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THE SOFTWARE ENHANCEMENT FOR SIMPLIFIED STRENGTH COMPUTATION OF
I-BEAM

Abstract. The article is devoted to the subsequent development of previously created end-to-end
computer programs for simplified strength analysis of statically determinable double-support and
cantilevered I-beams. The aim of this development is to give these programs the additional functions
to determine linear and angular displacements in beams by using the Mohr method. To this end,
analytical dependencies have been established to determine the values of bending moments in the
beam sections from the action of single force factors - the force and moment applied at arbitrary
points of these beams. Based on these dependencies, an additional computation for determining
displacements were made that improved the capacity of the existing programs for calculating beam
strengths. The modified programs calculate the Mohr integrals, thereby determining the desired
displacements and plotting their changes along the length of the beams. These programs have been
successfully tested in a series of calculations of beams of various types and demonstrated its efficiency
and effectiveness. The introduction of the modified programs in the educational process will provide
students with new opportunities in the formation of their professional skills. The indicated programs
will be useful for professional practitioners as a fairly simple calculation tool for solving real
technical problems.

Keywords: I-beam, strength, displacements, simplified methodology, Mathcad, computer
programs, calculation examples.

Introduction and statement of the problem. The rapid development of technology requires
the preparation of highly educated engineering personnel to create new models of machines,
mechanisms, materials, structures. To be successful latest achievements in science and technology
have to fill the engineering training disciplines in higher education.

Strength of Material is key course for future engineers of almost all specialties, so the level of
training engineers to solve complex technical task depends on course content compliance with up-to
date knowledge.

Much attention in this course has traditionally been given to calculations on the strength and
rigidity of core structures, especially beams, which are key elements of many machines and structures.

Beams have various forms of cross-sections, but the most common among them is the I-profile
(Fig. 1), which combines significant economic advantages and ease of installation.
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Figure 1 — I-beam ( GOST 8239-89)
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Strength calculations for statically defined I-beams usually consist of the following steps [1]:
— definition of support reactions (not required for cantilever beams);
— making diagram of transverse forces and bending moments;
— selection of the required I-beam size based on strength condition under normal stresses;
— check the selected I-beam size for the conditions of the strength at the tangent and equivalent
stresses.

That procedure in the case of its implementation in the traditional ("manual™) way requires
considerable time and high enough skills of performers, which is its major drawback.

A certain improvement of this procedure is provided by the concept of the use of so-called safe
factor spaces of I-beam, which formalizes and considerably simplifies the last two stages of
calculation, while leaving the previous ones [2, 3].

To maximize the benefits of this concept, cross-cutting applications have been created for
strength calculations of statically defined double and cantilever 1-beams [4, 5].

The aim of the work. The purpose of this work is to extend these programs by attaching
calculation blocks to them to determine linear and angular displacements in beams.

Results of the work. Let's explain the essence of these movements. To do this, consider a beam
with an arbitrary load, which does not lead to the appearance of plastic deformation in it (Fig. 2) As a
result of this load, the beam loses its original straight shape and becomes convex. The longitudinal
axis of the beam, which is called the elastic line, is bent and its points receive vertical linear
displacements, which are usually denoted by the letter 8. At the same time, the cross sections of the
beam receive angular displacements - angles of rotation about horizontal axes passing through one or
another point of the elastic line. Angular displacements are usually denoted by the letter ©. The
indicated displacements are given by the indexes of the corresponding points.
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Figure 2 — Scheme for the concepts of linear and angular displacements
a — loaded beam; b — elastic line of the beam with marked displacements of points

To determine the linear and angular displacements in beams, we use the universal Moor method

[6].

According to this method, to calculate the deflection of the beam at point H and the angle of
rotation of the section passing through the point K (hereinafter - section K), it is necessary to calculate
the corresponding integrals:

1

SH:H-{M(Z)-M(Z)-dz, (1)

1 _
0, =——-|M(z)-M'(z)-dz, (2)
E-J, 1
where E-J, is the stiffness of the beam cross section when bending in the yz plane (see Fig. 2);
L is the length of the beam;
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M (z) is the dependency of the bending moment from position z on the beam for a given load,;

M (z) is the dependency of the bending moment from position z on the beam for the vertical
unit force P = 1, which is applied at point H;
M'(z) is the dependency of the bending moment from position z on the beam for a unit

bending moment M = 1, which is attached at cross-section K.
These dependencies are defined by above programs for calculating the strength of 1-beams. The

dependencies M (z) and M’(z) from the positions of application of unit force factors to the beam
are similarly defined in this paper.

Considering that the graphs of dependences M (z) (i.e. load plots of bending moments) in the
calculations of the beams for strength were constructed on points with step Az, we apply the same
approach with respect to the dependences M (z) and M'(z).

In this case, the calculation of the integrals (1) and (2) will be reduced to determine the
corresponding sums (Fig. 3):

SHZL- Mi-mi-AZ, (3)
E"]x i=1
1 . —,
0 =—— > M,-M/-Az, (4)
E.Jx i=1l

where i =1...n are the step numbers;
n is the number of steps on the length of the beam;

M., M, M, are the current values of bending moments from a given load, unit force and unit
torque.
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Figure 3 — Scheme for formulas (3) and (4)

Formulas (3) and (4) are approximate, but given the small size of the steps (1...2 cm), they can
be considered sufficiently accurate.

The definition of displacements is a logical extension of the previously created programs for
calculating the strength of I-beams and attached to them in the form of an additional calculating block.

© Yu. Kholodnyak, A. Kostikov, S. Podlesny, S. Kaporovich



"[NEPCIIEKTUBHI TEXHOJIOI'II TA IIPHJIAJIA". JTyyvk, 2020. Bunyck Nel7 149

In order to activate this block, it is necessary to enter into the existing programs the coordinates of the
points at which the movements — 7, and £, are defined.

Along with defining displacements at individual points of beams, enhanced programs also have
the ability to build graphs of dependencies of J,, (z)and O (z) from distance along beam. To do this,

enter the appropriate intervals 0< /¢, <L and 0</, <L.

The work of enhanced programs was investigated in a series of calculations of the different
types steel beams Art.3 (Figs. 4 — 6). For these beams the problem of finding the corresponding I-
beam size was solved based on third strength theory with subsequent determination of linear and
angular displacements in marked points and plotting the corresponding dependencies from distance

along beam. In these calculations it is accepted: [G] =160 MPa, E =2-10° MPa.
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Figure 4 — Two-support beam plot
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Figure 5 — The cantilever beam plot with right support
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Figure 6 — The cantilever beam plot with left support

For computer calculations control, appropriate “manual” calculations were also performed using
the traditional method of strength materials [1].

The results of both series of calculations are presented in Table 1. As an illustration of the
completed development, a computer case of the two-support beam calculation is also illustrated (see
Fig. 4).

The presented materials clearly indicate the workability and effectiveness of the enhanced
programs. Compared to traditional methods of similar calculations, they significantly simplify and
speed up the process of calculations, without reducing its accuracy
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Table 1

Comparative analysis of calculation results
Meanings Computer Calculations results Hand calculations results
g Beam Fig.4 | Beam Fig.5 | Beam Fig.6 | Beam Fig.4 | Beam Fig.5 | Beam Fig.6
I-beam size 27a 14 27a 27a 14 27a
Oy, mm - 5,986 - 50,000 - 37,200 - 5,989 - 50,117 - 37,213
O , deg. -0,124 - 0,467 0,808 -0,124 - 0,467 0,806

COMPUTER VARIANT OF CALCULATION OF TWO-SUPPORT BEAM

1. Input of concentrated forces, moments of couples and their location:
Enter the concentrated forces P, its position d, moments of couples M and its positions ¢

, (2.8)
IKN-m c=] im
, w0

(=55 (2
P= N =| |m
L0 ) /

2. Input of the length of beam, the support positions, the distributed loads, its positions and
lengths:

Enter the distributed loads g, its positions a, its length b, the length of the beam L and the support
positions on the beam |, 1a |,

(=50 kN (0) (2)
q= — a=.| im b=| |m L :=34m L= Om 1, :=34m
L0 /m \0/ \0) o I 2
3. Determination of the support reaction forces of the beam:
) rows(h) rows{P) rows{q) .’i b W
"-.rI - P-d -1 b + — - 1
|1—11:. 2 > [EE-4- 2 | i 1
i=1 i=1 i=1
F2=75= 1I}43~I
) rows( M) rows(F) ow 5(q} ." B
if
Rl:= "'.-i + P-d -1 1 —a.—- — |
(1,- 11:. Z Z [ ¢, EI Z 27547 )
i=1 i=1 i=1
Rl=18= 1I}4}-I

4. Plot of the shear force diagram:

QLR & 1[:-

T 0
1] —20
— 40
— 60
— 30

Z

5. Plot of the bending moment diagram:
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70

6123
M,(R1,R2,z) 323
_Z T35

EM-m 35
2623
175

E¢I=

6. Determination of the I-beam size:
|-beam size nomdv = "27a"
80 T T

f(qx;,al,bl,ml ,ql}60-

e 40
[Mzm|
20
oL
a%;.q1, |qmmy|
7. Comparision with the previous I-beam size:
I-beam size nomdvpr = 27
80 T T

f(qapjp.a2.b2,m2,q2)60

ok 40
[z
20
0 1 1 s
0 50 100 150

¥pip .2, |qmm;|
8. Dependencies of bending moment from position ¢, of unit force and coordinate z of beam

cross-section:
1y - 1y

MP1z.h) = |zl if (23 1) A (z=1y) MP2(z.ly) - = (z=1y) # (z> 1)~ (z=1y)
e -' |
[z-tg) - ———(z-1,) i (251} n (221, Ay -tm . o
H) . !
CENEE Lo ) () o (o)~ )

0 otherwise .
0 otherwise

1)
MP3(z,13) = e 2-}.{'1- L) i (zz1) A (221, MP(z.lyg) = |MPYz1y) if (72 0) (1521,

L-4 o o ._
MYzl i (lg> 1)) A (s L)

-z f (2> 1))~ (251 S : :
MP3(z.1y) i (g> 1) A (g <L)

0 otherwise
0 otherwise

9. Construction of a plot of bending moments when the beam is loaded by unit force at point H:
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-02

—04
MP(z,2m)
4 — 06

-08

1 I I I
0 1 2 3 4

Z

10. Finding the deflection o,, at the given point of the beam:

N —_q
E = l-ll]'ll-—‘I Tz = 5500-10 Sm_1
>
L
_ -3
Syy(ly) = MP(2,1y7) M(R1,R2,2) dz |- Kff dgg(2m) = —5.98562037x 10 "m
0

11. Constructing a graph of change 6,, from distance along the beam:

0
— 21077

Sulle) - 4x107

— G107

—8 1[:.‘3 ] 1 1
o

12. Dependences of the bending moment on the coordinate of the cross section of the beam z
and the position of a unit moment /, :

. . . . -1 . . . .
MPPlzl )= |1 £ |z>1k:lr\|z<_i11|| MPPz.l | = " -|z—11|| if |z>11||z\|z£1k:l
1- {z=1,) # (z>1) A (z<1, 4 . o .
L-1 | 1.:' | 1.:' | J.II fz=1y)+ 1 (z> ) A fz21y)
- 1,—11 \ s : L
0 otherwise )
0 otherwise

. -1 \ ¢ ) ; \ \ \ . . .
MPR3(zdy) = [——(z=1y) # (z21)) A (221 MPPlay) = |MPPU(z 1) # (2 0) A (<1,

- . . MPPYz by} # [hr»1,)a (bysl,
T MPP3(z,1g) i Iy > 1) A [l <L)

0 othersize
0 otherwise

13. Creation of the bending moments diagram when the beam is loaded by unit moment at point
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0 z 34,
14. Finding the angle of rotation of the cross-section 6, at a given point of the beam:

L
Byl ) = ﬁj MPP(z.L |- MRI.R2,2)dz 8, .(2:m) = -2.164 x 10"~
15. Plot of the graph of change 6, from distance along the beam:

I = 0m,0.02m.. L

0.01 T T T
521073 -
O k) of .

— 5107 -

—0.01 L L
1] 1 2

ke

L
.

Conclusions. An additional calculation module has been developed for previously created end-
to-end computer programs for simplified calculation of the strength of statically defined two-support
and cantilever beams.

The developed module allows to determine the linear and angular displacements at given points
of beams by the Moore method and to plot their graphs.

Enhanced by this module, these existing programs have been successfully tested in a series of
calculations of beams of different types, demonstrating their workability and effectiveness. Compared
to similar "manual™ calculations, they significantly simplify and shorten the calculation process over
time, without reducing its accuracy.

The implementation of enhanced software in the educational process will give students new
opportunities to develop their professional skills. The mentioned programs as a simple enough
calculation tool will also be useful for practitioners in solving their real technical problems.

The work in this area cannot be considered as complete. The challenges of combining both
enhanced programs and increasing the variety of beam profiles (i.e, cross-sectional configurations)
that are appropriate for them remain relevant.
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Xoaoausik 0.C., KocrtikoB O.A., Iloanecunii C.B., Kanoposuu C.B.
Jonbaceka nepxaBHa MalMHOOYTiBHA aKajeMis
PO3IIUPEHHSA ®YHKIIOHAJBHUX MOXKJIUBOCTEM TPOT'PAMHOI'O
3ABE3NNEYEHHS JJI51 CITIPOIIEHOI'O PO3PAXYHKY HA MIIIHICTh IBOTABPOBUX
BAJIOK

Cmammsa npucesayena po3podoyi 000amKo8020 po3pAXyHK08020 ONOKY 00 paHiuie CMEOpeHUx
HACKPI3HUX KOMN TOMEPHUX NPOSPAM CRPOUIEHO20 PO3PAXYHKY HA MIYHICMb CMAMUYHO GUSHAYYBAHUX
0BOXONOPHUX § KOHCONbHUX 080MAEPosux 0Oanok. Memoio 0anoi po3pobku € HAOAHHS 6KA3AHUM
npozpamam 000amKosux QYHKYIl 6USHAYEHHS TIHIUHUX [ KYMOBUX nepemiujensb 8 OaiKax 3a Memooom
Mopa. 3 yicto memoro 6cmano8ieHi aHAMIMUYHI 3aAEHCHOCTE OISl GUSHAYEHHST GeTUYUH 32UHANLHUX
MOMeHmig y nepepizax 6anok 6i0 0ii OOUHUYHUX CULOBUX (PAKMOPIE — CULU | MOMEHMY, NPUKAAOEHUX )
Jdoginvuux mouxkax yux oOanoxk. Ha ocnosi yux 3anescnocmeii 0Oye cmeopeHuil 000amKosull
PO3PAXyHKOBUU ONOK 3 GU3HAYEHHS nepemiujeiv, SIKUll NOO0BIICUE ICHYIOUL NPOSpamu pPO3PAXYHKIG
banok na miynicms. Ioooexceni npoepamu obuucnioroms inmeeparu Mopa, mum camum 8U3Ha4QAIO4U
wyKkani nepemiwenns i Oyoyiouu epagixu ix 3minu no 0o0excuni 6anok. L{i npoepamu npoiiuiiu
YCRIWHY anpobayiro 8 cepii po3paxyHKie OaloK pI3HUX MUNie, NPOOEMOHCMPYBABULU CBOHO
npayezoamuicmo i epekmusHicmb. Bnposaddicenns nROO0BICEHUX NPOZpaAM V HAGUANbHUL Npoyec
HA0acmov CmyOeHmam HO8i MONCIUBOCMI 6 (QOpMYSanHi y HUX npogecitinux Hasuuok. Brazani
npozpamu K O0CMAamHb0 NPOCMUL PO3PAXYHKOSUIL 3aCiO 6YOYymb KOPUCHUMU MAKOXC | 015 (haxieyis
— NPAKMUKI6 NpU Po36 SI3AHHI HUMU PEaTbHUX MEeXHIYHUX 3a0aY.

KarouoBi cioBa: odeomasposi Oanku, Mmiynicms, nepemiueHHs, CNPOUWeHI PO3PAXYHKU,
Mathcad, xomn romepni npocpamu.

Xoaoausik F0.C., Koctuxon A.A., Ilonnecuslii C.B., Kanoposuu C.B.
Jonbacckas rocyiapcTBeHHAs! MAIMHOCTPOUTENBHAS aKaeMHUs
PACIIUPEHUE ®YHKIIMOHAJIBHBIX BO3MOXHOCTEM ITIPOIr'PAMMHOI'O
OBECNEYEHMS IS YITPOIEHHOI'O PACYETA HA ITIPOYHOCTH JIBYTABPOBBIX
BAJIOK

Cmamws noceésaugena paspadbomre OONOIHUMENbHO20 Pacyémuoco 610Ka K panee CO30AHHbIM
CKBO3HBIM KOMNbIOMEPHLIM NPOSPAMMAM — YAPOWEHHO20 pacyéma HA NPOYHOCMb  CIMAMUYECKU
onpeoentuMvIX 08YXONOPHBIX U KOHCOIbHLIX 08YMaspogvix 6Oanok. Lleavio Oannou paspabomxu
A6751ECA RPUOAHUE YKAZAHHBIM NPOSPAMMAM OONOIHUMENbHBIX QVHKYUL Onpedeenus TUHEHbIX U
Yenoewvix nepemewenuil 8 banxkax no memody Mopa. C amoil yenvio ycmanosienvl aHalumuiecKue
3asucumocmu OJisl OnpedeneHusl 8elUdUN U3UDAIOWUX MOMEHMO8 8 CeueHUsX OaloK om Oelicmeus
COUHUYHBIX CUNOBLIX (PAKMOPOE — CUNbL U MOMEHMA, NPULONCEHHBIX 6 NPOUZBOTLHBIX THOUKAX IMUX
banox. Ha ocunose osmux 3sasucumocmeti Ovll €030aH OONOIHUMENbHLIL pPACHEMHBIL OI0K NO
onpedenenuio nepemewjenutl, VOIUHUSWIUL CYUWECMEYIowue nPoOSPAMMbL  pPacuémos 0OaloKk Ha
npounocms.  Yonunéunvie npozspammuvl Guiuucasiiom unmezparvt Mopa, mem camvim  onpeoensis
UCKOMbIE NepemMenjeruss U CMposi 2pauru ux usMeHeHus no OnuHe 6anox. Imu npozpammvl NPOULTU
yenewinyio anpobayuio 8 cepuu pacuémos OaNoK PAasUYHbIX MUN0s, NPOOEMOHCIPUPOBAS CE0I0
pabomocnocobrocms u 3phexmusnocmo. BreOpenue YOIUHEHHLIX NPOSPAMM 8 Y4eOHbll npoyecc
NPedoCmagum CmyoeHmam Ho8ble G03MONCHOCIU 8 (QOPMUPOBAHUU Y HUX HPOPDECCUOHATLHBIX
HABBIKOG. YKazanHble npocpammvl KAk O00CMAMOYHO NPOCMoe pacuémuoe cpeocmso 6yoym
RONE3HBIMU U OJISL CREYUATUCTNO8 — NPAKMUKOS NPU PeUleHUU UMU PEAIbHbIX MEeXHUYECKUX 3a0ay.

KarwueBrble ciioBa: dgymagposvie 6aiKu, NPOUHOCHb, NepemMewetus, YNPoueHuvle pacuémol,
Mathcad, xomnvromepuvie npoepammoi
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