SEMESTER 11

Discipline:CIVIL ENGINEERING
Stream :CE3



CODE COURSE NAME CATEGORY (L | T | P | CREDIT

222TCE100 3|0

ADVANCED NUMERICAL DISCIPLINE
METHODS CORE 2

3

Preamble: For solving complex problems in mechanics and engineering, a post-
graduate student must be well versed in numerical methods along with skills to
apply them. This course equips the student with various numerical techniques that
finds applications in civil engineering, across various streams (specialisations).
Special focus is given to finite element method, explaining the relevance, versatility
and fundamental concepts of this numerical tool.

Course Outcomes: After the completion of the course, the student will be able to

CO 1 | Obtain the solution of simultaneous Linear system of equations

CO 2 | Obtain the numerical solutions of ordinary differential equations

CO 3 | Obtain the numerical solutions for solving boundary value problems of
partial differential equations

CO 4 | Describe the terminologies, applications or procedure of finite element
method

CO 5 | Describe or apply the concept of finite element method

Mapping of course outcomes with program outcomes

PO 1 PO 2 PO 3 PO 4 PO S PO 6 PO 7
Col1 3 3
COo 2 3 3
Cco3 3 3
co4 1 2 2 2 2
COoS5 3 2 2 2

(1-Weak, 2-Medium, 3- strong)

Assessment Pattern

, End Semester

Bloom’s Category Examination
Apply 25
Analyse 25
Evaluate 5
Create 5

Mark distribution
Total ESE

Marks CIE ESE Duration
100 40 60 2.5 hours




Continuous Internal Evaluation Pattern: 40 marks

Preparing a review article based on peer reviewed original publications (Minimum
10 publications shall be referred): 15 marks

Course based task/Seminar/Data collection and interpretation : 15 marks
Test paper, 1 no. : 10 marks

Test paper shall include minimum 80% of the syllabus.

Note: Enough opportunity to explore the practical examples from specialization
should be given to the students. One assignment/course project should be based
on the coding or use of packages

End Semester Examination Pattern: 60 marks

The end semester examination will be conducted by the University. There will be
two parts; Part A and Part B. Part A will contain 5 numerical/short answer
questions with 1 question from each module, having 5 marks for each question
(such questions shall be useful in the testing of knowledge, skills, comprehension,
application, analysis, synthesis, evaluation and understanding of the students).
Students should answer all questions. Part B will contain 7 questions (such
questions shall be useful in the testing of overall achievement and maturity of the
students in a course, through Ilong answer questions relating to
theoretical/practical knowledge, derivations, problem solving and quantitative
evaluation), with minimum one question from each module of which student
should answer any five. Each question can carry 7 marks.



Model Question Paper

QP CODE:

Reg No.:

Name:

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY FIRST SEMESTER

M.TECH. DEGREE EXAMINATION, MONTH & YEAR
Course Code: XXXXXX

ADVANCED NUMERICAL METHODS

Max. Marks: 60 Duration: 2.5 hours

SR

PART A
(Answer ALL questions; each question carries 5 marks)

Explain the procedure of solution of Tridiagonal systems

Explain single shooting method for solving Boundary value problems

Explain the parabolic and elliptic partial differential equations with examples
Explain any five practical applications of Finite element in the con

Explain Generalised coordinates and Natural coordinates in Finite Element
analysis

PART B
(Answer any FIVE questions; each question carries 7 marks)

Solve the system of equations by Jacobi’s iteration considering initial
approximation as [0.5, -0.5, 0.3]T

4x, +x, +x;=2
X, +5x, +2x; =—6
X, +2x, +3x;, =4

Solve y’=x2+y for y=0.1, given that y(0)=1 considering h=0.05 using (i)
Eulers method and (ii) Runge Kutta method

8. Solve the equation uxx + uyy = 0 for the square mesh with boundary value
as shown in figure

1 2




2
9. Solve (2—?) = (2—?] subject to the conditions u(x,0)= sin(zx)for 0 <x <1u(O,
X

t)=u(1, §=0. Perform the computations of two levels taking h=1/3and t=1/36
using Crank Nicolson implicit scheme

10. Explain in detail the steps of finite element analysis
11. Explain forms of shape functions in finite element analysis

12. Explain the convergence criteria in finite element applications in detail

kkk kkkkkkhkik

Syllabus

Module 1 (7 hours)

Solutions of simultaneous Linear Systems of Equations- Solution of linear systems
— Direct methods, Gauss-Jordan Method-Method of factorization- Solution of
Tridiagonal Systems. Solution by matrix decomposition Iterative methods: Jacobi,
Gauss-Siedel iteration for ordinary and sparse systems, Convergence of iterative
solution schemes with examples.

Module 2 (7 hours)

Solving Ordinary Differential Equations- The Elementary Theory of Initial-Value
Problems -Euler's Method- Higher-Order Taylor Methods. Runge-Kutta Method-
Introduction to solution methods for differential algebraic equations- Single
shooting method for solving ODE-BVPs.

Module 3 (7 hours)

Partial differential equations in two dimensions- Parabolic equations- Explicit finite
difference method. Crank-Nicholson implicit method - Ellipse equations- Finite
difference method-Problems with irregular boundaries.

Module 4 (7 hours)

Introduction to Finite Element Method — Historical Background — Mathematical
Modeling of field problems in Engineering — Governing Equations — Discrete and
continuous models — Boundary, Initial and Eigen Value problems— Basic concepts
of the Finite Element Method- Displacement approach-Concept of Stiffness Matrix
and Boundary Condition-- General procedure of FEA

Module5 (7 hours)

Concept of Finite Element Method- Concept of Nodes, elements, Generalised
coordinates and Natural coordinates in FEA. Shape functions - Polynomials -
Lagrangian and Hermitian Interpolation — Compatibility - CO and C1 elements -
Convergence criteria - Conforming & nonconforming elements. Development of
element matrices for one dimensional elements.



Text Books

1.Gupta,S.K. Numerical Methods for Engineers. Wiley Eastern, New Delhi, 1995.

2. Cook, RD. Concepts and Applications of Finite Element Analysis , Wiley.

Reference Books

1. Gilbert Strang, Linear Algebra and its Applications (4th Ed.), Wellesley
Cambridge Press 2009

2. Gourdin, A. and M Boumhrat. Applied Numerical Methods.Prentice Hall India,
New Delhi 2000

3. Chopra S.C. and Canale R.P. Numerical Methods for Engineers,McGraw Hill
2006

4. Krishnamoorthy C S, Finite Element Analysis- Theory and Programming, Tata
McGraw Hill, New Delhi., 1994

5. Rao, SS. Finite Element Analysis, Elsevier Butterworth-Heinemann
6. Gerald and Wheatly, Applied Numerical Analysis, Pearson Education.

7. Rajasekharan S., Numerical Methods in Science and Engineering, S Chand &
Company, 2003.

8. Bathe K J, Finite Element Procedures in Engineering Analysis, Prentice Hall, New
Delhi. 1982

9. Chandrupatla T R and Belegundu A D, Introduction to Finite Elements in
Engineering, Pearson Education, New Delhi 1998

10. Rajasekharan S, Finite Element Analysis in Engineering Design, Wheeler, New
Delhi

11. Hutton D V, Fundamentals of Finite Element Analysis, Tata McGraw Hill
Education Private Ltd, New Delhi



CODE COURSE NAME CATEGORY o CREDIT
EARTH RETAINING PROGRAM
222TCE003 STRUCTURES CORE 3 8

Preamble: To equip the learners to analyze and design various structures retaining
soil by considering the mechanism of loads, soil properties, and load-deformation

behavior.

Course Outcomes: The COs shown are only indicative. For each course, there can
be 4 to 6 COs.After the completion of the course, the student will be able to

CO 1 | Determine the lateral earth pressure under various influencing factors

CO 2 | Analyze and design Sheet pile walls and Bulkheads

CO 3 | distribution
diagrams

Analyze the stability of braced excavations and develop the pressure

CO 4 | Analyze and design earth retaining structures for their stability and safety

CO S5

Understand the various nonconventional retaining methods and judge its
suitability for applications

Mapping of course outcomes with program outcomes

PO 1 PO 2 PO 3 PO 4 PO S5 O PO 7
Co1 3 2 3 2 2 2 2
COo 2 3 2 2 3 3 2 2
Co3 2 2 3 2 2 3 2
Cco 4 3 2 2 2 3 3 2
CO 5 3 3 3 2 3 3 2
Co 6 3 2 3 3 2 3 2

Assessment Pattern

Bloom’s Category

End Semester

Examination
Apply S50%
Analyse 30%
Evaluate 20%
Create 00%




Mark distribution

Total ESE
Marks CIE ESE Duration
100 40 60 2.5 hours

Continuous Internal Evaluation Pattern:

Preparing a review article based on peer reviewed

Original publications (minimum 10 publications shall be referred): 15 marks
Course based task/Seminar/Data collection and interpretation: 15 marks
Test paper, 1 no.: 10 marks

Test paper shall include minimum 80% of the syllabus

End Semester Examination Pattern:

The end semester examination will be conducted by the respective College. There
will be two parts; Part A and Part B. Part A will contain 5 numerical/short answer
questions with 1 question from each module, having 4 marks for each question
(such questions shall be useful in the testing of knowledge, skills, comprehension,
application, analysis, synthesis, evaluation and understanding of the students).
Students should answer all questions. Part B will contain S5 questions (such
questions shall be useful in the testing of overall achievement and maturity of the
students in a course, through Ilong answer questions relating to
theoretical /practical knowledge, derivations, problem solving and quantitative
evaluation), with minimum one question from each module of which student
should answer any five. Each question can carry 8 marks.

Note: The marks obtained for the ESE for an elective course shall not exceed 20%
over the average ESE mark % for the core courses. ESE marks awarded to a
student for each elective course shall be normalized accordingly. For example if the
average end semester mark % for a core course is 40, then the maximum eligible
mark % for an elective course is 40+20 = 60 %



Model Question paper

APJ Abdul Kalam Technological University
M.Tech Degree Examination
Branch: Geotechnical Engineering
Course Code &Name : Earth Retaining Structures
Time: 2.5 Hrs Max. Marks: 60
PART A
Answer All Questions. Each question carries 4 marks

1. With neat sketch, differentiate between the behavoiur of Buttress and

Counterfort retaining walls.
2. Draw a typical earth pressure distribution for a cantilever sheet pile wall in

cohesionless soil.

3. List the types of coffer dams with sketches.
4. Explain the role of relieving shelves in a cantilever retaining wall, with a figure.
5. With a neat set of sketches, write a note on ensuring pore water dissipation in

retaining wall backfill.

PART B
Each question carries 10 marks

6. A retaining wall 8 m height with a smooth vertical back retains the
following materials: Top 2 m: Clay ys= 17.5 kN/m3; ¢ = 0 and ¢ = 10 kN/m?
Bottom 6 m: saturated sand of ys = 19.5 kN/m?3 and ¢ = 30° . If the water
level is on top of the sand layer, draw the diagram of lateral pressure on
the wall assuming that no tension crack develops on the top layer.

7. Determine the required depth of penetration for the cantilever sheet pile
shown in figure, assuming the unit weight of soil as 16kN/m3

7

¥ =16 KN/m?

$=30

8. A cut 3 m wide and 15 m deep is proposed in cohesionless soil with y = 20
kN/m3, @ = 30° and c = 0. Assuming the struts are placed with the first
strut at 0.5 m below ground level and the subsequent struts at every 1.5 m
below, find the maximum load on the strut. Assume, the horizontal
spacing of strut is 3 m.



9. With neat sketch, design and mark the dimensions of a 6m high cantilever
retaining wall to retain a cohesionless backfill soil of unit weight 18kN/m3
and angle of internal friction 30 degrees. Check the stability against
sliding, overturning and bearing capacity failure if the soil beneath the
base is assumed to have a safe bearing capacity of 200kPa.

10.Find the length of metal strips A, B, and C in Fig. 17.4. The density, y of
the soil is found to be 17.5 kN/ms3, and the friction angle, @, of the soil is
25 degrees. The facing units are 1 m x I m and the metal strips are 0.5 m
wide. Find the length of the metal strips if the required factor of safety is
2.5.

- qp2250
4m y=17.5 kN/m®

5m

6m




Syllabus and Course Plan

(For 3 credit courses, the content can be for 40 hrs and for 2 credit courses, the
content can be for 26 hrs. The audit course in third semester can have content for

30 hours).
No Topic No. of
Lectures

1 Lateral Earth Pressure and Retaining walls
Lateral Earth Pressure -Stress conditions in a soil mass 1
Plastic State of equilibrium-earth pressure theories- 2
Rankine's & Coulombs Trial wedge
Effect of point loads - surcharge, groundwater table, the 1
effect of soil tension.
Numerical Problems 2
Externally Stabilized and Internally Stabilized Earth 1

retaining structures- Difference in the mechanism.

Principles of design of retaining walls

Types of Retaining walls and their differences-Gravity
Retaining Walls, Cantilever Retaining walls, Counterfort
and Buttress retaining wall

2 Flexible Retaining Structures—Sheet Pile Walls and Bulkheads
Sheet Piles — Types of Sheet Pile Walls, Cantilever Sheet Pile 1
Walls, and Anchored Sheet Pile Walls.
Design- Numerical Problems 2
conditions of end supports and distribution of earth 2
pressure, bulkheads with free and fixed earth supports —.
equivalent beam method — improvements suggested by 2
Rowe - Tschebotarioff’s method —
anchorage of bulkheads and resistance of anchor walls 1
3 Braced excavation
Braced excavation: Different types and Construction 1
Methods-
Pressure distribution on sheetings in sands and clays 2
— Design of Struts and Wales, stability - Earth pressure 1
against bracings in cuts -
Numerical Problems 2
bottom heave — seepage- Heave of the bottom of the cut in 2
soft clays.
Coffer dams- Types only 1
4 Retaining Structures- Cantilever Retaining Walls
Cantilever Retaining Wall- Proportioning, 1
Numerical Problem 1
Structural design of Cantilever retaining walls 1
Gravity Retaining walls- Proportioning- 1




Factor of Safety against Sliding, Overturning, and bearing 2
capacity failure.

Mechanically Stabilized Walls- Application of 2
Geosynthetics.

Cantilever retaining walls with relieving shelves 1

Nonconventional retaining methods

Diaphragm Walls- Applications

Prestressed Ground Anchors- Applications

Nonconventional retaining structures-Secant Piles, Tangent 2
Piles, Gabion Walls (Brief explanation only)

Reinforced Earth Walls- Design 2

Drainage of RCC Retaining wall backfill

Soil Anchors and Soil Nails- Mechanical and Grouted
Anchors, - Applications

Reference Books

1.

Terzagi K and R.B Peck ,Soil Mechanics in Engineering Practice , John Wiley.

2. Bowles, J. E. (1988). Foundation analysis and design. Tata Mc Graw Hill

3.

Tschebotarioff ,G.P.,Foundations , Retaining and Earth Structures, Mc Graw
Hill.

. Nainan P Kurian, Design of Foundation Systems : Principles and Practices,

Narosa Publishing house.

. Gopal Ranjan, Rao, A.S.R. ,Basic and Applied Soil Mechanics, New Age

International Pvt. Ltd
Bolton, M.D. A Guide to Soil Mechanics, Universities Press (India) Pvt. Ltd,

. PasswellG,Retaining Walls: Their Design and Construction, BiblioBazaar,

LLC.

. Murthy , V.N.S. ,Geotechnical Engineering : Principles and Practices of Soil

Mechanics and Foundation Engineering, CRC Press.




COURSE COURSE NAME CATEGORY (L | T | P | CREDIT
CODE
222PCE100 MINI PROJECT PROJECT 0|04 2

Mini project can help to strengthen the understanding of student’s fundamentals
through application of theoretical concepts and to boost their skills and widen the
horizon of their thinking. The ultimate aim of an engineering student is to resolve
a problem by applying theoretical knowledge. Doing more projects increases
problem solving skills.

The introduction of mini projects ensures preparedness of students to undertake
dissertation. Students should identify a topic of interest in consultation with PG
Programme Coordinator that should lead to their dissertation/research project.
Demonstrate the novelty of the project through the results and outputs.The
progress of the mini project is evaluated based on three reviews, two interim
reviews and a final review. A report is required at the end of the semester.

Evaluation Committee - Programme Coordinator, One Senior Professor and Guide.

Sl. No Type of evaluations Mark Evaluation criteria
1 Interim evaluation 1 20
2 Interim evaluation 2 20
3 Final evaluation by 35 | Will be evaluating the level of
a Committee completion and

demonstration of functionality/
specifications, clarity of
presentation, oral
examination, work knowledge
and involvement

4 Report 15 | the committee will be evaluating
for the technical content,
adequacy of references,

templates followed and permitted
plagiarism level( not more than
25% )

S Supervisor/Guide 10

Total Marks | 100




CODE COURSE NAME

CATEGORY

CREDIT

222LCEO002 | ADVANCED DESIGN STUDIO

LABORATORY

3

Preamble:This laboratory course intends to equip the students to get familiar with
the use of advanced software that may be used to analyse and design various
engineering structures related to foundation and superstructure and their

interaction.

Course Outcomes: To make the students aware of application of softwares in
analtsis and design of elements of soil mechanics, foundation engineering and

structural engineering. .

After the completion of the course the student will be able to:

CO 1 | Visualize civil engineering problems using finite element software

CO 2 | Model civil engineering problems using finite element software

CO 3 | Analyse civil engineering problems using finite element software

CO 4 | Solve the civil engineering problems using finite element software

CO S5

Appropriate software tools in applications of solutions to engineering to
solve in-field challenges

CO 6 . .
design solutions

Judge the limitations and scope of numerical methods and arrive at proper

Mapping of course outcomes with program outcomes

PO 1 PO 2 PO 3 PO 4 PO o PO 7
Co1 2 2 1 3 2 2 2
CO 2 2 2 1 2 2 2 2
CO 3 2 2 1 2 2 2 2
CO 4 2 2 1 3 2 2 2
CO 5 2 2 1 3 2 2 2
CO 6 2 2 2 3 2 2 2

Assessment Pattern

Bloom’s Category

End Semester

Examination
Apply 30%
Analyse 20%
Evaluate 50%

Create




Mark distribution

Total CIE ESE ESE
Marks Duration
100 40 60 2.5 hours

Continuous Internal Evaluation Pattern: TEST I (All Cos) at the end of Semester
and credit should be taken for Viva for each Lab session and total credit for Viva
marks should be 20 which should be added to TEST I which will be assessed in 80

marks

Split up of 80 marks: (Procedure -10, Working-10, Tabulation (15), Calculations
(25), Result (10), Viva (10)

Syllabus and Course Plan(For 3 credit courses, the content can be for 40 hrs and
for 2 credit courses, the content can be for 26 hrs. The audit course in third
semester can have content for 30 hours).

No Topic No..of
practicals
1 PLAXIS 2D
1.1 Analysis of a circular footing on sand using PLAXIS 2D
1.2 Analysis of submerged construction of an excavation using
PLAXIS
2D
1.3 Analysis of dry excavation using a tie back wall using
PLAXIS 2D
1.4 Analysis of a road embankment using PLAXIS 2D
2 ANSYS
2.1 Analysis of Cantilever beam in ANSYS
2.2 Analysis of continuous beam in ANSYS
2.3 Analysis of truss in ANSYS
2.4 Plane strain analysis in ANSYS
3 ETABs
3.1 Analysis of Cantilever beam
3.2 Analysis of continuous beam
3.3 Analysis of truss in ANSYS
3.4 Analysis of Building Frame




Reference Books

1.H. Lee, Finite Element Simulations with ANSYS Workbench 15, 1st Edition, USA,
SDC publications,2014.

2.M. Thompson, ANSYS Workbench for Finite Element Analysis, 1st Edition, UK,
Butterworth-Heinemann, 2017.

3.PLAXIS 2D Tutorial Manual - Bentley

4.ANSYS Theory Reference



SEMESTER 11
PROGRAM ELECTIVE III



CODE COURSE NAME CATEGORY T CREDIT
STRUCTURAL DESIGN OF
FOUNDATIONS PROGRAMME
222ECE024 AND EARTH RETAINING ELECTIVE 3 0 8
STRUCTURES

Preamble: To introduce students to the detailed design issues related to both
deep and shallow foundations. Familiarize with the design of pile foundation,
pilecaps, design of various types of special foundations such as foundations for
steel towers, water tank andchimneys. To design various types of earth

retainingstructures.

Course Outcomes: After the completion of the course the student will be able to

CO 1 | Ensure design concepts of shallowfoundation

CO 2

The student will be efficient in selecting suitable type of pile for different soil
stratum and in evaluation of group capacity byformulation

CO 3 | The student will be able to design different types of special foundations

co 4 structures.

The student will be able to design different types of earth retaining

Mapping of course outcomes with program outcomes

PO 1 PO 2 PO 3 PO 4 PO 5 PO PO 7
COo1 3 2 2 2 2 2
CO 2 3 2 2 2 2 2
CO 3 3 2 2 2 2 2
CO 4 3 2 2 2 2 2
Assessment Pattern
End Semester
9
Bloom’s Category Examination
Apply 50
Analyse 50
Evaluate
Create
Mark distribution
Total ESE
Marks CIE ESE Duration
100 40 60 2.5 hours




Continuous Internal Evaluation Pattern:

Preparing a review article based on peer reviewed

Original publications (minimum 10 publications shall be referred): 15 marks
Course based task/Seminar/Data collection and interpretation: 15 marks
Test paper, 1 no.: 10 marks

Test paper shall include minimum 80% of the syllabus

End Semester Examination Pattern:

The end semester examination will be conducted by the respective College. There
will be two parts; Part A and Part B. Part A will contain 5 numerical/short answer
questions with 1 question from each module, having 5 marks for each question
(such

questions shall be useful in the testing of knowledge, skills, comprehension,
application, analysis, synthesis, evaluation and understanding of the students).
Students should answer all questions. Part B will contain 7 questions (such
questions shall be useful in the testing of overall achievement and maturity of the
students in a course, through Ilong answer questions relating to
theoretical/practical knowledge, derivations, problem solving and quantitative
evaluation), with minimum one question from each module of which student
should answer any five. Each question can carry 7 marks.

Note: The marks obtained for the ESE for an elective course shall not exceed 20%
over the average ESE mark % for the core courses. ESE marks awarded to a
student for each elective course shall be normalized accordingly. For example if the
average end semester mark % for a core course is 40, then the maximum eligible
mark % for an elective course is 40+20 = 60 %



Model Question Paper

DR WD

10.

11.

12.

A P J ABDUL KALAM TECHNOLOGICAL UNIVERSITY
M.TECH DEGREE EXAMINATION, DECEMBER 2019

Structural Design of foundation and Earth-Retaining Structures

Time: 2.5 Hrs
Maximum Marks:60

Use of IS 456:2000 permitted Assume missing data suitably.

PART A
Answer ALL Questions

Differentiate between strap footings and strip footings.
Describe the situations where a combined piled raft foundation is preferred.
Explain the role of pile cap for load transfer.
Describe different types of retaining wall based on the structural behaviour
Explain the role of cofferdams as retaining structures

(5 x 5 =25 marks)

PART B
Design an isolated unsymmetrical square footing for a column
S00mmx500mm, transmitting a load of 600kN and a moment of 30kN/m.
The safe bearing capacity of soil may be taken as 120 kN/Sq.mm. Use M20
concrete and Fe415 steel and draw the reinforcement details.
Design a combined footing for two columns 500mm x 500mm each, Sm apart
carrying a load of 1600kN,available width restriction is 2.4m. The SBC of soil
is 200kN/sq. m. Use M25 concrete and Fe415 steel.
The load from a circular water tank supported by six columns rests on a ring
beam which in turn rests on an annular raft. Assuming the near diameter of
the centres of column line is 8m and the total load from the tank is
30,000kN, design the ring beam
Design a raft foundation for the lay out of six columns arranged in two
rows and three columns, all 4.5 m apart. The four outer columns are 300x
300 mm in size and carry a load of SO0kN. Two inner columns are 400x400
in size and carry a load of 800kN. In addition to this, each column carries a
moment of 160kNm due to a wind load on the length of the building. Take
the bearing capacity of soil as 100kN/m2. Use M20 concrete and Fe 415
steel.
Design a pile cap for a system of 3 piles supporting a column S00mm square
carrying a load of 600kN. Assume the diameter of pile as 400mm. Use M20
concrete and Fe 415 steel
Design a counterfort retaining wall to retain 4m earth above ground level. The
top of the earth is considered as level. The density of earth is 15kN/sq.m. The
angle of internal friction of soil is 30 degrees. The safe bearing capacity of soil
is 200kN/sq.m and the oefficient of friction between soil and wall is 0.6.
For the design of the spillway of a dam with the lifetime of 100 years the
accepted risk can be taken as 5%. The cofferdam with 5 years lifetime of this
dam is designed for 25 years flood.



(5 x 7 = 35 marks)

Syllabus and Course Plan

. No. of
No Topic Lectures

Module 1

1.1 Introduction to Limit State Design of reinforced concrete in 3
foundations

1.2 Soil pressure for structural design; structural design of 4
spread footings

1.3 Isolated footings, combined footings, column pedestals, S
column footings, strap footings, strip footings under several
column.

2 Module 2

2.1 Structural design of mat foundations 3

2.2 Beam and slab rafts — combined piled raft foundations 4
(CPRF) - circular and annular rafts

2.3 Analysis of flexible beams on elastic foundations. 3

3 Module 3

3.1 Structural design of different types of piles — under reamed 4
pile foundations — Design of pile cap — pile foundation

3.2 Structural design of well foundation 3

3.3 Special foundations.Design of foundation for steel towers — 3
foundation to water tank and chimneys

4 Module 4

4.1 Retaining Structures - Stability of walls 3

4.2 Design of cantilever and counter fort walls 4

4.3 Design of gravity walls 3

5 Module 5

S.1 Design of Coffer dams — Braced coffer dams 4

5.2 Stability of bottom excavation 3

5.3 Anchorage — Walls and tierods. 3

Reference Books

1.P.C.Varghese, “Design of Reinforced Concrete Foundations”, PHI — LTD — New
Delhi, 1998

2.Kurien N.P., “Design of foundation systems — Principles and Practices” ,Narora
Publishinghouse
— New Delhi (third edition),1992 33

3. Bowles J.E., “Foundation Analysis and Design” (4Ed.), Mc.Graw Hill, NY,1996
4. Shamsher prakash, Gopal Ranjan, & Swami Saran, “Analysis and design of

foundations and retaining structures”, Sarita Prakashan, New Delhi ,1979




CODE COURSE NAME CATEGORY T CREDIT
222ECE025 ROCK MECHANICS AND PROGRAMME 3
TUNNELLING ELECTIVE 3

Preamble: This course is oriented to make the students understand the concepts of
Rock mechanics with importance given to the material fabric, strength and
deformation. This course is ideal for the orientation of geotechnical engineering
post-graduate students to understand, analyse and evaluate the behaviour of rock
as a geomaterial.

Course Outcomes: After the completion of the course the student will be able to

Co1l

Explain formation, properties, classification and exploration of
rocks

CO 2 | Examine the effect of discontinuities in engineering properties of a rock

CO 3 | Identify the rheological behaviour of rocks

CO 4

Identify the behaviour of rock masses around openings, underground
excavations and subsidence

CO 5 | Evaluate the bearing capacity of rocks

CO6 | Assess problems associated with tunnelling

Mapping of course outcomes with program outcomes

PO 1 PO 2 PO 3 PO 4 PO S PO 6 PO 7
Co1 3 1 3 3 3 1 1
CO 2 3 1 3 3 3 1 1
COo 3 3 1 3 3 3 1 1
CO 4 3 1 3 3 3 1 1
CO S5 3 1 3 3 3 1 1
CO 6 3 1 3 3 3 1 1

Assessment Pattern

Bloom’s Category End Semester
Examination
Apply 20
Analyse 35
Evaluate 30
Create 15
Mark distribution
Total ESE
ota CIE | ESE SE
Marks Duration




100 40 60 2.5 hours

Continuous Internal Evaluation Pattern:

Preparing a review article based on peer reviewed

Original publications (minimum 10 publications shall be referred): 15 marks
Course based task/Seminar/Data collection and interpretation: 15 marks
Test paper, 1 no.: 10 marks

Test paper shall include minimum 80% of the syllabus

End Semester Examination Pattern:

The end semester examination will be conducted by the respective College. There
will be two parts; Part A and Part B. Part A will contain 5 numerical/short answer
questions with 1 question from each module, having 5 marks for each question
(such questions shall be useful in the testing of knowledge, skills, comprehension,
application, analysis, synthesis, evaluation and understanding of the students).
Students should answer all questions. Part B will contain 7 questions (such
questions shall be useful in the testing of overall achievement and maturity of the
students in a course, through Ilong answer questions relating to
theoretical/practical knowledge, derivations, problem solving and quantitative
evaluation), with minimum one question from each module of which student
should answer any five. Each question can carry 7 marks.

Note: The marks obtained for the ESE for an elective course shall not exceed 20%
over the average ESE mark % for the core courses. ESE marks awarded to a
student for each elective course shall be normalized accordingly. For example if the
average end semester mark % for a core course is 40, then the maximum eligible
mark % for an elective course is 40+20 = 60 %



Model Question Paper

APJ Abdul Kalam Technological University
M.Tech Degree Examination
Branch: Geotechnical and Geoenvironmental Energy
Specialisation:
Subject: 02 CE 6422 Rock Mechanics and Tunneling
Time: 2.5 Hrs Max. Marks: 60

PART A
(Answer All Questions)

1. Explain the significance of porosity while designing a structure supported on
rock.

2.  Describe various defects of rock-masses and its significance.

3. Discuss about Constant Elastic-Strain Energy theory and its applications

4.  Discuss the importance of lining in tunnels passing through weathered rock-
mass.

5. Explain the process of computing bearing capacity of foundations in intact

rocks.
6. Describe the factors influencing the bearing capacity of foundation in rocks.
7.  Discuss the requirements of a good ventilation system in tunnels?
8. Explain the various cross-sectional shape of tunnels with necessary sketches?

(5*3=15)

PART B
(Answer any S Questions)
9. Discuss the behavior of rocks under hydrostatic compression
OR
10.Explain the Classification of rocks.

11.Explain Griffith’s theory of fracture initiation in rock mass
OR
12.Explain the effect of discontinuities on rock strength with relevant cases.

13.Discuss the plastic behavior of rock mass around tunnels.
OR
14.Describe lined circular tunnel in a hydrostatic stress field.

15.Explain the uniaxial compression test on Rock and the classification based on
the strength.
OR



16.What are the different methods to determine the safe bearing pressure on intact
rocks?

17.Discuss any two methods of tunneling in soft rocks.
OR
18.Explain how rock bolting is done and how it improves the stability ofrock
slopes?

Subject Coverage and Course Plan

No. of

No Topi
opic Lectures

Module 1 ( 8hrs)

Introduction

Introduction - objective - scope and problems of rock
mechanics - formation ofrocks - physical properties -
1.1 | classification of rocks and rock masses - static 2
elasticconstants of rock

1.2 Rock exploration rock coring - geophysical methods 3

1.3 | Rheological behaviour - strength/ failure criterion 3

Module 2 (8 hrs )

Discontinuities and Strength of Rocks

Discontinuities in rock masses - discontinuity orientation -

2.1 3
effect of discontinuitieson strength of rock
5.9 Strength behaviour - compression - tension and shear - 3
) stress - strain relationships
Coulomb Mohr-Griffith theory of brittle strength and other 5
strength criteria
Module 3 (8 hrs)
3 Opening in Rocks
3.1 | Openings in rock mass and stresses around openings 2
3.2 | Pressure tunnels - development of plastic zone 2
33 Rock support needed to avoid plastic deformation. 9
Lined and unlined tunnels - underground excavation and
3.4 | subsidence — rockmechanics applications 2

Module 4 ( 8 hrs)

4 Bearing Capacity of Rocks

Bearing capacity of homogeneous as well as discontinuous
4.1 | rocks 2




4.9 Support pressure and slip of the joint
Delineation of types of rock failure, Unsupported span of

4.3 | underground openings - pillars

4.4 | Rock testing - laboratory and field tests
Module 5 ( 8 hrs)

5 Rock Slopes and Tunneling

5.1 | Rock slopes - rock bolting - plastic mechanics 2
Tunnels - shapes - usages - method of construction -

5.2 | problems associated with tunnels - tunnelling 3

5.3 | Rock slopes - rock bolting - plastic mechanics 3

Reference Books
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R.E. Goodman, Introduction to Rock Mechanics, 2nd Edition, USA, John Wiley
& Sons, 1988, ISBN: 978-0-471-81200-5

B. P. Verma, Rock Mechanics for Engineers, 4th Edition, India, Khanna
Publishers, 1998, ISBN: 13-978-9387394155

N. Sivakugan., S. K. Shukla and B.M. Das, Rock Mechanics: An Introduction,
1st Edition, USA, CRC Press, 2014, ISBN: 9780367866754

J. A. Hudson, and J. P. Harrison, Engineering Rock Mechanics: An Introduction
to the Principles, 1st Edition, UK, Elsevier Science, 2000, ISBN: 0 08 04 19 12 7

P. R Sheorey, Empirical Rock failure criteria, 1st Edition, UK, CRC Press, 1997,
ISBN: 9789054106715

I. Farmer, Engineering Behaviour of Rocks, 1st Edition, Netherlands, Springer,
2011, ISBN: 13-978- 0412139802

V. S. Vutukuri and R D Lama, Handbook on Mechanical Properties of Rocks:
004 (Rock & Soil Mechanics Series) Switzerland, Trans Tech Pubn, 1978, ISBN:
0-87849-021-3 C. Jaeger, Rock Mechanics and Engineering, 1st Edition, UK
Cambridge University Press, 2009, ISBN: 978-0521103381
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