona; ¢ — TOJIIMHA CTATBHOTO
JIMCTA, MM; W — COOTBETCTBYIOINAs IIMpHHA
CKATOU YaCTH CEYEHHMs

235
Ry

Koadppuument € =

235

Iy

Koadpunment € =

JlaHHas METOIMKA HOBBIA KOA((HUIIEHT HE BBOIUT

k, =k — x0d())HUIHEHT, yUNTHIBAIONINH XapaKTeP MOTEPH yCTONYNBOCTH B 3aBUCHMOCTH OT OTHONICHUS HATIPSDKEHHI

y =0,/c, (cM. puc. 3)

1.2. Tlonwmxkaroumit koadduuunent (reduction factor)

A= 0,673 — npenenpHOE 3HAYCHHE THOKOCTH, HIKE KOTOPOTO MECTHAS IOTEPs yCTONINBOCTH HE IPOMCXOAUT U OITOMY
HE BIIMSIET Ha HECYIIYIO CIIOCOOHOCTD CEUCHHUS.
Takum o6pasom, pu A < 0,673, p=1

IIpu A > 0,673

A, —0,055-(3+y)
—2

p

JUISL CTEHKH W TIOJIKH TIPH k(s =4,

A,—0,188
—2

*p

JUIST KDOMKH/YKECTKOTO 3JIEMEHTa
npu k_= 0,43
o

p:

Ipu A > 0,673

A, —0,055-(3+y)
—2

hp

JUISL CTEHKH U TIOJIKU TIPH k(S =4,

A, —0,188
—2

p

JUTSE KPOMKH/5KECTKOTO BJIEMEHTA
npu k= 0,43

p:

IIpu A > 0,673
_(1-0,22)/)
P A

JJIs1 BCEX DJICMCHTOB CCUCHUS
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Okonuanue maon. 2

CIT 260.1325800.2016 EN 1993-1-3: 2006 | AISI S100-16

1.3. Dddexrusnsie pazmepsi (effective widths)
VMHOXEHHE TIOHIKAIOIIETr0 K03 HIHEeHTa Ha COOTBETCTBYIOILYIO TEOMETPHUUYCCKYIO IUPHHY

hy=p-h; hy=ph,; hy=p-h,;
bef: pe bp; beff: p- bp; beﬁ’: P bp;
Ce/:p'byc' Cef/:p'byc' Ceff:p.byc'
1.4. Dddexrusnas mromans ceuenus (effective area)
Ae/n=(hef'+2 .be/+2 'Cd) ol | Aeﬂ:(heﬂ+2 .beﬁ"+2 .CEﬁ). 4 | Aeﬁ": (heﬁ"+2 .bEﬁ'+2 .ceﬁ) ol
Yemeepmoiil 3man — Hecywjas CHOCOOHOCMb
Hanpsxenue npu norepe ycToMuuBOCTH
(B ympyroii cragun):
_ - E
ce — 9>
- - (KL/r)
rae K = 1 — xoaddunuent 3¢ HeKTUBHON ATHHBI
(effective length factor); L — nnuna snemeHra,
MM; 7 — paJuyC HHEPLUH, MM
A= |2
c >
B o F, cre
rae F, — npesen Tekydectd, H/mm?
Ecmu }\.C < 1,5, cxxumaroiiee HarpspkeHue:
— — A2
F,=(0,658")-F,
HomunansHoe conporusnenue (nominal
_ _ resistance):
Pnl - Aeﬂ" ’ F‘n
Aeff f
_eff " Jyb o
Aeﬂn ’ Ry ’ Yc Nc’Rd - Pne - (pc' Pn/
T™Mo
THE Yy = 1,00 — vacTHbIIT
k03¢ GUIHEHT 6€30IMacCHOCTH
IIPY OIPEACIICHUN COPOTUBIICHUS
MOIIEPEYHBIX CCYCHUIT HE3aBUCHMO
rae v = 0,95 — xoadpunuent OT KJIacca.
ACY s b . rae ¢ = 0,85 — ko3hGHUIHEHT HATPY3KH
ycroBus paboThI A OaJIOK ¥\, IPEICTABISIET cOOOM ¢
Mo u conporusienus (merox LRFD — Load
U3 OJJMHOYHBIX THYTHIX COIPOTHBIICHUE TTOTIEPEUHBIX . .
. N o . and Resistance Factor Design)
npoduieit C-00pa3HbIX CCYCHUI CEUeHHH Ype3MepHOU
nedopManyu u B 001IeH peaakuuu
HOPMAaTHUBHOTI'O JIOKYMEHTA
P IPOCKTUPOBAHHUH 3aHHMiT
MIPUHUMAETCS] paBHBIM |
CEYEHNsI MOXHO Ha puC. 4, OT MIUPUHBI CEYCHUI — COOHOCTH OAMHAKOBBEIX Mpoduiueii coctasuger 5 %.
Ha pHUC. 5, OT TOJIIIUHBI CCUCHHSI — Ha pucC. 0. Omna obycnosnena kodppunuentamu: v, = 0,95 —
1. Meron pacuera npouHOCTHBIX Xapakrepuctuk 1o Clluy, =1 —mno EN.
o CIT 260.1325800.2016 u EN 1993-1-3: 2006 siBiist- 2. Nnotit cnoco®, mpencrasnennsiii B AISI S100-16,

eTcs UACHTUYHBIM. Pa3HuIla 3HaYeHUI HEeCyllel Cllo-  AaeT CIECAYIOIINE PACXOXKICHUS:

Tabu. 3. Pe3ynbrars! BerauciaeHui 2 GeKTHBHOI II0Ia i H HeCyIel cIoCOOHOCTH HECKOIBKHUX THIOpa3MepoB C-00pa3HbIX
npoduieii ¢ pa3Hoi BEICOTON CEUCHUSI

DddexruBHas mwiomams 4 , Mm> Hecymas cnocobnocts, H
Homep | A, MM | b, MM | ¢, MM | £, MM &
crn | EN AISI CIl EN AISI
1 150 50 14 202,02 200,94 53 738,16 56 566,48 47 011,08
2 200 80 20 231,15 227,72 61 487,13 64 723,30 53 706,29
3 300 80 20 1,2 235,20 229,47 62 563,09 65 855,88 54 370,66
4 350 | 100 | 25 239,06 238,10 63 589,71 66 936,54 56 487,10
5 400 | 100 | 25 241,71 238,47 64 293,99 67 677,88 56 603,87
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Puc. 4. I'padux 3aBUCHMOCTH HeCyIel CIOCOOHOCTH TOHKOCTEHHOTO CTEPIKHSI OT BBICOTBI CEUCHHS

Taéu1. 4. Pesysabrarsl BeraucaeHuid 3 GeKTHBHOI MU0 1 HECYIeH ClI0COOHOCTH HECKOIbKHUX TuopazmMepoB C-00pa3HbIxX
npodusieii ¢ pa3HOil MIUPUHON TTOJIKH

h, b, c, DddexruBras miomans 4 » MM? Hecymas ciocodnocts, H
Homep f, MM <
MM MM MM CIT | EN AISI CI1 EN AISI
1 60 15 736,24 804,38 214 815,81 226 121,90 190 594,27
2 300 80 20 3 856,24 954,38 254 715,81 268 121,90 226 116,31
3 100 25 976,24 1104,38 294 615,81 310 121,90 261 742,29
320
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Puc. 5. I'paduk 3aBUCHMOCTH HECYIIEH CITOCOOHOCTH TOHKOCTCHHOTO CTEPXKHS OT IIMPHHBI CCUCHUS

Tabu1. 5. Pesynbrarsl BrauciaeHui 2 eKTHBHOI III0IaIH 1 HeCyIeH ClIoCOOHOCTH HECKOIbKHUX THIopa3sMepoB C-00pa3HbIX

npoduiiel pa3HbIX TOJIIUH

h, b, c, Oddextnsnas miomans 4, Mm® Hecymas cnocobnocts, H
Homep t, MM <
MM | MM | MM ci | BN AISI cn EN AISI
1 1,2 235,20 229,47 62 563,09 65 855,88 54 370,66
2 300 %0 20 2 551,46 548,44 146 688,26 154 408,70 128 233,41
3 3 856,24 954,38 254 715,81 268 121,90 226 116,31
4 4 1370,79 1392,38 364 629,07 383 820,07 328 300,90
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Puc. 6. ['paduk 3aBHCUMOCTH HECYIIIECH CITOCOOHOCTH TOHKOCTCHHOTO CTEPIKHSI OT TOJIINHBI CCUCHUS

1) 3nauennii s dexrnBaoi ormanu: 0,54-1,49 %;

2) 3HaYeHMI Hecylel CTOCOOHOCTH:

» ¢ CII: 11,96-12,65 %; ¢ EN: 16,36-17,02 % —
P UBMEHCHHHU BBICOTHI CCUCHU A,

» ¢ CII: 11,15-11,28 %; ¢ EN: 15,60-15,71 % —
IIpU UBMECHCHUU IIUPUHBI CCUCHUA,

* ¢ CII: 9,96-13,09 %; c EN: 14,46-17,44 % —
IPY U3MEHEHHUHU TOJIIUHBI CCUCHHUSI.

Takue cymiecTBeHHbBIE PacXOXkKICHUS 00yCIIOBIIe-
HBI IPUMEHEHUEM KOX(P(OHUIIMEHTA COPOTUBIIEHHUS ¢,
(resistance factor), KOTOPBIi IPUMEHSIETCS B METOAHUKE
AISI S100-16.

SJAKJIIOYEHUE U OBCYXJAEHUE

B Xxopme n3y4yeHust HOpMaTUBHBIX JOKyMeHTOB Poc-
cun, EBponsl u CeBepHOIl AMEpHKH, perIaMEHTUPYIO-
KX TIPaBHIIa IPOSKTHPOBAHUS M METO/IBI pacyeTa TOH-
KOCTEHHBIX CTEPKHEH, TTOJTyYEHBI CIIC/TYIOIINE BEIBOBI.

CII 260.1325800.2016, yacTUYHO TAPMOHUBHPO-
BaHHBII C €BPONEHCKUMY HOPMATUBHBIMU JOKyMEHTa-
Mmu (EN 1993-1-3: 2006), nMmeeT CyIIeCTBEHHbIE OTIH-
qust oT AISI S100—-16: B TepMUHOIOTHH, CTHIUCTHKE,
oopMIICHNH, U3II0KEHUHN U TT0Jja49€ TEXHUYECKOTO TeK-
cTa, B BEIOOpE TEOPETHUECKUX (POPMYIT B TTapaMEeTPOB.

BricoTa cedueHHsT TOHKOCTEHHOTO CTEpPIKHS He-
CYIIECTBEHHO BIMSET HAa €r0 HECYIIYIO0 CIIOCOOHOCTD,
TaK KakK 3HaYMTENbHAs ee JacTh BeIpe3aeTcs. [1pu yBe-
JUYEHUH NIMPUHBI (BBICOTHI) CTEHKH B 2 paza (¢ 200
10 400 mm) Hecymast ciocodHocTh npoduis no CII
u EN yBennuuBaercs Ha 4,4 %, no AISI — na 5,1 %.

IIpu yBenuuenuu mupuHsl nosiku B 1,7 pas (c 60
0 100 MM), UCcXons U3 COPTAMEHTA TEXHUYECKHX yC-
ToBHIA’, Hecyast crocobHocTh mpoduiisa mo CIT u EN
yBenuuuBaercs Ha 32,7 %, no AISI — na 37,2 %. 3aBu-
CHUMOCTb MEX/1y HEeCyIei cToCOOHOCThIO TOHKOCTEH-
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HOTO CTEP>KHSI M TOJIIMHON €ro ce4eHus] — JMHEeHHas
(cMm. puc. 5).

VBemrdeHne TOMIMHBI cedeHns (Hanpumep, B 2 pasa)
MPHUBOJIUT K OYEBHIHOMY PE3KOMY TTOBBIIICHHIO HECYIIIEH
cniocoonoctu (1o CIT u EN yBenuumBaetcs Ha 148,30 %,
o AIST — na 156,25 %). 3aBUCMMOCTb MEXTy HECyILei
CIIOCOOHOCTBIO TOHKOCTEHHOTO CTEPIKHSI M TOJIIIMHON €ro
CCUCHHS CTPEMUTCS K JIMHESHHOM (CM. pHC. 6).

PacueTsl TOHKOCTEHHBIX CTEPKHEH MpPU CHKATUU
no CIT 260.1325800.2016 u EN 1993-1-3 ananornd-
HBI pacyeTaM JJIEMEHTOB OOBIYHBIX CTAJIbHBIX KOH-
cTpykuuit, npeacrasiennsiM B CIT 16.13330.2017°
u EN 1993-1-17. EAMHCTBEHHBIM OTJIMYMEM SBIISET-
Cs MCIIONBb30BaHNE YPPEKTUBHON TIOMALN CEUCHHUS
(mJ1sT TOHKOCTEHHBIX MpOQuIIeii) BMECTO IO
CeYeHMs HEeTTO. MeToJIuKa pacuera CXKaTbIX TOHKO-
CTEHHBIX cTepxHell no HopmaMm CeBepHOM AMepuKU
AISI S100-16 na yerBepTom 3tane (cM. Tadi. 2) yuu-
THIBAC€T PacUETHYIO JUIMHY M MPEAEIbHYI0 THOKOCTh
CTEPXKHSI, 4TO JJaeT OoJyiee TOCTOBEPHBIE PE3YNIbTATHI.
[MTokazarenu Hecyeit ciocodHoct npoduis no AISI
S100-16 Bcerna mmxe, uem 1o CII 260.1325800.2016
u EN 1993-1-3, T.e. Ha 2Tane NpoeKTUPOBaHUS 3aKIa-
JBIBacTCst OOIbINAs MeXaHHYecKast 0€30MacHOCTh KOH-
crpykunu. TakuMm 00pa3oM, ¢ LENbI0 AKTyaJIn3aluu
OTEUECTBECHHOI HOPMATHBHO-TEXHUIECKOM 0a3bl HMEeT
MECTO 00palleHUE K ONbITY KOHCTPYHPOBAHUSI U pacue-
Ta B IPYTHX CTPaHaX.

6 CII 16.13330.2017. CranbHble KOHCTpYKIHU. M. : MuH-
crpoit Poccun, 2017. 140 c.

7 EN 1993-1-1: Eurocode 3: Design of steel structures —
Part 1-1: General rules and rules for buildings. CEN, 2005.
91 p.
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INTRODUCTION

The use of thin-walled structures in construction is
due to their versatility, quick assembly, efficiency and
cost-effectiveness.

The introduction of new structures and technologies
requires the development and improvement of building
codes that regulate the requirements for these structures,
materials, calculations, and design methods.

One of the tasks of the project to revise! CP 260.
1325800.2016 “Thin-walled steel structures made
of cold-formed galvanized profiles and corrugated sheets.
Design rules™, according to which the design of thin-
walled structural elements is carried out in Russia, is “to
increase the level of harmonization of regulatory require-
ments with international regulatory documents”. To this
end, it is necessary to conduct a comparative analysis
of the provisions of EN 1993-1-3: Eurocode 3: Design
of steel structures — Part 1-3: General rules — Supple-
mentary rules for cold-formed members and sheeting?
and AISI S100-16 “North American Specification for
the Design of Cold-Formed Steel Structural Members™.
It seems appropriate to carefully analyze the section
on the calculation of the load-bearing capacity and local
stability of thin-walled steel structures.

Compression of a thin-walled rod results in local
buckling, which occurs due to local deformations of in-
dividual sections and may precede global buckling [1].
In this case, the nodal displacements are relatively small.

With such a loss of stability, the longitudinal axis of
the element remains undeformed. The deformation
of the cross-section occurs due to the bending of the in-
ner walls of the element. The outer walls have displace-

! Explanatory note to the draft revision of CP 260.1325800.2016
“Thin-walled steel structures made of cold-formed galvanized
profiles and corrugated sheets. Design rules” (first edition).
Moscow, Ministry of Construction of Russia, 2022; 7.

2 CP 260.1325800.2016. Thin-walled steel structures made
of cold-formed galvanized profiles and corrugated sheets.
Design rules. Moscow, Ministry of Construction of Russia,
2016; 114.

3 EN 1993-1-3: Eurocode 3: Design of steel structures —
Part 1-3: General rules — Supplementary rules for cold-
formed members and sheeting. CEN, 2006; 130.

4 AISI S100-16. North American Specification for the De-
sign of Cold-Formed Steel Structural Members. Washington,
American Iron and Steel Institute, 2020; 505.
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ments. The local loss of stability of the rod depends
on which of the cross-section elements is most prone
to crushing [2-5].

Eurocode determines the ultimate strength of
an element by calculating the effective width of
the cross-section elements (walls, shelves and stiffen-
ers/edges). The effective width is then reduced based
on the buckling/loss of stability of the stiffener.

The analytical model of an idealized compressed
flange is similar to the model of a beam-column on
an elastic foundation [6—10].

AISI — design standards for America, Canada and
Mexico.

The design principle using the Effective Width
Method, proposed by Theodore von Karmén [11] and
later modified by George Winter [12], serves as the ba-
sis and is sufficient for establishing the load-bearing ca-
pacity of thin-walled rods, taking into account the loss
of local stability.

Additionally, for the design of cold-formed mem-
bers experiencing compression deformation, the Direct
Strength Method developed by Ben Schaefer [13, 14]
is used in accordance with the current North American
specification AISI S100-16.

MATERIALS AND METHODS

The first stage of calculating thin-walled profiles is
to check the ratio of the width and height of the cross-
section elements to the thickness. The actual values
must not exceed the maximum values established by
the standards (Table 1).

Fig. 1 shows a cross-section of a C-shaped steel
beam.

b

DLF

L

Fig. 1. Characteristic dimensions of a thin-walled open profile
rod



Calculation of compressed thin-walled rods in accordance with current normative

and technical documents of different countries P.24-38
Table 1. Maximum values of the width and height of cross-section elements in relation to thickness
CP 260.1325800.2016 EN 1993-1-3: 2006 AISI S100-16
Thin-walled steel structures Eurocode 3: Design of
made of cold-formed steel structures — Part
. 1-3: General rules — North American Specification for the Design of Cold-Formed
galvanized profiles and
. Supplementary rules for Steel Structural Members
corrugated sheets. Design
cold-formed members and
rules .
sheeting
b/t<90 (if I > 1);
b/t<60 (if I <1),
bit < 100; bt < 60 where [ is the unre@uced m.oment of inertia of .the stiffening
o/t < 40 /i< 50 member (edge) relative to its own central axis parallel to
- - the member being stiffened; 7, is the moment of inertia of the edge
(sufficient for each component to behave as a stiffening member)
c/t<60
To ensure the necessary stiffness and prevent premature loss of stability of the stiffening element
02<c/bh<0.5 | 02<c/bh<0.6 | c/b<0.7
Calculated steel thickness (taken to be equal to the adjusted thickness minus the thickness of the zinc or other coating)
0.5mm<¢ <4mm | 045mm<¢ <15mm | No more than 2.997 mm
bﬂ 8.
GI GZ
= TP b
P
r \ Fig. 3. Stress distribution at which y = 1 (positive compres-
) \ sion)
0/2 the fact that these parameters are determined experi-
O mentally.
|, The results of the experiments are influenced by:
» material properties (different manufacturers,
different quality);
» geography — seismic activity, snow and wind
loads;
Fig. 2. Rounded corner of a thin-walled steel profile and the mid- ° .the use of different computing Sy§tems. '
point of the bend Since each of these factors varies depending

on the location of the research, the profile size ratios have
different boundary values.

The second stage is the correction of the geomet-
ric characteristics of the cross-section for rounding at
domestic and foreign standards, which may be due to  the corners of the contour (Fig. 2).

There are discrepancies in the limit values of geo-

metric dimensions and thickness ranges established in

Table 2. Calculation of bearing capacity taking into account local loss of stability according to regulatory documents of different
countries

CP 260.1325800.2016 EN 1993-1-3: 2006 AISI S100-16
Thin-walled steel structures Eurocode 3: Design of steel
made of cold-formed galvanized structures — Part 1-3: General North American Specification for the Design of
profiles and corrugated sheets. rules — Supplementary rules for Cold-Formed Steel Structural Members
Design rules cold-formed members and sheeting

Stage three — determining the effective cross-sectional area

The effective width is calculated for all parts of the cross-section in which compressive stresses from the axial force are
present by multiplying the geometric width by a reduction factor p. This factor takes into account the flexibility of the plate,
its design scheme and the distribution of stresses in the cross-section

1.1. Plate flexibility (buckling slenderness)
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Continuation of the Table 2

CP 260.1325800.2016 EN 1993-1-3: 2006 AISI S100-16

_ Y

PO LT o EA R for

P No, 28416k, P Nog, 284-5Jky Foogp -[ijz

¢ 12-(1—&) w

where F_is the stress at loss of stability, N/mm?;

E is Young’s modulus, N/mm?; p = 0.3 is Poisson’s
ratio; ¢ is the thickness of the steel sheet, mm;
w is the corresponding width of the compressed
part of the cross-section

where R = Jj — yield strength, N/mm?; 6 — critical stress of plate
instability in the elastic stage, N/mm?; b — corresponding width
of the compressed part of the section, mm;
t — thickness of steel sheet, mm

Coefficient Coefficient

6= ﬁ e= ﬁ This method does not introduce a new coefficient
R, / y

k_ =k — coefficient that takes into account the nature of stability loss depending on the stress ratio y = 6./, (see Fig. 3)

1.2. Reduction factor
A =0.673 — the limit value of flexibility below which local loss of stability does not occur and therefore does not affect
the load-bearing capacity of the section. Thus, when A < 0.673, p =1

When A > 0.673 When 1> 0.673
p=lp 2008 B1Y) %, - 0.055-3+y)
X, p= 2 When &> 0.673
for the wall and shelf at k_= 4; for the wall and sphel Fath —d: . (1-0.22)/1
2, = 0188 nooiss -
P=7""= p=—~8 — for all cross-section elements
Ap rz
P
for the edge/rigid element .. _
atk, - 0.43 for edge/rigid element at k_= 0.43
1.3. Effective widths
Multiply the reduction factor by the corresponding geometric width
hef= p-h,; he,y: p-h,; heﬁF p-h,;
bff:p.bp; be/f:p.bp; bEﬂip.bp;
cefzp'bpyc. Ceﬁr:P'bp,g Ce,y:P'bp,c'
1.4. Effective cross-sectional area
A, =, +2:b +2c)-t A=, +2:b +2-c )t Ay=(h, +2b +2-c )1
Stage four — load-bearing capacity
Stress at loss of stability (in the elastic stage):
_ n*-E
- - (kL)Y
where K = 1 — effective length factor; L —
element length, mm; » — radius of inertia, mm
F,
Ae =, =,
B Fcre
where F, — yield strength, N/mm?
If , < 1.5, compressive stress:
— 2
F,=(0.658")-F,
3 Nominal resistance:
Prll - Acﬁ' ) Fn
Aer - Fyp
Ae/,ﬂ ' RV ’ Yc‘ NC’Rd = e{MOy Pne = (pc ’ Pnl
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End of the Table 2

CP 260.1325800.2016

EN 1993-1-3: 2006

AISI S100-16

where y_ = 0.95 — operating
condition coefficient for beams
made of single bent profiles with
C-shaped cross-sections

where y,,, = 1.00 — partial
safety factor when determining
the resistance of cross-sections
regardless of class.
Yo TEDTESENLS the resistance
of cross-sections to excessive
deformation and, in the general
version of the regulatory document,
is taken to be equal to 1 when

where ¢ = 0.85 — load and resistance factor
(LRFD method — Load and Resistance Factor

Design)

It is believed that straight sections of the cross-
section enclosed between the bending corners are sus-
ceptible to local loss of stability.

The bending radius is determined as », = R + #/2,
where R is the radius of curvature and ¢ is the thickness
of the profile. Next, the reduced bending radius is deter-
mined as g = r, - (tggp/2 — sing/2), or the distance from
the point of intersection of the two centre lines of the wall
and the beam flange X to the actual point of intersection P.

In all calculation methods, the possible loss
of local stability is taken into account by excluding part
of the shelf and/or wall from the calculation using a di-
mensionless reduction coefficient p [15-20].

designing buildings

The following calculation steps are presented in
Table 2.

The stress distribution at which y = 1 (positive
compression) is shown in Fig. 3.

RESEARCH RESULTS

For the calculations, profiles were selected in ac-
cordance with TS 112000-001-12586100-2009 “Bent
steel profiles for light steel structures™.

STS 112000-001-12586100-2009. Bent steel profiles for light
steel structures. Chelyabinsk, ChelyabPSK, 2009; 37.

Table 3. Results of calculations of the effective area and load-bearing capacity of several standard sizes of C-shaped profiles

with different section heights

b c ¢ Effective area 4 , mm> Load capacity, N
Number | 42, mm ’ > i =
mm | mm | mm CP EN AISI CP EN AISI
1 150 50 14 202.02 200.94 53,738.16 56,566.48 47,011.08
2 200 80 20 231.15 227.72 61,487.13 64,723.30 53,706.29
3 300 80 20 1.2 235.20 229.47 62,563.09 65,855.88 54,370.66
4 350 100 | 25 239.06 238.10 63,589.71 66,936.54 56,487.10
5 400 100 | 25 241.71 238.47 64,293.99 67,677.88 56,603.87
70
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Fig. 4. Graph showing the dependence of the load-bearing capacity of a thin-walled rod on the height of the cross-section
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Table 4. Results of calculations of the effective area and load-bearing capacity of several standard sizes of C-shaped profiles
with different shelf widths

c t Effective area 4 ,, mm? Load capacity, N
Number |/, mm | b, mm > > oA
mm | mm CP EN AISI CP EN AISI
1 60 15 736.24 804.38 214,815.81 226,121.90 190,594.27
2 300 80 20 3 856.24 954.38 254,715.81 268,121.90 226,116.31
3 100 | 25 976.24 1,104.38 294,615.81 310,121.90 261,742.29
320
.o
300 T
= 280 — e e
é R - A
s 260 - = o _—
g e _—
=240 = —
2 | o
g 220 o — -
| -
200 A—-"’f-f-
180
50 60 70 80 90 100 110
Cross-section width, mm
o CP O-- EN A— AISI

Fig. 5. Graph showing the dependence of the load-bearing capacity of a thin-walled rod on the width of the cross-section

Table 5. Results of calculations of the effective area and load-bearing capacity of several standard sizes of C-shaped profiles
of different thicknesses

scionco o ruction: o] 15, Issue 3 (57)

Effective area 4 , mm? Load capacity, N
Number |4, mm | b, mm | ¢, mm | f, mm i
CP EN AISI CP EN AISI
1 1.2 235.20 229.47 62,563.09 65,855.88 54,370.66
2 300 %0 20 2 551.46 548.44 146,688.26 154,408.70 128,233.41
3 3 856.24 954.38 254,715.81 268,121.90 226,116.31
4 4 1,370.79 1,392.38 364,629.07 383,820.07 328,300.90
400
3
350 L
E - /f ‘ //A
= 300 P
.g , -
§ 250 ,_{..’5[/ /
éo f/f t’A
o P
5 2 o
8 2
5150 n S
S iy
3 i
100 _,,--f_’ff"il/
>
50 R‘
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Cross-section thickness, mm
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Fig. 6. Graph showing the dependence of the load-bearing capacity of a thin-walled rod on the thickness of the cross-section
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The values of effective areas and load-bearing
capacities for various section sizes are presented in
Table 3—5. The dependence of the load-bearing capacity
on the height of the thin-walled section can be traced
in Fig. 4, on the width of the section — in Fig. 5, and
on the thickness of the section — in Fig. 6.

1. The method for calculating strength charac-
teristics according to CP 260.1325800.2016 and EN
1993-1-3: 2006 is identical. The difference in the load-
bearing capacity values of identical profiles is 5 %. It is
due to the coefficients: y, = 0.95 — according to CP and
Yyo = 1 — according to EN.

2. Another method, presented in AISI S100-16,
gives the following discrepancies:

1) effective area values: 0.54—1.49 %;

2) bearing capacity values:

 according to CP: 11.96-12.65 %; according
to EN: 16.36—-17.02 % — when changing the section
height;

e with CP: 11.15-11.28 %; with EN:
15.60-15.71 % — when changing the section width;

 with CP: 9.96-13.09 %; with EN:
14.46—17.44 % — when changing the section thickness.

Such significant discrepancies are due to the use
of the resistance factor jc (resistance factor), which is
used in the AIST S100—16 method.

CONCLUSION AND DISCUSSION

The following conclusions were drawn from
a study of Russian, European and North American regu-
latory documents governing the design rules and calcu-
lation methods for thin-walled bars.

CP 260.1325800.2016, partially harmonized with
European regulatory documents (EN 1993-1-3: 2006), has
significant differences from AISI S100-16: in terminology,
style, layout, presentation and delivery of technical text,
and in the choice of theoretical formulas and parameters.

The height of the cross-section of a thin-walled rod
does not significantly affect its load-bearing capacity,
since a significant part of it is cut out. When the width
(height) of the wall is doubled (from 200 to 400 mm),

the load-bearing capacity of the profile according to CP
and EN increases by 4.4 %, and according to AIST — by
5.1 %.

When the shelf width is increased by 1.7 times
(from 60 to 100 mm), based on the range of technical
conditions®, the load-bearing capacity of the profile
according to CP and EN increases by 32.7 %, and ac-
cording to AISI — by 37.2 %. The relationship between
the load-bearing capacity of a thin-walled rod and
the thickness of its cross-section is linear (see Fig. 5).

An increase in the thickness of the cross-section
(for example, by 2 times) leads to an obvious sharp
increase in the load-bearing capacity (according to CP
and EN, it increases by 148.30 %, according to AISI —
by 156.25 %). The relationship between the load-bear-
ing capacity of a thin-walled rod and its cross-sectional
thickness tends to be linear (see Fig. 6).

Calculations of thin-walled bars under compression
according to CP 260.1325800.2016 and EN 1993-1-3
are similar to the calculations of elements of conven-
tional steel structures presented in CP 16.13330.2017¢
and EN 1993-1-17. The only difference is the use of ef-
fective cross-sectional area (for thin-walled profiles) in-
stead of net cross-sectional area. The method for calcu-
lating compressed thin-walled bars according to North
American standards AISI S100-16 in the fourth stage
(see Table 2) takes into account the calculated length
and ultimate flexibility of the bar, which gives more
reliable results. ‘s load-bearing capacity indicators for
profiles according to AISI S100-16 are always lower
than those according to CP 260.1325800.2016 and EN
1993-1-3, i.e. greater mechanical safety of the structure
is assumed at the design stage. Thus, in order to update
the domestic regulatory and technical framework, refer-
ence is made to the design and calculation experience
of other countries.

¢ CP 16.13330.2017. Steel structures. Moscow, Ministry
of Construction of Russia, 2017; 140.

7 EN 1993-1-1: Eurocode 3: Design of steel structures —
Part 1-1: General rules and rules for buildings. CEN, 2005; 91.
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