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TO THE QUESTION OF THE DETERMINATION
OF GEOMETRIC CHARACTERISTICS OF THE SECTION
OF CORRUGATED BEAMS WITH TRAPEZOIDAL WEBS
BASED ON THE SIMULATION RESULTS

Tatiana L. Dmitrieva, Khukhuudei Ulambayar
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Abstract: An algorithm for calculating the geometric characteristics of steel I-beams with plate corrugated webs
of arbitrary type is proposed. The algorithm is implemented using the [-beam with plate trapezoid webs as an ex-
ample. The determination of reduced area and moments of inertia in the axes of the cross section of the trapezoi-
dal profile based on the finite element modeling of the beam with shell elements in calculations for bending and
axial compression in the “ANSYS 14.5” software package is described. The verification procedure has been per-
formed for a shell finite element model using the example of an I-beam with a standard flat web. A table has
been compiled of geometric characteristics of rod corrugated elements of a trapezoidal profile in order to realize
their finite element calculation using a rod diagram. An example of the calculation of a flat frame with a horizon-
tal corrugated element, made in software package “LIRA-SAPR” using a flat rod diagram is given.

Keywords: shell finite element, rod finite element, simulation results, numerical analysis,
maximum deflection, moment of inertia, software “ANSYS”

K BOITPOCY OHPEAEJEHUA 'TEOMETPUYECKUX
XAPAKTEPUCTUK CEYHEHUA 'O®PPOBAJIOK
C TPAIIELUEUJAJBHBIMHU CTEHKAMHU HA OCHOBE
KOMIIBIOTEPHOI'O MOJAEJINPOBAHUSA

T.JI. Imumpuesa, X.Ynamoasap

HpxyTckuil HalMOHANBHBINA UCCIIEI0BATENbCKUN TEXHUUECKUH yHUBepcuteT, I. Upkyrck, POCCUA

Annotanmsi: [IpeuioxkeH aaroputM BBIYUCICHHS T'€OMETPUYECKHX XapaKTEPUCTUK CTABLHBIX JIBYTaBPOBBIX Oa-
JIOK C IUIACTHHYATHIMU TO(QPUPOBAHHBIMU CTEHKAaMH IIPOM3BOJIBHOTO BHA. AJITOPUTM PEalIM30BaH Ha puMmepe Oa-
JIOK € TparnenenaalbHpIMU cTeHKaMu. ONrcaHo HaX0XK/IeHHe TIPUBEICHHOH TUIOIAn 1 MOMEHTOB MHEPIMHU B OCSIX
MONEPEYHOT0 CEYCHUs TPAINECLEHIATbHOTO POGHIs Ha OCHOBE KOHEYHO-3JIEMEHTHOTO MOJEIMPOBAHMS OaKu
000JI0YEYHBIMH DJIEMEHTAMH B pacueTax Ha M3TM0 M 0CEBOE C)KaTHe B MporpaMMHOM komiuriekce “ANSYS 14.5”.
BrmmonHena nporenypa BepupuKanys 000I09edHON KOHETHO-2IEMEHTHON MOJIeN Ha TIpUMepe JUIs ABYTaBPOBOH
Ganku co craHAapTHOM mpsiMoi creHkoi. CocTaBieHa TabiMIA TEOMETPUUECKHUX XaPaKTEPUCTHK CTEP)KHEBBIX
roQpo-3JIEMEHTOB TpaINeUenAaIbHOr0 Mot ¢ TeM, 4TOOB! peaan30BaTh MX KOHEYHO-3JIEMEHTHBIH pacdeT 110
cTepKHEBO# cxeme. [IpuBeieH mpuMep pacyera IIOCKOW paMbl ¢ TOPU3OHTAIBHBIM FO()POIJIEMEHTOM, BBIIOIHCH-
ubli B [1IK “JIMPA-CAIIP” ¢ npiMeHEeHHEM TIOCKON CTEPKHEBOH CXEMBI.

KiroueBble ¢jioBa: KOMIIBIOTEPHOE MOJICTUPOBAHUE, YUCIEHHBIN aHAIN3, 000J0UYEYHBIN KOHEUHBIH DJIEMEHT,
CTepKHEBOM KOHEUHBIN 3JIEMEHT, MOMEHT MHEPILIUH, IPOrpaMMHBIH KomIieke «ANSY S»

INTRODUCTION decade, it has been recognized that cold-formed
steel beams of various corrugation configura-

I-beams with plate corrugated webs have not tions can be effectively used as bearing

widely used in the design of buildings and components of the framework.

structures until a certain time [1]. In the past
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Figure 1. Calculation scheme.

The use of corrugated webs allows the use of
thin plates without the need to install stiffeners,
which contributes to reducing the weight and
cost of the beam [2-4]. Economical expediency
of corrugated elements is substantiated in [1, 5-
8]. Same source notes main flaws in design of
such constructions, which are mainly caused by
lack of normative documents, literature and spe-
cial computation software. The use of such
structures is difficult the complexity to analyze
their stress-strain state [9-14]. The standard
scheme for -calculating frameworks of
buildings is based on a rod finite element model
using geometric characteristics of the cross
sections of rod elements. Meanwhile, tabulated
values of the geometric characteristics are
known for certain corrugation types — triangle
[15] and wave types (SIN beams) [16]. For
corrugations of an arbitrary profile there are no
assortments containing bending, axial and other
characteristics of section stiffness. This article
proposes an algorithm for determining the geo-
metric characteristics of corrugated beams using
the example of beams with corrugated trapezoi-
dal webs.

1. CALCULATION SCHEME MODEL

As an example, consider a single-span model
(Figure 1).

The system of differential equations describing
the displacement of the beam y (z) has the form
given flexural shear

dy(z) __ M(2).
dz E-1° 0
d k-P
= y(z)+
dz G- Ay,

Substituting from the second equation of system
(1) into the first, we obtain the second order
equation:

2
d y__M(z)Jri.( k-P j o

d* E-1 dz | G-Ay,

where, Pis the applied load, Eand G are
modulus of elasticity and shear modulus,
respectively, 1 is the moment of inertia of the
cross section, £ 1s a factor related to the cross
section shape, 4,; is the area of two flange, M
is the bending moment.

The solution of the differential equat.2 taking
into account the conditions for fixing the beam
is as follows:

P-I’ P , kP
y= ‘Z— AR z, (3)
16-E-1 12-E-1 G- A,

Then, at z=L/2, we get at mid-span deflection
with allowance for bending and shear defor-
mations:

_Pr L k-P-L
48-E-1 2-G-A°

yz:L/Z :fmax (4)

From condition (4) we express the moment of
inertia:

P-L

I:
48-E-(fmax

_k-PL) )
4-G- A,

where, 4, is the area of one flange.

This addiction can be used in determining the
geometric characteristics of the cross section of
steel I-beams with corrugated webs. In this case,
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the maximum deflection £, is determined by

automatic calculation using certified software
systems that use the spatial model of FE of steel
I-beams with corrugated webs.

2. ALGORITHM FOR DETERMINING
GEOMETRIC CHARACTERISTICS
OF THE CROSS-SECTION OF BEAMS
WITH CORRUGATED WEBS
OF ARBITRARY TYPE

The algorithm for selecting geometric character-

istics of a section for an I-beam with a corrugat-

ed web from an arbitrary profile includes the
following steps:

e revealing of analytical dependences of dis-
placements from the applied load through
stiffness parameters of the beam;

e selection of rational dimensions of the cross
sections of beams;

e selection of rational dimensions [-beams with
trapezoidal webs;

e definition of deflections based on the finite
element model of the shell when bending the
beam;

e determination of axial displacement based on
shell finite element model under axial com-
pression;

e determination of geometric characteristics of
sections of beams with corrugated webs and
tabulation of results.

2.1. Analytical dependences of displacements
from the stiffness parameters of the beam.
Consider a corrugated beam with trapezoidal

webs when loaded with concentrated forces P.
and P, in the middle of a span in two planes

(Figure 2 , Figure 3).

Based on the expression (5), we write down the
relations for moments of inertia of cross sec-
tions of the beam in two planes.

a. Moment of inertia I :

Volume 15, Issue 1, 2019

Figure 2. Isometric projection of calculation
model with concentrated load at mid-span
(in the plane ZOY).

Figure 3. Isometric projection of calculation
model with concentrated load at mid-span
(in the plane ZOX).

P-L
I = —

48-E-(fmax,y—

, 6
pL (6)
20-G- 4,

b. Moment of inertia 1 ;:

pP.I
I = x

y
48'E'(fmax,x -

. 7
spo)
20-G- A,

where, P.and P are applied loads, f,, , and

fmax, are maximum deflections along axis X

and Y.

To determine the reduced area, which is a geo-
metrical parameter under axial impact, the beam
is loaded with an axial compressive force P,
(Figure 4).

Formula for determining axial deformation:
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Figure 4. Isometric projection of calculation
model with concentrated load along axis Z

(in the plane ZOY).
P-L
A== , 8
o (8)

where, A is amount of Z-axis displacement.
From here, reduced area is determined by the
expression:

A="2"". 9)

2.2. Selection of cross-sectional dimensions of
beams with corrugated web.

For the study were selected five models of I-
beams with trapezoidal webs (BTW1- BTWS).
The parameters of the sections of beams were
taken in the range of the external height H from
200 to 600 mm with a step of 100 mm (Table
1), which corresponds to assortments of welded
I-beams with flat wall.
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A

Figure 5. Cross section of models BTW.
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Table 1. Parameters of cross section

of models BTW.
Accepted H,| h, | B,|1,]1,,
models mm | mm | MM | mm | mm
BTW1 200 | 184 | 100 | 8 2
BTW2 300 | 282 | 150 | 9 3
BTW3 400 | 374 | 200 | 13 3
BTW4 500 | 468 | 200 | 16 | 4
BTW5 600 | 564 | 200 | 18 | 4

2.3. Selection of trapezoidal webs dimensions
for calculation models.

Studies of various trapezoidal profiles were
performed in [17,18]. The results of these re-
searches have shown that the most rational in
terms of bearing capacity is a beam with a cor-
rugation angle ¢ = 45%. Optimal sizes of pa-
rameters a, b and d were determined on basis
of comparative automated calculations. The cor-
rugation parameters corresponding to the ac-
cepted models are given in table 2 and in Figure

af 1
<

x| < 4i a

- —

o d a

1y 2L

Figure 6. Trapezoidal web dimensions.

Table 2. Parameters of corrugated

web beams.
Models | b, mm | ¢, mm | d, mm o,
BTWI1 50 180 50 45°
BTW2 76 150 76 45°
BTW3 100 200 100 45°
BTW4 80 200 80 45°
BTWS5 100 300 100 45°
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2.4. Numerical determination of displacement
value based on shell finite element model.

The study consisted in calculation of beams
based on shell finite element model. Preliminary
verification of this model was performed using a
flat wall I-beam as an example and subsequent
comparison of results with theoretical values of
deflections taking into account the shear defor-
mations. Results obtained by numerical analysis
in software package “ANSYS”, correlated with
the analytical calculation with a maximum error
of 0.93%, which is within the limits of permis-
sible (taking into account the fact that errors
adopted in the construction design should not
exceed 3%).

Next, the calculation was carried out corrugated

beams BTW1-5 to determine:

a) maximum deflections in a beam loaded with
concentrated forces in two planes (Figure 2 ,
Figure 3);

b) axial deformation of the beam under axial
impact (Figure 4).

The calculation was performed in software

package “ANSYS 14.5”, where shell finite ele-

ments SHELL181 were used. Generation of a

grid of quadrangular type was made automati-

cally. The size of finite elements was within 47

mm on long side. Near the junction of webs and

flanges, the mesh dimensions were reduced to 7

mm.

Figure 7. Finite element model of a beam.

Figure 8. Deformed scheme in YZ plane for the BTWI1 model.

a)

The maximum axial displacements and deflec-
tions obtained in the calculation are shown in
Table 3.

Volume 15, Issue 1, 2019

b)
Figure 9. Deformed scheme for the BTWI model: a) in XZ plane;
b) deformed circuit for axial compression.

Table 3. Results of calculation.

Models iy v A,
mm mm mm
BTW1 15.6 11.34 0.326
BTW2 11.1 12.2 0.25
BTW3 10.45 11.2 0.247
BTW4 19.1 337 0.34
BTWS5 17.45 43.7 0.38
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2.5. Calculations of geometric characteristics.
Using obtained maximum deflections ( 7,

fmax. ) Using the formula (4), moments of inertia

about the axes of cross section X and Y were
determined for each model of corrugated
beams. Reduced area is determined by formula
(9). In calculations were used material charac-
teristics

E=200 kN/mm?, G=76,9 kN/mm?.

Determination of moments of resistance and
radius of gyration, perform on the basis of well-
known analytical formulas for strength of mate-
rials [19].

I
W= x| 10
T H/2 (19)
I
i= 11
. y (11)
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Wy > iy
(10), (11). Static moment of the half-section ar-
ea relative to the X - axis was calculated by fol-

lowing formula:

Sl/zz E—lf 'tw'l' E—ff +B'lf' E_t_f .
2 22 2 2

(12)

- were determined similarly by formulas

3. RESULTING TABLE OF GEOMETRIC
CHARACTERISTICS OF SECTIONS
OF BEAMS WITH CORRUGATED WEB

According to research results, was compiled a
table of parameters and geometrical characteris-
tics of welded I-beam with a corrugated web
(similar to tabulated values standard I-beams).
The resulting table can be used to solve the
problem of the finite-element analysis of flat
frames according to rod diagram, which greatly
simplifies the calculation compared to calcula-
tion using shell model.

Table 4. Geometric parameters of steel I-beams profiles with corrugated web.

Cross-section specifications, cm Corrugation specification, cm
Models
H B tr tw h b a d [0
1 2 3 4 6 7 8 9 10
BTW1 20.0 10.0 0.8 0.2 18.4 5.0 10.0 5.0 45°
BTW?2 30.0 15.0 0.9 0.3 28.2 7.6 15.0 7.6 45°
BTW3 40.0 20.0 1.3 0.3 37.4 10.0 20.0 10.0 45°
BTW4 50.0 20.0 1.6 0.4 46.8 8.0 20.0 8.0 45°
BTWS5 60.0 20.0 1.8 0.4 56.4 10.0 30.0 10.0 45°
Table 5. Geometric parameters of steel I-beams profiles with corrugated web.
Area, I\;I)Zis L, W, Iy, L, wy, Ly, 5;/2'
cm? Im, ke cm* cm’ cm cm* cm® cm cm®
11 12 13 14 15 16 17 18 19
19.68 16.13 1484.2 | 148.42 8.68 136 27.2 2.63 85.3
35.46 29.24 5712 380.8 12.7 520 69.3 3.83 226.3
63.22 51.54 18922 946.1 17.3 1765.5 176.6 5.3 555.6
82.72 67.8 38312 | 153248 | 21.52 2172 217.2 5.13 1212.45
94.56 77.3 61893 | 2063.1 25.6 2472 247.2 5.11 1763.4
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4. CALCULATION OF A FLAT FRAME
WITH CORRUGATED ELEMENTS

Using the geometrical characteristics of corru-
gated beams, it was possible to perform
calculations of flat frames according to rod dia-
gram. Let us give an example of the calculation
of a flat frame with a horizontal corrugated ele-
ment, made in software «LIRA-SAPR» using a
flat rod diagram.

Example. Consider the frame shown in Fig. 11.
For this frame requires: a) build the internal
forces diagrams(the axial force N, the shear Q,
and the bending moment M); b) determine the
maximum normal and stress shearing in the rod
of the column and beam.

Initial data: L=12 m; g=I14 kN/m; E=200
kN/mm?.

The cross section of the beam - corrugated beam
with plate trapezoidal web (BTWS5), columns —
the standart I-beam with flat wall (50LLIC2). The
geometric characteristics of the cross section for
the beam are selected from Table 5 and 6.

Calculated geometric characteristics of the cross
section of elements: elements 1 and 2: [=7,22
107% m*; W=29,5 -10* m’; 4=176,25 -10¢ m?;
S./?=16,65 -10* m>; the element 3: [=6,2 107
m*;, W=263 -10"m’; A4=9456 -10¢ m?
S”?=17,63 10" m’.

Assign stiffnesses rod elements: for elements 1
and 2: EI=144400 kN - m?; EA=3525000 kN;
for element 3: E/=124000 kN - m?;
EA=1891200 kN.

Calculation results

a. The internal forces diagrams, received in
software «LIRA-SAPR» shown in Fig. 11,
Fig.12.

b. The calculation of normal stresses in rods of
column and beam of frame:

. (13)

A=
[+
I|&

where, i=1, 2, 3 — numbers of rod.

q
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=

7 I T
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q
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Figure 10. The rod model of a flat steel frame: a) frame geometry; b) calculation scheme.
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Figure 11. The calculation in Software “LIRA-SAPR”: the diagram of bending moment M,.
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Figure 12. The calculation in Software “LIRA-SAPR”: a) the diagram of shear Q ;
b) the diagram of axial force N.
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Table 6. Results of calculations.

Elements Oimax » MPa | 0;nin , MPa
1 44,7 -54.,4
2 44,7 -54.4
3 65,2 -76,43

c. The calculation of stress shearing in rods of
column and beam of frame:

1/2
I -t

X w

(14)

Table 7. Results of calculations.

Elements T; , MPa
1 8,23
2 -8,23
3 59,73
CONCLUSION

1. The developed method makes it possible to
determine the values of geometric charac-
teristics for corrugated web I-beams with
various corrugation configurations.

2. The use of the obtained geometric charac-
teristics makes it possible to carry out the
calculation of flat frames with corrugated
elements according to the rod scheme.

3. Further research direction involves the gen-
eralization of the above method to solving
problems of static calculation of spatial rod
structures with corrugated elements.
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