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Abstract—This work explores learning objects - LO, which
were developed to teach diagrams of bending moments and
shear. From this Flash application, the students can explore
mathematic and physical relations simulating different
models of beams. The theoretical framework of this work
are the constructivist learning principles, as active partici-
pation of the student, the importance of a prior knowledge
and collaborative learning. This work also shows the using
of this LO by engineering students in the course of Isostatic
Structures.

Index Terms—structural engineering education, constructiv-
ism, active learning, collaborative learning

L INTRODUCTION

Obtaining the bending moment and shear diagrams is
an important issue of structural engineering , and is the
basis of most structures disciplines of engineering courses.
So always are welcome pedagogical strategies to help
students better understand these concepts. The theoretical
framework of this work are the constructivist principles
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1. ACTIVITIES TO DEMONSTRATE

A. Flash Animations

This virtual environment, which is called GPA — Gera-
dor Parametrizado de Avalia¢des [3], was developed on
the research in the area of Engineering Education. Anima-
tions were done in Flash software, and have the objective
to simulate different loads to different beams. Using these
animations were then developed online experiments for
students. Fig. 1 shows the case of an animation of a simp-
ly supported beam.

From these animations, the students can identify the
changes occurring in the diagrams of shear and bending

moment when the different model parameters are modi-
fied .

B. Learning Activities

Thus, the learning activities were developed in order to
allow academics understand the Physical Concepts and
Mathematical . In Fig. 2, the First Activity It will appear.

In this first activity shown in Fig. 2, students are led to
explore models and qualitatively describe what happens to
the diagrams. In Fig. 3, which shows the activity 3 , from
which the academic fill tables with the values in each of
the magnitudes start points and obtaining the mathemati-
cal functions describing the diagrams.

In figure 4 we can observe the resolution of Activities 3
and 4 done by a student.
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Figure 1. Animation of a simply supported beam

Gerador

GPA rneizadodc

Avaliagoes

Atividades Webfolios Home Avaliagao Formativa I

Atividade 1

e realize as seguintes atividades

) Arraste a carga até o centro da viga (1.5 m de disténcia do apoio esquerdo ) ¢ sclecione
SO0KN como magniude da forga. Arraste a forga sobre a viga ¢ descreva as mudangas que
ocorreram nos diagramas de esforgo cortante e momento fletor

b) Com a carga no meio da viga, varie sua magnitude e descreva a variagdo nos diagramas.

Link para o arquivo anexo

Exemplo de correcio

Figure 2. Learning Activity 1
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GP.
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Acesse a animaciio e arraste uma carga de 30 KN até o centro da viga. Preencha a tabela
abaixo com os valores de V e M para cada valor de x indicado na primeira coluna. utilizando
o trago vertical de cor verde que percorre a viga para diferentes valores de x.
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A seguir. obtenha as equagdes de V(x) ¢ M(x)
Antes da carga
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Figure 3. Third Activity

Models of distributed load are also used, as is shown on
Fig. 5. In this model, it is possible to change the magni-
tude, the position and the extension of the load and the
beam lenght.
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Atividade 3

Acesse a animac8o e arraste uma carga de 30 KN até o centro da viga. Preencha
a tabela abaixo com os valores de V e M para cada valor de x indicado na
primeira coluna, utilizando o traco vertical de cor verde que percorre a viga
para diferentes valores de x.

Posicio | V M | Aseguir, obtenha as equagdes de V(x) e M(x):
0 15 0 .
0,30 15 a5 Antes da carga:

0,75 15 | 11,25
1,15 15 | 17,25
1,50 -15 | 22,5
1,85 -15 [ 17,5
2,25 -15 | 11,25
2,70 -15 4,5
3,00 -15 0

V(x) = {15; 0 <x<1,5
M(x) ={15x; 0 <x<1,5

Depois da carga:

V(x) = {-15; 1,5<x<3
M(x) = {-15x + 45; 1,5<x<3
o

Atividade 4
a) Preencha as tabelas abaixo de forma semelhante a atividade anterior, para

valores da carga concentrada de 40 KN e depois 50 KN. Apds isso, escreva as
equacdes de V(x) e M(x) para cada situagdo.

P=40 KN

Posicdo | V M
0 20 0
0,30 20 6
0,75 20 15
1,15 20 23
1,50 -20 30
1,85 -20 23
2,25 -20 15
2,70 -20 [
3,00 -20 0

Antes da carga:

V(x) = {20; 0 <x<1,5
M(x) = {20x; 0 <x<1,5

Depois da carga:

V(x) = {-20; 1,5<x<3
M(x) ={-20x + 60; 1,5<x<3
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Figure 5. Distributed load activity

Fig. 6 shows activity 7, based on animation shown in
Fig. 5, from which the academic can modify the values of
the parameters, fill tables and obtain the mathematical
functions.

III. FORMATIVE EVALUATION

The system also alow the communication between the
teacher and the students. This strategies is important to
improve educational process. These interactions are regis-
tred and can be used along the teaching-learning process

([4], [5] e [6D.
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Acesse a animacio ¢ defina uma carga distribuida de 30 KN/ com uma extensdo de 3 m
igual a0 comprimento da viga

2) Preencha a tabela abaixo com os valores de V e M para cada valor de x indicado na
primeira coluna, utilizando o trago vertical de cor verde que percorre a viga para diferentes
valores de x. Faga o mesmo procedimento para uma carga distribuida de 40 KN/m e de 50
KNim

A segui, obtenha as equagses de V(x) ¢ M(x)
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Figure 6. Seventh Activity
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Figure 8. Alternative Method

IV. THE EXPERIENCE IN THE COURSE OF ISOSTATIC
STRUCTURES

In the first semester of 2015, GPA was used to teach
Isostatic Structures, simultaneously to traditional method,
as showed in Fig. 7 and Fig. 8.

The students performed nine activities which explored
the virtual environment. It can be observed in the activities
that the students were able to build the mathematical func-
tions of the diagrams of bending moment and shear alter-
native way to the traditional method, which led to a good
performance in the assessments. It is a discipline that
traditionally students present difficulties.

The nine activities were applied in three different clas-
ses, and this work was evaluated (GPA Activity). Some
interesting results were observed, especially when we
compare the results of the grade 1 (before GPA Activity)
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TABLE L.
AVERAGES OBTAINED BY STUDENTS
Grade 1 GPA Activity Grade 2
First Class 6 9,3 5,9
Second Class 6,6 10 7,4
Third Class 7,6 9,9 8

with the results of the grade 2 (after GPA Activity). The
grade 1 worked the previous matter to the diagrams,
which was developed in traditional teaching way, while
the grade 2 worked the contents of diagrams, which was
worked on the GPA. In the Table 1 we can see the differ-
ent averages obtained (Grade 1, GPA Activity and Grade
2).

It can be seen for example that the group (First Class)
which obtained the lowest average in the GPA activity
was the only one who did not get evolution in average of
the Grade 1 (6.0) to the Grade 2 (5.9). Moreover, the best
performance of the Grade 1 to the Grade 2 (from 6.6 to
7.4) occurred in the second group (Second Class), which
had the best average in the GPA Activity.

Some qualitative analysis can be made, especially by
some answers presented in activity 1 (Fig. 9 show an ex-
ample), when students are asked to describe the changes
in the diagrams when the load is moved along the simply
supported beam. It can be observed that the responses
have led students to understand in more detail the behav-
ior of the diagrams. In traditional classes of this content
are not usually proposed activities that require qualitative
descriptions, which may limit the understanding of con-
cepts worked.

V. CONCLUSION

This type of online experimentation helped to improve
the teaching work, especially on the discipline of the
Strength of Materials. The use of these Flash animations
are easy to use, and can be easily performed on PCs with
basic settings. The students which participated of the in-
vestigation said that the realization of these activities fa-
cilited the learning of the bending and shear diagrams.

From the performance of students, presented in the
previous section, it can be concluded that the use of
learning objects has great potential to enhance learning.
Furthermore, carrying out activities that lead students to
perform qualitative analyzes also represent an important
way to improve learning.
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Figure 9. Answer of Activity 1
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