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Trusses are commonly used structure in industrial buildings, warehouses, bridges, transmission tower 
etc. The analysis of the truss structure design is necessary in order to ensure stable and economical sys-
tem. This paper presents application for computing planar truss structures that was programmed in en-
vironment of MATLAB App Designer using finite element method (FEM). App Designer is program-
ming environment used for creating computing applications with graphical user interface (GUI). The 
created application for trusses allows users to create geometrical model of the truss structure and input 
material data, perform static analysis, modal analysis and to optimize truss structure in order to minimize 
its weight. To ensure accuracy of results, test calculations was performed using commercial software and 
compared with results from the created application.  
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 Introduction 

MATLAB is a programming environment, with its 
own programming language specializing in scientific 
and numerical computing. It also offers tools for FEM 
calculations like Partial Differential Equation Toolbox 
that provides features for solving static analysis [1], 
heat transfer, and general partial differential equations 
using FEM (MathWorks, 2019c). There are several 
books that deal with creating codes for FEM analysis 
in MATLAB, e.g. books: [2 – 5]. Application for com-
puting planar truss structures was programmed in envi-
ronment of App Designer that is part of MATLAB. 
The application is divided into 4 tabs: Geometry 
model, Static analysis, Modal analysis and Optimiza-
tion. The first Geometry model contains elements of 
GUI for creating model of truss system and entering 
input data. The tab Static analysis allows running the 
FEM analysis and then displaying the results of displace-
ments, stresses, and so on. The Modal Analysis tab is 
used to calculate eigenvalues and modal shapes, and 
the tab Optimization allows the optimization of the 
cross-sections and shape of truss system in order to 
reduce weight. 

 Methods 

Truss structures constitute a special class of struc-
tures, in which individual members are straight bars 
connected at joints that permit rotation. It is designed 
to take only axial forces, therefore it deforms only in 
its axial direction. The cross-section of the bar can be 
arbitrary, but the dimensions of the cross-section 

should be much smaller than that in the axial direction. 
Finite element equations for truss elements are de-
scribed in [4]. The equation (1) is solved, where K is 
global stiffness matrix. Stiffness matrix for truss ele-
ment for truss element ke equals (2). 
 𝑲𝑼 𝑭  𝑵   (1) 
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Where U is vector of displacements, F vector of 
forces, Ae is area of element cross section, le is its 
length and E is Young’s modulus.  

The vibration analysis is an important stage in the 
design of mechanical systems and buildings subject to 
dynamic loads. Modal analysis [6] is used to study the 
inherent vibration characteristics of a structure includ-
ing natural frequencies and normal modes (shapes). In 
modal analysis equation (3) is solved [7].  
 𝑴𝑼 𝑲𝑼 𝟎 𝑵   (3) 

Where M is mass matrix. There are several meth-
ods for mass matrix composition, they are described 
in [8]. Direct Mass Lumping method was used in our 
application. In this method total mass of element is 
directly apportioned to nodal freedoms, ignoring any 
cross coupling. A key motivation for direct lumping is 
that a diagonal mass matrix may offer computational 
and storage advantages. For truss element mass matrix 
MeL is expressed in equation: 
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Where ρ is density. 
For optimization of truss system was used a func-

tion from the MATLAB optimization toolbox fmin-
con. This function looks for a minimum of bounded 
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nonlinear multivariate problem and it is described in 
MATLAB documentation [9]. Fully Stress Design al-
gorithm was used to optimize truss cross-sections. It 
is described in [10]. 

 Application for computing truss structu-
res programmed in MATLAB 

In the Fig. 1 is GUI of the tab geometrical model. 
To create nodes, it is necessary to enter the number of 
the node and its X and Y coordinates in the respective 
editable boxes and then click on the add button (fields 
marked with number 1 in the Fig. 1). There are also 
buttons for editing and deleting nodes. The specified 
nodes and their coordinates are listed above these but-
tons. To create truss element it is required to enter 
number of the truss, numbers of its nodes and the area 
of its cross section (fields 2). When adding force, the 

force number, the number of the node, where the 
force acts and the size of the force components along 
x and y axis are needed (fields 3). To remove degree 
of freedom (DOF) it is possible to create fixity by en-
tering its number, number of the node in which is 
DOF removed and choose whether the motion is free 
or fixed in direction of x and y axes (fields 4).In the 
bottom of GUI is line with information for user 
(marked 5), e.g. error warnings.  In the graphical rep-
resentation of the truss system, it is possible to select 
whether nodes, node numbers, trusses and their num-
bers, forces (shown by a black arrow), numerical val-
ues of forces, constraints and the angle of inclination 
of constraint are shown by selecting the checkboxes. 
Material data are entered in fields 7. It is possible to 
select units (checkboxes 6) and save, load and clear 
model with buttons labelled 8.  

 

Fig. 1 GUI for creating model of truss structure 
 
The 2nd tab Static analysis is in the Fig. 2. The 

calculation of the static analysis can be started by clic-
king on the button Calculate, which is marked 1 in the 
figure.  Nodal displacement, truss force, stress and 
strain and reaction in fixity are calculated. Numerical 
results displayed in the window marked 6 can be se-
lected by clicking on the relevant option in the se-
lection field List results (marked 2). Graphical repre-
sentation of results selected in the selection field Plot 

results (marked 3) is shown in window 7. When dis-
playing displacement of nodes, scale can be set by 
slider marked 4. The truss system without deforma-
tion is drawn by a green line, deformed by a dashed 
blue line.  Similar to the tab Geometry model, by clic-
king on the respective check boxes (marked 8 in Fig. 
2) it is possible to select whether to display nodes, 
truss, their numbers, constraints, etc. 
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Fig. 2 GUI of the tab for static analysis of the programmed application 
 
In Fig. 3 is a graphical representation of reaction 

forces (magenta arrows) and truss forces. The tension 
is shown by blue arrows, the compression by red ones. 

Stress and strain are shown in the same way as the 
truss forces. 

 

Fig. 3 Graphical representation of reaction forces and truss forces 
  
The user interface of the tab Modal analysis is 

shown in the Fig. 4. As with the static analysis, the cal-
culation is started by clicking on the button Calculate 

(marked 1). After the calculation, the natural frequen-
cies [Hz] are listed in window 2. In window 3 there is 
a graphical representation of the truss structure and its 
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modal shapes. The number of the modal shape that is 
display is entered in the box Mode labelled 5. Slider 
bar (marked 4) is used to change the scale of deflec-
tion. Pressing the button 6 starts the system oscillation 

animation. Similar to the Geometry model tab, by 
clicking on the respective check boxes (marked 7), it 
can be selected what is displayed and at the bottom 
there is a row with user information. 

 

Fig. 4 GUI for modal analysis 
 
In the Fig. 4 there is the user interface of the tab 

for optimization in order to reduce weight of the truss 
system. The application allows to choose whether only 
the cross-section of trusses will be optimized (option 
Cross sections in the selection field marked 1 in Fig. 
4) or also the geometry of the truss system (option 
Cross sections and geometry). It is also possible to set 
groups of trusses with the same cross-section (in table 
marked 2), nodes of the truss system whose position 
will be optimized and maximum change of coordi-
nates of these nodes (fields labelled 3). Clicking on the 
button Calculate (marked 4) starts the calculation. Af-
ter calculation is completed, the resulting coordinates 
of nodes are listed in window 5) and the resulting truss 
cross-sections in window 6. Original and optimized 

weight is displayed in fields 7. It is also possible to dis-
play the results of the static analysis of the optimized 
truss system by selecting the quantity from the selec-
tion fields List Results, which are marked 8 in the Fig. 
5. The original and optimized truss system can be plot-
ted in the window for graphical representation of the 
results. The original system is shown in green, the 
graphical elements of this system that we want to dis-
play are selected from the check boxes in column 
marked 9. The optimized system is drawn in red and 
the check boxes are grouped in column marked 10. 
For the optimized system, displacement can be dis-
played by ticking check box labelled 11, the scale of 
these displacements can be changed using the slider 
bar above this checkbox. This tab also contains a row 
with information for the user. 
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Fig. 5 GUI for optimization of truss structure

 Testing of the application and results 

The accuracy of the results was verified by calcula-
tion of several test problems and comparison with re-
sults from commercial software ANSYS. The truss 
system, which geometry is shown in the Fig. 6 is ex-
ample of tested structures that was solved. In node 1 
there is the rotational constraint in nodes 2 and 3 there 
are a rotational-sliding constraints, with a free dis-
placement in the x-axis direction. Force F1 equal to 
5000 N is applied in node 3 and force F2 equal to 8000 
N is applied in node 4. The allowable stress is 150 
MPa. The cross-sections of all bars have an area of 100 
mm2, Young's modulus is 2.1x105 MPa, density is 7850 
kg.m-3. Then shape and cross-section of the truss sys-
tem was optimized. Cross section was uniform for all 
trusses. The boundaries within which the coordinates 
of each node can change was set: node 1 was set as 
fixed, nodes 2 and 4 could change in both directions 
within max ± 200 mm and a node 3 could change 
within ± 400 mm. 

Firstly, the static analysis was performed. The re-
sults from ANSYS matched the results from our 

MATLAB application and they were same as mathe-
matically exact solution. The results are listed in Tab. 
1 

 

Fig. 6 Truss structure used for verification of results  

 
The results of the modal analysis also coincided, 

but it was necessary to set the same method of mass 
matrix formation. The natural frequencies and modal 
shapes are shown in the Fig. 7..
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Tab. 1 Results of the static analysis 

Truss Truss force [N] Deformation 10-4 [-]  Stress [MPa] 
Reaction force in 

constrains [N] 

1-2 5514.72 2.63  55.1472 R1x = -5000 

1-4 -727.92 -0.35 -7.2792 R1y =514.72 

2-4 -6970.56 -3.32 -69.7056 R2y =6970.56 

2-3 5514.72 2.63 55.1472 R3y =514.72 

3-4 -727.92 -0.35 -7.2792 –  

 

Fig. 7 Results of static analysis  
 

The results of the optimization are shown in the 
Tab. 2. For optimization using ANSYS the screening 
method was used to generate a set of samples and sort 
them based on target parameters (in this case, weight) 
and constraints (maximum allowable stress). It is a 
non-iterative approach that is available for all types of 
input parameters [11]. This method is usually used for 

preliminary design. Then the Nonlinear Programming 
by Quadratic Lagrangian method was used for better 
optimization results [12]. The optimized weight ob-
tained in ANSYS was slightly higher (0.18 kg) than 
from our application. The difference is caused by dif-
ferent optimizing methods.

Tab. 2 Comparison of optimization results  

Ansys 

Node 1 2 3 4 Weight 3.76 kg 

Coordinate X 0 mm 1813 mm 3602.4 mm 1876.1 mm Maximal stress  -1.48 MPa 

Coordinate Y 0 mm -29.16 mm -48.41 mm 2490.6 mm Cross Section 63.62 mm2 

Application created in MATLAB 

Node 1 2 3 4 Weight 3.58 kg 

Coordinate X 0 mm 2004.14 mm 3600.18mm 1971.92 mm Maximal stress -1.50 MPa 

Coordinate Y 0 mm -49.33mm -30.64 mm 2216.95 mm Cross Section 39.3 mm2 

 Conclusions  

Using the FEM, one can usually expect only an ap-
proximated solution. However, we obtained the exact 
solution for truss structure. This is because the exact 
solution of the deformation for the truss is a first order 
polynomial. The shape functions used in this FEM 
analysis are also first order polynomials that are con-
structed using complete monomials up to the first or-
der. Therefore, the exact solution of the problem is 
included in the set of assumed displacements in FEM 
shape functions. For truss elements that are free of 
body forces, there is no need to use higher order ele-
ments, as the linear element can already give the exact 
solution. However, for truss members subjected to 
body forces arbitrarily distributed in the truss elements 

along its axial direction, higher order elements can be 
used for more accurate analysis. The procedure for de-
veloping such high order one-dimensional elements is 
the same as for the linear elements. The only differ-
ence is the shape functions. For further development 
of this application this type of load could be included. 
It also would be beneficial to expand analysis to enable 
to solve not just planar but also spatial problems.  
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