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Abstract. The study of Engineering when combined theory with practice provides 
the student with a great effectiveness in understanding the content studied by the 
same. When faced with the difficulty of understanding the content taught in the 
classroom, the students end up becoming discouraged, and thus their good training 
is compromised, generating an incomplete professional. Based on this deficiency, a 
small scale didactic model was developed for a rockfill dam, allowing an 
improvement in the learning presented in the classroom. Didactic models allow for 
experimentation, which in turn leads students to relate theory, laws and principles, 
and practice, experimental work. The prototype developed within a glass aquarium 
demonstrates the layers of landfill with different materials, the use of geosynthetics, 
in addition to allowing the visualization of the flow network. This device explains 
phenomena related to the geotechnical disciplines and promote a better quality in 
the teaching of Civil Engineering in the Universities and Institutions of Brazil. The 
device was submitted to the phenomena of overtopping, which occurs when the 
volume of water in the amount of the dam is such that the spillway can not drain it 
downstream, and with this the water overload in the dam ends up overflowing thus 
leaving it unstable and consequently occurs the slide leading the dam to collapse. 
The use of this didactic resource was satisfactory, with a significant improvement 
of students' knowledge regarding the operation of earth dams, and with the 
experiment carried out, it was proved how important is the study and the good 
execution of the project always aiming to avoid all the types of catastrophes. 
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1. Introduction 

Dams can be defined as a large structural element projected by man, and according to 
[1], they play an important role for society, favoring the socioeconomic development of 
a region and environmental control. Dams are artificial barriers used to hold water and 
mining tailings. Thus, they have a wide range of purposes, such as: flood control, 
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irrigation, power generation, water supply, recreation and reject containment, among 
others. 

The rockfill barrage consists of soils with different granulometries, ranging from its 
core, composed of impermeable soils, clay and silts, to the upstream and downstream 
slopes, covered by blocks of rocks. The rock blocks are placed so as to obtain the greatest 
contact between their surfaces and the voids between them, which are filled by material 
of lower particle size [2]. 

As for the phenomena of dam collapse, several causes are observed for rupture. 
Among them, the phenomenon demonstrated by means of the didactic model was the 
rupture by Overtopping. This phenomenon, according to [3], can be understood as the 
phenomenon of transporting a body of water over a dam or similar structure. This 
phenomenon occurs when the spillway does not have enough capacity in front of a flood 
of design and water over the crest of the dam, soon there is erosion of the slope 
downstream of the dam that can lead to the rupture of the dam. 

Through all the disasters caused by dams in the last years, it is observed that a study 
is needed on the structural conformation adopted in the execution of earth dams. In this 
way, the present article brings together a didactic device that represents a small scale 
dam, with the purpose of presenting how a rockfall dam is made and the constructive 
details that make these structures stable, as well as raising awareness of the modes of 
failure that can lead these structures to collapse. The developed model was presented to 
the students of the Civil Engineering course of the Instituto Federal de Goiás, Centro 
Oeste, Brazil. In search of applying the theoretical concepts seen in the subjects of the 
area of Geotechnics of the course. 

2. Materials and Methods 

2.1. Materials and Tools 

For the preparation of the prototype, the following materials were used: 
• Adhesive tape of different colors 
• Plastic canvas 
• MDF box with glass side and hole for faucet at both ends (1,5x0,5x0,5 m) 
• Soil (Thin and Thick) 
• Geotextile  
• Faucets 
• Socket for compaction with normal power (2.5 kg) 
• Scissors 
• Shovel 
• Concrete blocks 

 

2.2. Methodology of execution of the prototype 

For the execution of the prototype, parameters for grading and soil compaction were 
used. For grading, the criteria established in [4]. 
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Table 1: Soil size classification according to [4]. 

Soil Diameter 

(mm) 

Boulder 1000 - 200
Coarse Sand 2 – 0,5

Medium Sand 0,5 – 0,2
Fine Sand 

Silt
0,2 – 0,05 

0,05 – 0,002
Clay < 0,002

 
For soil compaction, the guidelines of [5] were followed. Soil compaction was 

performed at optimal moisture and with normal compaction energy. 
With the box in MDF with side in glass ready, being placed the taps in each end, the 

demarcations of the layers in the same one were realized. The bottom of the box in MDF 
represented the impervious rocky layer as it is presented in the literatures. For the 
formation of the dam core, thin and coarse soils were used. The base of the dam was 
formed with clay soil, being positioned in the box for compaction and formation of the 
dam core with the help of concrete blocks: 

 
Figure 1. Compaction of the clay soil to form the dam core. 

 
The core of the dam made up of clay and the slopes downstream and upstream made 

up of medium sand were compacted and surrounded by the plastic canvas in the 
following format: 
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Figure 2. Downstream and upstream slopes consisting of medium sand and core in clayey soil compacted and 

wrapped with plastic canvas (black trace). 

 

Geodrene was made on the clayey layer of the dam core with coarse sand to behave 

as a permeameter and, in order to avoid carrying the granular material, filters were 

formed consisting of a geotextile blanket at the entrance and exit of the drain. The 

material used in the execution of Geodrene has undergone characterization as to its 

permeability, having seen its function in the structure and the principles of Darcy's Law 

and soil permeability, present in [6]. 

Finally, on the drain was executed the crest of the dam with medium sand and on 

the slopes downstream and upstream were placed stones to constitute the model of 

rockfall dam: 

As dimensões dos elementos da barragem foram determinadas de acordo com o 

espaço disponível no protótipo: 

 

• Gravel layer thickness: 5 centimeters 

• Crest thickness: 5 centimeters 

• Drain and core dimensions, respectively: 

 

Figure 3. Drain dimensions in coarse sand. 
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Figure 4. Dimensions of the core in clay. 

 
The percolation happens according to the model below: 

 
Figure 5. Dam working.  

 
With the model ready, the entrance of water occurs by the tap upstream of the dam 

and through tapes applied to the glass it is possible to observe during the test the water 
percolating by the dam and increasing the volume of water downstream, representing the 
continuity of the flow of water. 

 
Figure 6. Model working. 
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3. Results  

The dam was submitted to two stages, the first one with flow supported and the second 
one with flow above the carrying capacity. For the collapse to occurred, the volume of 
water that was added was greater than the drain's ability to allow water permeability, 
which resulted in water collapse. For the soil used in the drain, the value of the 
permeability coefficient found, according to Darcy's law, was 7.37 x 10-5, with 10-5 being 
the characteristic power of medium and coarse sand. 

In the first stage, when reaching its maximum capacity, the objective was to observe 
the internal flow of the dam. In this way, the water began to flow through the drain 
showing the perfect functioning of the dam and allowing the water to continue its course 
after percolating inside the dam. However, it was possible to observe the water retention 
upstream. 

In the second stage, with the increase of the flow above the percolation capacity by 
the drain, the water level was higher than the one supported, so that it would pour over 
the crest of the dam, in which it was possible to observe the rupture of the dam per gall, 
reaching thus the second objective of the construction of the same. 

The development and presentation of the didactic model of the earth dam and 
clipping during the classes proved to be effective in the learning process of the students. 
It was possible to clarify the constructive steps, the materials used in the respective 
stages, to explain and to demonstrate in an effective way the function of each element of 
the dam and the main causes of their disruption. Thus, it was once again possible to 
observe that engineering education demands the union of practical contact to consolidate 
the theoretical contents, in order to result in a quality teaching. 
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