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Abstract. In this paper, the calculation of cut corrugated beams loaded
with uniformly distributed load in the plane of the wall, with a wall height
of 333 and 500 mm (54 sizes), chord width from 160 to 400 mm and chord
thickness from 6 to 30 mm for general stability in accordance with
Building Codes (BC) 294.1325800.2017 is made. A geometric criterion
has been defined which defines the boundaries of the load-carrying
capacity of Russian corrugated beams between the flat bending form
stability and the strength of the normal section under the action of the
bending moment in the plane of the wall.

1 Introduction

Welded I-beams with transversely corrugated walls (hereinafter referred to as corrugated
beams) have been used as elements of steel frameworks, structures of buildings and
constructions since the 60s of the last century. The effectiveness of corrugated beams has
been shown in works [1-10]. At the same time, corrugated beams are used both with a
sinusoidal wall profile as well as triangular, trapezoidal and other shapes [7-8].

In [11-12] a methodology for calculating the overall stability of corrugated beams has
been proposed using clause. 8.4 BC16.13330.2017 "Steel structures". It is proposed to use
the methodology for rolled I-beams (formula Zh.4). The torsional moment of inertia Jk is
determined by the results of calculations in PC LIRA-SAPR.

In [13-14] the issues of stress-strain state of corrugated beams and general stability of
corrugated beams under bending are considered.

In the Russian normative documentation, the calculation of beams with transverse
corrugated wall (corrugated beams) are regulated by BC 294.1325800.2017 with
Amendments 1, 2, 3 "Steel structures. Design Rules", where section 20.6 deals with the
general provisions, dimensions and calculation of the load-bearing capacity of corrugated
beams with sinusoidal and triangular corrugations.
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Thus, paragraph 20.6.3.11 of BC 294.1325800.2017, with Amendments 1, 2, 3 defines
the procedure for calculating the bending in the wall plane corrugated beams for stability,
where instead of calculating the overall stability of the corrugated beam as such, the
calculation for the stability of a single compressed chord as a centrally compressed rod
according to BC 16.13330.2017 "Steel structures".

In this paper, we made the calculation of 54 cut corrugated beams from the domestic
variety according to GOST 70571-2022 "Two-beam steel welded with a cross-corrugated
wall for building structures. Range", loaded with uniformly distributed load in the plane of
the wall, for general stability and strength under normal bending stresses in accordance
with BC 294.1325800.2017. Based on the results of the calculation, conclusions were made
as to which sections of the corrugated beam have the bearing capacity determined by the
stability of the flat bending form, and for which sections the normal stress strength under
the action of the bending moment.

2 Main Part

The paper considers 54 cut corrugated beams of domestic assortment according to GOST
70571-2022, loaded with uniformly distributed load ¢ in the plane of the wall, of the span L
= 6.0 m, with the fastening of the compressed chord from the plane of the wall with a pitch
lef = 2.0 m (Fig. 1).

Sectional dimensions of the corrugated beams under study: Chord width by =
160 ...400 mm, chord thickness t; = 6...30 mm, distance between the centres of gravity
of the  girder  section Hcgr. =339..530 mm,panel  height  h,, =
333...500 mm (Fig. 2, Table 1).

lef=2000
L-6000
lef=2000

Fig. 1. Calculation diagram of the corrugated beams under study
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Fig. 2. Cross-section of the corrugated beams in question

Table 1. Dimensions of investigated corrugated beams (sample from variety selection in
accordance with GOST 70571-2022 "Two-beam steel welded beams with cross-corrugated wall for
building structures’ assortment)

Chord Distance
width Chord between the Panel
no. Size by type b thickness | chord centres of | height, h,,,
mj;l tr, mm gravity He ;, mm
mm

1 30SIN2.5LP160-6 160 6 339 333
2 50SIN2.5LP160-6 160 6 506 500
3 30SIN2.5LP160-8 160 8 341 333
4 50SIN2.5LP160-8 160 8 508 500
5 30SIN2.5LP180-6 180 6 339 333
6 50SIN2.5LP180-6 180 6 506 500
7 30SIN2.5LP180-8 180 8 341 333
8 50SIN2.5LP180-8 180 8 508 500
9 30SIN2.5LP200-6 200 6 339 333
10 50SIN2.5LP200-6 200 6 506 500
11 30SIN2.5LP200-8 200 8 341 333
12 50SIN2.5LP200-8 200 8 508 500
13 | 30SIN2.5LP200-10 200 10 343 333
14 | 50SIN2.5LP200-10 200 10 510 500
15 | 30SIN2.5LP200-12 200 12 345 333
16 | 50SIN2.5LP200-12 200 12 512 500
17 30SIN2.5LP220-8 220 8 341 333
18 50SIN2.5LP220-8 220 8 508 500
19 | 30SIN2.5LP220-10 220 10 343 333
20 | 50SIN2.5LP220-10 220 10 510 500
21 | 30SIN2.5LP220-12 220 12 345 333
22 | 50SIN2.5LP220-12 220 12 512 500
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23 | 30SIN2.5LP220-15 220 15 348 333
24 | 50SIN2.5LP220-15 220 15 515 500
25 | 30SIN2.5LP250-10 250 10 343 333
26 | 50SIN2.5LP250-10 250 10 510 500
27 | 30SIN2.5LP250-12 250 12 345 333
28 | 50SIN2.5LP250-12 250 12 512 500
29 | 30SIN2.5LP250-15 250 15 348 333
30 | 50SIN2.5LP250-15 250 15 515 500
31 | 30SIN2.5LP250-20 250 20 353 333
32 | 50SIN2.5LP250-20 250 20 520 500
33 | 30SIN2.5LP300-12 300 12 345 333
34 | 50SIN2.5LP300-12 300 12 512 500
35 | 30SIN2.5LP300-15 300 15 348 333
36 | 50SIN2.5LP300-15 300 15 515 500
37 | 30SIN2.5LP300-20 300 20 353 333
38 | 50SIN2.5LP300-20 300 20 520 500
39 | 30SIN2.5LP300-25 300 25 358 333
40 | 50SIN2.5LP300-25 300 25 525 500
41 | 30SIN2.5LP350-15 350 15 348 333
42 | 50SIN2.5LP350-15 350 15 515 500
43 | 30SIN2.5LP350-20 350 20 353 333
44 | 50SIN2.5LP350-20 350 20 520 500
45 | 30SIN2.5LP350-25 350 25 358 333
46 | 50SIN2.5LP350-25 350 25 525 500
47 | 30SIN2.5LP350-30 350 30 363 333
48 | 50SIN2.5LP350-30 350 30 530 500
49 | 30SIN2.5LP400-20 400 20 353 333
50 | 50SIN2.5LP400-20 400 20 520 500
51 | 30SIN2.5LP400-25 400 25 358 333
52 | 50SIN2.5LP400-25 400 25 525 500
53 | 30SIN2.5LP400-30 400 30 363 333
54 | 50SIN2.5LP400-30 400 30 530 500

For each compressed chord using Table 1, the critical force for loss of stability has been
determined N, in the girder plane (in the zy plane according to Fig. 3) according to clause
20.6.3.4 of BC 294.1325800.2017, clause 7.1.3 of BC 16.13330.2017 according to the
following formula:

N =Ry * @ x Ay, (1)

here Ry = 240 MPa - design resistance of steel C245 of the chord, y. = 1.0 is a duty factor,
Ap = bg xt; — compressed zone, ¢ — is the central compression resistance coefficient
determined according to the formula (8), clause 7.1.3 of BC 16.13330.2017, depending on
the value of conditional flexibility of the compressed chord between the points of support
E (in the xz plane). The notional flexibility of the chord is determined by the following

formula:
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_— R lef Ry

— Y 2
Aby = Aby * |3 =H oy |z 2
. Ap

here p is a length conversion factor, l,; — calculated rod length in the xz plane, ]by is the

moment of inertia of the compressed chord about the y-axis, E = 2.08 * 10° MPa — elastic
modulus of the chord material.

In determining the notional flexibility of the compressed chord E the calculated
length [, The central compression girder was assumed to be equal to the girder stiffening
step from the wall panel plane [, = 2.0 m, and a hinged attachment at the ends with a
length conversion factor u, = 1.0 (Fig. 1, 3).

Moment of inertia | by Was determined according to the formula for a rectangular cross-

section:
bf3tf
]by = 5 (3)
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N
=
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Fig. 3. Design diagram of compressed girder chord

According to the critical force found N, the value of the critical transverse load g total
loss of stability of the corrugated beam compression girder has been determined:

Ger = 8% Ney * He gy % 2 “4)
The expression (4) is derived from the following relation in clause 20.6.3.4 of BC
294.1325800.2017 (Fig. 1, 2):

MXmax.
N = Hegr. (5)
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here M, . =qx L?/8 — maximum bending moment between the bracing points of the
corrugated web, H, 4, —is the distance between the centres of gravity of the girder chords.
For the resulting critical load values g.- the value of the maximum normal bending stress of
the beam is determined

%12
=t (6)

Oz max 8% Wy

here W, — the moment of resistance of the corrugated beam in relation to the x-axis,
determined according to the formula:

W, =%, (7)
here H = h,, + 2 = t; is a full height section, J, is a moment of inertia of the section
relative to the axis x.

When designing corrugated beams for bending (clause 20.6.3 of BC 294.1325800.2017)
it is assumed that the bending moments are taken up only by the chords, so the moment of
inertia I, is calculated according to the formula:

12

#t 3 c.gr. 2
]X = Z(be+Ab *Hc.gr.z) = 2 <bf tf + bf * tf (Hzg ) ) (8)

The results of the calculations are presented in Table 2.

Table 2. Calculation results

Chord | Chord | Distance| Added | Crificll | Crifical | Maximu

width | thickness | between | flexibility of) compressi | load q« m

bf, mm | t;,mm | thecentral the ve , KNNm | normal

gravity of |compressed force N,., bending

thechords chord KN stressesin

no Size by H,, wnﬂg the beam

type mm | bracing elements

pomlslby O 2max’

MPa
30SIN2.5 4.41

U] Lpisos | 160 |6 339 20654 1 1556 | 21893
50SIN2.5 4.41

2 | Lpico6 | 100 |6 206 20654 1 5355 | 217.69
30SIN2.5 4.41

3 | Lpico-g | 100 |8 341 271539 15 g7 | 22016
50SIN2.5 4.41

4| Lpicog | 100 |8 508 27539131 g9 | 21852
30SIN2.5 397

> | Lpigo-6 | 180 |6 339 237211 g7 | 22350
50SIN2.5 3.92

6 | Lpigos | 180 | © 506 23721 | 5 g7 | 22223
30SIN2.5 3.92

7| Lpigo-s | 180 |8 341 31627 | 54, | 22475
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8 | Thisos | 180 |8 so8 |3 31627 | 55y | 22308
O | Tpaone |20 |6 30 |7 126763 |5 14 | 22694
10| Fohooe | 200 |6 s06 |70 26763 | 59 | 22566
1 3LOPSzI(I)\i)Z.'gS 2008 | 35683 27.04 | 22821
2| {oos |20 |8 08|70 |35683 | 5 0q | 22651
13 | Phapogo | 200 [ 10 M3 | ae0a |00 | 22946
14 Egggg.zig 200 | 10 sto || 4a6.04 50.55 | 22737
15 | Ppooin | 200 |12 s |0V ssas |, [ 23069
16 | Upoony |20 |12 sz |7 [smsas g | 22821
17 31?})82[;102.&;5 220 8 I R AT 30.10 | 23093
18 | Yoo |20 |38 s08 | M |30709 | g, | 22021
26 154231513_21'?) 2010 st |22 | 57189 6481 | 23321
27 Eggl;g_zé 250 |12 as |22 fesear 5261 | 23662
29 igggg_zé 250 |15 as |20 [ ssra 6634 | 23847
30 | posois | 250 |13 sis |2 85183 | g5 | 23535
3 | ONES 1250 | 20 s0 |2 iz | PP a4
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33 E%iggﬁi 300 12 s |2 183659 64.14 | 24037
4 | Dpsoois |30 12 sz PP s6s0 |0, | 23799
35 310333.21'? 30001 13 s |2 | 10474 g0.87 | 2422
36 | Doy (300 |15 5150 |2 Lroasa | (170 | 239.09
37 | Do [300 | 20 353 |2 | isoaz [0 | 2459
39 | OZ3 1300 | 25 s [P 290 | %0 | 2asm
40 | S22 1300 | 25 25 |70 Liraae0 |30 | 24327
41| Tpasors | 350 |15 s M mm | g | 20480
43 | DSR2 1350 | 20 3535 |2 Jieaaar | [P0 | 24706
aq | 2SI 1350 | 20 50 |2 Lz | 00 2433
45 13432151(\)1-22'2 350 |25 358 | 292 | 2055.53 ;63'5 250.91
a6 | TORZ2 1350 | 25 55 |20 ossss | TP | 459
47 134221513_23'3 350 |30 363 | 292 | 2466.63 é98'9 253.75
ag | DONZS 1350 | 30 30 [ | 246663 | 200 | 24795
49 Egigg.zz% 400 |20 353 | V77 | 189433 548'6 249.94
50 | 90022 1400 | 20 s0 [ M7 | asoass | 2180 | asg
51 Egigg_zz'i. 400 |25 358 | V77 | 2367.01 é88'3 252.92
52 15432%-22'2 400 |25 s25 | Y77 | 2367.01 276'2 247.88
53 igiﬁﬁ.zéf) 400 |30 363 | 77 | 284150 ?29'2 255.78
54 | DO 1400 | 30 30 [ M7 | asarso | 20 24903

The interpretation of the calculation results in table 2 is as follows: if the maximum
normal bending stresses in the beam elements o, less than the assumed design
resistance R, = 240 MPa - The load-bearing capacity of the corrugated beam is limited by
the stability of the flat bending form. Otherwise, it is limited by the bending moment
strength.
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Table 1 shows that for corrugated beams with numbers 1-30, the loss of flat bending
stability occurs before the normal-stress strength condition is violated, i.e. these beams
must be calculated/checked for overall stability. For beams 30-54, the normal bending
stress strength condition must be calculated/verified first.

In order to visualise the results of the calculation, a graph is plotted using the data in
Table 2 a,,, . (MPa) from the reduced flexibility of the compressed chord between the
bracing points m (Fig.4).

Relationship between normal bending stresses and overall
stability of 6.0 m wide corrugated beams with 2.0 m compressed
chord reinforcement and reduced flexibility of the dempressed
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Added |flexipility of the cqmprgssedhotd
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Fig. 4. The dependence of normal bending stresses and overall stability on the reduced flexibility of
the compressed chord ?\by between bracing points for 6.0 m long corrugated beams with a compressed

chord bracing at 2.0 m intervals

The graph in Fig. 4 shows that if the flexibility of the compressed chord is more than
E > 2.55 , the loss of flat bending stability occurs before the maximum bending stress of

the beam reaches the design resistance Ry = 240 MPa.

3 Conclusion

For a sample of 54 cut corrugated beams of the Russian variety according to GOST
70571-2022, span L = 6.0 m, with an estimated length from the wall plane {,r = 2.0 m with
R, = 240 MPa, bent by uniformly distributed transverse load in the wall plane, the critical
load of loss of overall stability is determined as ¢.., and the acting maximum normal
bending stresses.

The boundary of conditional flexibility of the compressed chord between the bracing
points is determined E separating the areas where the load-bearing capacity is limited by

the stability of the flat bending form and the bending normal stress strength in the beam:



E3S Web of Conferences 413, 05006 (2023) https://doi.org/10.1051/e3sconf/202341305006
INTERAGROMASH 2023

- at Ky > 2.55 the loss of flat bending stability occurs before the maximum bending stress

of the corrugated beam is reached Ry,
- at /lfy < 2.55 achieving maximum bending stresses in the corrugated beam Ry comes

before the loss of flat bend stability.
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