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Course  Civil Engineering Academic year 2020/21 

Subject Soil Mechanics II ECTS 5 

Type of course Mandatory 

Year 2.º Semestre 2.º Sem Horas de trabalho globais 

Professor (s) Manuel António Sobral Campos Jacinto Total 140 Contacto 75 

Area disciplinary 
coordinator 

Prof. Doutor José Carlos Almeida 

 

 

1. LEARNING OBJECTIVES 

Following the learning in the 1st semester of the Soil Mechanics I curricular unit, the Soil 
Mechanics II curricular unit, presents fundamental concepts and theories that allow to 
translate and explain the mechanical behavior of the earth massifs. This discipline also 
presents techniques commonly used to prospect earth masses and in situ research methods, 
normally used to estimate the main geotechnical parameters, with a view to carrying out 
stability analyzes or external dimensioning methodologies for construction works. Civil 
Engineering. Concepts, theories and methods used in Civil Engineering will also be 
introduced in analyzes of the stability of natural slopes and embankment or excavation 
slopes, relative to the earth massifs. 

2. COMPETÊNCIAS 

Students should acquire the following skills: 
- Know how to explain the phenomena that control shear resistance and the stress-strain 
relationship in sandy and clay soils. 
- Understand the differences in drained behavior from undrained behavior. 
- Know the main laboratory tests that allow the evaluation of soil shear resistance 
characteristics. 
- Know how to calculate the resistance parameters both in terms of effective stresses and in 
terms of total stresses, from the results of laboratory shear tests. 
- Know how to apply slope stability analysis methodologies (limit equilibrium methods). 
- Explain the phenomena involved in the instability of natural slopes. 
- Distinguish the different types of tests in situ and be able to propose the most appropriate 
test for a specific type of geotechnical problem to be solved. 
- Know how to interpret the results of field tests in order to obtain estimates of mechanical 
parameters of the soil (strength and stiffness). 

 

3. PROGRAMME 

a) CONSOLIDATION 
i. Terzaghi's consolidation theory; Deduction of the consolidation equation. 
ii. Consolidation coefficient Cv. 
iii. Time factor T. 
iv. Solutions to the consolidation equation: layer with two draining boundaries and 

rectangular distribution of the initial neutral excess pressure; layer with only a 
draining boundary and rectangular distribution of the initial excess neutral 
pressure. 

Fulfilled 
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v. Evaluation of CV from oedometric tests. 
vi. Calculation of settlement at any time. 
vii. Loading of non-confined layer. 
viii. Secondary or secular consolidation. Acceleration of consolidation. Pre-loading. 

Vertical drains. 
 

b) SHEAR STRENGHT 
i. Tensions in the massifs: 

- Representation of the state of tension. 
- Evolution of the state of tension in different geotechnical works (examples, 

surface foundations, retaining walls - active and passive state, excavations, etc.) 
ii. Failure concepts and admission of criteria to define the failure according to the 

type of material and the requirements of the problem to be solved. 
iii. Mohr-Coulomb and Tresca rupture criteria. 
iv. Determination of cut resistance: 

- Conditions for carrying out the tests. 
- Types of tests. 

v. Direct cutting test: 
- Description. 
- Disadvantages and advantages. 
- Stress-strain relationships in sands. 
- Stress-strain relations in clays. 

vi. Triaxial test: 
- Description. 
- Disadvantages and advantages. 
- Tests CID and CIU and CK0D and CK0U, special trajectories. 
- Undrained tests, UU. 
- Stress-strain relationships in sands. 
- Stress-strain relations in clays. 

- Graphical representation in the spaces: -, t-s 'and q-p'. 
vii. Shear strength in sands: 

- Resistance to shear stress and stress-strain relations in sands. 
- Dilatancy. 
- Intrinsic characteristics of the sand. 
- Critical voids index. 
- Peak cut resistance angles and constant volume. 
- Curve of the Mohr envolture. 
- Liquefaction of the sands. 

viii. Shear strength of clays: 
- Shear strehgnt and stress-strain relations in clays. 
- Tests CK0D eCK0U: State of stress after sampling; sample saturation phase; 

consolidation of samples for effective resting stresses; application of shear 
stresses. 

- Behavior under drained conditions: 
- The. Stress-strain relationships; 

ix. Resistance parameters at effective stresses; 
- Residual resistance in clays. 
- Behavior under undrained conditions: 

a. The. Stress-strain relationships; 
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b. Interstitial pressure parameters A and B (Skempton parameter); 
c. Mohr's surroundings in terms of total stresses; 
d. Cu not drained resistance; 
e. Cu dependence on effective consolidation stresses; 

- Dilatancy. 
- Intrinsic characteristics of the sand. 
- ritical voids index. 
-  Peak cut resistance angles and constant volume. 
- Curve of the Mohr envelope. 
- Liquefaction of the sands. 

x. Cut resistance anisotropy in clays. 
 

c) SOIL COMPACTATION 
i. General principles of soil compaction. 
ii. Compaction tests. 
iii. Parameters that influence compaction. 
iv. Compaction techniques and equipment. 
v. Specifications for field compaction. 
vi. Compaction control methods for landfills and pavement bases. 

 
d) GEOTECHNICAL PROSPECTION 

i. Geotechnical investigation processes. 
ii. Sampling: types and methods. 
iii. Surveys: principles, objectives and methodologies. 
iv. In situ tests versus laboratory tests. 
v. Penetration tests: DP’s, SPT, CPT and CPTu. 
vi. Rotary cutting test, FVT. 
vii. Trials with Marchetti dilatometer, DMT. 
viii. Pressiometric tests, PMT. 
ix. Plate load tests, PLT. 

 
e) SLOPE SATABILITY 

i. Typologies. 
ii. Mass movements. 
iii. Slope and embankment stability. 
iv. Slope evolution. 
v. Causes of instability. 
vi. Meaning of the safety factor concept. 
vii. Stability in rock masses: analysis in terms of total stresses. 
viii. Infinite slope stability (cohesive and granular soils - drained and undrained 

conditions). 
ix. Block method. 
x. Slices method: 
xi. Fellenius method. 
xii. Simplified Bishop method. 
xiii. Methods of increasing stability. 
xiv. Excavations in cohesive soils. 
xv. Stabilization of natural slopes. 
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4. MAIN BIBLIOGRAPHY 

Compulsory 

 

E 197 (1966). “Especificação do LNEC – Solos, Ensaios de compactação”. 
E 204 (1967). “Especificação do LNEC – Solos, Determinação da baridade seca “in situ” 
pelo método da garrafa de areia”. 
E 240 (1970). “Especificação do LNEC – Solos, Classificação apra fins rodoviários”. 
Fernandes, M.M. (2006). “Mecânica dos Solos, Conceitos e Princípios Fundamentais – 
Volume 1”, Edições FEUP.- ISBN: 972-752-086-3. 
Fernandes, M.M. (2011). “Mecânica dos Solos: Introdução à Engenharia Geotécnica – 
Vol.2””, Edições FEUP.- ISBN: 978-972-752-136-4. 
Rodrigues, C. (2006). “Apontamentos sobre ensaios in situ, no dominio da Mecânica dos 
Solos”. Curso de Mestrado em Engenharia Civil, especialidade de Mecânica dos Solos e 
Engenharia Geotécnica, FCTUC, publicação interna. 

 

Recomended 

 

Braja, M. Das (1998.). “Principles of Geotechnical Engineering”, 4th Ed, PWS Publishing 
Company, Boston 
Clayton, C.R.I.; Mathwes, M.C.; Simons, N.E. (1995). “Site Investigation”. Backwell 
Science, London, 2th Ed. 
Lambe, T.W.; Whitman, R.V. (1979). “Soil Mechanics”, SI Version, John Wiley&Sons. 
Scott, C.R. (1989). “An introduction to soil mechanics and foundations” Applied Science 
Publishers LTD. 
Material de apoio elaborado pelo docente e disponibilizado pelo docente na 
plataforma da ESTG: 

- Presentations to support classes. 
- Notes on In Situ Tests, in the field of Soil Mechanics (2006). Master's Degree in Soil 
Mechanics and Geotechnical Engineering - FCTUC, Project Assisted by Tests I. 
- Proposed problems of a practical nature to support teaching. 
- Evaluation tests carried out in previous years. 
 
 

5. TEACHING METHODOLOGIES (INCLUDING EVALUATION) 

Adopted pedagogical strategies: 
- Theoretical classes will present concepts, theories and methods related to the 

subjects taught. Work cases and natural phenomena that demonstrate the 
importance of the concepts introduced will also be used. 

- In the theoretical-practical classes, application exercises that are included in 
worksheets and the use of an automatic program that allows the analysis of slope 
stability will be solved. 

- In practical classes laboratory tests will be carried out with a view to 
characterizing the resistance to soil cutting and field tests. 
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- Support for students, particularly during tutorial hours. 
- Use of the e-learning platform for the provision of support material and for the 

dissemination of activities related to the course. 
 
Assessment Methodologies (Face-to-face): Theorical and practice test (100%) 

 

6. EVALUATION 

Evaluation moments 

- Normal season. 
- Time of appeal. 
It is approved to the student whose final classification is greater than or equal to 10 values. 

a) Assessment of normal season 
Conditions for admission to the evaluation: 
- The student must be regularly enrolled in the discipline. 
- In order for the student to have approval in the normal season, it is necessary to have a 
75% attendance to all classes. 
 
Assessment by frequency 
Frequency test. 
 
Evaluation by normal exam 
Normal season exam. 
 

b) b) Evaluation of the period of appeal or special period 
Delivery of the appeal season. 
 
Theoretical-practical assessment test - 20 points (100%) 
 
7. ATTENDANCE 

For the student to be approved it must have a presence in the classroom over 75%. 

 
 
Date: 

Area disciplinary coordinator  

__________________________ 

Teacher 

__________________________ 

 


