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23969 53BH0MMH0  oB300m30L P 39dBHmMo  ogdsgrme Px s Py
300969 gds X s Y 0gMdgdol dodston (Bsb. 1).
P,=P-cosa; P,=P-sina (1)

A @5 Lbogdhogbgddo s0d@wemo  Ggodaool  dogrgdol (R, R, R,)
3603369mdgdo  2obolsbmgtmgds  HmBILHMOMdOL 256 EHMEgdGB0b.

903009d0:

R=5P =5P sinc. )
R, =P[10cosal +sina(h+h,+h +h +h)]|/(4]) 3)
R =5P-cosax—R, 4)

©9MHMGO30 500d36MdS dogngdo FbMmEM MHd030 F0ToMHNENGIO.

039M3sL o943l Bodbgbs LogMgbo mdMsgo LoblMoo s Jotxzgbs
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©gOMgdOL Momgbmds, m s®OL Qotg LoyMmgbgddo sdtwmwo Mgodaool
dongdoli Momgbmds. S=16. K=8. dqLodsdolo n=16-16=0 o> 993>
LEAOGOZNMOE M3393500.
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Building and Construction

Developing the Method of Structural Design of the Bar Systems using
the Mathcad Software

Omar Kikvidze

Malkhaz Dograshvili
malkhaz.dograshvili@atsu.edu.ge
Akaki Tsereeli State University
Kutaisi, Georgia

The article considers the numerical method of structural design of the bar systems.
Based on the equilibrium conditions of nodes, a system of equations for sixteen
unknowns was obtained. The system is written in dimensionless quantities, which can
be solved numerically by the Gaussian method in the Mathcad system. The magnitude of
the maximum force arising in the bars is determined and compared with the analytical

solution. The advantages of numerical solution over the analytical method are shown.

Keywords: building structures; bars systems; computational model; matrix; Mathcad

package; numerical calculation.

To ensure the strength, rigidity and durability of the bar structures, the
selection of the bar sections is made using the design model developed. Until the
17th century, almost nothing was known to mankind about any well-founded
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methods of calculation. Hooke's law allowed us to present the behavior of the
structure and perform further calculations. Through their analysis, it was possible
to obtain the basic differential relationships between internal forces and the
intensity of external forces, to connect internal force factors and displacements
(linear and angular), to find the moments of intersection inertia, to calculate
stresses and strains.

The practical needs of the spatial structures and buildings in the fast-paced
mechanical engineering, shipbuilding, building sector and aircraft construction
have led to the improvement and development of methods strength and durability
calculation.

From a methodological point of view, it was important to distinguish between
statically determinate and statically indeterminate systems and to develop the
methods of calculation. These are: the force method, displacement method, mixed
method, development of numerical methods, finite element method. The failure
of individual elements in a statically indeterminate system from a structural
point of view does not lead to the failure of the structure. (Snitko 1972: 136) If
it is possible to ensure the strength and rigidity of the structure with a statically
determinate and kinematically unchanged bar system, the choice should be fallen
on it. Such structures are lighter and more technological in terms of installation
work. In the statically rigid load-bearing structures, no additional stresses are
generated associated with the settling of supports.

In trusses, the bars are joined at the nodes either by riveting or by welding.
As the calculations show, under the action of forces arising in the nodes on metal
trusses at the rigid junction are slightly different from forces arising in the bars
at the articulated connection in the nodes. Therefore, in the calculation, we
consider the truss, all the elements of which are hingedly connected in the nodes
(Valishvili 2008: 323; Aleksandrov 1983: 264).

Let us decompose the vector P of the external active load into the P_and Py

Let us decompose the vector P of the external active load into the Px and Py
components with respect to the X and Y axes (Fig. 1).
P,=P-cosa; P,=P-sina (D)

The values of the reaction forces (R, R,,R,) induced in supports A and L

are determined from the equilibrium equations. We shall obtain:
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R=5P =5P-sincx. )
R, =P[10cosa !, +sina(h+h,+h,+h +h)]/(41) 3)
R =5P-cosa—R, 4)

Let us determine the degree of redundancy of the bar system. With the
formula n=S-2K, where S is the number of bars including supports.
S=8,+m, S| is the number of bars in the truss, m is the number of the
reaction forces induced in the external supports. S = 16. K = 8. Respectively
n=16-16=0, and the truss is statically determinate.

Let us use the method of joint isolation to determine the internal forces in
the bars.

The equilibrium equations that contain unknowns x,,x,,X;---Xx,imply
account external forces are shown in Figures 5, 6, 7, and 8 and systems.

The system of equations can be represented in a vector-matrix form:

AX =B,
where

X, a,dyy 4y, Yip
X, QyQyy t 0y, Yap

X = - A = B = (9)
Xy anlanZ T ann ynp

The solution of the system of equations can be presented as follows:
X=A4A"B

Let us write the equations for the forces arising in the nodes and
determining the reaction forces of supports using the introduced designations:

The system of linear equations describes the statics of the eight-node truss to
determine the normal forces induced in the bars. Solving the system of
equations is quite time consuming and convenient to use the numerical method.

Analytical solution of the system of linear equations with sixteen unknowns
is quite time consuming. For each change in the geometry of truss, it is
necessary to solve the system of equations and design the section.

The system of linear algebraic equations can be efficiently solved by the
Gaussian method. The more standard programs for solving the system of linear
equations, the more built-in functions are in all systems compatible with
personal computers. We have chosen the Mathcad system.

As is well known, the system of linear equations has only one solution if the

matrix A is non-singular that is, its determinant is not equal to zero.

142



03040 BIMANNINL LULITRIBNBM IJBN3IGLOSISOL AOIBI, 2022, Nel(19)

The matrix A is a square matrix (16X16). Solving the system of linear
equations with a square matrix is not mathematically difficult if it is not very
large. The matrix equations are solved using the Mathcad package with a built-

in function ISOLVE (A, B) (Kirianov 2006: 217).

Numerical calculation was performed for the following data of truss

geometry:
h=2500mm ho=1841mm lo=1755mm
AL=410 LF = 2665 mm AC=2921 mm

a = azeig|(h—hy) | AL
y=azesin| [,/|LF| | B=azesin] [,/4C| |

The matrices A and B also need to be included. Table 1. presents the results

of the numerical calculation for unknowns X1, X2, Xs..... X16. The maximum

difference between the numerical and the analytical solutions is below 3%.

According to the results of numerical calculation: | X jmax|= | X,

=2,038

By analytical solution of the system of equations (11), the dimensionless

value |X : |of the maximum force was obtained was equal to 1.98.

7 max
The program developed in the Mathcad system significantly reduces the
computational volume and allows us to perform numerical experiments in an

automated mode.

143



