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ABSTRACT 

An educational computer program called Armadura2D was developed for matrix analysis of plane trusses, which 

is intended for engineering students. The program has a great advantage over commercial software, since it is designed to 

assist step-by-step matrix analysis of plane trusses calculation; this is essential for the lessons of the Structure Analysis 

course, in the civil engineering undergraduate program. This paper provides a conceptual and mathematical model, a 

pseudocode of the computational model developed in FORTRAN, the verification of the accuracy of the computer program 

with a classic problem extracted from a classical book [1] and results are compared with Ansys


simulation software. In 

conclusion, this application is an alternative support that enhances the traditional teaching-learning process inside 

classrooms, and the autonomous learning of civil engineering students of the matrix analysis, particularly for plane trusses. 

 

Keywords: matrix structural analysis, plane trusses, Ansys, ICT in education. 

 

1. INTRODUCTION 

The structural analysis methods are based on 

calculation techniques with matrices; therefore, the matrix 

analysis is essential for applying theorical knowledge and 

numerical analysis in a clear and organized way. For that 

reason, the computer program developed allows students 

to support their own learning process, to improve the 

philosophy knowledge of the structural analysis and to 

reduce the amount of work put into the calculation of 

trusses in two dimensions. [2]–[4] 

The goal of this work is to develop a FORTRAN 

code based on matrix methods. Software obtained will be 

used by civil engineer students who will be able to apply 

the theoretical knowledge and numerical analysis 

techniques to two-dimensional truss study. 

The goal of this work is to develop a FORTRAN 

code based on matrix methods for civil engineer students 

use, applying the theorical knowledge and numerical 

analysis techniques to two-dimensional truss study. [5]-

[8]. 

It is uncommon to find computer programs that 

assist the step-by-step calculation of trusses using the 

matrix method; however, this application is useful, 

coherent and efficient, since it displays the matrices and 

operations executed. Therefore, this developing deserves 

disclosure in the academic community. 

The Structural Mechanics training is complex due 

to the magnitude of the problems, the variables that define 

them, the mathematical theories around the subject and the 

characteristics of the mechanical performance; 

consequently, to manually solve structures is obsolete, 

thus it is important to support the Structural Mechanics 

education with a calculation computer program. [9], [10]. 

This educational application allows student-professor 

interactions, and it is suitable for in-person classes and for 

autonomous learning of the students. 

 

 

2. METHODS 

 

2.1 Conceptual model of the matrix analysis of two- 
      dimensional trusses[1] 

When an engineering problem is established, and 

it is required to start the modeling using mathematical and 

numerical models, it is necessary to define a conceptual 

model that solves fundamental questions about the 

analysis; hence, this step is strategic and vital to orientate 

the modeling process of engineering systems.  

According to this, the questions solved shown 

from Figure-1 to Figure-4 are applied for the case of 

matrix analysis of plane trusses, and they describe, using 

the conceptual method, the problem in a general approach.  

 

2.2 Elemental stiffness matrix for a bar element with a  

      global coordinate system[1] 

Due to the fact that trusses elements can be 

arranged in an arbitrary orientation (elements with an 

arbitrarily oriented local system), it becomes necessary to 

develop an elemental stiffness matrix with a global 

coordinate system (unique coordinate system that governs 

the structure, where commonly, the X axis and Y axis are 

considered horizontal and vertical, respectively). Thereby, 

when expressing this elemental matrix with a unique 

common global system of a truss, each one can be added 

to a process called assembly, in order to easily obtain the 

total stiffness matrix of the truss with a global coordinate 

system. 

A general truss element is shown in Figure-5, in 

which the local principal axisX̅has an angle with the X 

axis of reference system, which is called the global system 

of the structure or general axis system. The bar illustrates 

the forces and displacements related to the local axis 

system or elemental axis, and a macron above the letters of 

the axis differs them from the global system axis. 
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Figure-1. Question 1 for the conceptual model. 

 

 
 

Figure-2. Question 2 for the conceptual model. 

 

 

 

 

 

 

 
 

Figure-3. Question 3 for the conceptual model. 

 

 
 

Figure-4. Question 4 for the conceptual model. 

 

 
 

Figure-5. Bar element arbitrarily oriented with a global 

reference system X-Y[1]. 

 

The elemental stiffness matrix with local 

coordinates and expanded to size 4x4 is expressed as 

shown in equation (1). 

 

4 ¿What are 

the desired 

results?  

Horizontal and vertical 

displacements of released nodes, 

reaction forces on the supports, 

elements that include tension or 

compression. 

 

3) ¿Which are 

the boundary 

conditions? 

1. Pinned supports or roller 

supports 

2. Point loads at the nodes. 

2) ¿What is the 

geometry that will be 

analyzed, the 

materials, and the 

number of degrees of 

freedom of the 

elements? 

The geometry that will be 

analyzed is a steel truss (it can 

be any material), with a two-

dimensional model, and two 

degrees of freedom per node: 

u,v 

1) ¿What is 

the purpose of 

the analysis? 

The goal of the analysis is to find the 

value of horizontal and vertical 

displacements of the fixed nodes, 

reaction forces and internal axial 

forces of the elements subjected to 

static loading and with certain 

support or boundary conditions. 

LINEAR ELASTIC-STATIC 

ANALYSIS OF A TWO-

DIMENSIONAL TRUSS 

SUBJECTED TO NODE LOADING 
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[K̅] = AEL [1 0 −1 00 0 0 0−1 0 1 00 0 0 0]                                            (1) 

 

However, it is necessary to stablish the matrix of 

the equation (1) in global coordinates using a 

transformation matrix, which oversees calculating the 

projections of forces and displacements from the local 

system to the global system. The transformation matrix is 

expressed in terms of sine and cosine of the angle as 

shown in equation (2). 

 [𝑇] = [𝑐 𝑠 0 0−𝑠 𝑐 0 00 0 𝑐 𝑠0 0 −𝑠 𝑐]                                               (2) 

 

Where c = cos(, and s = sin(. 
The elemental stiffness matrix with global 

coordinates can be found through the matrix operations 

shown in equation (3), 

 [K] = [T]T[K][T]                                                             (3) 

 

Substituting the equation (1) and (2) into (3), the 

elemental stiffness matrix with global coordinates is 

obtained as shown in equation (4). 

  uivi uj vj [K] = AEL [c2 cs −c2 −cscs s2 −cs −s2−c2 −cs c2 cs−cs −s2 cs s2 ]                                 (4) 

 

2.3 Internal forces of a plane truss element [1] 

The transformations between the local and global 

systems allow obtaining the internal tension forces 

(positive) or the compression forces (negative) of the 

elements. The matrix operation is shown in equation (5) 

 

Sij = AEL [−1 0 1 0] [c s 0 0−s c 0 00 0 c s0 0 −s c] [uiviujvj ]                     (5) 

 

The computer calculation operates the relative 

displacements of the nodes of the bar as shown in equation 

(6) 

 𝑆𝑖𝑗  =  
𝐴𝐸𝐿  [𝑐 𝑠]𝑖𝑗 [𝑢𝑗 − 𝑢𝑖𝑣𝑗 − 𝑣𝑖]                                        (6) 

 

2.4 Stiffness or displacement method general  

      solution [1] 
From equation (4), an assembly process is 

executed, achieving an overlap of the elemental matrices 

that were expanded to the size of the global matrix of the 

structure, in order to obtain a system of linear equations, in 

which the displacement and force boundary conditions are 

imposed. 

 {𝐹𝑛𝐹𝑎} = [𝐾𝑛𝑛 𝐾𝑛𝑎𝐾𝑎𝑛 𝐾𝑎𝑎] {𝛿𝑛𝛿𝑎}                                               (7) 

 

As shown in equation (7), the primary variables 

are the displacements, or the released degrees of freedom 

n, and the secondary variables are the reaction forces Fa 

on the fixed degrees of freedom. Whenever support 

displacements are zero, a = 0, the displacements and 

reaction forces are obtained as shown in equation (8) and 

(9) 

 [𝛿𝑛] = [𝐾𝑛𝑛]−1[𝐹𝑛]                                               (8) 

 [𝐹𝑎] = [𝐾𝑎𝑛][𝐾𝑛𝑛]−1[𝐹𝑛]                                               (9) 

 

2.5 Pseudocode for the matrix method of plane  

      trusses using FORTRAN 

The algorithm of the calculation developed using 

FORTRAN is shown in Figure-6 as a pseudocode.  

 

 
 

Figure-6. Pseudocode using FORTRAN. 

 

2.6 Computational modeling using Ansys


 
A step-by-step calculation of an example 

proposed by the professor Jairo Uribe Escamilla was 

executed as shown in Figure-7. 

 

 
 

Figure-7. Reference example – Geometry [1]. 
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The elastic modulus E of the elements is 

arbitrary; hence the displacements are divided by the 

magnitude of this parameter. The connections, node 

enumeration and node forces are shown in Figure-8. 

 

 
 

Figure-8. Reference example - Connections [1]. 

 

The Ansys


model is performed with the LINK1 

element that is used to represent two-dimensional bar 

elements, which can support an axial compressive load or 

an axial tensile load. The model is a linear element with 

two nodes; each one has two degrees of freedom: the 

translations of the nodal directions X and Y. The element 

is defined by the two nodes, the cross-sectional area, and 

the material properties.  

The finite element model using Ansys


is shown 

in Figure-9. 

 

 
 

Figure-9. Geometric model using Ansys


 

 

3. RESULTS AND DISCUSSIONS 

The results of the educational computer program 

Armadura2D were compared with the results of the 

references from (2.4), taking benefit from the step-by-step 

calculation shown, sinceit displays every result obtained 

from the classic algorithm used in matrix analysis of 

trusses. This characteristic gives a didactic approach to the 

program computer, unlike commercial software that do not 

display internal calculation, resulting in a black box 

metaphor for the user. 

The Ansys


 model was developed to demonstrate 

that the results obtained from known finite elements 

software equalize a classic calculation technique with a 

systematic and accurate implementation of a computer 

program based on matrix operations equalizes, turning it 

into a trusted alternative for individual or classroom use. 

The initial input data of the Armadura2D 

computer program is shown in Figure-10. The connections 

of the problem example [1]were used to compare the 

results. 

 

 
 

Figure-10. Initial input data - Armadura2D. 

 

The detailed calculation of bar 2 is shown in 

Figure-11 as a list, these results are the input for 

calculation of the elemental stiffness matrix of the bar 

using global coordinates. 

 

 

 
 

Figure-11. Stiffness matrix of bar 2 using global 

coordinates - Armadura2D. 

 

Additionally, the results are shown in the 

reference example [1], trying to prove the equivalency of 

the results obtained step-by-step, and the fulfillment of the 
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goal, which is to assist the gradually calculation of plane 

trusses using the matrix method. 

The Table shown in Figure-12 displays an input 

data summary of the element 1-3 (bar 2) and the elemental 

stiffness matrix, the results match accurately. 

 

 
 

 
 

Figure-12. Stiffness matrix of the bar 2 using global 

coordinates. Solution of the reference example [1]. 

 

The computer program displays the assembly 

shown in Figure-13. The truss matrix, or assembled 

matrix, is provided by a two-column list with the degrees 

of freedom associated with each record. 

 

 
 

Figure-13. Assembled stiffness matrix - Armadura2D. 

 

The results shown in Figure-13 are compared 

with the example solution shown in Figure-14, in order to 

verify the proper functioning of the computer program 

when the global stiffness matrix of the structure is 

assembled. 

 

 
 

Figure-14. Assembled stiffness matrix using global 

coordinates. Solution of example[1]. 

 

The displacement and force boundary conditions 

are set as shown in Figure-15. The tag used to indicate the 

X direction is the number 1; therefore, the Y direction is 

tagged with the number 2.  

 

 
 

Figure-15. Boundary conditions set- Armadura2D. 

 

Finally, the results of the displacements, reaction 

forces and internal forces obtained using the educational 

computer program are shown in Figure-16. 

 

 

 

 
 

Figure-16. Displacements, reaction forces and internal 

forces - Armadura2D. 
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The results of the displacements, reaction forces 

and internal forces of the reference example [1] are shown 

in Figure-17. 

 

 

 

 

 
 

Figure-17. Displacements, reaction forces and internal 

forces –Solution of example[1]. 

 

The results of the displacements and internal 

forces obtained using Ansys


are used to verify the 

accuracy of the computer program as shown from Figures 

18 to 20. 

 

 
 

Figure-18. X axis displacements. Ansys


. 

 

 
 

Figure-19. Y axis displacements. Ansys


. 

 

 
 

Figure-20. Internal forces. Ansys


. 

 

The results of the horizontal and vertical 

displacements obtained using the three alternatives are 

shown in Table-1. The calculations were made using the 

elastic modulus; hence the results are a function of this 

input. Small value results are assumed as zero. 

 

Table-1. Horizontal and vertical displacements (mm). 
 

 
Armadura2d Reference[1] Ansys


 

U1 -10/E -10/E -10/E 

V1 -110/E -110/E -110/E 

V2 0 0 0 

 

The results of the elemental internal forces 

obtained using the three alternatives are shown in Table-2. 
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Table-2. Internal forces (kN). 
 

 
Armadura2d Reference[1] Ansys


 

F[1-2] -10.000 -10 -10.000 

F[1-3] 70.711 70.711 70.711 

F[2-3] 0 0 0 

 

The main results are the same for the three 

alternatives; therefore, the accuracy of the computer 

program is evidenced. 

 

4. CONCLUSIONS 

 This educational computer program used for matrix 

analysis of trusses is helpful, since the assisted 

computer calculation allows the student to 

comprehend the operation process and to evaluate the 

obtained results. 

 The verified results show the versatility of the 

computer program to support the calculation process 

of plane trusses using the matrix method, and to 

comprehend the concepts related to the technique. The 

obtained results verify the accurate performance of 

the computer programdeveloped. 

 The computer program displays the results and 

generates a detailed report on a text file that allows 

saving the calculation memories. 

 It is of great importance for professors and students to 

be cautious with the accuracy of the magnitude of the 

results; they must be compared with the values of the 

input data, in order to consider them as reliable. 

 The great advantage of the educational computer 

program is its adaptation in the teaching-learning 

process, since it can be improved and modified to 

different case studies, inside the classroom or as 

portion of time spent on the autonomous student 

learning. 

 Solving structural engineering problems of great 

importance is possible, without the expensive use of 

commercial software of finite elements. 
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