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ABSTRACT 
A truss is a structure that is a combination of several slender members. The high 

performance of the truss structure has been the first effort. The advancement of the truss 
structure analysis is required. Traditionally, analysis of truss structure is usually done with joints 
or section methods. There are not secure to solve with the theoretical statically determinate. 
Otherwise, more advanced techniques are compulsory. This report aims to use the finite 
element methods software to learn the behavior of truss structures and to compare with the 
theoretical of statically determinate manual calculation. The result has been shown that both 
methods had been given the similarity results. It means that the finite element software (Abaqus 
student editions software) entirely accurate to be used to analyze the 2D-trusses structure. 
Hopely its can be used to solve other complex problems in construction analysis. 

 
Keywords: Abaqus, Finite element, Truss structure. 

 
INTISARI 

Truss adalah struktur yang merupakan kombinasi dari beberapa batang prismatis. 
Prioritas utama dalam perancangan struktur truss terletak pada kehandalanya. Sehingga 
diperlukan cara analisis struktur truss yang akurat dan efisien. Secara tradisional, analisis 
struktur truss biasanya dilakukan dengan metode joint atau section. Penyelesaian dengan 
metode ini masih belum membuat kita merasa aman dalam menyelesaikan persoalan struktur 
determinate truss dalam kondisi statis. Berdasarkan kondisi tersebut perlu ada teknik analisis 
yang lebih baik. Penelitian ini bertujuan untuk mengevaluasi penggunaan perangkat lunak 
metode elemen hingga untuk mempelajari perilaku struktur rangka dan membandingkannya 
dengan teori perhitungan manual. Hasilnya menunjukkan bahwa kedua metode telah 
memberikan hasil yang sama. Ini berarti bahwa perangkat lunak elemen hingga (Abaqus 
student edition) akurat dan dapat digunakan untuk menganalisis struktur 2D-truss. Harapannya 
di masa mendatang dapat digunakan untuk memecahkan analisis konstruksi yang lebih 
komplek.  

 
Kata-kata kunci: Abaqus, Metode Elemen Hingga, Struktur Truss. 
 
INTRODUCTION 

A truss is a structure that is a 
combination of several slender members. 
The pin or the gusset is used to joining the 
slender member. The slender member is 
usually called rod or link or struts or 
member. This member is designed only to 
support the axial loading, i.e., tension or 
compression (Hibbeler, 2012). The 
application of these structures has been 
used to broadly in the extensively and 
reliably for structures that cover open 
system likes the roof structure, transmission 
tower, offshore platform, bridge, and 
Automotive car structure, i.e., tie rod (Naji, 
2017). 

Currently, the trend is towards new 
technology and complex advanced 
performance of truss structures. The high 
performance of the truss structure has been 
the primary effort. The advancement of the 
truss structure analysis is required. 

Traditionally, analysis of truss structure is 
usually done with joints or section methods. 
There are not secure to solve with the 
theoretical statically determinate (P, 2016). 
Otherwise, more advanced methods are 
compulsory. This report aims to use the 
finite element methods software to learn the 
behavior of truss structures and to compare 
with the theoretical of statically determinate 
manual calculation. 
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The finite element method has been used 
to analyze static and dynamic, a numeric 
method to solve engineering the physical 
problem by mathematical (Liu and Quek, 
2003). The purpose of using this method is 
to predict the performance of design, 
learning the physical behavior of a model of 
the structure and identity of the weakness of 
the design accurately to get the safety of the 
complex structure. 

A planar and space simple truss structure 
model will be analyzed with the theoretical 
statics determinate and the finite element 
software. These model structures have a 
different boundary condition and element 
type. It explains both kinds of methods. The 
numerical solution for the given structure is 
to yield the approximate result, and the 
analyzing process is to generate an exact 
answer. 

The result allows us to analyze the stress 
in every member and predict its deformation. 
Although, the estimated result prerequisite 
compared with the theoretical results. The 
finite element analysis is an excellent 
alternate solution besides the complicated 
theoretical calculation manually. 

The objective of the paper is to compare 
both the finite element analysis and the 
theoretical calculation results. The results 
are vertical and horizontal deformation on 
every node, the reaction force, and the 
member's force by using finite element 
software. The student edition Abaqus/CAE 
software should be given a close result with 
the exact solution.  
 
METHODOLOGY 

The design and analyze the truss 
structure need to know each force member. 
It can be done with the joints method and 
the section method. There was a relatively 
tricky theoretical calculation. Otherwise, the 
finite element method is one's more 
comfortable with the alternate approximate 
solution. 

The joints method can merely be 
described base on the joint of members by a 
pin or a gusset plate. This method is based 
on the entire truss is in equilibrium when its 
joints are also in equilibrium. Therefore, the 
free body diagram of each joint can be used 
to obtain the member forces acting on each 
joint. For a plane truss, each joint is 
subjected to a force system that is coplanar 
and concurrent, that is only ∑𝐹𝑥 = 0 and 
∑𝐹𝑦 = 0 need to be satisfied for equilibrium. 

Whiles for a space truss that is ∑𝐹𝑥 = 0, 
∑𝐹𝑦 = 0 and ∑𝐹𝑧 = 0 (Hibbeler, 2012). 

While the section method also can be 
used to find the force in only a few members 
of a truss. It is also based on the principle of 
equilibrium. On the other hand, the finite 
element method for calculating force 
members of a truss structure more simply. It 
is used to the truss element (the bar 
arbitrarily oriented in the plane). 

The illustration of the truss element with 
cross-section, A, Elastic modulus, E, and 
length, L also an internal force at node one 
𝑓1 and two 𝑓2, can be shown in figure 1. 
 

 
Fig. 1 Truss Element 

 
The deformation of the truss element is 

only in the longitudinal direction. There are 
only one on each node 𝑢1 and 𝑢2 hence, it 
said that only have two-degree of freedom. 

The calculation on local coordinate (𝑥′ 
and 𝑦′) can be used to the element 
formulation that is written in equation 1. 
 

{
𝑓1
′

𝑓2
′} =

𝐴𝐸

𝐿
[
1 −1
−1 1

] {
𝑢1
𝑢2
} 

(1) 
 

{𝑓′} = [𝑘′]{𝑑′} 
 
Meanwhile, the elements have arbitrarily 
oriented, 𝜃, therefore the transformation 
matrix from local to global coordinate must 
be proposed. The matrix is shown in 
equation 2. 
 

[𝑇] = [

𝐶
−𝑆
0
0

    

𝑆
𝐶
0
0

    

0
0
𝐶
−𝑆

    

0
0
𝑆
𝐶

] 

 

(2) 

Therefore, the relationships between the 
local coordinate system (𝑥′, 𝑦′)and the 
global coordinate system (𝑥, 𝑦) can be 
written, as shown in equation 3. 
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{
 

 
𝑢1
′

𝑣1
′

𝑢2
′

𝑣2
′}
 

 
= [

𝐶
−𝑆
0
0

    

𝑆
𝐶
0
0

    

0
0
𝐶
−𝑆

    

0
0
𝑆
𝐶

]{

𝑢1
𝑣1
𝑢2
𝑣2

} 

(3) 
 

{𝑑′} = [𝑇]{𝑑} 
 

{𝑓′} = [𝑇]{𝑓} 
Hence, 

{𝑓′} = [𝑘′]{𝑑′} 

(4) 
 

[𝑇]{𝑓} = [𝑘′][𝑇]{𝑑} 
 

{𝑓} = [𝑇]𝑇[𝑘′][𝑇]{𝑑} 
The stiffness matrix for the truss element is 
written, as in equation 5. 
 

[𝑘] = [𝑇]𝑇[𝑘′][𝑇] 

(5) 

 

[𝑘] =
𝐴𝐸

𝐿
[

𝐶2

𝐶𝑆
−𝐶2

−𝐶𝑆

𝐶𝑆
𝑆2

−𝐶𝑆
−𝑆2

−𝐶2

−𝐶𝑆
𝐶2

𝐶𝑆

−𝐶𝑆
−𝑆2

𝐶𝑆
𝑆2

] 

The global or total stiffness matrix for the 
truss structure is obtaining with equation 6. 
 

[𝐾] = ∑[𝑘(𝑒)]

𝑁

𝑒=1

 (6) 

The global or total node force for the truss 
structure is obtaining with equation 7. 
 

[𝐹] = ∑[𝑓(𝑒)]

𝑁

𝑒=1

 (7) 

The global or the total node displacement is 
obtaining with equation 8. 
 

{𝐹} = [𝐾]{𝑑} (8) 

Otherwise, there is three standard 
procedure to calculate with finite element 
software. The steps are pre-processing, 
solver, and post-processing.   

The pre-processing steps. It is consisting 
of defining the element type (one-
dimensional element type), designing 
structure model using third party CAD 
software or directly in CAE software 
(ABAQUS), material property constants 
(elastic's modulus, (assume 200 GPa) and 
Poisson's ratio, (assume 0.3)), choose static 
linear elastic formulation, loading and 
boundary conditions (pin and roll support), 
choose the truss type element and meshing 
the structure.  

The second step. The solver step is the 
calculation process. It is usually done by 
computer.  

The last step is post-processing. It is a 
visualization of the solver result. All the 
parameters have been defining in the first 
step showing up. 

The type of truss structure will be an 
analysis shown in figure 2 adopted from 
(Connor and Faraji, 2016). 

 
Fig 2. The type of truss structure 

 
The step by step to analyzed the plane 

truss structure using Abaqus student version 
software can be described below.  

The early step is building a model of the 
truss structure. It can be done in Abaqus 
software. The element type is chosen one-
dimension bar element type, T2D2 type of 
elements (Dassault Systèmes Simulia, 
2012). The model can be shown in figure 3. 

Continued, the discretize of the model or 
meshing to be several elements in each 
slender member. In this case, we are 
choosing each slender member to be one 
element. The numbering of the elements 
and the nodes were also defined in this step. 

The next step is creating the boundary 
condition. For the supports are choose pin 
and roll. The pin is laying at node eight and 
roll at node 3, respectively. The loading in 
this truss structure is creating based on the 
definition in figure 2. There are places at 
node one, two, three, four, five, six, seven, 
and eight, respectively. 

Afterward, the material's property of the 
slender bar in this structure is defined. The 
materials properties are elastic modulus, 
200 GPa, and Poisson's ratio, assume 0.3.  

Then, the general statics type of 
formulation is chosen for calculating the 
displacements and the forces in every node 
and element of slender members construct 
the truss structure. The computer will 
visualize a variety of parameters that were 
defined in this step. 

The next is constructing an assembly of 
the slender members to be the global 
trusses structure.  Then, continuing with 
running the jobs to calculate the input data. 
And the last step is visualizing the result of 
the jobs. 
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Fig. 3 A plane truss in Abaqus 

 
RESULT 

There are two results in this research-the 
hand calculation with the principle of statics 
and the finite element analysis using Abaqus 
student edition software. The joint method 
had to be done in the hand calculation of 
truss structure analysis. The first step was 
building the free body diagram of the truss 
structure. Its show in figure 4. 
 

 
Fig. 4 Free Body Diagram of the truss 

structure 
 

The second step is the calculation of the 
reaction force based on the equilibrium 
condition. It can be simply obtained below. 
 
→ ∑𝑅𝐻𝐴 = 0  𝑅𝐻𝐴 = 0 
 
↑   ∑ 𝑅𝑉𝐴 = 0  𝑅𝑉𝐴 + 𝑅𝑉𝐵 = 65 𝑘𝑁 

 
↺ ∑𝑀 = 0  
[−(10𝑥9 + 5𝑥9 + 10𝑥18 + 5𝑥18 + 10𝑥27 +

10𝑥36 + 10𝑥42 +
𝑅𝑉𝐵𝑥42)] = 0    

𝑅𝑉𝐵 = 𝑅𝑉𝐴 = 32.5 𝑘𝑁  

 
The next steps, base on reactions, the 

force member's calculation started from joint 
with notation a. The free-body diagram of 
the joint with a notation is shown in figure 5. 

   

 
 

 
↑   ∑ 𝐹𝑉 = 0    32.5 − 10 − 𝐹𝑏𝑎 sin 𝜃 = 0 

          𝐹𝑏𝑎 = 22.5√2 𝑘𝑁 
 

→ ∑𝐹𝐻 = 0  𝐹𝑎𝑐 − 𝐹𝑏𝑎 cos 𝜃 = 0 

           𝐹𝑎𝑐 − 22.5√2 𝑘𝑁 cos 𝜃 = 0 
 

𝐹𝑎𝑐 = 22.5 𝑘𝑁 

 
Then the analysis of joint with b notation. 

The free-body diagram of joint with b 
notation is illustrated in figure 6. 

  
 
 
 
 
 
 
 
 

Fig. 6 Joint b 
 
Members ab and bd co-linear, while a 
member be notation, is perpendicular so 
↑   ∑ 𝐹𝑛 = 0   𝐹𝑏𝑒 = (10 + 5) cos 𝜃 

 

  𝐹𝑏𝑒 = 15
√2

2
 𝑘𝑁 

 

𝐹𝑏𝑑 = 22.5√2 𝑘𝑁 − (10 + 5) cos 𝜃 = 15√2 𝑘𝑁 
 

Fig. 5 Joint a 
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The next joint is d. They are illustrated in 
figure 7. 

  

𝐹𝑑𝑏 = 15√2 𝑘𝑁  

 

𝐹𝑑𝑓 = 15√2 𝑘𝑁  

 

So base on equilibrium conditions 

 

∑𝐹𝑉 = 0  
 
𝐹𝑏𝑑 cos 𝜃 + 𝐹𝑑𝑓 cos 𝜃 − 10 − 𝐹𝑑𝑒 = 0  

 

𝐹𝑑𝑒 = 20 𝑘𝑁  
 

The final of the free-body diagram had to 
be done, as shown in figure 8. 

 

 
Fig. 8 The final of the free-body diagram of the truss structure 

 
Whiles the calculation using Abaqus 

student edition software consists of 
several steps. The first step to build the 
2D-trusses model. In figure 3, they were 
showing the 2D-trusses model. This 
model is used for one-dimensional 
elements with type T2D2. It is used to 
model truss two-dimensional. The model 
consists of 13 elements and eight nodes. 

The simulation with general static 
loading resulted in node number eight, 
the horizontal and vertical reaction force 
are 0 kN, and 32.5 kN, respectively. The 
2D-trusses structure deformed linear 
elastic, as shown in figure 9. 

Base on simulation, the force in the 
members of the 2D-trusses structure is 
shown in figure 10. 

 

 
Fig. 9 Deformed 2D-trusses structure 

Fig. 7 Joint with d notation 
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Fig. 10 The forces in the members of the 2D-trusses structure 

 
The comparisons of hand calculation and 

the calculation using the Abaqus student 
version shown in table 1. Both methods 
have given similar results. 

 
Table 1. The comparison of calculations 

No Item 
(member) 

Methods 

  Manual 
(kN) 

FEM 
(kN) 

1 Reaction  +32.5 +32.5 

2 Ab -31.8 -31.8 

3 Ac +22.5 +22.5 

4 Bc +5.0 +5.0 

5 Ce +22.5 +22.5 

6 Bd -21.8 -21.8 

7 Be -10.8 -10.8 

8 De +20 +20 

9 Df -21.8 -21.8 

10 Fe -10.8 -10.8 

11 Fg +5 +5 

12 Fh -31.8 -31.8 

13 gh +22.5 +22.5 

14 ge +22.5 +22.5 

 
DISCUSSION 

The results were showing that the exact 
and the prediction value were identical. The 
polynomial equation was chosen to derive 
the displacement function correctly.  

In this simulation, the T2D2 element has 
been desiring. It only has two nodes, so it 
only has two degrees of freedom (DOF). 
Base on the Pascal triangle for two-
dimensional (Liu and Quek, 2003). The 
Pascal triangle for two-dimension is shown 
in figure 11. 

 

 
Fig. 11 The Pascal triangle, two-dimensional 

case (Liu and Quek, 2003) 
 
The fit polynomial function should be having 
two-coefficient. The equation should be 
written as equation number 9 (Logan, 1987). 
 

𝑢(𝑥) = 𝑎1 + 𝑎2𝑥 (9) 

 
It is a linear equation with coefficient 𝑎1 & 𝑎2. 
The length of the element is L, cross-
section, A, and Modulus elasticity, E.  
We will write equation 9 to be equation 10. 
 

𝑢(𝑥) = [1 −
𝑥

𝐿

𝑥

𝐿
] {
𝑢1
𝑢2
} (10) 

 
It means the deformation behavior at the 
end of the truss element will be linear.  

While, in engineering statics analysis, 
each slender bar is likely a bar element in 
trusses structure. It is a member-only deform 
in a longitudinal direction. The deformation is 
linear; hence it should be also fit with 
equation number 10. On the other hand, 
each force's value on each slender trusses 
member has an amount similar to the 
prediction value by the finite element 
software / Abaqus student version. 
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CONCLUSIONS 
The results are giving a similarity value. 

That means the calculation of force 
members of 2D-trusses structure using finite 
element software / Abaqus student edition 
entirely accurate. In the future, we can 
design a 2D-trusses structure quicker and 
cheaper using the finite element software. 
Hopefully, it can be applied to complex 
structure problems, i.e., beam, frame, or 
plate, and solid structures. 

The next research suggested is the 
damage to the trusses structure with Abaqus 
software. 
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