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It’s presented results of numerical investigation via the finite elements method (FEM) of stress-
strain state of beam corrugated web under local load action in its plane. It’s concluded that the values
of local normal stresses at the level of the web and the flange connection are directly dependent on
the web thickness, the flexural and the longitudinal rigidity of the flanges and virtually don’t depend
on the web height. A practical technique for determining the limit values of local normal stresses in
the web and its stress-strain state is developed.
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1. Introduction

Steel I-beams with sinusoidally corrugated webs becomes more popular in
modern building practice. They are mostly used in slab’s constructions of light
industrial and civil buildings frameworks. Usually it is girders with span less
than 30 m, and also, but rarely, it is columns.

Wide usage of elements with corrugated webs caused by its constructive
simplicity and economy (small steel consumption, highly mechanized and
robotic methods of its produce usage, transit simplicity, and ease of its
preassembly into major units).

One of the insufficiently resolved problems, related to applying of such I-
beams, is a behavior of its corrugated webs under patch loadings.

According to Eurocode 3 [1] there are three following cases, when limit state
can appear in unstiffened plane web under patch loading:

- plastic strains appearance in the region of the web connection with the flange;
- web local buckling in region of patch loading action;

- general web buckling form (one or more corrugations) over the entire height.
The simplest condition for not appearance of plastic strains in the web can be
written by the following formula [3]:

F= cOtwfy > (1)
where ¢y — the design length of the local load application to the beam web, which
is calculated by the next formula:

co=c+k(tf+a), (2)
¢ —the length of the local load application to the bean flange; & — coefficient,
which depends on deformability of element, which passes the load to the beam

(k= 2...5); t,—flange thickness; f,—web thickness; a —thickness of welded
seam, which joins web with flange; f, — yield strength of web steel.
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As the experimental researches are shown, this method gives reliable but
inflated results (in some cases more than 200%).
If loaded element is rigid, effective patch loading distribution width should

be calculated by the formula [7]:
I,
lef = 77%/%, (3)

where 7 — coefficient, which for beams with plane web depends on rigidity
connection of web with flange (for welded beams # = 3.26); I, — moment of
inertia of flange section.

The formula was obtained for low beams, which under local loads has local
buckling at the level of web and flange connection (Broude terminology [7]).
Also this formula doesn’t account the length ¢ of the local load application.

On 1999 Pasternak and Branka [5] investigated the beam’s geometrical
parameters influence on load-carrying capacity under patch loading. It was set
that web and flange thicknesses significantly influence on load-carrying capacity.
But location of load relatively to web points (comb, zero point) doesn’t have
such influence.

Pasternak and Branka proposed the formula for calculation load-carrying
capacity of corrugated web under local load:

04
F=1o( W ) 2 f oty Sy )

Ty Jt

where W —section modulus of loaded flange; I, —moment of inertia of
corrugation (wave) relatively to beam axis; f—wave amplitude with the
projection length m (Fig. 1).

Equation (4) doesn’t account the width of load application, which causes
underestimating the load-carrying capacity in case of large length (Kuchta [6]).

In numerical investigations Luo and Edlund ([8] and [9]) proved that load-
carrying capacity of corrugated web significantly depends on local load
distribution width /, and beam web thickness z,,.

It should be noted that all discussed above formulae aren’t sufficient
scientific justified, don’t account flange flexural rigidity and shear stresses
between flange and web. So results with accounting of these formulae mismatch
with experimental results and need correction.

The article [10] shows, that maximum matching to experimental results is
achieved after usage of numerical FEM.

This paper proposes numerically analytic method for corrugated web limit
state determination under patch loading, which is based on stress-strain state
analysis of physico-mathematical models via FEM.

For the limit value of the local force F its value is taken, in which a local
stress equal to the yield strength of the web steel f, occurs in the beam web under
the local load.

2. Research problem formulation

In this paper we consider an improved procedure for determining the web
load-carrying capacity under the action of local load.
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In real constructions the load passes to the beam through hot rolled or cold
bended angles, which supporting length along beam length is usually
l,=60...80 mm (Fig. 1, @). Also transversal elements can be used instead of
angles. It made from sheet with width 10...15 mm (Fig. 1, »). The length of
transversal elements is always equal to beam flange width.
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Fig. 1. The supporting nodes of purlins on the beam with corrugated web

Stress-strain state of transversally corrugated webs was analyzed in the
program LIRA 10.6. All calculations were done on physico-mathematical
models, which had been created according to standard corrugated profiles range
of company Zeman. Used profile models WTA, WTB and WTC had such
geometrical parameters:

- web thickness ¢, =2,0; 2,5; 3,0 mm respectively;
- web height 4,, = 500 mm,;

- flange width b= 200 mm;

- flange thickness #= 8; 12; 16; 20; 25; 30; 40 mm;
- model length L = 1860 mm.

Beam models were loaded by two options of load with the same resultant
force (F=38.05kN) and different lengths of its action area (/,=15mm and
77.5mm) and width 40 mm (such width was set because of corrugation
amplitude dimension f, which is 40 mm) (Fig. 2). The load was applied on beam
axis in such way, that composite force was acting through change in corrugation
curvature.
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Beams were modeled by
finite elements of thin shell.
Considering that beams with
corrugated webs is the third
class construction by its
stress-strain state [1, 2], all
strength analyses were done
under the condition of
elastic behavior of steel. The
mark of the steel was E335
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Fig. 2. Load action regions
(f, = 305 MPa).

3. Numerical results

After carrying out the necessary calculations via LIRA it was established that
the height of the beam web practically did not affect the magnitude of the
maximum normal stresses at the level of its connection with the flange. Web and
flange thickness, and supporting length of purlin on the beam (/) have
significant influence on the stress-strain state of beam web.

As the normal and tangential stresses distribution diagrams show (Fig. 4),
maximum values are concentrated within one corrugation, and not lower than
10...20 web thicknesses from connection of web and flange (Fig. 3). It should be
noted, that both diagrams (Fig. 3 and Fig. 4) based on results from calculations
of beams with flange thickness 8 mm. At that the diagram on Fig. 3 displays the
local load distributed on the lengths /, = 15 mm.
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Fig. 3. The diagram of normal and tangential stresses distribution along beam web’s height
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Fig. 4. The diagram of normal and tangential stresses distribution along beam length
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Nowadays, design codes [1, 2] suggest to calculate local stresses under force
by the next formula:
—< 5
s )
where [,—design stresses distribution length taking into account web
corrugating:

O-y,lac =

L= (I, + 2t)) 2s/m;
[, — the length of the local load application along the beam; s — the length of the
half-wave sine curve.

The 2s/m ratio takes into account the increase of the corrugated web length in
comparison with the flat web.

It should be noted, that the formula (5) isn’t sufficient scientific justified, and
doesn’t account the flange flexural rigidity and shear stresses between the flange
and the web. So results which were got by this formula, need correction.

More accurate values oy, were got with usage of FEM via LIRA. It was
done values comparison of stresses (Table 1), which were got via FEM
(ay.,()f EMy " with those, which were calculated by formula (5) (ay.,(,f)). So it was
set, that these stresses were changed by different rules (Table 1). If the purlin
supporting length is insignificant (/, = 15 mm), ay.,(,f EM always are much smaller
than ay.lof). If to increase contribution length (/,=77.5mm) and flange
thickness is small (¢=8...12 mm), ay.,(,f EM are higher than ay.lof). But with
flange thickness increasing ay.,(,f EM is becoming smaller than ay.lof).

To simplify the calculations, approximate values of normal stresses g, /o can
be found with the diagram (Fig. 5) depending on the web thickness ¢, and the
flange thickness # when the purlin supporting lengths /, =15 mm and J,
=77,5 mm.
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Fig. 5. Dependence of gy, on t,, and ¢ when [, = 15 mm (a) and /, = 77,5 mm (b)
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In this paper while using the formula (5) it is proposed to calculate the design
length /,, taking into account flange flexural rigidity /, and web thickness ¢,, by
the formula (3) with introduction of new refined coefficient y instead of the
coefficient 5. The procedure for determining the value of this coefficient besides
flexural rigidity of the flange takes into account the deformability level of its
connection with the corrugated web. For corrugated beams the coefficient y
should be taken from Table 2 which is the basis for its determination for any
geometric parameters of the beams according to the company Zeman range.

Table 2
Coefficient y values for beams with flange width 5= 200 mm

72}
PEE o
SE| E| S| 8 [ 12 ] 16|20 |25 | 30 40
= < b 15,51 31,48 | 30,21 | 31,48 [ 33,10 | 34,78 | 35,98 37,34
= 77,5 | 48,07 | 40,97 | 39,50 | 39,36 | 39,52 | 39,66 39,72
= m |25 15,51 32,29 | 30,18 | 31,02 | 32,48 | 34,19 | 35,47 37,02
= | 77,5] 50,47 | 41,82 ] 39,69 | 39,32 | 39,42 | 39,58 39,72
E o 3 15,5 ] 33,07 | 30,28 | 30,73 | 32,03 | 33,70 | 35,04 36,74
= 77,5 | 52,71 | 42,73 | 39,98 | 39,35 ] 39,36 | 39,52 39,71

Iy 0,85 | 2,88 | 6,83 | 13,33 | 26,04 45 106,67
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The given coefficients y are calculated by the formula:

F F
O-y,locth?’[ tf /tw O-y,loc %}tfvlf

Also obtained values y account the load action length along the beam flange
[, =15mm or [, =77.5 mm (Table 2). When web thickness (#,) is given, y values
depend only on flange moment of inertia (/= b, :,»3/12). When flange width or
thickness is different to table values, the y values should be calculated with
using of the last row in Table 2 and linear interpolation.

If the flange thickness ¢ differs from the values given in Table 2 or the value
1I5mm</,<77,5mm then linear interpolation method should be used to
determine the coefficient y.

It should be noted, that the web has composite stress-strain state at the level
of connection with the flange. Such condition caused by deformation continuity
effect. The appeared stresses (0, j, and 1,,.) could be calculated as a component
of 0, ,.. At that for practical calculations it can be taken the average values
0,=(0.21+0.25)0, and 7, = (0.2+0.3)a,.

As the Huber-Mises-Hencky theory says, the condition of steel elastic
behavior is verified by formula:

2 2 2
Opgy = \/ay +(c7x + Ux,zoc) -o, (ax +0x,1oc)+ 3(1g + Txy’loc) < ﬂfy. (7

Tangential stresses z,, should be calculated as sum 7, = 75+ 7., Where 7,
is calculated from transverse force in the section. Taking in accounting that
plastic strains are generated in the web on the small length under local force,
then it is suggested in case of compressed flange take coefficient g=1.15, and
in case of tensed flange take B=1.30. In addition, normal stresses should not be
higher than yield strength of steel f,.

For practical calculations the value of the limiting force F under the condition
of strength is recommended to be determined by the formula:

F=tlf,, (®)
where /- should be taken using the coefficient y (Table 2).

Conclusions

It is proved that stress-strain state of beam corrugated web under the action of
the local patch loading should be determined taking into account the distribution
length of the local load, the web thickness, the flange rigidity and the behavior of
its connection with the web using the FEM.

A scientifically grounded technique for determining stress-strain state of
beam corrugated web is developed with sufficient accuracy. This procedure
presented in tabular form and allows determining the limit value of local patch
loading provided prevention of plastic strains.
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Cemuyk I.FO., Hinosa T.O. = .
HAINIPYKEHO-JE®OPMOBAHUU CTAH 'O®POBAHOI CTIHKH! BAJIKU ITPU
JIOKAJIBHOMY HABAHTAKEHHI

3rifHO CyyacHMM HOpPMaM IIPOEKTYBaHHs, rodpoBaHi CTIHKM 3BapHHX OajoK Mmix i€
JIOKaJbHUX HaBaHTaKEHb, NMPUKJIAICHUX IO MOSCIB B IUIOLIMHI CTIHKH, IIOBHHHI IEpeBipATHCS Ha
MIL[HICTb 32 YMOBOIO NpPYXHOI poOOTH cTaji. Aje B Hall 4yac B HOpPMax IPOCKTYBAaHHS HAyKOBO
00rpyHTOBaHa METOAMKA TAKOTO PO3PAXyHKY BIACYTHS.

VY poboTi 3amponOHOBAaHO YHCENbHO-AHATITUYHHH METOJ BH3HAYCHHS TIPAHHYHOIO CTaHY
roh)poBaHOI CTIHKH IPH JIOKaJIbHOMY HaBaHTa)KCHHI, KU Oa3yeTbcs Ha aHami3i 3a Mmetonom MCE
HarnpyXeHo-1e(pOPMOBAHOrO CTaHy (i3MKO-MaTEMaTHUYHUX MOJIENICH, CTBOPEHHX BIAIMOBIAHO 10
coprameHTy roppoBaHux npodiaip kommanii Zeman. [Ipu aHanizi MilHOCTI GaJIKK MOJEIFOBAIMCS
CE TOHKOI OOOJIOHKM 3a YMOBaMH MpYXHOi poOOTH craji. BCTaHOBIIGHO, 10 BHUCOTA CTIHKH
IPAaKTUYHO HE BIUIMBAE HA 3HAYCHHS HOPMAJbHHMX HANPYXXCHb B DIiBHI ii 3'€qHAHHs 3 MOsSCAMU.
CyTTeBHl’l BIIVIMB Ha BECIUMYUHY JIOKAJIbHUX HANpPY)XEHb HaAarOTh TOBLIMHA CTiHKl/l l JOBXHWHA
PO3MOALTY JIOKAJIBHOTO HABAHTAXKEHHS.

P03p0o0IeHO OCHOBOIOJNIOXKHY TabJHMI0, sKa JO3BOJIAE 3HAMTH BCI HEOOXimHI maHi Juist
BH3HAUYCHHSI MAKCHMAaJIbHOT O 3HAUCHHSI JIOKAJIbHOI HABAHTAXKECHHS 32 YMOBOIO MPYXKHOI poOOTH cTai.
Y BUINIAAKaX, KOJM TOBIIMHA IIOACY 360 JOBXHWHA pOSl’IO):liJ'ly JIOKAJIbHOI'O HaBAaHTAXCHHS
BIIPI3HAETHCS Bijl TAOMMYHNX 3HAYCHB, HEOOXIIHO BUKOPHCTOBYBATH JIIHIMHY IHTEPHOJIALIFO.

BpaxoByroum, 1mo B 00JacTi CHPSDKEHHS CTIHKM 3 [OSCaMH JiFOTh OJHOYACHO JIOKaJbHI
TaHreHI[iabHI 1 HOpMaJIbHI HANPY)KEHHS, MILIHICTh CTIHKH CJIJIy€ MepeBipsiTh 3a KpuTepiem Xybepa-
Mi3zeca-XeHki.

KuimrouoBi cioBa: roppoBana cTiHKa, HamnpyXeHO-AepOPMOBaHMH CTaH, yMOBa MIIHOCTI,
JIOKaJIbHE HaBaHTa)KCHHSI.

Semchuk 1.Y., Nilova T.O.
STRESS-STRAIN STATE OF BEAM CORRUGATED WEB UNDER PATCH LOADING

One of the insufficiently resolved problems related to the use of steel I-beams with sinusoidally corrugated
webs that are becoming more popular in modern building practice is a behavior of its webs under patch
loadings.

According to modern design codes corrugated webs of welded beams under patch loading action via on of
the flanges in the web plane should be checked for strength under the condition of elastic behavior of steel. But
nowadays standard scientific justified technique for such analyses is absent.

This paper proposes numerically analytic method for corrugated web limit state determination under patch
loading, which is based on stress-strain state analysis via FEM of physico-mathematical models created
according to standard corrugated profiles range of company Zeman.

In the strength analysis the beams were modeled by finite elements of thin shell under the condition of
elastic behavior of steel. It’s established that the web height practically don’t have an effect on the values of
normal stresses at the level of its connection with the flange. The web thickness and the distribution length of
the patch loading exert the main impact on the value of local stresses.

A generic table that allows finding all necessary data to determine the maximum value of local patch
loading under the condition of steel elastic behavior was developed. In the cases when flange thickness or
distribution length of the patch loading is different to the table values it is necessary to use the linear
interpolation method.

Considering that in the area of local stresses the tangential stresses act simultaneously with the normal
stresses, the web strength is proposed to be checked by the Huber-Mises-Hencky criterion.
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The application of the developed technique makes it possible to determine with a given accuracy the value
of local stresses in the web and, if necessary, to correct its thickness or the flange thickness. This procedure
allows refining the required web thickness when patch local loading affects it and, thus, reduces consumption of
steel.

Keywords: corrugated web, stress-strain state, strength condition, patch loading

Cemuyk U.FO., Hunosa T.A.
HAMNPSKEHHO-TE®OPMUAPOBAHHOE COCTOSIHUE TO®PUPOBAHHOM CTEHKH
BAJIKM ITPU JIOKAJIBHOM HATI'PY)KEHUHU

IIpuBeneHsl pe3ysibTaThl YUCICHHOTO HMCCIIENOBaHMS METOJOM KOHEuHbIX 3nemeHToB (MKD)
HANPSDKEHHOTO COCTOSIHHS FO(PPUPOBAHHON CTEHKU OalKU HPH NEHCTBHHU JIOKAIBHON HArpys3ku B €
IUIOIAAM. YCTAaHOBJIEHO, 4YTO BEJIMYMHA JIOKAJIbHBIX HOPMAJIbHBIX HANpsHXKEHUH Ha YpOBHE
COEJIMHEHHUs CTEHKHM C IOSCOM HEMOCPEACTBEHHO 3aBUCHT OT TOJILIMHBI CTEHKH, M3rMOHOH M
HPOIOJILHONW KECTKOCTH I10SCOB M NPAKTUYECKM HE 3aBUCHT OT BBICOTHI CTEHKM. Pa3paborana
HpPaKTUYECKask METOAMKA ONPEJIEJIEHNs] BEIMYMHBI JIOKATIbHBIX HOPMAJIbHBIX HANPSKEHUH B CTCHKE U
€€ NPeJIeIbHOr0 COCTOSHUS.

KuroueBble c10Ba: roppupoBaHHasi CTEHKA, HAIPSDKEHHO-1e()OPMUPOBAHHOE COCTOSIHHUE,
YCJI0OBHE ITPOYHOCTH, JIOKAJIbHOE Harpy>KeHue.

VK 624.014

Cemuyk 1.1O., Hinosa T.O. Hanpy:xeHno-ge¢opmoBanuii cran rodpoBaHoi CTiHKH OaJIKH NPH
JIOKAJILHOMY HaBaHTa)keHHi // Onip MarepiaiiB i Teopis cnopya: Hayk.-Tex. 30ipH. — K.: KHYBA,
2019. — Bumn. 102.—C. 53-61.

Haseoeni  pesynomamu  uucenvno2o 00CRiONCeHHs 3a MemMOOOM CKIHYEHHUX eleMeHmis
HANPYACEHO20 CIMAHY 20(POBaAHOI cminKu Oaiku npu Oii TOKAIbHO20 HABAHMAICYBANHHSL 6 IT NIOWJUHI.
Pospobnena npakmuuna MemoOuxa GU3HAYEHHS GENUUUHU JOKATbHUX HOPMATLHUX HANPYIICEHb 6
cminyi i i epanuuno2o0 cmamy.

Tabu. 2. . 5. Bi6miorp. 10 Ha3s.

UDC 624.014

Semchuk 1.Y. , Nilova T.O. Stress-strain state of beam corrugated web under patch loading //
Strength of Materials and Theory of Structures: Scientific-and-technical collected articles — Kyiv:
KNUBA, 2019. — Issue 102. — P. 53-61.

The results of a numerical study by the finite element method of the stressed state of a corrugated
beam wall under the action of a local load in its plane are presented. A practical method was
developed for determining the magnitude of local normal stresses in a wall and its limiting state.
Tabl. 2. Fig. 5. Ref. 10.

VK 624.014

Cemuyk U.}O., Hunosa T.A. HanpsikeHHo-1e¢OpMHUPOBAHHOE COCTOSIHHME TO(PHPOBAHHOM
CTeHKH OaJKH NpHU JOKATBHOM HarpyxeHun // CONpPOTHBICHHE MAaTepuaIoB M TEOPHS
coopyskeHuit: Hayd.-tex. coopH. — K.: KHYCA, 2019. - Bein. 102. - C. 53-61.

IIpusedenvl  pe3ynbmamuvl  YUCIEHHO2O0 — UCCAEO0BANUSL  MENOOOM KOHEUHbIX —DNEMEHMO8
HANPSIICEHHO20 COCMOSIHUSL 20(PPUPOBANHOT CMENKU 6ANKU Npu Oeicmeuy JOKATbHOU HAZPY3KU 6 ee
naockocmu.  Paspabomana npakmuveckas —Memoouka —OnpeoeieHus — 6eaUHUHbl  TOKATbHBIX
HOPMATbHBIX HANPSIICEHUL 8 CIEHKE U ee NPE0eTbHO20 COCMOSHUSL.

Tab6un. 2. V. 5. bubmworp. 10 Ha3s.

ABTOp (BU€HA CTyNeHb, BUeHe 3BaHHsI, ocana): macicmp Cemuyk leop FOpiiiosuu.
Anpeca poooua: 03680 Vrpaina, m. Kuis, ITosimpogromcokuii npocnexkm 31, Kuiscokuil
HayioHanbHUll yHisepcumem 6yOi6HUYMSA [ apXimekmypu, Kapeopa memanesux i 0epee sHux
rxonempyxkyiti, Cemuyky leopy IOpitiosuuy.

Pobounii Ten.: +38(044) 248-31-17;

Mooinbnuii Tea.: +38(096) 201-57-68.

E-mail: semchuk7@ukr.net

ABTOp (BY€HA CTYNEeHb, BUeHe 3BAHHSI, I0CAJA). KAHOUOAN MEXHIYHUX HAYK,

doyenm kagpedpu memanesux i oepes sinux koncmpyxyiti KHYBA Hinosa Temsna Onexciigha.
ORCID: 0000-0001-9282-8136

Anpeca poooua: 03680 Vrpaina, m. Kuis, [Tosimpogromcokuii npocnexkm 31, Kuigcokuil
HayioHanbHUll yHisepcumem 6yOI6HUYMSA i ApXimeKmypu, Kapeopa Memanesux i 0epes siHux
xonempykyiti, Hinosit Temsni OnexkciigHi.

Anpeca nomawmns: 03087, Vipaina, Ykpaina, m. Kuis , éyn. Epesancvra 6.8-a, k6.54.
Pobounii Ten.:+38(044) 248-31-17;

Mooinbumii Ten.: +38(068) 128-30-62.

E-mail: fatic70@gmail.com



