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CE 360 Geotechnical Engineering  

Syllabus and Course Objectives 

 

Instructors:   Dr. Bora Cetin, 494 Town, 294-8158, bcetin@iastate.edu 

Office Hours: M 3-5 pm, other times by appointment. 

 

Dr. Jeramy C. Ashlock, 474 Town, 294-6176, jashlock@iastate.edu  

Office Hours: M 1-2 pm, F 1-2 pm, other times by appointment. 

 

T.A.s:  CE360A (T, W labs):  Masrur Mahedi, Town, 136, mmahedi@iastate.edu   

  Office Hours: F 1:00 pm – 3:00 pm, other times by appointment 

CE360B (R labs): Zhiyan Jiang, Town 497, zyjiang@iastate.edu    

Office Hours: T 3:00 – 4:00 pm, F 3:00 – 4:00 pm, other times by appointment  

 

Lecture:   M F 12:10 – 1:00 pm, Library 0198 

Lab:  Sec. 1 (T 8-10:50), Sec. 2 (T 12:10-3), Sec. 6 (W 3:10-6) Town 142 

Sec. 3 (R 8-10:50), Sec. 4 (R 12:10-3), Sec. 5 (R 3:10-6)  Town 142 

 

Night Exams: Monday, February 25, 8:15-10:15 pm, Design 0101 

Monday, April 8, 8:15-10:15 pm, Design 0101 

Final Exam: Tuesday, May 7, 2:15pm-4:15 pm, Library 0198 

  

Course To introduce students to the fundamental principles and applications of  

Objectives: geotechnical engineering through classroom and hands-on laboratory experience. A list 

of specific Course Objectives is attached, some of which have been identified as 

necessary to the successful practice of Civil Engineering, and as prerequisites to 

subsequent engineering courses. These objectives will be evaluated through the use of 

Basic Skills tests during labs, short quizzes during lecture, two exams, and the final exam. 

Their coverage is indicated on the syllabus schedule below. Students are expected to 

demonstrate competency on these topics to successfully complete the course. 

 

Prerequisite: EM 324 Mechanics of Materials.  

Engineering Geology and Fluid Mechanics are also highly desirable. 

 

Textbook: Principles of Geotechnical Engineering, 9th Ed., by B.M. Das (2018), Cengage Learning. 

 

Attendance:   Attendance at laboratory sessions is required. Failure to attend or make up a lab session 

will result in a penalty for that lab. Additionally, several unannounced quizzes will be 

given during lecture. Exam material will draw heavily upon lecture material, and missing 

lectures will most likely affect your exam scores. Exams which are missed due to an 

unexcused absence may not be made up. An excused absence is one for which permission 

is obtained in advance, or one that is due to extenuating circumstances acceptable to the 

instructor. An excused absence for missing an exam will generally require a signed, 

written request stating the nature of the excused absence. The instructor reserves the right 

to require verification of the reason for the excused absence by an acceptable third party. 

Making up missed work is the responsibility of the student, not the instructor.  

 

Homework:   Homework will be completed in groups of 3 to 4 chosen by the instructor. Solutions will 

be posted on the Canvas website immediately following the due date. Therefore, late 

homework assignments will not be accepted. Two randomly selected problems will be 

graded on each assignment. You should therefore complete all problems in each 
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assignment and verify your understanding of the material by consulting the posted 

solutions. You are required to show your work and include units in your calculations for 

full credit. You should also work additional problems on your own, comparing your 

answers to solutions at the back of the textbook. Your team will have the following 

responsibilities in completing the homework: 

 

1. Designate a coordinator, a recorder, and one or two checkers for each assignment. 

These roles must be rotated for each assignment.  

2. Agree on meeting times and the individual work to be done before the meetings.  

3. Do the required individual preparation.  

4. Meet and work. The coordinator keeps everyone on task and makes sure everyone is 

involved. The recorder prepares the final solution, and the checkers will check the 

solution and ensure that everyone understands the solution and strategy.  

5. Submit the assignment and review the returned homework.  

6. At the end of the semester, each team member must separately submit a Peer & Self 

Evaluation Form rating the effort (not academic ability) put in by each team member 

including themselves in completing the homework. The purpose of this rating is to 

facilitate group work and promote individual accountability, and these ratings will 

be factored into the individual homework and lab grades. Students are 

encouraged to comment on group functioning throughout the term. New groups may 

be chosen by the instructor if a majority of students vote to do so.  

 

Basic Skills Timed, closed-book Basic Skills tests will be given during the first 15 minutes of selected 

Tests:  lab sessions and returned the following week. Grading will be on a scale of 10 points  

with partial credit given for demonstration of the proper use of concepts. The calendar 

lists the specific objectives to be covered on each Basic Skills test.  

 

Quizzes: Short unannounced quizzes will be given during several lectures at random times 

throughout the semester. These short quizzes will check your knowledge of material from 

recent lectures. Students must attend lecture to receive credit for the quizzes. 

 

Laboratory Group laboratory reports will be assigned during the semester and graded on a scale of 

Reports: 100 points. Specific requirements for the reports will be distributed in lab sessions. 

 

Grading   Laboratory reports, Basic Skills tests and exams not taken or turned in will be assigned a 

Procedures: grade of zero. Students who choose not to submit all laboratory reports will receive an  

incomplete for the semester. Late lab reports will receive a 10 % deduction per week. An 

objectives sheet will be provided for each exam which will provide information on its 

format and coverage. Exam material may draw from the lecture, textbook and laboratory 

exercises. The final examination is comprehensive. Final grades will be based on the 

following distribution: 

    Homework     15% 

    Basic Skills tests & quizzes  10% 

    Exam #1    15% 

    Exam #2    15% 

    Lab projects    20% 

Final exam    25% 

  Total    100% 

 

  Total>90% A;  80-90% B;  70-80% C;  60-70% D;  <60% F 

  Plus and minus grades on 3% of even grade (e.g., A- = 90-93%, B+ = 87-90%) 
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Academic Iowa State University has taken a strong and clear stance regarding academic dishonesty.  

Honesty: This includes such offenses such as cheating, plagiarism, fabrication, or facilitating 

dishonesty. The consequence of academic dishonesty ranges from disciplinary probation 

to expulsion. Students in this class are subject to the full enforcement of the policies 

outlined in Chapter XIII of the Student Information Handbook.  

 

Classroom  Talking or text-messaging on cell-phones and other electronic communication devices  

Ettiquette: during class time will not be permitted. Please silence your cell phones. Persons using 

these devices may be asked to leave the class, and repeated disruptions may result in 

deductions from scores on exams, labs or homework assignments associated with the 

lecture. Please be considerate of your fellow students.  

 

Performance The performance standards for the lab reports will be provided on a separate handout at 

Standards: the time the work is first assigned. Bear in mind that engineers are often judged by  

the manner in which their work is presented, both written and oral. Neatness, attention to 

detail, proper language usage, and documentation of each step in the solution process 

help assure the client that the work was performed in a thoughtful and deliberative 

manner. At this time in your academic career here at ISU, when many of you are within a 

semester or two of your engineering employment, this level of performance is expected 

of each student. 

 

Disability Iowa State University is committed to assuring that all educational activities are free from 

Statement: discrimination and harassment based on disability status. All students requesting  

accommodations are required to meet with staff in Student Disability Resources (SDR) to 

establish eligibility.  A Student Academic Accommodation Request (SAAR) form will be 

provided to eligible students. The provision of reasonable accommodations in this course 

will be arranged after timely delivery of the SAAR form to the instructor.  Students are 

encouraged to deliver completed SAAR forms as early in the semester as possible.  SDR, 

a unit in the Dean of Students Office, is located in room 1076, Student Services Building 

or online at www.dso.iastate.edu/dr/.  Contact SDR by e-mail at 

disabilityresources@iastate.edu or by phone at 515-294-7220 for additional information.   

 

Rescheduling: Due to various professional and academic commitments, some university-sanctioned 

travel may be required of the instructor during the semester. Advance notice will be given 

in such cases, and your understanding and cooperation in rescheduling class meetings is 

appreciated. The instructor reserves the right to make changes to the syllabus or schedule 

as necessary to suit the needs of the course. 
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Course Schedule (subject to change if necessary) 

 

Day/date Topics Reading Assignment Course 

Objectives 

Mon., Jan. 14 
Introduction: Historical perspective and geotechnical 

engineering 
Ch. 1  

 No lab in first week   

Fri., Jan. 18 
Soil & rock, soil structure and particle size 

distribution 

Ch. 2 

 
1,2 

Mon., Jan. 21 (No Class)  University Holiday 

LAB 1 
Intro to lab, safety, moisture content, sieve analysis & 

hydrometer prep. 
Handouts  

Fri., Jan. 25 Soil consistency, Engineering classification Ch. 4, 5 6-8 

Mon., Jan. 28 Soil composition , Weight/volume relationships Ch. 3 9-12 

LAB 2 Hydrometer test, particle size distribution curve Handouts 3-5 

Fri., Feb. 1 Weight/volume relationships   

Mon., Feb. 4 Example problems    

LAB 3 
Atterberg limits tests, engineering classification of 

soil, Report preparation 
Handouts 6-8 

Fri., Feb. 8 Soil compaction Sec. 6.1-6.12 13-22 

Mon., Feb. 11 Soil water & 1-D seepage, Capillary water 7.1-7.5,7.10,7.12,9.8 23-27 

LAB 4 Compaction test Handouts  

Fri., Feb. 15 2-D flow; Flow nets 8.1-8.6, 8.8 28,29 

Mon., Feb. 18 Effective stress 9.1-9.5 30-33 

LAB 5 
1D & 2D seepage analysis Handouts  

Basic Skills test #1: Phase relationships    12 

Fri., Feb. 22 Wrap up soil water 9.6-9.11  

Mon., Feb. 25 Mohr theory & soil stress 10.1-10.4 34,35 

LAB 6 (No lab) Exam No. 1: Monday, February 25, 8:15-10:15 pm, Design 0101 

Fri., Mar. 1 Stresses from surface loads 10.5-10.14 36 

Mon., Mar. 4 Compressibility and Settlement 11.1-11.3 37 -38 

LAB 7 1D seepage test Handouts  

Fri., Mar. 8 
Consolidation test  and Consolidation settlement 

calculation 
11.4-11.12 39-43 

Mon., Mar. 11 
Consolidation test  and Consolidation settlement 

calculation (continued) 
  

LAB 8 
Effective Stress calculations  Handouts 39, 40 

Basic Skills test #2: 2D flow  29, 33 

Fri., Mar. 15 Time rate of consolidation   
11.14-11.15,  

11.18 
44-46 

Mar. 18-22 Spring Break 

Mon., Mar. 25 Time rate of consolidation (continued)   

LAB 9 
Consolidation test Handouts  

Basic Skills test #3: Effective stress calculations  31-33 

Fri., Mar. 29 Shear strength and  Direct shear test  12.1-12.7 
47, 48, 54, 

55 

Mon., Apr. 1 Triaxial test  12.8-12.12 49-53 
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Course Schedule (continued) 

 

LAB 10 

Direct shear test Handouts  

Basic Skills test #4: Stress distribution, settlement 

magnitude 
 36, 40, 41, 43 

Fri., Apr. 5 Triaxial test (continued)   

Mon., Apr. 8 Lateral earth pressure 
13.1-13.8, 13.10-

13.12 
56-60 

LAB 11 (No lab) Exam No. 2: Monday, April 8, 8:15-10:15 pm, Design 0101 

Fri., Apr. 12 Lateral Earth pressure (continued)   

Mon., Apr. 15 Site investigation 17.1-17.5 61-64 

LAB 12 
UC and UU test Handouts  

Basic Skills test #5: Shear strength of soil  49, 52, 54 

Fri., Apr. 19 Slope stability 15.1-15.7, 15.11 65-70 

Mon., Apr. 22 Slope stability (continued)   

LAB 13 Slope stability calculations and software demo 15.11  

Fri., Apr. 26 Bearing capacity 16.1-16.5 71-75 

Mon., Apr. 29 Bearing capacity (continued)   

LAB 14 Bearing capacity calculations and software demo Handouts  

Fri., May. 2 Review   

Wed., May 8 Final Exam: Tuesday, May 7, 2:15 pm-4:15 pm, Library 0198 
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CE 360 Course Objectives – Spring 2016 

 

1. Describe the three major processes of soil formation: 1) weathering, 2) erosion and transportation, 

and 3) deposition. 

 

2. Be able to contrast the properties of bulky (equidimensional), subrounded particles with those of 

flat-platy particles. 

 

3. Given data from a sieve analysis and a hydrometer analysis of a soil along with the appropriate 

tables and equations for hydrometer analysis, be able to draw a particle size distribution curve for 

that soil. 

 

4. Discuss the theoretical basis and assumptions made for the hydrometer analysis. 

 

5. Given a particle size distribution curve for a soil, qualitatively describe the soil according to 

texture and gradation characteristics; or given a qualitative description of a soil’s gradation, 

sketch a particle size distribution curve. 

 

6. Recall the definitions of liquid limit, plastic limit, shrinkage limit, and plasticity index and be able 

to discuss the tests for liquid limit and plastic limit. 

 

7. Given the results of Atterberg limits tests, be able to describe the anticipated general engineering 

behavior of the soil. 

 

8. Given particle size data and Atterberg limits for a soil along with the classification chart, classify 

the soil according to the Unified Soil Classification System. 

 

9. Apply the principle of buoyancy to calculate the volume or specific gravity of an irregularly 

shaped solid. 

 

10. Describe the pycnometer test for determining the specific gravity of a soil, including potential 

sources of error. 

 

11. Given data from a pycnometer test, calculate the specific gravity of a soil. 

 

12. Given gravimetric and/or volumetric data for some phases of an undisturbed or compacted soil, 

draw a phase diagram and calculate gravimetric and volumetric quantities for other phases of the 

three phase soil system. 

 

13. Discuss how moisture content influences the shape of the dry unit weight versus moisture content 

curve for a compacted soil. 

 

14. Given data from a Proctor compaction test, construct the dry unit weight versus moisture content 

curve and determine the maximum dry unit weight and optimum moisture content. Be able to 

apply relative compaction specifications to the laboratory compaction curve and assess whether 

compaction specifications are being met in the field compacted soil structure. 

 

15. Be able to derive the relationship relating the dry unit weight corresponding to the zero air voids 

condition to the specific gravity and moisture content of the soil. 
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16. Given the specific gravity of a soil and the relationship in Objective 15 above, be able to 

construct the zero air voids curve. 

 

17. Discuss the influence of soil type and compaction energy on the optimum moisture content and 

maximum dry unit weight of soils. 

 

18. Discuss the influence of moisture content on the soil structure, hydraulic conductivity, volume 

change potential, and shear strength of a compacted cohesive soil. 

 

19. Discuss field compaction methods for cohesive versus cohesionless soils. 

 

20. Discuss field compaction specifications and the conduct of field compaction quality control 

measurements with the water balloon, sand cone, and nuclear instruments to assess the suitability 

of compaction relative to specifications. 

 

21. Given the results of a sand cone test, be able to calculate the in-place density of the compacted 

soil. 

 

22. Be able to describe “overcompaction” of cohesive soils. 

 

23. Discuss the physics of the states of soil water, namely, hygroscopic moisture, capillary water, and 

water below the groundwater table. 

 

24. Recall the components of total head as they apply to seepage through soil. 

 

25. Given Darcy’s law for calculating the volume of flow per unit time, be able to explain the 

meaning of each of the terms and apply it to simple one-dimensional models, to one-dimensional 

flow in the field and to two-dimensional flow nets. 

 

26. Using Darcy’s Law and the continuity principle, be able to derive the relationship between 

seepage velocity, discharge velocity and porosity of the soil. 

 

27. Given the geometry of a constant head permeameter and the quantity of flow, apply Darcy’s law 

to calculate the hydraulic conductivity; or given the hydraulic conductivity, calculate the quantity 

of flow. Also be able to determine the hydraulic gradient, the discharge velocity, the seepage 

velocity and the head components within the permeameter system. 

 

28. Be able to derive the equation for calculating the total flow quantity through a flow net given the 

hydraulic conductivity of the soil and Darcy’s Law. 

 

29. Given a flow net describing steady state, two dimensional flow through a soil mass, the equation 

to calculate total flow through the flow net and the hydraulic conductivity of the soil, be able to 

determine: a) the boundaries of the flow net, b) the quantity of water flowing through  any part of 

the net, c) the hydraulic gradient any place in the net, d) the discharge velocity any place in the 

net, and e) the pressure head and pore pressure any place in the flow net. 

 

30. Recall the definitions and interpretations of total stress, pore pressure, and effective stress. 

 

31. Given a cross section of soil with static water including the position of the water table along with 

data that can be used to calculate unit weights of the soil strata, calculate the vertical total stress, 

pore pressure, and vertical effective stress at any depth within the soil mass. 
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32. Given a cross section of soil with steady state, one-dimensional flow including the piezometric 

levels and data that can be used to calculate unit weights of the soil strata, calculate the vertical 

total stress, pore pressure, and vertical effective stress at any depth within the soil mass. 

 

33. Given the same data of objectives 29 and 31, synthesize the information to determine if danger of 

the soil going “quick” exists. 

 

34. Recall the definition of origin of planes and be able to locate it on the Mohr circle representing a 

given state of stress on an element of soil. 

 

35. Given a free body with stresses on two planes at right angles, use the Mohr circle and origin of 

planes to determine the stresses on any other plane. Given a Mohr circle with the origin of planes, 

use the Mohr circle to graphically determine the stresses on any plane on a free body or the 

orientation of a plane corresponding to a given state of stresses. 

 

36. Given the dimensions of a structure on or in a soil mass, the load on the structure, charts or tables 

from elastic theory, be able to calculate the vertical total stress increase at any point within the 

soil mass that results from the load imposed by the structure. 

 

37. Discuss the mechanism of the time rate of consolidation of clayey soils.  

 

38. Discuss the time-dependent variation of vertical total stress, pore pressure and vertical effective 

stress in a clay layer consolidating one dimensionally. 

 

39. Be able to describe the procedure for a one-dimensional consolidation test. 

 

40. Given data from several load increments of a laboratory consolidation test including the applied 

loads and dial gauge readings, original weight and volume of soil sample, moisture condition, and 

specific gravity of the solids, construct a void ratio versus log effective stress graph and 

determine the preconsolidation pressure (stress) of the soil. 

 

41. Given the same data of Objective 31 and a graph of void ratio versus log effective stress, 

synthesize that information to determine if the soil described in the cross section is 

overconsolidated or normally consolidated; and if overconsolidated, calculate its 

overconsolidation ratio. 

 

42. Discuss the meaning of the preconsolidation pressure and recall processes that can lead to 

overconsolidation of a clay soil in the field. 

 

43. Given the same data of Objectives 31 and 36, and a graph of void ratio versus log effective stress, 

and the equation 

H
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synthesize that information to calculate the consolidation settlement that will occur in a clay layer 

of known thickness. 

 

44. Describe the assumptions made in Terzaghi’s theory for the rate of one-dimensional consolidation. 
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45. Given the time and compression data from one load increment of a laboratory consolidation (or 

oedometer or confined compression) test on a soil, and the equation 

 

t

HT
c drv

v

2

  

 

use the square root of time fitting method to determine the coefficient of consolidation of that soil. 

 

46. Given the coefficient(s) of consolidation of a soil, data relating the theoretical time factor to 

average degree of consolidation, and the equation in Objective 45, calculate the time for a clay 

layer of known thickness to reach any percent of consolidation; or, conversely, given the time of 

consolidation be able to calculate the corresponding percent consolidation. 

 

47. Discuss the Mohr Coulomb failure criterion including the synthesis of Mohr failure theory and 

Coulomb’s empirical equation. 

 

48. Discuss drained versus undrained conditions in the field and how this relates to shear strength 

testing of soils. 

 

49. Be able to discuss shear strength testing procedures in terms of applied stresses and boundary 

conditions, measurements that are made and assumptions associated with interpretation of test 

data. Compare and contrast direct shear, triaxial, and unconfined compression test techniques. 

 

50. Recall the Mohr Coulomb shear strength response of dense sand, loose sand, normally 

consolidated clay and overconsolidated clay for consolidated drained (CD) triaxial tests. 

 

51. Compare and contrast the stress-strain and volumetric response of dense sand, loose sand, 

overconsolidated clay and normally consolidated clay for CD triaxial tests. 

 

52. Given triaxial test data, use Mohr circles to determine the shear strength envelope, shear strength 

parameters (c and ), stresses on the failure planes of each test, and orientation of the failure 

planes for each test. 

 

53. Be able to explain the “=0” concept for the undrained shear strength of saturated clays. 

 

54. Given direct shear test data, be able to plot the failure envelope and determine the shear strength 

parameters. Use the Mohr circle and origin of planes to determine the stresses on any plane in the 

soil specimen at failure. 

 

55. Contrast the direct shear response of dense sand with loose sand. 

 

56. Recall the assumptions made in Rankine’s earth pressure theory. 

 

57. Describe the Rankine active, passive, and at-rest lateral earth pressure conditions including their 

relationship with lateral soil deformations (i.e. wall tilt). 

 

58. Be able to graphically derive the Rankine active and passive lateral earth pressure coefficients 

from a Mohr circle and a Mohr Coulomb failure envelope for a cohesionless soil. 
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59. Use the Mohr circle and the origin of planes concept to analyze stresses on soils at failure under 

active and passive conditions. 

 

60. Given a description of a retaining wall, loading conditions on the surface of the backfill, soil 

parameters for cohesionless backfill, equations for the lateral earth pressure coefficients and the 

position of the water table, compute the horizontal forces that the soil and water will apply to the 

wall and locate the position of the resultant force. 

 

61. Recall and discuss the two objectives of a geotechnical site evaluation. 

 

62. Recall and discuss the three main components of a site evaluation including: sources of data for 

preliminary study, aspects of reconnaissance, information obtained from subsurface study and the 

interrelationships between the components. 

 

63. Compare and contrast disturbed and “undisturbed” soil samples including the use of each and 

methods for obtaining high quality, relatively undisturbed samples. 

 

64. Describe the standard penetration test and discuss its applications in soil engineering. 

 

65. Describe the factors that could lead to the instability of a slope. 

 

66. Be able to derive the relationships for calculating the activating and resisting forces to analyze the 

stability of an infinite slope in a cohesionless soil. 

 

67. Given a slope geometry, a flow net, soil strength parameters, soil unit weights and the 

relationships to calculate the activating and resisting forces, analyze the stability of an infinite 

slope in a cohesionless soil. 

 

68. Given a slope geometry, soil strength parameters, soil unit weights and the factor of safety 

expression, use the ordinary method of slices to analyze the stability of a slope in which failure is 

expected to occur on a circular failure plane. 

 

69. Be able to discuss the application of engineering mechanics principles that lead to the factor of 

safety expression for the ordinary method of slices. 

 

70. Recall the assumptions made in the infinite slope analysis and the ordinary method of slices 

analysis. 

 

71. Be able to contrast the mechanisms of general shear failure and local shear failure of a shallow 

foundation. 

 

72. Given the bearing capacity equation, be able to explain the meaning and significance of each term. 

 

73. Given the description of a continuous footing, the parameters for the soil, the position of the 

water table, and the bearing capacity equation, calculate the bearing capacity of the footing. 

 

74. Discuss why a total stress analysis based on undrained shear strength is used to analyze the 

bearing capacity of a shallow foundation on saturated clay. 

 

75. Recall, discuss, and apply the definitions of ultimate bearing capacity, net bearing capacity, and 

gross and net allowable bearing capacity. 


