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ABOUT COMPUTER PROGRAMS FOR SIMPLIFIED METHODOLOGY OF COMPLEX
ASSESSMENT OF STRENGTH OF TWO-BEAM BEAMS

Abstract. Computer programs for calculation the strength of statically determinable double-
support and cantilevered I-beams are based on the previously proposed concept of using safe factor
spaces of I-beams and significantly simplify and speed up the calculation process. The programs are
created in the Mathcad system and illustrated by a numerous of examples. Programs use unified beam
schemes, which geometric and power parameters are set by the user. All further calculation is
performed by computer in automatic mode. The computer determines the beam support reactions,
builds its specific calculation scheme, depicts the diagrams of the shear forces and bending moments,
determines the minimum of I-beam size that satisfies the strength conditions for normal, tangential
and equivalent stresses. The completed software developments can be recommended to the students
and engineers to use for educational purposes and engineering practice. It is recommended to add
more functionality to the programs - to determine the deformations of beams - deflections and angles
of rotation of sections, which will significantly expand the range of the considered tasks.

Keywords: I-beam, strength calculations, simplified methodology, end-to-end computer
programs, calculation examples.

Introduction and statement of the problem. In the era of rapid technology growth, it becomes
necessary high education institutions training of specialists with the solid basis of theoretical
knowledge and practical skills to create more sophisticated new technology models. Important role
plays improvement of the basic disciplines of engineering training aiming to add new knowledge that
expands existing theoretical ideas.

One of the significant topic in the strengths of materials course that underpin engineering
calculations is the question about the durability of the uni-planar bending structural elements of the
bar-shaped structural elements (called beams) in the engineering, construction, and other industries
operated in flat bending conditions.

Beams could be in various forms of cross sections, but the most widespread among them are
beams of an I-bar profile (Fig. 1), because they combine economic advantages along with easy
installation and operation.
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Fig. 1. I-beam (GOST 8239-89)

It is generally accepted [1-5, etc.] that in order to ensure reliable operation, beams must comply
with the conditions of its strength at normal (1), tangent (2) and equivalent (3) stresses (normal,
shearing and equivalent stress):
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where [c] and [t] are the permissible normal and tangent stresses respectively.

In traditional ("manual™) calculations, full beam strength testing under conditions (1)-(3) is
rather complicated and inefficient because it involves performing a number of graphical constructs and
calculations that require appropriate skills and considerable time [6, 7]. As for the large amount of
computer-aided computing tools available on the Internet (Abaqus FEA, ANSYS, COSMOSWorks,
etc.), which are usually too expensive and complex enough to use, that makes those tools are
practically unavailable for the most customers.

In the previously published papers [8, 9] on the basis of thorough theoretical studies, was
proposed a simplified (graphical) technique for complex evaluation of the strength of I-beams, based
on the so-called safe factor spaces of I-beams (fig. 2).
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Fig. 2. Plot of the I-beam safe factor space.

Parameters of this space are B, v, [M], [Q] that depend on the size (number) of the I-bar, its
material and the accepted strength theory [8, 9].

Full strength of the beam in the new technique is ensured if all points with the coordinates Q
(shear force) and M (bending moment) in the cross sections of the beam are located within the
specified factor space. Thus, to provide the full strength test of a particular beam by this method, it is
sufficient to have the created diagrams of Q and M and to draw its safe factor space.

This method is used in two modes: dialog and automatic.

In dialog mode, the calculator builds diagrams of Q and M "manually" or using the appropriate
computer programs, if any. Then the calculator enters the data from the Q and M diagrams in the cross
sections of the beam into the computer and runs special program to determine the I-beam number that
satisfies the conditions of strength (1)-(3).

At the automatic mode, the calculator only enters the input data on the dimensions and loads of
the beam, and all the necessary calculations and drawings are performed by computer program.

The aim of the work. The purpose of this work is to create end-to-end computer programs to
fully calculate the statically determined two support and cantilever beam by statically determined two
support and cantilever beam using a simplified (graphical) technique.

Results of the work. Both of these programs are created on the Mathcad platform. They are
significantly different from each other only at the input stage.

To set the output data of the two-beam beams, they are offered a unified scheme, shown in
Figure 3. On this basis, any specific dimensions and loads can be reproduced.

There are two variants of the cantilever beam unified circuits: one for rigid attachment on the
right (Fig. 4) and the other for support on the left (Fig. 5).

Positive directions of loads and reactions are supported by plus signs for all unified schemas.

Each type of load can be repeated several times (i = 1, 2, ...). In the working versions of the
programs used in the examples below, i =1, 2.

© Yu.S. Kholodnyak, Ph.D., A.A. Kostikov, Ph.D., S.V. Podlesny, Ph.D., S.V. Kaporovych, Ph.D.



"[IEPCIIEKTUBHI TEXHOJIOI'II TA ITPUJIAJU" Jlyywx, 2019. Bunyck Nel5 101
VA {2
{1 |
Ri® >,
l gi ® 14 peo pie
0
7;;7' 777777-& £
- bi ~
Ci
di
L
Fig. 3. Unified two support beam plot.
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Fig. 4. Unified cantilever beam plot with right attachment.
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Fig. 5. Unified cantilever beam plot with left attachment.

Both programs determine the support reactions, build the shear force and bending moment
diagrams, depict safe factor spaces with the points plotted on them, choose the correct numbers of I-
beam sizes, provide evidence that the detected I-number is the smallest one that satisfies all strength
conditions.

Program algorithms are based on formulas to calculate the support reactions, the dependences of
Q and M values on the coordinate z, the parameters of safe factor spaces for all numbers of I-thaws
according to GOST 8239-89 (table 1). These parameters was calculated by using the formulas in [8, 9]
for the most common double-Taurus material - steel Art. 3 and the third strength theory, which is more
reliable than the fourth because it provides smaller dimensions of safe factor spaces.

Table 1
I-beam safe factor space parameters (steel Art.3, [¢] = 160 MPaq, third strength theory)

I-beam sizes B, kN-m y, KN [M], kN'm [Q], kN
10 7.402 37.758 6.352 30.991
12 10.626 49.714 9.344 39.881
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14 14.643 60.227 13.072 47.911
16 19.346 70.878 17.440 56.051
18 25.201 81.860 22.880 64.658
18a 28.005 80.166 25.440 64.971
20 32.140 93.137 29.440 73.600
20a 35.536 91.513 32.480 74.077
22 40.276 106.648 37.120 84.091
22a 44.154 104.441 40.640 84.285
24 50.100 120.338 46.240 95.097
24a 55.172 118.225 50.720 95.640
27 64.026 147.557 59.360 114.515
27a 70.513 144.836 65.110 115.284
30 81.030 180.046 75.520 137.373
30a 89.361 176.713 82.880 138.548
33 102.367 215.074 95.520 162.549
36 127.657 252.820 118.880 189.787
40 163.097 316.526 152.480 232.241
45 210.216 392.515 196.960 281.236
50 270.712 494.005 254.240 345.828
55 346.380 605.383 325.600 416.990
60 435.470 727.747 409.600 494.526

We will illustrate the created programms with the following examples.
Example 1. For a given fixed beam (Fig. 6), determine the I-beam size, sufficient to ensure its
full strength.

P=55 kN
i M=45 kN-m
q=50 kN/m —>
g Y VYV VVYVYY »
< 77777
2m 0.8m 0.6 m

Fig. 6. The beam plot to example 1
Solution

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 ¢

P = KN d=| |m M=| IEN-m c=il im
\ 0 Y, -\0}: ‘.\‘ 0 ) L 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)
{ |— a=| Im b=| Im
L0 /m \0/ 0/

3. Determination of the support reaction forces of the beam:

q= L=34m 1, =0m 1, =34m
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4. Plot of the shear force diagram:
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5. Plot of the bending moment diagram:

-beam size:

6. Determination of the |

nomdv = "27a"

|-beam size

80

£(qx;.al.b1,m1,q1 )]

hg-k

R

a5, |qmm|

7. Comparision with the previous I-beam size:
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|-beam size nomdvpr = 27
30 T T

f(qrp;p.a2.b2,m2,q2)60
ot o 10
[Nz

0 50 100 150
9%pjp.q2. |qmm;]

Example 2. For the beam shown in Fig. 7, determine the required I-beam size to ensure its full
strength

M=12kN-m
q=10kN/m

—

P=I8 kN
2m

2m

—

Fig. 7. The beam plot to the example 2
Solution
1. Input of concentrated forces, moments of couples and its positions:

Enter the concentrated forces P, its positions d, moments of couple M and its position ¢

18) 2\ l/l?.\ ) (o
P=| [N d=| |m M=| [Nm c=| im
\0/ \0/ \0/ A )

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

Enter the distributed loads q, its positions a, its lengths b, the beam length L the attachment

position 1z
(-10\ kN ’o) (2
q:=!' \,L—\ a:=2' m b:=fI |m L:=4m Iz=L
\0 /m \0/ \0/ 53
3. Plot of the shear force diagram:
0
B
= L
@ . A
21— N
0 -125
----- oy [
e i
2 0 05 1 15 2 25 3 35 4

4. Plot of the bending moment diagram:
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5. Ddetermination of the I-beam size:
|-beam size nomdv = 14
13 T T T

f(qx;.al, bl ml ,qn)w

hg-k
I ; -
ot r: ] ] :
0 20 40 60 80
q%; .ql, |qmmi|
6. Comparision with the previous I-beam size:
|-beam size nomdvpr = 12

15 T T T T

| gpjp.a2.b2.m2.2)

hg-kp
Mz 5

pjp.q2. |qmm;]

Example 3. The beam plot for calculation is shown in Fig.8. Determine I-beam size to ensure
its full strength.

M=12kNm

il P=18 kN
9
AAAAAAAAR
q=10kN/m =
2m 2m

Fig. 8. The beam plot to example 3
Solution

© Yu.S. Kholodnyak, Ph.D., A.A. Kostikov, Ph.D., S.V. Podlesny, Ph.D., S.V. Kaporovych, Ph.D.



106 "[IEPCIIEKTHBHI TEXHOJIOI'II TA IIPHJIAJII" Jlyyok, 2019. Bunyck Nel5

1. Input of concentrated forces, moments of couples and its positions:

Enter the concentrated forces P, its positions d, moments of couple M and its position ¢

v’—lS) l"-q (12 (2
P= EN d=| |Im M=| EN-m c=|_ jm
.0 \0/ Lo ko.}

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

Enter the distributed loads q, its positions a, its lengths b, the beam length L the attachment
position 1z

4 e e
10\ N (0 (2
q:=£ | a=| Wm b= |m L = 4m Zz=0
\0 } m \0) \0 2
3. Determination of support reaction force and moment:
rows{q) _ _ rows(F) o 3
Ra= > (gb)+ D (P Ry =2x10°N
i=1 i=1
rows{q) i by rows(P) rows( ) .
1 1 ) 3 o 5 2
My= q_i.bi._lkai =y 3oEa)- > (M) My =—64x10]
i=1 i=1 i=1
4. Plot of the shear force diagram:
20
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6. Ddetermination of the I-beam size:
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|-beam size nomdv = "27a"
80 T T

f(gx;.al.bl _.ml,ql}éo;

ok 40
| Mz |
20

6. Comparision with the previous I-beam size:
|-beamsize nomdvpr = 27
80 T T

£(qrpyp.a2.62,m2, 200 g

hqkp ok \ i
‘ 201 1

| | :
00 50 100 150
5Pjp-2. | qmm;|

Conclusions. Computer programs are created in Mathcad and illustrated with a number of
examples to calculate the strength of statically defined two-point and cantilever beams. These
programs are based on the previously proposed concept of using secure quotient spaces of double-
Taurus, which significantly simplifies and speeds up the computation process.

The completed developments can be recommended to the students and engineers to use for
educational purposes and engineering practice.

The algorithm to define deformations of beams - bends and angles of cross section, which will
allow to expand significantly the range of solved problems is also should be added to the created
programs.
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Xoaoausik 10.C., KocrtikoB O.A., Iloanecunii C.B., Kanoposuu C.B.
JonbacpKa nep:kaBHa MAIIMHOOY TiBHA aKaJeMist
PO KOMIT’FOTEPHI ITPOI'PAMM 1O CITPOIIEHOI METOIUKHA
KOMILIEKCHOI OIIIHKH MIITHOCTI JIBOTABPOBHUX BAJIOK

Cmeopeno 6 cucmemi Mathcad i npointocmposano psoom npukiadie HACKpizHi KOMN 1omepHi
npozpamu  PO3PAxXyHKI6 HA MIYHICMb CMAMUYHO BU3HAYYBAHUX OBOXONOPHUX I KOHCONbHUX
080mMasposuUx 6ANOK, AKI OA3YIOMbCA HA paniue 3anpoNOHOBAHIl KOHYENYii GUKOPUCTNAHHS Oe3neuHUX
(axkmopHux npocmopie 060mMaspie i Cymmeso CHpPOWYIOmMb i NPUCKOPIOIOMb Apoyec O0OYUCTEHb.
Ilpoepamu suxopucmosyroms yHiQikogani cxemu OQIOK, eeoMempudni Ui CUNO8I NAPAMempu SAKUX
3a0ae Kopucmysau. Ygeco nodanvuull po3paxyHoK UKOHYEMbCA KOMN IOMEPOM 8 ABMOMAMULHOMY
peoxcumi. Komn’'romep eusnauae onopui peaxyii 6anxu, 06y0ye ii KOHKpemH) DO3PAXYHKOBY CXeMy,
MAKONC entopu NONEPEeYHUX CUT | 32UHATbHUX MOMEHMIB, 8U3HAYAE MIHIMATbHULL HOMEp 08omaspa,
AKUL 30d0080IbHAE YMOBU MIYHOCHIE 34 HOPMATbHUMY, OOMUYHUMU | eKBI8AIEHMHUMU HANDYHCEHHAMU.
YV nooanvuiomy naamyemvcs cmeopenms amanocivHux npozpam 0as Oanox iz weenepis. Buxonawi
PO3POOKU MOXNCYMb Oymu PeKOMEHOO8AHT CIYOeHMAM Md SUPOOHUYUM Paxieysim 0151 GUKOPUCTIAHHS
6 HauUANbHUX yinax U IiHowceHepriu npaxmuyi. CmeopeHi npozspamu OOYIIbHO OONOBHUMU
MONCIUBOCHAMU  GUBHAYEHHSL Oeopmayiil OANIOK — NPOSUHié i Kymie No8opomy nepepisie, wo
003601UMb CYMMEBGO POUUPUMU KOO PO38 A3VEAHUX 3A0aY.

KuarouoBi ciioBa: 06omasposi 6anku, po3paxyHku Ha MiyHicms, CNpouieHa Memoouxda,
HACKPI3HI KOMA HTOMepPHI Npo2pamu, NPUKiIaou po3paxyHKie.

Xoaoausik 10.C., Koctuxkon A.A., Iloanecusiii C.B., Kanoposuu C.B.
JlonbOacckas rocy1apCTBEHHAs! MAIIMHOCTPOUTENbHAS aKaIeMHUS
PASBPABOTKA KOMITBIOTEPHBIX ITPOI'PAMM JJISI YITPOILIEHHOM
METOJMUKH PACUETA HA ITIPOYHOCTD JIBYTABPOBBIX BAJIOK

Co3z0anvt 6 cucmeme Mathcad u npounirocmpupoganvl psoomM HPUMEPOS CKBO3HbBIE
KOMNbIOMEPHbIE NPOZPAMMbL PACUEMO8 HA NPOUHOCHb CHAMUYECKU ONPeOenuMblX O8YXONOPHLIX U
KOHCOTLHBIX 08YMABPOBLIX 0ANOK, KOmopvle O0A3upyiomcs HA pauee HPeoNoNCeHHOU KOHYenyuu
UCNONL306aHUSL OE30NACHBIX (DAKMOPHBIX NPOCMPAHCME 08YMABPOS8 U CYUWECMBEHHO YNPOWAom u
yekopsitom  npoyecc  gvluucienuil. ITIpoepammvl  ucnoawb3yiom YHUpuUyuUposaunvie cxemvl OAIOK,
2eomempudecKue U CUI08ble Napamempvl KOMopuix 3a0aem noavzosameis. Beco danvuetiuuii pacuém
BbINOIHAEHICA KOMNLIOMEPOM 8 agmomamuyeckom pescume. Komnviomep onpedensem onopHuvle
peakyuu 6anKu, cmpoum e€ KOHKPEemHYI0 PACYEMHYIO CXeMy, U300padicaem smiopsl RONEePEeHbIX CUL U
U32UOAIOWUX  MOMEHMOS8, VYCMAHABIUGAEN MUHUMATbHLIL HOMep O08YMAspd, YOOBIemEOPIouull
yenosus NPOYHOCU NO HOPMATbHBIM, KACAMETbHLIM U IKEUBANCHIMHLIM — HANPAANCEHUSM.
Buinonnennvie paspabomxu mozym Ovimb peKOMEHO0B8AHbL CMYOEHMAM U NPOU3BOOCTHEEHHBIM
cneyuamucmam 01 UCNONb308AHUS 6 YUeOHbIX yelsdx u uuoceHepHou npaxmuxe. Coz0anHble
nPOSPAMMBL  YeecoobpasHo OONOTHUMb GO3MONCHOCHAMU ONpedeieHus: oeopmayuii OALOK —
npo2ubo8 u Y208 NnosoOpomd CeYeHull, 4mo NO360IUN CYUWECHEEHHO DACWUPUMD KDYe Peuldemblx
3aoau.

KarwueBble cioBa: osymagposvie OAiKu, pacuémuvl HA NPOUHOCHb, YNPOWEHHASE MEMOOUKdA,
CKBO3HBIE KOMNbIOMEPHblE NPO2PAMMYL, NPUMeEPbL PACHEMO8.
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