
1 
 

Undergraduate Geotechnical Engineering Education of the 21st Century 1 

 2 

Xenia Wirth 1, Ning-Jun Jiang 2*, Talia da Silva 3, Gabriele Della Vecchia 4,  3 

Jeffrey Evans 5, Enrique Romero 6, Shobha K. Bhatia 7 4 

 5 

Introduction 6 

      Societies are facing more emerging challenges in the 21st century than ever before. The 7 

economic and social needs of deteriorating environments, depleted energy resources, and 8 

intensified natural disasters call upon geotechnical practitioners to respond to complex problems 9 

outside the traditional geotechnical boundaries in a knowledge-based and multi-disciplinary 10 

framework (Soga and Jefferis 2008). Geotechnical engineers are also expected to work across 11 

nations, cultural boundaries and social contexts, as well as to communicate effectively with all 12 

sectors of society (Galloway 2007). However, many current practices of geotechnical engineering 13 

are still empirical-based and constrained by traditional boundaries. Geotechnical professionals are 14 

often perceived as “unsophisticated, awkward in public, poor communicators, and without outside 15 

interests” (Marcuson et al. 1991). Unfortunately, the current geotechnical education curriculum 16 

does not provide the foundation necessary to ensure the engineer’s success in the 21st century. 17 
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Therefore, substantial changes must be made through review and reform of the contemporary 18 

engineering curriculum. Encouraging multi-disciplinarity and fostering transferable skills must 19 

constitute core components of the overall geotechnical education. 20 

      The Accreditation Board for Engineering and Technology, Inc. (ABET) expects general 21 

student outcomes for future undergraduates in engineering to include not only a thorough 22 

knowledge of the subject materials, but also more transferable skills, such as: “an ability to 23 

communicate effectively,” “…understand the impact of engineering solutions in a global, 24 

economic, environmental, and social context,” and “a knowledge of contemporary issues.” (ABET 25 

2014). The importance of these skills is recognized not only in the United States, but also in many 26 

other countries worldwide. This paper proposes an undergraduate geotechnical curriculum which 27 

attempts to encompass not only the technical criteria but also the transferable skills needed for 28 

geo-engineers.  29 

      The Bloom’s Taxonomy of Learning (Bloom et al. 1956) is an effective benchmark to measure 30 

levels of student learning (Dewoolkar et al. 2009). The Bloom’s Taxonomy of Learning consists 31 

of six levels in the cognitive domain of a student’s understanding of topics/concepts. These six 32 

levels, from the lowest to the highest, are ‘Knowledge’, ‘Comprehension’, ‘Application’, 33 

‘Analysis’, ‘Synthesis’, and ‘Evaluation’ (Bloom et al. 1956). Anderson et al. (2013) revised the 34 

Bloom’s Taxonomy of Learning and updated the six levels, which are ‘Remember’, ‘Understand’, 35 

‘Apply’, ‘Analyze’, ‘Evaluate’, and ‘Create’. The revision addresses both the ‘knowledge’ and 36 

‘cognitive process’ dimensions and thus assists instructors with developing curricula and 37 

evaluating student outcomes. It has been further suggested that achievement within the cognitive 38 

domain alone is insufficient and that student achievement within the affective domain is needed, 39 
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as the affective domain addresses the internalization of values and is an important complement 40 

beyond the cognitive domain (Lynch et. al. 2009). 41 

      The American Society of Civil Engineers (ASCE) has adopted Bloom’s Taxonomy in its 2008 42 

body of knowledge (BOK) for students planning to become professional civil engineers because 43 

it is familiar, well-documented in the engineering community, and has readily implementable 44 

outcome statements (ASCE 2008). ASCE Levels of Achievement Subcommittee recognized that 45 

Bloom’s Taxonomy provides an appropriate framework for the articulation of BOK outcomes and 46 

related levels of achievement (ASCE 2008). The revised geotechnical curriculum should enable 47 

students to achieve a more comprehensive understanding, particularly at the ‘Analyze’, ‘Evaluate’ 48 

and ‘Create’ levels, based on Bloom’s Taxonomy. 49 

            This paper has evolved from the International Workshop on Education of Future 50 

Geotechnical Engineers in Response to Emerging Multi-scale Soil-Environment Problems held on 51 

5-6 September 2014 at the University of Cambridge, UK. Perspectives of full professors, middle-52 

career faculty and PhD students are incorporated into a revised undergraduate geotechnical 53 

curriculum as discussed in detail in this paper.  54 

 55 

Prerequisites 56 

      The requirements for a civil engineering undergraduate degree vary widely among geographic 57 

regions. More specifically, top-ranked programs in Europe, Asia and the Americas have different 58 

numbers of required credit hours, general education courses, and types of classes offered for the 59 

same degree (Zhou et. al. 2014; AIB UGS 2012). Therefore, it is difficult to propose generic 60 

curriculum requirements that would be acceptable for all systems (Russell and Stouffer 2005). 61 

That said, the following prerequisites are proposed to prepare students for the introductory 62 
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geotechnical course and other technical electives, recognizing the fact that the following list may 63 

have too many or too few classes to be accepted at every university (Table 1).  64 

      Italicized in Table 1 are the proposed prerequisites (‘Introduction to Civil Engineering’ and 65 

‘Engineering Geology’), which will provide a more encompassing breadth of knowledge to first 66 

and second year civil engineering students. The ‘Introduction to Civil Engineering’ seminar course 67 

bridges a gap in the curriculum between first and second year students, who are just being 68 

introduced to engineering as a mathematical and scientific concept, and the third and fourth year 69 

students taking electives from each specific field (transportation, structures, geotechnical 70 

engineering, etc.). This course would be a 1-hour credit seminar course which introduces the 71 

various disciplines of civil engineering, where faculty, professionals, or graduate students from 72 

each discipline give presentations on suitable case-studies or research topics. Sustainability would 73 

also be addressed because it has become a crucial concept now in ABET program criteria for civil 74 

engineering programs, and is particularly important in civil engineering where large-scale projects 75 

demand a large quantity of material and energy that have significant social and environmental 76 

impacts (Seagren and Davis 2011). Though some universities, such as Georgia Institute of 77 

Technology and Syracuse University, incorporate a sustainability course in the undergraduate civil 78 

engineering curriculum, most universities have no such course, and students move directly from 79 

introductory engineering concepts (math, science, deformable bodies) to courses in specific 80 

disciplines (structural design, geotechnical engineering, transportation design) without 81 

understanding the field as a whole. A seminar course would be an appropriate way to transition 82 

without the burden of a complete extra course on the curriculum. 83 

      ‘Engineering Geology’ is a subject essential to the undergraduate civil engineering curriculum. 84 

This class, though most suited for students interested in geotechnical engineering, is an important 85 
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part of site investigation and characterization, which is applicable to all fields of civil engineering. 86 

A geology course would provide an introductory understanding of the formation of soil – its 87 

composition and nature, as well as properties of minerals and their variability. One difficulty lies 88 

in deciding what specifically to teach an engineer about geology. Topics recommended by Cawsey 89 

and Francis (1970) are divided into five categories: pure geology, site investigation, geological 90 

aspects of soil mechanics, rock mechanics, and hydrogeology. Pure geology for civil engineering 91 

focuses mostly on weathering, soil formation, and structural geology. Site investigation covers not 92 

only boreholes and other typical site analysis procedures but also includes the reading of geological 93 

maps and knowing where to find geologic data. Slope stability and origin of soils is addressed in 94 

the third category, and tunneling, strength, and fracturing of rocks in the fourth. Hydrogeology 95 

covers another very important aspect of civil engineering, the movement of water. Although the 96 

modules and lesson plans are left to the individual instructor, the core concepts presented above 97 

are an excellent foundation for an ‘Engineering Geology’ course. Otherwise, students, lack some 98 

fundamental understanding of one of the most basic of civil engineering materials, i.e. soil.  99 

 100 

Introductory Geotechnical Engineering Course  101 

Overview 102 

      A typical academic year in universities is divided into several (e.g., two, three, four or more) 103 

teaching semesters, terms, or quarters. The introductory geotechnical course varies from university 104 

to university, though it often includes a laboratory section to gain practical experience in soil 105 

testing and to reinforce concepts taught in the lecture portion of the course. Table 2 reviews the 106 

curriculum and class format for the introductory geotechnical course for engineering 107 
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undergraduates at universities in Europe and USA. The variations shown in Table 2 are reflective 108 

of the variations common when the course is taught at different universities. 109 

      The classroom format for the proposed introductory geotechnical engineering course, 110 

“Geotechnical Engineering I” has the following generic criteria: 111 

 Length: 40-hour class completed in one semester 112 

 Target group: Third-year undergraduate 113 

 Class sizes: 40-100 students (can be less for laboratory sections) 114 

 Laboratory section: 2-3 hours per week  115 

      In order to generate interest and allow the students to develop a more detailed understanding, 116 

the course should include some demonstrations and/or site visits. These active learning activities 117 

encourage student involvement and reinforce engineering concepts in “real-life” applications 118 

(Donohue 2014). There should be at least one site visit per semester and at least two tabletop 119 

demonstrations in addition to weekly lab instruction. Suggested modules and demonstrations 120 

appropriate for this class will be discussed in a following section.  121 

 122 

Fundamental content and approach 123 

      The proposed geotechnical introductory course is the first civil engineering course focused 124 

solely on geotechnical engineering. Therefore, it includes many of the same topics of most 125 

established introductory soil mechanics classes, as shown in Table 3. 126 

      The lecture content should include the core theoretical knowledge of soil mechanics, but 127 

should also include an introduction to geotechnical structures and case studies of both failures in 128 

design and notable accomplishments in geotechnical engineering. Foundation design and in-situ 129 

testing are sometimes reserved for the second undergraduate elective geotechnical course or for 130 
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graduate study, but as this may be the only geotechnical introductory course that some students 131 

take in their entire university study, we feel it is important to at least introduce the practical 132 

applications of geotechnical engineering in this course. The more advanced, more detailed topics 133 

in in-situ testing and foundation design are reserved for the graduate level, however.  134 

      Although some students enjoy learning theoretical derivations for soil mechanics and often 135 

they can be helpful, the authors propose to limit time spent on soil shear strength or consolidation 136 

analytical solutions in favor of more practical applications of geotechnical engineering. It would 137 

be better to use this time to introduce students to geotechnical structures and in-situ testing that 138 

they will frequently observe in their professional engineering careers. The course would still 139 

include an introduction to consolidation, seepage, and soil shear strength, but the heavy derivations 140 

would be reserved for the graduate level or other undergraduate electives, if there are enough 141 

geotechnical engineering courses offered at the undergraduate level. In addition to the fundamental 142 

knowledge in soil mechanics and geotechnical engineering, the revised introductory course should 143 

also embrace the modern developments within the geotechnical field. For example, thermal, 144 

hydraulic, electrical, biological, and mechanical processes all play a role in soil particle/fluid 145 

interactions, as well as in multi-scale phenomena and multi-physics coupling in porous media. The 146 

21st century geotechnical engineer should be aware that these processes may influence bulk 147 

properties and soil behavior. The course at undergraduate level should therefore include notions 148 

of mechanics of unsaturated soils (porous material with two interstitial fluids), as a way to 149 

introduce other hydro-mechanical coupled process besides the theory of consolidation. Moreover, 150 

advancements in technology can be excellent and thought-provoking visual aids for presenting 151 

particle features of soil behaviour and soil particle interactions. For example, DEM and FEM 152 

simulations could be used to show how soil particles respond to dynamic earthquake loading or 153 
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how a slope responds under heavy construction loading or heavy rainfall conditions, and 154 

electromagnetic geophysics can exemplify how a subsurface profile can be extremely 155 

heterogeneous (Abbo et. al. 2012).   156 

 157 

Undergraduate Geotechnical Engineering Curriculum 158 

Overview 159 

      The proposed undergraduate geotechnical curriculum would have four core courses and one 160 

seminar course (Table 4) essential to geotechnical engineering including: Introduction to Civil 161 

Engineering (seminar), Engineering Geology, Geotechnical Engineering I (Introductory 162 

Geotechnical Course), Geotechnical Engineering II, and Geotechnical Engineering III. The first 163 

three would be mandatory for all civil engineering students, and the last two are electives that 164 

students interested in a geotechnical engineering concentration could take. They could be offered 165 

annually or bi-annually depending on enrollments and faculty resources and would be primarily 166 

for third, fourth, and fifth-year students (if applicable). The last two electives could also be 167 

graduate-level geotechnical engineering courses at programs with limited undergraduate 168 

geotechnical engineering curriculums. Particularly at institutes with limited faculty or course 169 

offerings, students should be strongly encouraged to pursue a graduate-level education in 170 

geotechnical engineering before beginning a career in the field. 171 

      The Geotechnical Engineering III course provides a unique opportunity to tailor geotechnical 172 

engineering to specific issues in the geographic area. For example, in Puerto Rico, the 173 

undergraduate geotechnical curriculum includes a natural hazards course (Perdomo and Pando 174 

2014). This area is highly susceptible to natural hazards such as hurricanes, extreme weather 175 

events, earthquakes, tsunamis and floods (Perdomo and Pando 2014). In programs with a heavier 176 
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emphasis on environmental engineering, this course could be focused on environmental soil 177 

remediation and landfill design. In this way, Geotechnical Engineering III would be a specialized 178 

course for those students who have a continued interest in or plan on a career in geotechnical 179 

engineering.  180 

 181 

Suggested modules and activities 182 

      One of the challenges faced by geotechnical engineering is rooted in the undergraduate student 183 

perspective. While high school students certainly see roads, bridges and buildings as part of daily 184 

living, they are unlikely to be exposed to soil mechanics or foundation engineering. Furthermore, 185 

in the minds of undergraduate students, geotechnical engineering is often viewed as one of the 186 

least glamorous of the civil engineering disciplines. Most students do not consider “playing with 187 

dirt” to be as influential as constructing the next highway system or skyscraper, and they do not 188 

understand how important the subsurface is in the successful performances of the highway system 189 

or skyscraper. Finally, many students (and engineers) are uncomfortable with uncertainty in 190 

engineering judgment and are more comfortable in other more prescribed civil engineering 191 

disciplines. Changing this perspective should be a priority in the undergraduate geotechnical 192 

curriculum.  193 

      Conventional “chalk and talk” style lectures can lead students to conclude learning about soil 194 

is boring. Lecture-style learning should be augmented with engaging classroom activities and 195 

demonstrations to encourage interest in geotechnical engineering (Abbo et. al. 2012). Interactive 196 

modules and other, non-lecture-based learning opportunities also break up the tedium of typical 197 

lectures. Active-learning activities are designed to promote critical thinking skills and provide a 198 

more detailed and visually-appealing understanding of the subject material. Group work improves 199 
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student communication and teamwork skills (conflict resolution, project management and 200 

leadership), which are crucial skills for the engineering workforce (Pinho-Lopes et. al. 2011). By 201 

encouraging geotechnical engineering faculty to effectively use these types of activities, more 202 

students will be attracted to geotechnical engineering (Felder et al. 2000). They are also expected 203 

to have better academic performance (Freeman et al. 2014).  204 

      Demonstrations, modules, case studies and other activities have been used to improve the 205 

student learning experience (Dewoolkar et. al. 2009; Newson and Delatte 2011; Pinho-Lopes et. 206 

al. 2011). Some examples include: shake tables to show liquefaction of sandy soils, electrically-207 

conductive paper to simulate water flow through soil, centrifuge modeling, and critical analysis of 208 

laboratory procedures for soil properties, among others (Dewoolkar et. al. 2009). Laboratory-scale 209 

centrifuge modeling, in particular, is a great advantage in the classroom for displaying dynamic 210 

soil behavior. This technique has been used with much success in simulating a variety of 211 

geotechnical situations, including pipe uplifting with cohesive backfills, seismic events, wave 212 

propagation through soils, foundation loading, and retaining wall loading, among others (Cabrera 213 

and Thorel 2014; Craig 2014; Jacobsz et al. 2014; Springman 2014; Wilson and Allmond 2014). 214 

It worth mentioning that Elton (2001) has provided a fascinating collection of simple, inexpensive, 215 

but intriguing experiments focusing on the principles of soil mechanics. These models may be 216 

directly referred to by instructors. In addition, working groups orally presenting different topics 217 

assigned by the professor are also possible ways to complement the learning experience (leaning 218 

tower of Pisa and stabilization methods adopted, failure of Carsington dam, the Vaiont landslide, 219 

geotechnical aspects of the construction of the Channel Tunnel, artificial ground freezing, … ). 220 

       221 

 222 
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 Potential challenges 223 

      The authors understand that replacing a traditional lecture format for more work-intensive, 224 

interactive sessions and including a larger breadth of geotechnical topics and classes in an 225 

undergraduate geotechnical engineering curriculum is a significant undertaking. However, these 226 

challenges can be addressed individually and slowly, if needed, as long as progress is made in 227 

teaching students as effectively as possible. The engineering world is changing, and education 228 

must adapt to not only new criteria requirements, but new responsibilities for the engineers of the 229 

21st century. 230 

      The proposed curriculum cannot be easily adapted at every university. Universities which have 231 

limited flexibility in course offerings, fewer credits needed for graduation, or government-or-232 

university-imposed additional requirements may have the most difficulty in implementing a 233 

redesigned program (Estes et. al. 2015; Perdomo and Pando 2014). Issues are anticipated in a 234 

university with small enrollments or few faculty members, and therefore, few students interested 235 

in a geotechnical concentration. Regardless, all civil engineering students should still have the 236 

benefit of a geotechnical engineering education from the “Engineering Geology” and 237 

“Introductory Geotechnical Engineering” courses, even if these classes are the only exposure they 238 

receive before graduating. 239 

      A question emerges when considering how to implement the changes proposed above as part 240 

of the “Introductory Geotechnical Engineering” course. How much can both traditional and new 241 

concepts realistically fit into a curriculum? Most courses are approximately 40 hours of teaching, 242 

yet classroom demonstrations, site visits, and exams takes time from learning core concepts. These 243 

activities are instrumental in providing the 21st century student with the skills needed to be a 244 

professional engineer, but the core concepts of geotechnical engineering must also be taught. Inter-245 
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departmental collaboration could assist faculty in introducing geotechnical engineering to students 246 

earlier in their study and by doing so, create space in the introductory geotechnical engineering 247 

course. For example, an introduction to fluid flow through porous media could be presented in an 248 

undergraduate fluid mechanics course, and a discussion on Mohr’s circle in a Mechanics of 249 

Materials course could incorporate soil shear strength as an example. The civil engineering 250 

materials course could have a subsection on soil classification. Moving more complex scenarios 251 

in soil mechanics to the graduate level is another way of relieving pressure on the introductory 252 

geotechnical course. Students should be encouraged to continue their education in geotechnical 253 

engineering on the graduate level, particularly if they want to pursue a career in geotechnical 254 

engineering. The graduate education will give them the extra breadth and depth of material that 255 

cannot be included at the undergraduate level. Incorporating new concepts, modules, and new 256 

courses is also more work for the instructors. Lesson plans that have been firmly established must 257 

be altered, and energy and time must be spent in analyzing the effectiveness of new teaching 258 

methods. Students also tend to resist a more integrated lecture format because it requires more of 259 

their time, and group work can be more demanding than a typical homework assignment 260 

(Dewoolkar et. al. 2009; Newson and Delatte 2011).  261 

      Addressing these changes will take significant effort, but they are possible. Defining clear 262 

learning objectives at the beginning of the semester and following them closely helps both students 263 

and instructors (Fiegel 2013; Newson and Delatte 2011). Tracking student progress and survey 264 

responses has provided insight for other instructors who made similar improvements as those 265 

proposed above (Dewoolkar et. al. 2009; Perdomo and Pando 2014). If there are multiple 266 

instructors for a course, teachers can distribute the workload to ease the burden. Some modules 267 

used volunteer graduate students to help, particularly for showing undergraduates how to use field 268 
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and lab equipment (Dewoolkar et. al. 2009). Although the process seems daunting, the professional 269 

educator must adapt not only to the advances in civil engineering but also to the necessary 270 

accompanying changes that must be made in the engineering education system.  271 

 272 

Measuring Course Success 273 

      The last essential portion of implementing changes to the undergraduate engineering education 274 

system is measuring course success. Student surveys have been used by many researchers as a 275 

gauge of success. If students have difficulties understanding and implementing the new concepts, 276 

changes will not be effective (Dewoolkar et. al. 2009; Fiegel 2013; Perdomo and Pando 2014; 277 

Pinho-Lopes et. al. 2011). Students’ perspectives and experiences are evaluated with subjective 278 

responses such as “strongly agree”, “strongly disagree” or “neutral”. These surveys are particularly 279 

important when implementing modules that require group work, to identify the most effective way 280 

to encourage student collaboration. Often, each opinion is assigned a numerical rank (e.g. 1-4) 281 

which then is statistically analyzed (Pinho-Lopes et. al. 2011). Peer-evaluated responses, in which 282 

students rate one another’s group contributions, are another method of ensuring equal collaboration 283 

(Newson and Delatte 2011). Instructors adjust individual grades based on the responses of the 284 

group members. The teacher’s perspective is also necessary when deciding if a curriculum change 285 

should be implemented. Significant curriculum changes such as interactive modules and critical 286 

reports, among others, require the teacher to take on a higher workload, both in grading these 287 

assignments and taking time to help students who are struggling (Dewoolkar et. al. 2009; Newson 288 

and Delatte 2011). A professor must have the time and energy to make the necessary changes in 289 

order for them to be effective in the classroom. Those who would advocate for new modules and 290 

activities must have the commitment of the professors who will be teaching those classes.   291 
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      Improvements in student performance have been successfully measured by comparing 292 

examination and quizzes grades to previous semesters. Teachers must share data to understand if 293 

better concept retention is attributable to the introduction of new teaching styles and modules. 294 

Graded exams and quizzes provide the numerical data to statistically track improvement 295 

(Dewoolkar et. al. 2009; Fiegel 2013). Measuring the percentage of students to correctly answer a 296 

particular type of question is one method of doing so. Fiegel (2013) encouraged the use of daily 297 

quizzes to monitor student learning and retention over the course of the semester. The quizzes were 298 

short, 5 minute, 1-2 question assignments given at the end of every lecture, to test on concepts 299 

presented during the class period. They were simple problems that were easy to grade, yet they 300 

provided some “real-time” measure of student comprehension which allowed the instructor to 301 

adjust lecture concepts accordingly.  302 

      Although the effectiveness of interactive modules and activities were difficult to measure 303 

numerically, the students seemed to respond positively to the new activities at University of 304 

Vermont, citing that they helped the students better understand the engineering concepts 305 

(Dewoolkar et. al. 2009). Students at other universities had similar positive feedback when case 306 

studies were introduced to the curriculum (Abbo et. al. 2012; Newson and Delatte 2011). More 307 

recently, Freeman et al. (2014) analyzed 225 case studies that provided data on examination scores 308 

or failure rates. Student performance in undergraduate science, technology, engineering, and 309 

mathematics (STEM) courses was compared between traditional lecturing and active learning. It 310 

is reported that average examination scores are improved by around 6% in active learning than 311 

traditional lecturing. Students in classes with actively learning are 1/3 less likely to fail than in 312 

traditional lecturing classes (Freeman et al. 2014).  313 

 314 
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Conclusion 315 

      A critical approach needs to be taken to evaluate the effectiveness of the current undergraduate 316 

geotechnical engineering curriculum. New criteria are being introduced on the national and 317 

international levels to create a 21st century engineer that has a strong background in core concepts 318 

and professional skills to compete in a global, economic, environmental, and social engineering 319 

context (Estes et. al. 2015; ASCE 2008). Both curriculum and classroom changes are necessary to 320 

update the undergraduate engineering education. New introductory courses provide a more 321 

thorough introduction to civil engineering and sustainability; new teaching styles and modules 322 

incorporate technological advances, encourage critical thinking and other professional skills, and 323 

promote student interest in geotechnical engineering. The geotechnical engineering field is 324 

increasing in complexity, and the undergraduate engineering curriculum must embrace the 325 

challenges of educating the 21st century engineer. 326 

 327 
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Table 1. Proposed prerequisite courses for a civil engineering undergraduate student, to be 419 

completed within the first three years of study. 420 

General Subject Courses 

Math 

 Calculus (single variable differentiation 
and integration, series, multi-variable) 

 Linear Algebra 
 Differential Equations (PDE and ODE) 

Sciences 

 General Physics (dynamics and 
electromagnetics) 

 General Chemistry  
 Biology or Earth Sciences 

General Engineering 

 Statics 
 Deformable Bodies (Continuum 

Mechanics) 
 Dynamics 
 Material Sciences 
 Thermodynamics 

General Civil Engineering 

 Fluid Mechanics 
 Strength of Materials 
 Introduction to Civil Engineering 

(Seminar course) 
 Engineering Geology 

 421 

  422 
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Table 2. Review of curriculum and format for the introductory geotechnical engineering course 423 

for the engineering undergraduate in USA and European universities.  424 

University Topics Included Lecture Format 

Bucknell 
University, 

USA 

 Origin, composition, structure, and 
properties of soils  

 Identification, classification, 
strength, permeability, and 
compressibility characteristics 

 Introduction to foundation 
engineering  

 Laboratory determination of soil 
properties 

Lecture hours: 42 
Laboratory hours:  28 
Semester length: 14 weeks of 
instruction plus final exam 
week 
Credits: 4 

Politecnico di 
Milano, Italy 

 

 Soil origin, classification and 
physico-chemical properties 

 Field equations for porous media 
 Seepage  
 Consolidation  
 Mechanical behaviour of soils and 

constitutive modeling 
 Earth pressure and retaining 

structures 
 Introduction to slope stability and 

excavations  
 Bearing capacity of shallow 

foundations 
  Settlement evaluation 

Lecture hours: 96 
Laboratory hours:  0  
Exercise hours 1: 48 
Semester length: 12 weeks of 
instruction 
Credits: 10 

Georgia 
Institute of 

Technology, 
USA 

 

 Soil characterization and 
classification  

 Compaction and soil improvement 
 Stresses in soils  
 Shear strength  
 Fluid flow through porous media  
 Settlement analyses  
 Earth retaining structures 

Lecture hours: 48 
Laboratory hours:  48 
Semester length: 16 weeks of 
instruction plus final exam 
week 
Credits: 4 

Syracuse 
University, 

USA 

 Nature and composition of soils  
 Formation and classification of 

natural soils and man-made 
construction materials  

 Compaction, permeability and 
seepage 

 Consolidation and settlement  
 Shear behavior and strength 

Lecture hours: 44   
Laboratory hours: 40   
Semester length: 16 weeks of 
instruction plus one week of 
final exams 
Credits: 4 

University of 
Cambridge, 

 Basic definitions of soil 
constituents, and their packing, 

Lecture hours: 16 
Small group supervision: 4  
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UK soils in nature, and the principle of 
effective stress 

 Compaction, steady state seepage, 
compressibility and stiffness 

 Consolidation, transient flow, and 
oedometer test 

 The shear strength of soils 
 Limit equilibrium of geotechnical 

structures, shallow foundation 
design, and retaining structures 

Laboratory hours: 1 session 
Semester length: 8 weeks of 
instruction 

University of 
Liege, 

Belgium 

 Soil mechanics (introduction, 
granular media, physical properties, 
classification, water in soils, 
seepage, soil - water interaction, 
mechanical properties, in situ stress 
state) 

 Slope stability 
 Retaining structures (gravity walls, 

sheet piles) 
 Shallow foundations and deep 

foundations 
 Roads: design and structural 

behaviour.  

Lecture hours: 26  
Practice hour 2: 26  
Laboratory hours: 2  
Field work: half day 
Credits: 5 

École 
Polytechnique  

Fédérale de 
Lausanne 
(EPFL), 

Switzerland 

 Experimental methods 
 Effective stress principle 
 Introduction to the non-linear 

behaviour of soils 
 Seepage and 1D consolidation 
 Elastic solutions 
 Limit analysis and applications, 

retaining structures, dams, slope 
stability 

 Numerical methods (FEM, FDM)

Lecture hours: 42 
Exercise hours 1: 28 
Laboratory hours: 14 
Semester length: 14 weeks of 
instruction 
Credits: 5 

Politecnico di 
Torino, Italy 

 Description and classification of 
soils 

 Mechanical behaviour of soils: 
effective stress principle, oedometer 
test, triaxial test 

 Seepage 
 Consolidation 
 Limit analysis 
 Earth thrust 
 Bearing capacity of shallow 

foundations 

Lecture hours: 80  
Practice hour 2: 20  
Laboratory hours: 0 
Credits: 10 
 

Delft  Soil characteristics Lecture hours: 36  
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University of 
Technology, 

the 
Netherlands 

 Groundwater: pore pressure and 
effective stress;  

 Darcy’s law, permeability and 
groundwater flow 

 Elastic solutions 
 Consolidation, drained and 

undrained behaviour 
 Shear strength of soils 
 Site investigation and soil sampling 
 Retaining structures 
 Foundations 
 Slope stability with limit 

equilibrium methods 

Practice hour 2: 12  
Laboratory hours: 0 
Credits: 5 
 

Universitat 
Politècnica de 

Catalunya, 
Spain 

 Soil characterization 
 Flow: solving flow problems, flow 

in unsaturated soils. Effective stress 
 Experimental behavior: basics of 

mechanics of continua, stress paths. 
Behavior of clays and sands 

 Mechanical behavior: Cam-clay 
model, shear strength, introduction 
to unsaturated soils 

 Failure analysis: plastic collapse 
theorems, slope stability 

 Consolidation: one-dimensional 
theory and with radial flow 

Lecture hours: 62  
Practice hour 2: 18  
Laboratory hours: 9  
Guided activities: 4 (group 
coursework) 
Semester length: 15 weeks of 
instruction 
Credits: 9 
 

1 Exercise hour: a practice session, during which some problems or exercises are proposed by a 425 

younger collaborator of the professor (e.g. a PhD student or a research associate...) and then the 426 

solution is shown, together with all the calculations. 427 
2 Practice hour: similar to exercise hour. 428 

 429 

  430 
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Table 3. Proposed content for the introductory geotechnical engineering course.   431 

General Topics Specific Content 

Soil classification 

 Soil heterogeneity and anisotropy 
 USCS and other classification systems 
 Physical properties (shape, size, color, porosity, 

plasticity, etc.) 
 Phase relationships 
 Clay mineralogy; clay-water electrolyte system 

Water 
 Hydraulic conductivity and Darcy’s law 
 Seepage 
 Effective stress  

Mechanical behavior 

 Non-linearity of the stress-strain relationship 
 Oedometer and triaxial tests 
 Shear strength, Mohr’s circle and friction angle 
 Drained and undrained stress response 
 Overconsolidation Ratio 

Geo-structures 

 Earth pressure and retaining walls 
 Embankments and dams (flow, filters, drains, rapid 

drawdown)   
 Shallow foundation design: settlement and bearing 

capacity 
Hydro-mechanical coupling  Consolidation 

Others 

 Compaction 
 Introduction to mechanics of unsaturated soils (flow, 

constitutive stresses, hydro-mechanical behaviour) 
 Case studies 
 In-situ testing (introduction)

   432 

  433 
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Table 4. The proposed undergraduate geotechnical engineering curriculum, to best prepare a 434 

geotechnical engineering student of the 21st century  435 

Course Name Student Year Course Content 
Introduction to 

Civil 
Engineering 
(Seminar) 

1st, 2nd year 
(required) 

 Sustainable design 
 Disciplines within civil engineering 

(transportation engineering, structural 
engineering, geotechnical engineering, 
hydrological engineering, environmental 
engineering) 

Engineering 
Geology 

1st, 2nd year 
(required) 

 Pure geology 
 Site investigation 
 Geological aspects of soil mechanics  
 Rock mechanics 
 Hydrogeology 

Geotechnical 
Engineering I 

3rd year 
(required) 

 Soil classification 
 Fluid flow through soils (flow through partially 

saturated soils) 
 Mechanical behavior (oedometer and triaxial 

tests) 
 Geo-structures: retaining walls, embankments, 

dams, shallow foundations 
 Hydro-mechanical coupling (basic introduction 

to consolidation) 
 Compaction 
 Shallow foundation design 
 Introduction to in-situ testing 

Geotechnical 
Engineering II 

4th year 
(elective) 

 Derivation and numerical solutions of seepage 
and consolidation equations 

 Critical state soil mechanics (CSSM) 
 Comprehensive shallow and deep foundations: 

bearing capacity and settlement calculations 
for fine and coarse grained soils 

 Comprehensive in-situ testing and site analysis 
 Drilling and sampling 
 FEM/DEM demonstrations 
 Mechanics of unsaturated soils (introduction to 

porous media with two interstitial fluids: 
constitutive stresses, coupled hydro-
mechanical behaviour) 

Geotechnical 
Engineering III 

4th year 
(elective) 

 Environmental geotechnics 
 Energy geotechnics (thermal and geochemical 

coupled processes: energy geo-structures, 
energy geo-storage) 
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 Detailed laboratory testing procedures 
(introduction for testing partially saturated 
soils and multi-scale testing) 

 Slope stability (embankments, cuts and natural 
slopes) 

 Ground improvement  
 Seismic design of geotechnical structures 
 Specific geographic applications 

 436 

 437 


