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Abstract: The use of problem-based and project-based learning is beneficial. The teaching-1 

learning process requires the development of a critical, objective, and rational mind. This 2 

paper analyzes methodological experiments from the teaching-learning process carried out in 3 

the geotechnical area of the civil engineering program at three universities in the state of 4 

Pernambuco, Brazil, for more than 40 years. Three integrated experiments are presented. In 5 

the first experiment, undergraduate students in geotechnical engineering courses interacted 6 

with companies operating in the area, conducting laboratory and field tests and geotechnical 7 

instrumentation. The second experiment integrated students and teachers from different areas 8 

of the civil engineering program around a multidisciplinary project, while the third brought 9 

together undergraduate and graduate (master and doctoral) student research activities into a 10 

single project that extends from the development and construction of geotechnical equipment 11 

and applications of new soil improvement techniques to land use planning and occupation. 12 

)This study demonstrated the use of positive teaching-learning experiences carried out in the 13 

teaching of geotechnical engineering in the development of civil engineers who have 14 

technical skills and professional competences. It contributed to the advancement of 15 

knowledge in the development of new equipment, soil improvement, testing techniques and in 16 

the use, planning and occupation of soils. The interaction between the university, society and 17 

government institutions in problem solving also contributed. 18 

 19 

Keywords: soil mechanics; educational practices; teamwork; research planning; equipment 20 

development; innovation.  21 

1. Introduction 22 

The soil formations found in the city of Recife, the capital of the state of Pernambuco, Brazil, 23 

are the result of several geological events that gave rise to a morphology composed of two 24 

distinct topographic sets: the basins or plains that occupy the central-eastern portion and the 25 

contiguous hills that dominate the northern portion and surround the city to the west and south 26 

(Ferreira, 1982 and Alheiros et al. 1990). The central urban core sits on a fluvial-marine 27 

alluvial plain around which rises, to the north, south, and west, the Barrier Formation, 28 

forming a semicircle. To the east, the oceanic coastline develops, which, protected by coral 29 
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reefs, provides favorable conditions for the establishment of commercial ports (Ferreira, 1982 30 

and Gusmão Filho, 1990).  31 

The fluvio-marine sedimentary process was responsible for the creation of the plain resulted 32 

in a considerable diversity of heterogeneous soft clay soil profiles (Souza et al., 2017; Ferreira 33 

et al., 2022 and Dias et al., 2022), which can reach thicknesses of over thirty meters and are 34 

generally saturated due to their low elevation above sea level, when sandy (Oliveira et al 35 

2016). Peat soils (Cadete, 2016 and Barbosa, 2018) and deposits of coral fragments (Oliveira 36 

2012) are also found. 37 

The northern portion of the hilly area is less dissected, with more continuous plateaus and a 38 

fluvial network embedded in vertical valleys, while the central, western and southern portions 39 

are intensely dissected into isolated hills of different geological units (sediments, crystalline 40 

basement, etc.). In the northern portion, the tops of the hills have elevations of around 100 m, 41 

dropping to approximately 30 m near the lower basin areas (Alheiros et al., 1990).  42 

On hillsides and slopes in Recife, the anthropic component is the most important trigger of 43 

landslide hazard situations (Gusmão Filho, 1990 and Gusmão Filho et al., 1997). The 44 

destabilization of the environment is mainly due to cuts and embankments on slopes from 45 

low-income housing construction, following random invasions and lacking any land use or 46 

land occupation planning. Erodible, dispersive soils (Quental & Ferreira, 2008 and Portela et 47 

al. 2021) and expansive, collapsible soils (Ferreira et al. 2020 and Maior & Ferreira, 2022) are 48 

found on the slopes.  49 

Associated with this, the city of Recife has the second smallest urban area among Brazilian 50 

state capitals and a high population density, factors that lead to increasingly verticalized 51 

construction on soils that often lack sufficient support conditions and can excessively deform 52 

(Fonte et al., 2005 and Oliveira et al., 2016). The current foundation construction practices are 53 

strongly governed by the subsoil characteristics, although other factors may influence the 54 

choice. In light of this complexity, it is also important to note that the monitoring of building 55 

performance becomes even more relevant because projects do not often take into account the 56 

mechanism of soil-structure interaction, which can cause a series of effects on the buildings.   57 

The city of Recife is a challenging and motivating experimental field for the development of 58 

soil mechanics and geotechnical engineering. Investigating and understanding hydro-59 

geomechanical behavior, analyzing and proposing solutions, and planning soil use and 60 
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occupation are all goals in the formation of the geotechnical engineer and the development of 61 

his or her skills and competencies. 62 

Teaching-learning in the educational system is a process of interaction between teachers and 63 

learners, to change behavior and develop new attitudes and skills. The Constructivist-Freirian 64 

perspective (Freire, 1997) promotes learning that is not based only on the transfer of 65 

knowledge but adds experimentation and research based on prior knowledge that people have 66 

to contribute to the teaching-learning process. The perception and understanding are 67 

fundamental for the development of learning, education and teaching activity (Kubo & 68 

Botomé, 2005 and  Muggler et al., 2006).  69 

The learner’s motivation is directly related to the incentive provided by the teacher. With 70 

objectives and content selection appropriate to each subject, they will interact so that the 71 

objectives are achieved, using strategies that can be applied to the universe of the learners. 72 

The learners will be more interested and therefore more likely to perform well, contributing to 73 

self-fulfillment, generating new incentives and new motivations as needed. 74 

Each phase of the teaching-learning process is extremely important in ensuring its 75 

effectiveness. The evaluation, not only of the learners, but of the entire process, is 76 

fundamental for planning and executing new stages, aiming to correct failures, mitigate weak 77 

points, and identify and strengthen the positive points of each phase. Good pedagogical 78 

practice is guided by these principles.  79 

This paper presents and analyses methodological experiments of the teaching-learning process 80 

conducted in geotechnical engineering educational system (undergraduate and graduate 81 

studies) at three universities in the state of Pernambuco, Brazil, two of which are public 82 

institutions, one federal and one state, with the other being private and confessional, applied 83 

for more than 40 years. The adopted methodological experiments of the teaching-learning 84 

process aim to improve the learning motivation and learning performance of the geotechnical 85 

engineering students.  86 

2. Materials and methods  87 

The creation of a geotechnical laboratory nucleus with equipment ranging from conventional 88 

and basic to the most modern, and which has adequate functional space, is essential for 89 

carrying out experiments with laboratory and field tests (Ferreira, 1987; Ferreira, 1993; 90 
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Ferreira et al., 2000; Pincovsky et al., 2006; Ferreira et al., 2016 and Ferreira et al., 2020).  91 

The creation of an environment with space where different research groups can be brought 92 

together to interact, with computer programs and equipment capable of simulating field 93 

conditions, helps to stimulate teaching, research, and extension, and favors the pedagogical 94 

teaching-learning process in the educational system. Mechanical and electronic workshops 95 

contribute to the setting up of special laboratories for unsaturated soils and environmental 96 

geotechnics, as well as computer graphics that assist in the teaching-learning process. The 97 

development, construction, and acquisition of new equipment are important moments in 98 

learning, sharing, and socialization of knowledge. When working in teams, everyone grows 99 

when knowledge is shared. The development of new equipment stimulates creativity and 100 

entrepreneurship. The research lines and projects bring together undergraduate and graduate 101 

students, each with objectives and strategies to help reach the established goals. 102 

 There is a one-to-one correspondence between the elements that participate in the teaching-103 

learning process. The teacher, the learner, the objective, the content, and the strategy must 104 

interact dynamically and cyclically to guarantee each phase of the process, whether planning, 105 

execution, or evaluation. The structure of the teaching-learning process presented in Figure 1 106 

is used in the development of each experiment. The teacher interacts with the learner, initially 107 

indicating a proposal for an experiment or accepting another one presented by the learner. 108 

Goals and objectives are defined. A set of bibliographic references is consulted, test 109 

techniques are selected, equipment and projects are elaborated. The strategies for carrying out 110 

the experiments are defined in time and space. The initial planning is thus underway. During 111 

the execution of the experiments, the strategies, goals and objectives are evaluated, being able 112 

to be validated, adjusted or reformulated and what was initially planned can be revised. Thus 113 

the experiments are monitored. 114 

 115 

Figure 1.  The structure of the teaching-learning process 116 
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Three integrated methodological experiments from the teaching-learning process carried out 117 

in the area of geotechnics at three universities in the state of Pernambuco, Brazil, are 118 

presented. The first one was developed with undergraduate students in specific disciplines of 119 

geotechnical engineering who interact with companies that operate in the sector, performing 120 

laboratory and field tests and geotechnical instrumentation. The second experiment integrates 121 

students and professors from different areas of activity in the civil engineering programs 122 

around a multidisciplinary project and, finally, the third experiment brings together 123 

undergraduate and graduate student research activities in the same project and in an 124 

environment that extends from the development and construction of geotechnical equipment, 125 

through the development of new soil improvement techniques, to land use and occupation 126 

planning. The experiments were developed along two fields of research. One addresses hydro-127 

geomechanical soil behavior with the topics of problem soils, soil improvement, equipment 128 

development, adaptation, and construction, and the other addresses land use and occupancy 129 

with the topics of geotechnical cartography, slope stability, foundations, and environmental 130 

geotechnics. 131 

In the methodological experiments developed with the soil mechanics and foundations 132 

students, the theoretical and practical contents taught in the classroom were applied in the 133 

laboratory and on field trips. The students were divided into groups (maximum five people) 134 

and received samples of different types of soils to perform physical characterization, 135 

permeability, compressibility, and shear strength tests, accompanied by laboratory technicians 136 

and professors. They prepared and defended technical reports. Field visits were carried out to 137 

monitor percussion drilling, determine the penetration resistance index, and collate samples. 138 

The visits were described in a report. Each activity was part of the evaluation of the teaching-139 

learning process. 140 

In the slope stability course content, students visit a hillside in the city, where they perform a 141 

topographic survey, collect undisturbed samples, perform shear strength tests in the 142 

laboratory, and use software to analyze stability. The students also simulate variations in shear 143 

strength with variations in humidity and infiltration and then present and discuss the results in 144 

seminars and evaluate both the other teams and their teams (self-evaluation). 145 

In the foundations course, students, in groups of five, create fictitious companies to design 146 

foundations. They are given data from real structures, a load plan, and a geotechnical 147 

investigation program from another site to prepare the foundation design. As the theoretical 148 
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lectures are given, the design is developed by the students. The teacher plays the role of a 149 

technical consultant as the teaching-learning process develops. The project is presented, 150 

discussed, and defended, and must meet all the requirements of a real project, with elaborated 151 

alternatives, justifications, calculation log, budget, and construction details. The defense of 152 

the project is a moment of celebration, a time to observe the students' development, creativity, 153 

and team interaction, associating academic activity with the practice of calculating an actual 154 

project. This experience was lived by the author, while an undergraduate student of Professor 155 

Jaime Gusmão Filho at Federal University of Pernambuco, and was later applied in the 156 

courses he teaches as a professor. 157 

In the methodological experiments integrated with multidisciplinary projects, final-year civil 158 

engineering students had the opportunity to participate in and follow the design and 159 

construction stages of a commercial building, in fields such as geotechnical investigation, 160 

planning, budgeting, building services, and construction.  161 

In methodological experiments integrated with research and extension, undergraduate and 162 

graduate (masters and doctorate) civil engineering students participate in the same project 163 

developing research and extension activities. Each of the specific subprojects contributes to 164 

achieving the overall goal. All of the experiments are integrated in time and space. 165 

3. Analysis and results   166 

The integration of lecture classes with practical activities in the field, laboratory, technical 167 

visits, and project development, accompanied by teachers who encourage and motivate those 168 

who learn through the interaction of theory and practice, favors the teaching-learning process.  169 

 170 

The paper presents a significat amount of new informatiom and discusses the importance of 171 

providing significant experiences to students (undergraduate and graduate degrees) with a 172 

broad‐based education for civil engineers to work with the multidisciplinary skills required 173 

for engineering industry such as: technical and computer science skills, problem-solving, 174 

research and critical thinking.  175 

 176 

3.1 Methodological experiments integrated with multidisciplinary projects 177 
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In the Improving the Quality of Engineering Education projects at the Center for Technology 178 

and Geosciences of the Federal University of Pernambuco (UFPE) and the Final Course 179 

Project for Civil Engineering, funded by the Brazilian Financier of Studies and Research 180 

(Finep) of the Engineering Development Program/Reengineering of Engineering Education 181 

(PRODENGE/REENGE), the final-year students prepared tutorials on geotechnical soil 182 

characterization, laboratory tests, lowering of the water table, water analysis, technical 183 

bulletins on soil suction, dispersive soils, and on roads and transportation (Dourado & 184 

Ferreira, 1996; Ferreira, 1996 and Ferreira et al., 1997). They accompanied the design and 185 

construction stages of a commercial building, accompanied by professors and engineers from 186 

the construction company. They had the opportunity to participate in the execution of the 187 

foundation soil improvement process with sand piles, the pouring of the foundations and 188 

execution of the structure, masonry, and cladding. 189 

3.2 Methodological experiments integrated with university research and extension  190 

Figure 2a shows the quantitative evolution of the students who participated in the integrated 191 

methodological research experiments from 1982 to 2022, which contributed to the academic 192 

and professional training of 158 students (undergraduate, masters, and doctoral students). Of 193 

the undergraduate (scientific initiation) research assistants (85), 32% are master's degree 194 

students, and of these, 46% are DSc. students. Master's students totaled 62, with 13% 195 

obtaining  DSc. and 15% pursuing a DSc. The total number of master’s and doctoral students 196 

who participated in the methodological experiments was 73, of which 40% are university 197 

professors. Figure 2b shows that 26% of the master’s and DScs participated in the 198 

experiments in problematic soils, 18% in soil improvement, 7% in development and 199 

adaptation of equipment, 21% in environmental geotechnics, 13% in foundations, 9% in slope 200 

stability, and 6% in geotechnical cartography.    201 
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 202 

IS - Scientific Initiation, MSc - Master of Science, DSc - Doctor of Science  203 

Figure 2. Evolution of experiment participants over time: a) quantitative evolution of the 204 

students participating in the experiments; b) distribution of participants by research activity. 205 

 206 

3.2.1  Scientific Initiation  207 

The Scientific Initiation program plays an important role in academic education and, later on, 208 

in the professional life of the undergraduate. It is relevant for the teacher in research 209 

development. One of the main objectives of scientific initiation in universities and research 210 

centers is the formation of human resources that have a scientific spirit, where the solutions to 211 

problems are pursued seriously and methodologically. Learning how to solve problems and 212 

not simply acquire "ready-made" scientific knowledge or "magic" formulas, but develop a 213 

creative, critical, analytical, and proactive mindset that, combined with the scientific spirit, 214 

makes it possible to find more adequate solutions. This is the mentors’ responsibility in the 215 

work of scientific initiation in the teaching-learning process. 216 

Knowing how to refine the evaluation criteria to distinguish and separate the principal from 217 

the secondary and the essential from the accidental, is an important critical analysis in 218 

research. The objective and goals must be well defined and delimited in time and space 219 

(Ferreira, 1992). “I think so” or “I believe so” do not satisfy the objectivity of knowledge and 220 

the rationality of the scientific spirit. Being humble and recognizing limitations, accepting the 221 

possibility of mistakes and errors, being impartial, honest, and courageous, and having 222 
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initiative and perseverance are some qualities of the scientific spirit that should be developed 223 

and encouraged in the young researcher (Ferreira, 1996). 224 

Students in the scientific initiation program should not be merely performing disorganized 225 

tasks, and they should not participate in multiple research projects simultaneously, nor be 226 

considered interns. The scientific initiation training program demands objectivity, a spirit of 227 

observation, analysis, synthesis, reflection, and creativity. It is essential to develop a scientific 228 

spirit, which seeks adequate, impartial, objective, and rational solutions when examining the 229 

problems that are presented. 230 

The University of São Carlos, in the state of São Paulo, Brazil, has held the Scientific 231 

Initiation Congress since 1981, and some of the UFPE students mentored were encouraged to 232 

present their SI projects. However, the distance, reconciliation of the academic calendar, and 233 

the operational cost of the students' trip made it difficult for them to participate. These factors 234 

inspired the creation of the 10th Symposium of Scientific and Technological Initiation in 235 

Pernambuco, in 1989, which had 91 registered projects, and involved about 100 students, 67 236 

professors, 20 departments, 4 universities, and the Pernambuco Research Agency. A total of 237 

230 people participated. In subsequent years, UFPE organized scientific initiation congresses 238 

for all areas of knowledge and began to organize the event with the financial support of an 239 

organization of the Brazilain federal government named the National Council for Scientific 240 

and Technological Development (CNPq). 241 

Scientific initiation students accompanied the installation of the inclinometer and participated 242 

in the monitoring of displacement over time. They prepared reports and participated in 243 

scientific initiation congresses. Some of the students received master's degrees and doctorates, 244 

and many are today professors at public and private universities, designers, or federal and 245 

municipal public employees. 246 

3.2.2 Dissemination of methodological experiments 247 

The results of the integrated methodological experiments were published in 326 publications, 248 

of which 59% were on the Geomechanical Behavior of Soils, 39% on Soil Use and 249 

Occupancy, and 2% on Teaching, as shown in Figure 3a. Under the theme of Geomechanical 250 

Behavior of Soils, 49% were about Problematic Soils, 7% on Soil Improvement, and 7% on 251 

Equipment Development and Adaptation, as shown in Figure 3b. Under the theme of Soil Use 252 
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and Occupancy, 3% were in Geotechnical Cartography, 3% in Slope Stability, 7% in 253 

Foundations, and 17% in Environmental Geotechnics, as shown in Figure 3c. 254 

 255 

Figure 3. The number of experiments disseminated: a) Total publications, b) Land use and 256 

occupation, c) Soil behavior. 257 

A group of experiments were carried out  field and laboratory on expansive soil in the same 258 

location municipality of Paulista, Pernambuco which resulted in dissertations, theses and 259 

made it possible to: a)  monitor the crack propagation process through photographic images in 260 

the field (Figure 4a), in an area without (Figure 4b)  and  with vegetation (Figure 4c), during 261 

dry and rainy seasons,  (Aráujo, 2020); b) develop and adapt equipment that allows for the 262 

removal of anchored piles (Figure 5a) with loading and unloading cycles (Figure 5b), drying 263 

and wetting cycles (Figura 5c), and monitoring of the crack propagation process (Araujo 264 

2020); c) develop laboratory equipment to monitor the crack propagation process through 265 

drying and wetting cycles, with variations in soil weight, temperature, relative humidity, and 266 

suction (Aráujo, 2020); d) evaluate the stress-strain resistance behavior of soil and its 267 

mixtures with lime (Morais  & Ferreira, 2018 and  Paiva et al., 2016 ), with tire fibers 268 
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(Faustino et al., 2023 and Silva & Ferreira, 2023); e) analyze the interaction between soil 269 

particles with the addition of sand, lime, rice husk ash (Bezerra, 2019) using squeeze flow; f) 270 

evaluate the variation of the cone tip resistance with depth, using the Dynamic Penetrometer 271 

Light (DPL) in soil under natural moisture conditions and when flooded (Borges et al., 2016); 272 

and g) evaluate the soil microstructure before and after expansion using computerized 273 

tomography (Barbosa, 2019). 274 

 275 

Figure 4. Methodological experiments was carried out on expansive soil in the municipality of 276 

Paulista, Pernambuco. 277 
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 278 

Figure 5. Methodological experiments  to pullout tests on Granular Pile Anchor (GPA) 279 

In the expansive soil of the municipality of Cabrobó, PE, methodological experiments were 280 

conducted to evaluate the stress-strain behavior of soil and its mixture with hydrated lime 281 

(Paiva et al., 2016) and rice husk ash (Lacerda & Ferreira, 2020). Rice husk is a byproduct of 282 

rice processing that can cause environmental problems when performed on a large scale. To 283 

reduce the impact and the amount discarded, rice producers use the husk as fuel in the boilers 284 

of the parboiling process.  Beyond being used for power generation and steam production, 285 

rice husk can be used to make bricks. The Rice husk ash (RHA) is a fine material with 286 

cementitious properties that has a high silica content and high pozzolanic activity. The 287 

experiment used RHA generated by a company in the municipality of Cabrobó, PE. The 288 

addition of RHA to soil reduced its expansiveness and showed that it was feasible to use RHA 289 

to reduce environmental liabilities.   This experiment was also used with expansive soils in 290 

the municipalities of Agrestina, PE and  Brejo da Madre de Deus, PE (Silva et al. 2020) 291 

Several methodological experiments were performed on collapsible soils. The 292 

Expansocolapsometer were carried out to evaluate the potential for collapse of collapsible 293 

soils in housing complexes and irrigation projects in Petrolândia, PE (Ferreira & Lacerda, 294 

1993, Ferreira et al. 1995), in Petrolina, PE it was used in the Nova residential complex 295 

Petrolina linked to the Minha Casa Minha Vida program and the axis of the Pontal Azul canal 296 

in Petrolina, PE and the collapsible soil of Palma, TO during the construction of the airport 297 

runway (Ferreira et al., 2002). Torres (2014) evaluated the variation in tip resistance with a 298 

Dynamic Penetrometer Light (DPL) and a static penetrometer (cone) and evaluated the 299 
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collapse potential with an Expansocolapsometer in natural and flooded soil at the Nova 300 

Petrolina residential complex in Petrolina, PE, linked to the Minha Casa Minha Vida program. 301 

Borges et al. (2016) evaluated the elasticity modulus and volume variation of soil in the field, 302 

with and without previous flooding. They used a Light Weight Deflectometer (LWD), 303 

Expansocolapsometer, Dynamic Probing Light (DPL), and Static Penetrometer (PE) to 304 

perform the physical, chemical, and mineralogical characterization of the soil in the 305 

laboratory.  Alves (2019) obtained the characteristic curve, permeability, and soil 306 

microstructure before and after flooding using Scanning Electron Microscopy (SEM) and 3D 307 

X-ray Computed Tomography (CT), analyzed the hydro-geomechanical behavior, and made 308 

numerical simulations with the elastoplastic constitutive model known as the Barcelona Basic 309 

Model (BBM), (Ferreira et. al., 2008).  310 

Silva & Ferreira (2003) prepared maps of the susceptibility of the occurrence of collapsible 311 

and expansive soils in the municipality of Petrolina, PE, based on pedological units.  Amorim 312 

et al.,  (2005) used pedological, geological, and climate classification units to elaborate maps 313 

of the susceptibility of the occurrence of collapsible and expansive soils in the state of 314 

Pernambuco. Aquino & Ferreira (2022) contributed to the geotechnical cartography of the 315 

municipality of Teresina, PI, by using geoprocessing to elaborate susceptibility maps for the 316 

occurrence of problematic soils and foundation practices.  Holanda (2022) elaborated 317 

susceptibility maps for collapsible and expansive soils in Brazil by applying artificial neural 318 

networks. 319 

The geomechanical behavior of the foundation soils of the Recife II/Bongi transmission line 320 

towers was performed by Quental  & Ferreira (2008).  Oliveira (2013) analyzed load tests on 321 

continuous flight auger piles and their reliability for commercial buildings in the Recife 322 

Metropolitan Area. He was awarded the Icarahy da Silveira prize promoted by the Brazilian 323 

Association of Soil Mechanics and Geotechnical Engineering (ABMS) for the best 324 

dissertation in geotechnics in Brazil during the biennium 2012-2014. An evaluation of the 325 

methods for prediction and control of load capacity in H-profile steel piles was performed by 326 

Silva (2013) and experiments related to soil-structure interaction were performed by Patricio 327 

et al.,  (2018) and Araújo Júnior et al., (2022). 328 

Slope stability experiments were performed by Ferreira et al (2001) on hillsides in Recife and 329 

slopes in Ipojuca by Pereira (2020). Experiments on erosive and dispersive soils were 330 

performed by Quental & Ferreira (2008) and  Portela et al., (2021). The evaluation of 331 
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dispersivity and compressive strength of soil composites from the Barreiras Formation in Ilha 332 

de Itamaracá, PE with RCD and lime was evaluated by Portela et al., (2021). The analysis of 333 

the erosive process of a slope in the Bom Jesus neighborhood of Ilha de Itamaracá, PE was 334 

performed by Santos et al., (2021).  The area was mapped using an Unmanned Aerial Vehicle 335 

(UAV) and erosion was delimited and quantified using the Universal Soil Loss Equation 336 

(USLE). 337 

3.2.3 Methodological experiments integrated with university extension activities  338 

In the waste and citizenship university extension experiment, the activities were oriented 339 

towards the Integrated Final Disposal Project of the municipality of Rio Formoso, PE. The 340 

undergraduate students, scientific initiation students, master’s students, and technicians 341 

participated in the process of selecting the area to locate the landfill, the diagnosis of the 342 

municipality’s sanitation services, the master plan, the landfill project, the composting unit, 343 

and the plastic recycling unit. During the diagnosis, the Clean Swamp action was carried out, 344 

where a large joint effort was organized to clean a 2.0 km stretch of the river near the city 345 

center. Students from five public schools, about 500 elementary school students in total, were 346 

mobilized, along with a fishing colony and other associations. In this action, 163 tons of solid 347 

wastes were removed and 6000 folders were distributed, in a great example of citizenship.  An 348 

environmental education booklet entitled "Trash: From Generation to Final Destination – 349 

Environmental Education" was prepared. The illustrations in the booklet were selected by the 350 

students based on the diagnosis of sanitation services of the municipality (Ferreira et al., 351 

2005a and Ferreira et al., 2005b). 352 

To implement this project, an Environmental Impact Assessment was carried out, consisting 353 

of three distinct stages: diagnosis, prognosis, and conclusions. It encompassed studies about 354 

the area where the four units of the integrated system were implemented, addressing the 355 

physical, biological, and socio-economic environments, data and information collection, and 356 

field and laboratory investigations. Students in the scientific initiation program and graduate 357 

students participated in each of the stages.  For effective control of the environment, a follow-358 

up and monitoring program of the main impacting actions was developed, according to the 359 

environmental impacts identified in the prognosis, to minimize impacts caused during the 360 

implantation phase. 361 

Based on the cultural and solid waste characteristics of the municipality, collected during the 362 

diagnosis of the student’s research, the Integrated Final Solid Waste Disposal System of Rio 363 
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Formoso, PE is composed of four units: the Center for Environmental Education (CEARF), a 364 

Recycling Plant, a Composting Plant, and a Landfill, as shown in Figure 6. 365 

The project received an Honorable Mention from the National Health Foundation of the 366 

Ministry of Health for the work entitled: An Innovative Solution: Integrated System for the 367 

Final Destination of Solid Waste from the Municipality of Rio Formoso, PE, presented at the 368 

II International Seminar of Public Health Engineering, on December 3, 2004, in Goiânia, GO 369 

(Ferreira et al., 2004). 370 

In this project, the implementation of a green barrier to surround the construction site was 371 

envisaged, through the planting of trees that can be easily rooted from “stakes,” which will 372 

speed up the creation of the barrier. This could be done with Eucalyptus citriodora Hook 373 

planted with a two-meter spacing, with the barrier formed of two equal rows, two meters 374 

apart. The project counted on the participation of federal (National Institute for Agrarian 375 

Reform – INCRA), state (Department of Science and Technology and the Environment – 376 

Sectma and the Planning Department of the State of Pernambuco SEPLAN/PE – Promata), 377 

and municipal (Rio Formoso, PE Prefecture) governments, an international non-governmental 378 

organization Avina Group, the Producers Association of the Settlements of Engenho Serra 379 

D'Água, and two universities, one federal and the other private.  The project was considered 380 

by the State of Pernambuco to be a pilot project and was extended to the neighboring 381 

municipalities of Serinhaém and Tamandaré through an inter-municipal consortium.  The 382 

joint actions improved the standard of living and health of the population, improved the 383 

aesthetic and environmental aspects of the cities, and transformed the waste into a product 384 

that can increase employment and income. 385 
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 386 

Figure 6. Methodological experiments integrated with research and extension. a) Guidebook, 387 

b) Clean slough activity, c) Cleaning slough, d) Integrated Final Solid Waste Destination 388 

System of Rio Formoso, PE (adapting of Ferreira et al., 2005a) 389 

Oliveira et al., (2019) described an innovative experiment of the leachate treatment process 390 

with Moringa oleifera Lam seed extract obtaining a useful residual sludge to obtain a 391 

biosolid. The invention lies in the fields of agronomy and environmental engineering. The 392 

experiment was carried out on compost (residual sludge) from the Landfill CTR-Candeias in 393 

Muribeca, Jaboatão dos Guararapes, Pernambuco. Figure 7 shows the development of Lettuce 394 

Seeds through bioassays that allowed evaluation of the efficiency of using the waste sludge 395 

compost from sowing to germination at 25 days. The biosolid is equivalent to the use of 396 

commercial substrate, in the production of seedlings. Indicating the use as an alternative to 397 
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compost for reuse in the landfill nursery fertilization for the production of seedlings and 398 

reforestation of the landfill area. Reduction of the risk of contamination of the soil, 399 

groundwater and riverbeds, reduces the use of chemical fertilizers in the planting areas. The 400 

proposed methodology presents efficiency and its use can be indicated for application on a 401 

full scale, aiming at its adoption by sanitary landfills. The leachate treatment process was 402 

registered at the National Institute of Industrial Property (Oliveira et al., 2021). 403 

 404 

Figure 7. Lettuce seeding: a) Sowing, b) Germination with 5 days, c) Germination with 15 405 

days – control, d) Germination with 15 days compost, e) Germination with 25 days – control,  406 

f) Germination with 25 days – compost, (adapting of Oliveira et al., 2019).  407 

4. Conclusion 408 

The methodological experiments integrated into multidisciplinary projects provide a suitable 409 

environment for interaction between the university, designer, engineering industry and civil 410 

society, favoring the teaching-learning process.  411 

The methodological experiments that integrate undergraduate students, from the scientific 412 

initiation program with postgraduate students (master's and doctorate) promote the 413 
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advancement of knowledge, the formation of more qualified human resources, competent and 414 

qualified to respond to new scientific challenges and technological. 415 

Methodological experiments with university extension activities bring challenges, demands 416 

from society and opportunities for the academic environment to solve problems, favoring the 417 

teaching-learning process.  418 

This study demonstrates the use of a positive teaching-learning experience conducted in 419 

geotechnical engineering education on the development of civil engineers who possess both 420 

technical skills and professional competencies. 421 
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List of symbols  438 

ABMS  Brazilian Association of Soil Mechanics  439 

BBM   Barcelona Basic Model   440 

CAPES  Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 441 

CEARF              Center for Environmental Education of Rio Formoso 442 

CIF Crack Intensity Factor  443 

CNPQ  Council for Scientific and Technological Development. 444 

CT  Computed Tomography  445 

CTR                  Waste treatment center 446 

DPL  Dynamic Penetrometer Light 447 

DSc                   Doctor of Science 448 

FINEP               Financier of Studies and Research  449 

INCRA    National Institute for Agrarian Reform  450 

IS  Scientific Initiation 451 

MSc Master of Science 452 

PRODENGE      Engineering Development Program 453 

PROMATA  Program to support the sustainable development of the Zona da Mata of 454 

Pernambuco  455 

REENGE            Reengineering of Engineering Education  456 

RHA  Rice husk ash  457 

SECTMA     Secretary of Science and Technology and the Environment  458 

SEM  Scanning Electron Microscopy  459 

SEPLAN  Planning Secretary of the State of Pernambuco  460 
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UAV  Unmanned Aerial Vehicle   461 

UFPE  Federal University of Pernambuco 462 

USLE Universal Soil Loss Equation  463 

 464 

References  465 

Alheiros, M.M., Menezes, M.F., & Ferreira, M.G. (1990). Carta Geotécnica da Cidade do 466 

Recife, Sub-Área Geologia/Geologia de Engenharia, Relatório Final de Atividades. 467 

FINEP/UFPE (in  Portuguese). 468 

Alves, I., Costa, L., Antonino, A., Costa, L., & Ferreira, S.R.M. (2021) . Microstructural 469 

analysis of collapsible soil before and after collapse and with loading and unloading cycle. 470 

3rd Pan-American Conference on Unsaturated Soils, PanAm-Unsat.  Matec Web ff 471 

Conferences, 337, p. 01004.  https://www.matec-conferences org/articles/matecconf/abs 472 

/2021/06/matecconf_PanAm-Unsat2021_01004/matecconf_PanAm-nsat2021_01004.html. 473 

Amorim, S.F., Ferreira, S.R.M, Silva, M.A.V., & Alheiros, M.M. (2005). Contribuição à 474 

Cartografia Geotécnica: Sistema de informação geográfica dos solos expansivos e 475 

colapsíveis do estado de Pernambuco. In Associação Brasileira de Geologia de Engenharia 476 

(Org.), XI Congresso Brasileiro de Geologia e Engenharia e Ambiental. São Paulo, Brazil: 477 

ABGE, 1172-1187 (in Portuguese).   478 

Aquino, A.E.B., & Ferreira, S.R.M. (2022). Contribuição à Cartografia Geotécnica no 479 

Município de Teresina-PI. Editora Dialética. Itaim Bibi, São Paulo. (in Portuguese).   480 

Araújo, A.G.D. (2020). Análise do processo de fissuras e do comportamento de estacas 481 

granulares ancoradas submetidas a secagem e umedecimento em solo expansivo. 482 

[Doctoral thesis] Universidade Federal de Pernambuco (in Portuguese). 483 

https://repositorio.ufpe.br/handle/123456789/39359. 484 

Aráujo Junior, E.L., Ferreira, S.R.M., & Gusmão, A.D. (2021).  Estudo comparativo de 485 

previsões de recalque em fundações profundas e seus efeitos na interação solo-estrutura. 486 

Research, Society and Development, 10, p. e42810918199. (in Portuguese). 487 

https://doi.org/10.33448/rsd-v10i9.18199. 488 

https://www.matec-conferences/
https://repositorio.ufpe.br/handle/123456789/39359


22 

 

Barbosa, F.A.S. (2019). Análise do comportamento hidromecânico e da dinâmica de 489 

fissuração de um solo expansivo. [Master’s dissertation]. Universidade Federal de 490 

Pernambuco (in Portuguese). https://repositorio.ufpe.br/handle/123456789/39698.    491 

Bezerra, A.L. (2019). Análise da expansão de um solo no estado natural e compactado com 492 

adição de cinza de casca de arroz do município de Brejo da Madre de Deus – PE.  493 

[Master’s dissertation]. Universidade Federal de Pernambuco (in Portuguese). 494 

https://repositorio.ufpe.br/handle/123456789/35807.  495 

Borges, J.S. (2016).  Avaliação do módulo de elasticidade, resistência de ponta e variação de 496 

volume em campo com e sem inundação em solo colapsível. [Master’s dissertation]. 497 

Universidade Federal de Pernambuco (in Portuguese). 498 

https://repositorio.ufpe.br/handle/123456789/17142. 499 

Dias, A.B.F., Silva, T.A.,Gomes.  I.F.,  Ferreira, S.R.M., Gusmão, A.D. Joseph, J.B., & 500 

Cordão Neto M.P. (2022). Numerical Simulation of Embankment Construction on Soft 501 

Soil: a Case. Geotechnical and Geological Engineering, 40, 5181–5204. 502 

https://doi.org/10.1007/s10706-022-02210-w. 503 

Dourado, A.R.F., & Ferreira, S.R.M. (1996).  Reenge & Ensino em Transportes. O caso da 504 

UFPE. Transportes. 4, 107–113. (in Portuguese).  505 

Faustino, O.W.C., Araujo, H.J.T., & Ferreira, S.R.M. (2023) . Análise do comportamento 506 

hidromecânico e o processo de formação de fissuras de solo expansivo reforçado com 507 

fibras do coco verde e resíduos de fibras têxteis de pneus. Atas do 18º Congresso Nacional 508 

de Geotecnia (18CNG) - Geotecnia e Alterações Climáticas, 1, 341-350. Evora PT: 509 

Sociedade Portuguesa de Geotecnia (in Portuguese).   510 

Feitosa, M.C.A., Ferreira, S.R.M., Delgado, J.M.P.Q., Silva, F.A.N., Oliveira, J.T.R., 511 

Oliveira, P.E.S., & Azevedo, A.A.C. (2023).  Sewage sludge valorization for collapsible 512 

soil improvement. Buildings 13(2), 338. https://doi.org/10.3390/buildings13020338. 513 

Ferreira, S.R.M. (1987). Uma reflexão sobre o ensino de engenharia a noite em Pernambuco. 514 

Proc. Congresso Brasileiro de Ensino de Engenharia, COBENGE/87, Florianópolis, 515 

ABENGE, 265–283 (in Portuguese). 516 

https://repositorio.ufpe.br/handle/123456789/39698
https://repositorio.ufpe.br/handle/123456789/35807
https://repositorio.ufpe.br/handle/123456789/17142


23 

 

Ferreira, S.R.M. (1992). Uma experiência da contribuição da iniciação científica na formação 517 

do engenheiro. Proc. Congresso Brasileiro de Ensino de Engenharia - COBENGE/92, 518 

João Pessoa, ABENGE,  201–226 (in Portuguese). 519 

Ferreira, S.R.M. (1993). Comportamento de mudança de volume em solos colapsíveis e 520 

expansivos. Proc. VII Congresso Brasileiro de Geologia de Engenharia, Poços de Caldas, 521 

ABGE,  283-296. (in Portuguese). 522 

Ferreira, S.R.M. (1996). Experimentos metodológicos do Departamento de Engenharia Civil 523 

da UFPE do Reenge. Proc. XXIV Congresso Brasileiro de Ensino de Engenharia - 524 

COBENGE/ 96, Manaus,  ABGE, 193–208. (in Portuguese). 525 

Ferreira, S.R.M. (1997). Volume change behaviour of expansive clays in the soil of 526 

Pernambuco due to change in moisture content. Proc.  Recent Developments on Soil and 527 

Mechanics. Symposium on Recent Developments on Soil and Mechanics, Rio de Janeiro, 528 

BALKEMA, 237-242.   529 

Ferreira, S.R M., & Lacerda, W.A. (1993) . Variação de volume em solo colapsível medido de 530 

ensaios de laboratório e campo. Soils & Rocks, 16 (4), 245-253, (in Portuguese).  531 

Ferreira, S.R.M., Jucá, J.F.T., Marinho, M.O.H., Flores Neto, J.P., & Lima, J. D. (2004. Uma 532 

solução inovadora: sistema Integrado de destinação final dos resíduos sólidos do município do 533 

Rio Formoso-PE.  Proc. II Seminário Internacional de Engenharia de Saúde Publica, 534 

Fundação Nacional de Saude – Funasa. Goiânia, 325-336  (in Portuguese). 535 

Ferreira, S.R.M., & Lacerda, W.A. (1995). Volume change measurements in collapsible soils 536 

- laboratory and field tests. Proc. 1st International Conference on Unsaturated Soils, 537 

UNSAT '95, Paris, Balkema, 847-854.  538 

Ferreira, S.R.M., & Ferreira, M.G.V.X. (2009) . Mudanças de volume devido à variação do 539 

teor de água em um vertissolo no semiárido de Pernambuco. Revista Brasileira de Ciência 540 

do Solo 33(4), 779-791. (In Portuguese).  https://doi.org/10.1590/S0100-541 

06832009000400004. 542 

Ferreira, S.R.M., & Fucale, S.P. (2014).  Evaluation of the collapsibility of soils in the 543 

semiarid region of Pernambuco - Brazil. Journal of Civil Engineering and Architecture  8 544 

(10), 1285-1292. http://www.davidpublisher.com/Public/uploads/Contribute /554738d23bc 545 

54.pdf 546 

https://doi.org/10.1590/S0100-06832009000400004
https://doi.org/10.1590/S0100-06832009000400004
http://www.davidpublisher.com/Public/uploads/Contribute


24 

 

Ferreira, S.R.M., Lacerda, W.A., & Lopes, F.R. (1996). Discussion of down-hole collapse test 547 

system. Journal of Geotechnical Engineering, 122 (10) 869-872. 548 

https://ascelibrary.org/doi/epdf/10.1061/%28ASCE%290733-549 

9410%281996%29122%3A10%28869.2%29. 550 

Ferreira, S.R.M., Costa, L.M., Pontes Filho, I.D. S &, Guimarães, L.J.N. (2008).  Numerical 551 

Modelling of Hydro-Mechanical Behaviour of Collapsible Soils. Communications in 552 

Numerical Methods in Engineering, 24, 1839-1852. 553 

Ferreira, S.R.M., Costa, L.M.,; Guimarães, L. J.N., & Pontes Filho, I.D.S. (2013). Volume 554 

Change Behavior due to Water Content Variation in an Expansive Soil from the Semiarid 555 

Region of Pernambuco - Brazil. Soils & Rocks, 36, 183-193. 556 

Ferreira, S.R.M., Lafayette,  K.P.V. Vasconcelos,  R.P.R. & Lima, A.F .(2001). Parâmetros 557 

geomecânicos de solos na Formação Barreiras na área metropolitana do Recife. Symposium 558 

(Recife),  5,(2), 86-100 (in Portuguese).  559 

Ferreira, S.R.M.,  Paiva, S.C., Viana, R.B., & Morais, J.J.O (2017). Avaliação da expansão de 560 

um solo do município de Paulista-PE melhorado com cal. Materia-Rio J. 22,  1-12 (in 561 

Portuguese). https://doi.org/10.1590/S1517-707620170005.0266. 562 

Ferreira, S.R.M., Kato, M., Florêncio, M., Fonte, A.O., & Brasileiro, A. (1997) Reenge: 563 

resultados dos experimentos metodológicos ensino-aprendizagem em Engenharia Civil na 564 

UFPE. Proc. XXIV Congresso Brasileiro de Ensino de Engenharia – COBENGE/97,. 565 

Congresso Brasileiro de Ensino de Engenharia – COBENGE/97, Salvador, ABENGE 34–566 

44. (in Portugguese). 567 

Ferreira, S.R.M., Amorim Júnior, W.M., Lafayette, K.P.V.,Vasconcelos, R. P.R., & Gusmão 568 

Filho, J.A. (1999). Influencia de la variación de humedad en deslizamiento de colinas 569 

urbanizadas en Recife: el caso del Boleiro.  Proc. XI Panamerican Conference on Soil 570 

Mechanics on Geotechnical Engineering, Foz do Iguaçu, ABMS & ISSMGE, 1255-1262. 571 

Ferreira, S.R.M., Jucá, J.F.T., Marinho, M.O.H.; Flores Neto, J.P., & Lima, J.D. (2004). Uma 572 

solução inovadora: sistema integrado de destinação final dos resíduos sólidos do município 573 

do Rio Formoso-PE.  Proc. II Seminário Internacional de Engenharia de Saúde Publica, 574 

Goiana, FUNASA, 324-336 (in Portuguese).  575 

https://ascelibrary.org/doi/epdf/10.1061/%28ASCE%290733-9410%281996%29122%3A10%28869.2%29
https://ascelibrary.org/doi/epdf/10.1061/%28ASCE%290733-9410%281996%29122%3A10%28869.2%29


25 

 

Ferreira, S.R M., Jucá, J.F.T., Mariano, M.O.H.; Flores Neto, J.P., Lima, J.D., & Pragana, 576 

R.B. (2005a). Uma ação de inovação social e cidadania: sistema integrado de destinação 577 

final dos resíduos sólidos do município do Rio Formoso - PE. Recife: FASA Editora, 60 p 578 

(in Portuguese).   579 

Ferreira, S.R.M., Araújo, A.G.D., Barbosa, F.A.S., Silva, T. C. R., & Bezerra, I.M.L. (2020). 580 

Analysis of changes in volume and propagation of cracks in expansive soil due to changes 581 

in water content. Revista Brasileira de Ciência do Solo. 44:e0190169. 582 

https://doi.org/10.36783/18069657rbcs20190169. 583 

Ferreira, S.R.M., Oliveira, J.T.R., Cadete, A.N, Rocha, F.M.A., & Oliveira, M. S. (2022). 584 

Comportamento tensão-deformação-resistência de uma argila orgânica mole da região 585 

norte da cidade do Recife-PE, Brasil. Research, Society and Development, 11 (3),  586 

e3711326123.  http://dx.doi.org/10.33448/rsd-v11i3.26123 (in Portuguese).  587 

Ferreira, S.R.M., Jucá, J.F.T., Jucá, A.E.C., Melo, V.L.A., Mariano, M. O. H., Flores Neto, J. 588 

P. & Mendonça, C.M. (2005b). O Lixo: da geração à destinação final – Educação 589 

Ambiental. Recife: FASA, 30 p (in Portuguese).   590 

Feitosa, M.C.A., Ferreira, S.R.M., Delgado, J.M.P.Q., Silva, F.A.N.; Oliveira, J.T.R.; 591 

Oliveira, P.E.S., & Azevedo, A.C. (2023). Use of Sewage Sludge for the Substitution of 592 

Fine Aggregates for Concrete. Journal of Composites Science 7, (21). 593 

https://doi.org/10.3390/jcs7010021. 594 

Fonte, A.O.C., Fonte, F.L.F.,Castilho, A.A.H.E., & Pedrosa, A.V.A.C. (2005).  595 

Características e parâmetros estruturais de edifícios de múltiplos andares em concreto 596 

armado construídos na cidade do Recife. Proc. 47º Congresso Brasileiro do Concreto, 597 

47CBC0059, Recife, IBRACON, 274-285.  (in Portuguese). 598 

Freire, P. (1997).  Pedagogia da autonomia. São Paulo: Editora Paz & Terra, 165p (in 599 

Portuguese).   600 

Gusmão Filho, J.A. (1990). Ação integrada contra riscos gealógicos em morros urbanas.In 601 

Associação Internacional de Geologia de Engenharia. Proc. I Símpósio Latimo- Americano 602 

Contra Risco Geológicos Urbanos, São Paulo, IAGE, 421- 435.  (in Portuguese),   603 

Gusmão Filho, J.A., Ferreira, S.R.M., & Amorim Júnior. (1997). Escorregamentos em morros 604 

urbanos do Recife: o caso do boleiro. Proc. 2nd Panamerican Symposium on Landsides e 605 



26 

 

2a Conferência Brasileira Sobre Estabilidade de Encostas, Rio de Janeiro, Vol. 2, 606 

ISSMGE, ABMS &, ABGE, 985-994 (in Portuguese). 607 

Holanda, M.J.O. (2022). Solos colapsíveis e expansivos do Brasil: classificação da 608 

suscetibilidade de ocorrência aplicando Redes Neurais Artificiais. [Doctoral thesis]. 609 

Universidade Federal de Pernambuco (in Portuguese). 610 

https://repositorio.ufpe.br/handle/123456789/49238. 611 

Kubo, O.M., & Botomé, S.P. (2005). Ensino-aprendizagem: uma interação entre dois 612 

processos comportamentais. Interação em Psicologia. 5(1). (in Portuguese). 613 

https://revistas.ufpr.br/psicologia/article/view/3321.   614 

Lacerda, L.S.N., & Ferreira,R.M.F. (2020) . Comportamento de Geotécnico de Solos 615 

Estabilizados com Cinza de Casca de Arroz.  Editora Cia do eBook. Timburi SP, 82p. (in 616 

Portuguese).   617 

Marques, J G.C., Verissimo, K.J.S., Fernandes, B.S., Ferreira, S.R.M.. & Montenegro, S.M. 618 

G.L. (2021). Glyphosate: a review on the current environmental impacts from a Brazilian 619 

perspective. Bulletin of Environmental Contamination and Toxicology, 107(3), 385-397. 620 

doi: 10.1007/s00128-021-03295-4.  621 

Mendonça Neto, H.C., & Ferreira, S.R.M. (2015) . Behavior of volume change due to wetting 622 

in a collapsible soil to used in irrigation channel. Journal of Civil Engineering and 623 

Architecture. 2, 770-778. 624 

Macedo, M.C., Fucale, S.S. & Ferreira, S.R.M. (2016). Geomechanical Behavior of Soil 625 

Mixtures with tire residues and construction and demolition waste. Electronic Journal of 626 

Geotechnical Engineering,  21(19), 6393-6410. 627 

Menezes, L.C.P., Souza, D.B., Fucale, S.S., & Ferreira, S.R.M. (2019). Analysis of the 628 

physical-mechanical behavior of clayey sand soil reinforced with coir fibers. Soil and 629 

Rocks, 42(1), 31-42. https://www.soilsandrocks.com/sr-421031. 630 

Motta, E.Q., & Ferreira, S.R.M. (2011). Variações da compressibilidade e do potencial de 631 

colapso de um solo perante diferentes líquidos de inundação. Revista de Estudos 632 

Ambientais (Online), 13(1), 28-41 (in Portuguese). http://dx.doi.org/10.7867/1983-633 

1501.2011v13n1p28-41. 634 

https://repositorio.ufpe.br/handle/123456789/49238
https://www.soilsandrocks.com/sr-421031
http://dx.doi.org/10.7867/1983-1501.2011v13n1p28-41
http://dx.doi.org/10.7867/1983-1501.2011v13n1p28-41


27 

 

Muggler, C.C., Pinto Sobrinho, F.A., &  Machado. V.A. (2006).   Educação em solos: 635 

princípios, teoria e métodos.  Revista  Brasileira  Ciência do. Solo, 30(4), 733-740 (in 636 

portugue). DOI: 10.1590/S0100-06832006000400014. 637 

Oliveira, P.E.S. (2013). Análise de provas de carga e confiabilidade para edifício comercial na 638 

Região Metropolitana do Recife.  [Master’s dissertation]. Universidade Federal de 639 

Pernambuco (in Portuguese).  https://repositorio.ufpe.br/handle/123456789/12501 640 

Oliveira, J.T.R. (2012). Parâmetros geotécnicos de um depósito de fragmentos de coral na 641 

Região Nordeste do Brasil. Geotecnia 126(12), 89-97.   642 

https://pdfs.semanticscholar.org/c15e/3bfc69491bfdf7591d8498d062a74b20d5a3.pdf?_gl=643 

1*vqmqgs*_ga*NzY3Mzc5NjE2LjE2NDczMDQwNDM.*_ga_H7P4ZT52H5*MTY4MD644 

g3MDI2OS4xLjEuMTY4MDg3MDM3OC4wLjAuMA. 645 

Oliveira, P.E.S., Ferreira, S.R.M., Oliveira, J.T.R., & Porto, M.E.M. (2022). A new proposal 646 

for adjusting the load-settlement and ultimate load using the logistic adjustment. American 647 

Academic Scientific Research Journal for Engineering, Technology, and Sciences 648 

(ASRJETS), 89(1), 150-169. 649 

https://asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/7885/2590. 650 

Oliveira, Z.L., Nascimento Júnior, J.F., Lira, M.R.C., & Ferreira, S.R.M.(2019). Alternativa 651 

de compostagem do lodo residual e reuso para produção de mudas e paisagismo de aterro 652 

sanitário. La Revista AIDIS de Ingeniería y Ciencias Ambientales 12(3), 383-398. (In 653 

Portugues)  https://doi.org/10.22201/iingen.0718378xe.2019.12.3.6223. 654 

Paiva, S.C., Lima, M.A.A., Ferreira, M.G.V.X., & Ferreira, S.R.M (2016). Propriedades 655 

geotécnicas de um solo expansivo tratado com cal. Matéria (Rio J.) 21(02), 437-449, 656 

.https://doi.org/10.1590/S1517-707620160002.0041.   657 

Patricio, J.D., Ferreira, S.R.M., & Gusmao, A.D.  (2018) .Avaliação de desempenho de 658 

radiers na Região Metropolitana do Recife. Proc. XIX Congresso Brasileiro de Mecânica 659 

dos Solos e Engenharia Geotécnica – COBRAMSEG. São Paulo - SP: ABMS. (in 660 

Portuguese). 661 

Pereira, G.F.C. (2020). Análise Geomecânica de duas encostas no município de Ipojuca-PE.  662 

[Master’s dissertation]. Universidade Católica de Pernanbuco. (in Portuguese). 663 

http://tede2.unicap.br:8080/handle/tede/1281. 664 



28 

 

Pincovsky, E., Correia Junior, J.L., Wanderley, L.R.F., Cabral, N.D., &  Ferreira, S.R.M. 665 

(2016) . Pe. Thedoro Paulo Severino Peters, S.J.: Itinerário de uma Missão 1986 - 2006. 1. 666 

ed. Recife: FASA Editora, 154p. 667 

Portela, M.F.A., Lafayette,  K.P.V, Nascimento, E.C., Bezerra, J.S., Santos, M.J.P., & 668 

Ferreira, S.R.M. (2021).  Evaluation of dispersibility and resistance to simple compression 669 

of soil composites, construction and demolition waste and hydrated lime. Research, Society 670 

and Development,  10, e42210111959. (in Portuguese). https://doi.org/10.33448/rsd-671 

v10i1.11959. 672 

Quental, J.C., & Ferreira, S.R.M. (2008)  Análise de parâmetros geotécnicos em solos de base 673 

de fundação da LT Recife II / Joairam. Proc. Congresso Brasileiro de Mecânica dos Solos 674 

e Engenharia Geotécnica, Rio de Janeiro, ABMS, 1493-1499. (in Portuguese). 675 

Rufino R.D., Luna, J.M., Takaki, G.M.C., Ferreira, S.R.M. & Sarubbo, L.A. (2012) 676 

application of the biosurfactant produced by candida lipolytica in the remediation of heavy 677 

metals. Chemical Engineering Transactions,  27, 61-67. Doi 10.3303/CET1227011. 678 

Rufino R.D., Luna, J.M., Marinho, P.H.C., Ferreira, S.R.M., &; Sarubbo, L.A. (2013). 679 

Removal of petroleum derivative adsorbed to soil by biosurfactant Rufisan produced by 680 

Candida lipolytica. Journal of Petroleum Science & Engineering,  109,  117-122. 681 

https://doi.org/10.1016/j.petrol.2013.08.014. 682 

Santos, M.J.P., Lafayette, K.P. Vaz, Silva, T.A., Portela, M.F.A. ; Bezerra, J.S.  Ferreira, 683 

S.R.M., & Cavalcanti Neto, M.M. (2021). Landscape Transformation:Temporal Evolution 684 

of the Erosion Process on a Hillside on the Island of Itamaracá / Brazil. American Scientific 685 

Research Journal for Engineering, Technology, and Sciences, 77(1), 63-75. 686 

https://asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/6671. 687 

Silva, M.J.R., & Ferreira, S.R.M. (2003). Cartas de suscetibilidade ao colapso e à expansão 688 

devido á inundação em solos do município de Petrolina-PE. Proc. V Congresso Brasileiro 689 

de Geotecnia Ambiental,  Porto Alegre,  ABMS (in Portuguese). 690 

Silva, A.C., & Ferreira, S.R.M. (2023). Comportamento hidromecânico de um solo expansivo 691 

do Nordeste brasileiro reforçado com fibras de pet. Atas do 18º Congresso Nacional de 692 

Geotecnia (18CNG) Geotecnia e Alterações Climáticas, Vol 1. Evora PT: Sociedade 693 

Portuguesa de Geotecnia ,  223-232  (in Portuguese). 694 

https://asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/6671


29 

 

Silva. A.C., Fucale, S.P., & Ferreira, S.R.M. (2019). Efeito da adição de resíduos de 695 

construção e demolição (RCD) nas propriedade hidromecânicas de um solo areno-argiloso. 696 

Matéria (Rio J.) 24 (2).  https://doi.org/10.1590/S1517-707620190002.0670. 697 

Silva, A C.  Fucale, S.P., & Ferreira, S.R.M. (2020). Hydromechanical behavior of soil with 698 

tire fibers. Soils & Rocks, 43(2), 191-198. http://www.soilsandrocks.com.br/wp-699 

content/uploads/2020/07/SR-43-2-191.pdf DOI: 10.28927/SR.432191. 700 

Silva, J.A., Bello, M.I.M.C. V., & Ferreira, S.R.M. (2020) . Comportamento geotécnico de 701 

um solo expansivo estabilizado com cinza de casca de arroz e cal hidratada. Journal of 702 

Environmental Analysis and Progress, 5, 232-256 (in Portuguese). 703 

Souza, J.L., Corrêa. A.C.B., & Silva O.G. (2017) Compartimentação Geomorfológica da 704 

Planície do Recife, Pernambuco, Brasil.  Revista de Geografia, 3(1), 147-168 (in 705 

Portugues).  https://doi.org/10.51359/2238-6211.2017.229326.   706 

http://www.soilsandrocks.com.br/wp-content/uploads/2020/07/SR-43-2-191.pdf
http://www.soilsandrocks.com.br/wp-content/uploads/2020/07/SR-43-2-191.pdf

