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TEXT BOOKS

1. Artificial Intelligence A Modern Approach, Third Edition, Stuart Russell and Peter Norvig, Pearson
Education.

REFERENCES:

1. Artificial Intelligence, 3rd Edn., E. Rich and K. Knight (TMH)

2. Artificial Intelligence, 3rd Edn., Patrick Henny Winston, Pearson Education.
3. Artificial Intelligence, Shivani Goel, Pearson Education.

4. Artificial Intelligence and Expert systems — Patterson, Pearson Education.

Artificial Intelligence Will Reach Human Levels By Around 2029. Follow That Out Further
To, Say, 2045, We Will Have Multiplied The Intelligence, The Human Biological Machine
Intelligence Of Our Civilization A Billion-Fold.”

Note: These notes are not enough, For more learning refer the above Text book and Reference Books

T

Principal

. of Engineering
I swari College g
\aaﬁ?{AR”"NQGnR.EOS 527

Artificial Intelligence Page 3




UNIT I:

Problem Solving by Search-I: Introduction to Al, Intelligent Agents Problem Solving by Search —II: Problem-
Solving Agents, Searching for Solutions,

Uninformed Search Strategies: Breadth-first search, Uniform cost search, Depth-first search, Iterative
deepening Depth-first search, Bidirectional search, Informed (Heuristic) Search Strategies: Greedy best-first
search, A* search, Heuristic Functions, Beyond Classical Search: Hill-climbing search, Simulated annealing
search.

VAAGESWARI COLLEGE OF ENGINEERING-DEPARTMENT OF MCA

Introduction:

> Artificial Intelligence is concerned with the design of intelligence in an artificial device. The term
was coined by John McCarthy in 1956.

> Intelligence is the ability to acquire, understand and apply the knowledge to achieve goals in the
world.

> Alis the study of the mental faculties through the use of computational models

» Alis the study of intellectual/mental processes as computational processes.

» Al program will demonstrate a high level of intelligence to a degree that equals or exceeds the
intelligence required of a human in performing some task.

> Alis unique, sharing borders with Mathematics, Computer Science, Philosophy,
Psychology, Biology, Cognitive Science and many others.

> Although there is no clear definition of Al or even Intelligence, it can be described as an attempt
to build machines that like humans can think and act, able to learn and use knowledge to solve

problems on their own.

History of Al:

Important research that laid the groundwork for Al:

> In 1931, Goedel layed the foundation of Theoretical Computer Science1920-30s:
He published the first universal formal language and showed that math itself is either
flawed or allows for unprovable but true statements.

> In 1936, Turing reformulated Goedel’s result and church’s extension thereof. MLMNX
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http://www.idsia.ch/~juergen/goedel.html

» In 1956, John McCarthy coined the term "Artificial Intelligence" as the topic of the Dartmouth

Conference, the first conference devoted to the subject.

» In 1957, The General Problem Solver (GPS) demonstrated by Newell, Shaw & Simon

» In 1958, John McCarthy (MIT) invented the Lisp language.

> In 1959, Arthur Samuel (IBM) wrote the first game-playing program, for checkers, to achieve
sufficient skill to challenge a world champion.

» In 1963, Ivan Sutherland's MIT dissertation on Sketchpad introduced the idea of interactive
graphics into computing.

> In 1966, Ross Quillian (PhD dissertation, Carnegie Inst. of Technology; now CMU) demonstrated
semantic nets

> In 1967, Dendral program (Edward Feigenbaum, Joshua Lederberg, Bruce Buchanan, Georgia

Sutherland at Stanford) demonstrated to interpret mass spectra on organic chemical compounds.
First successful knowledge-based program for scientific reasoning.

> In 1967, Doug Engelbart invented the mouse at SR

> In 1968, Marvin Minsky & Seymour Papert publish Perceptrons, demonstrating limits of simple
neural nets.

» 1In 1972, Prolog developed by Alain Colmerauer.

> In Mid 80’s, Neural Networks become widely used with the Backpropagation algorithm (first
described by Werbos in 1974).

» 1990, Major advances in all areas of Al, with significant demonstrations in machine learning,
intelligent tutoring, case-based reasoning, multi-agent planning, scheduling, uncertain reasoning,
data mining, natural language understanding and translation, vision, virtual reality, games, and
other topics.

> In 1997, Deep Blue beats the World Chess Champion Kasparov

» In 2002,iRobot, founded by researchers at the MIT Artificial Intelligence Lab, introduced Roomba,

VN
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a vacuum cleaning robot. By 2006, two million had been sold.

Foundations of Artificial Intelligence:
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» Philosophy
e.g., foundational issues (can a machine think?), issues of knowledge and believe, mutual

knowledge
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> Psychology and Cognitive Science
e.g., problem solving skills
» Neuro-Science
e.g., brain architecture
» Computer Science And Engineering
e.g., complexity theory, algorithms, logic and inference, programming languages, and system
building.
» Mathematics and Physics
e.g., statistical modeling, continuous mathematics,
> Statistical Physics, and Complex Systems.
SUB AREAS OF Al:

1) Game Playing
Deep Blue Chess program beat world champion Gary Kasparov

2) Speech Recognition
PEGASUS spoken language interface to American Airlines' EAASY SABRE reseration system, which
allows users to obtain flight information and make reservations over the telephone. The 1990s has
seen significant advances in speech recognition so that limited systems are now successful.

3) Computer Vision
Face recognition programs in use by banks, government, etc. The ALVINN system from CMU
autonomously drove a van from Washington, D.C. to San Diego (all but 52 of 2,849 miles), averaging
63 mph day and night, and in all weather conditions. Handwriting recognition, electronics and
manufacturing inspection, photo interpretation, baggage inspection, reverse engineering to
automatically construct a 3D geometric model.

4) Expert Systems
Application-specific systems that rely on obtaining the knowledge of human experts in an area and
programming that knowledge into a system.

a. Diagnostic Systems : MYCIN system for diagnosing bacterial infections of the blood and
suggesting treatments. Intellipath pathology diagnosis system (AMA approved). Pathfinder

medical diagnosis system, which suggests tests and makes diagnoses. Whirlpool customer

assistance center. k&‘w\k}&
\
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5)

6)

7)

8)
9)

b. System Configuration
DEC's XCON system for custom hardware configuration. Radiotherapy treatment planning.
c. Financial Decision Making
Credit card companies, mortgage companies, banks, and the U.S. government employ Al
systems to detect fraud and expedite financial transactions. For example, AMEX credit
check.
d. Classification Systems
Put information into one of a fixed set of categories using several sources of information.
E.g., financial decision making systems. NASA developed a system for classifying very faint
areas in astronomical images into either stars or galaxies with very high accuracy by learning
from human experts' classifications.
Mathematical Theorem Proving
Use inference methods to prove new theorems.
Natural Language Understanding

AltaVista's translation of web pages. Translation of Catepillar Truck manuals into 20 languages.

Scheduling and Planning

Automatic scheduling for manufacturing. DARPA's DART system used in Desert Storm and Desert
Shield operations to plan logistics of people and supplies. American Airlines rerouting contingency
planner. European space agency planning and scheduling of spacecraft assembly, integration and
verification.

Artificial Neural Networks:

Machine Learning

APPLICATION OF Al:

Al algorithms have attracted close attention of researchers and have also been applied
successfully to solve problems in engineering. Nevertheless, for large and complex problems, Al

algorithms consume considerable computation time due to stochastic feature of the search

Principal .
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2) Engineering: check design, offer suggestions to create new product, expert systems
for all engineering problems

3) Manufacturing: assembly, inspection and maintenance

4) Medicine: monitoring, diagnosing

5) Education: in teaching

6) Fraud detection

7) Object identification

8) Information retrieval

9) Space shuttle scheduling

Building Al Systems:

1) Perception
Intelligent biological systems are physically embodied in the world and experience the world
through their sensors (senses). For an autonomous vehicle, input might be images from a
camera and range information from a rangefinder. For a medical diagnosis system, perception is
the set of symptoms and test results that have been obtained and input to the system manually.

2) Reasoning
Inference, decision-making, classification from what is sensed and what the internal "model" is
of the world. Might be a neural network, logical deduction system, Hidden Markov Model
induction, heuristic searching a problem space, Bayes Network inference, genetic algorithms,
etc.
Includes areas of knowledge representation, problem solving, decision theory, planning, game
theory, machine learning, uncertainty reasoning, etc.

3) Action
Biological systems interact within their environment by actuation, speech, etc. All behavior is
centered around actions in the world. Examples include controlling the steering of a Mars rover
or autonomous vehicle, or suggesting tests and making diagnoses for a medical diagnosis

system. Includes areas of robot actuation, natural language generation, and speech synthesis.

THE DEFINITIONS OF Al: w \r\)\
MO
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a) "The exciting new effort to make computers

think . . . machines with minds, in the full and
literal sense" (Haugeland, 1985)

"The automation of] activities that we
associate with human thinking, activities such
as decision-making, problem solving,

b) "The study of mental faculties through
the use of computational models"
(Charniak and McDermott, 1985)

"The study of the computations that
make it possible to perceive, reason, and
act" (Winston, 1992)

learning..."(Bellman, 1978)

c) "The art of creating machines that perform
functions that require intelligence when
performed by people" (Kurzweil, 1990)

d) "A field of study that seeks to explain and
emulate intelligent behavior in terms of
computational processes" (Schalkoff, 1
990)

"The study of how to make computers do

things at which, at the moment, people

are better" (Rich and Knight, 199 1)

"The branch of computer science that is
concerned with the automation of
intelligent behavior" (Luger and
Stubblefield, 1993)

The definitions on the top, (a) and (b) are concerned with reasoning, whereas those on the bottom, (c)
and (d) address behavior.The definitions on the left, (a) and (c) measure success in terms of human
performance, and those on the right, (b) and (d) measure the ideal concept of intelligence called
rationality

INTELLIGENT SYSTEMS:

In order to design intelligent systems, it is important to categorize them into four categories (Luger and
Stubberfield 1993), (Russell and Norvig, 2003)
1. Systems that think like humans

2. Systems that think rationally
3. Systems that behave like humans
4

Systems that behave rationally

Human- Like Rationally

Cognitive Science Approach Laws of thought Approach

Think:

“Machines that think like humans” “ Machines that think Rationally”

Turing Test Approach Rational Agent Approach

Act:

“Machines that behave like humans” “Machines that behave Rationally”

M&T}\
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Scientific Goal: To determine which ideas about knowledge representation, learning, rule systems
search, and so on, explain various sorts of real intelligence.

Engineering Goal:To solve real world problems using Al techniques such as Knowledge representation,
learning, rule systems, search, and so on.

Traditionally, computer scientists and engineers have been more interested in the engineering
goal, while psychologists, philosophers and cognitive scientists have been more interested in the
scientific goal.

Cognitive Science: Think Human-Like

a. Requires a model for human cognition. Precise enough models allow simulation by
computers.

b. Focusis not just on behavior and I/0O, but looks like reasoning process.

c. Goal is not just to produce human-like behavior but to produce a sequence of steps of the
reasoning process, similar to the steps followed by a human in solving the same task.

Laws of thought: Think Rationally

a. The study of mental faculties through the use of computational models; that it is, the study of
computations that make it possible to perceive reason and act.

b. Focus is on inference mechanisms that are probably correct and guarantee an optimal solution.

c. Goalis to formalize the reasoning process as a system of logical rules and procedures of
inference.

d. Develop systems of representation to allow inferences to be like
“Socrates is a man. All men are mortal. Therefore Socrates is mortal”
TURING TEST: ACT HUMAN-LIKE

a. The art of creating machines that perform functions requiring intelligence when performed by
people; that it is the study of, how to make computers do things which, at the moment, people
do better.

b. Focusis on action, and not intelligent behavior centered around the representation of the world
c. Example: Turing Test
o 3 rooms contain: a person, a computer and an interrogator.

o The interrogator can communicate with the other 2 by teletype (to avoid the
machine imitate the appearance of voice of the person)

Artificial Intelligence Page 10




o The interrogator tries to determine which the person is and which the machine
is.

o The machine tries to fool the interrogator to believe that it is the human, and
the person also tries to convince the interrogator that it is the human.

o If the machine succeeds in fooling the interrogator, then conclude that the
machine is intelligent.

Rational agent: Act Rationally

a. Tries to explain and emulate intelligent behavior in terms of computational process; that it is
concerned with the automation of the intelligence.

b. Focusis on systems that act sufficiently if not optimally in all situations.

c. Goalisto develop systems that are rational and sufficient

The difference between strong Al and weak Al:

Strong Al makes the bold claim that computers can be made to think on a level (at least) equal to

humans.

Weak Al simply states that some "thinking-like" features can be added to computers to make them
more useful tools... and this has already started to happen (witness expert systems, drive-by-wire cars
and speech recognition software).

Al Problems:

Al problems (speech recognition, NLP, vision, automatic programming, knowledge
representation, etc.) can be paired with techniques (NN, search, Bayesian nets, production systems,
etc.).Al problems can be classified in two types:

1. Common-place tasks(Mundane Tasks)

2. Expert tasks

Common-Place Tasks:

1. Recognizing people, objects. wu\-%
2. Communicating (through natural language).
1131-'““‘-'.11'.1\
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3. Navigating around obstacles on the streets.
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These tasks are done matter of factly and routinely by people and some other animals.
Expert tasks:

1. Medical diagnosis.

2. Mathematical problem solving

3. Playing games like chess
These tasks cannot be done by all people, and can only be performed by skilled specialists.

Clearly tasks of the first type are easy for humans to perform, and almost all are able to
master them. The second range of tasks requires skill development and/or intelligence and only some
specialists can perform them well. However, when we look at what computer systems have been able to
achieve to date, we see that their achievements include performing sophisticated tasks like medical

diagnosis, performing symbolic integration, proving theorems and playing chess.

1. Intelligent Agent’s:
Agents andenvironments:

SENSOrSs

actuators

Fig 2.1: Agents and Environments
Agent:
An Agent is anything that can be viewed as perceiving its environment through sensors and acting

upon that environment through actuators.

v A human agent has eyes, ears, and other organs for sensors and hands, legs, mouth, and
other body parts foractuators.

v" A robotic agent might have cameras and infrared range finders for sensors and various
motors foractuators.

v A software agent receives keystrokes, file contents, and network packets as sensory

Artificial Intelligence Page 12




inputs and acts on the environment by displaying on the screen, writing files, and sending

network packets.

Percept:

We use the term percept to refer to the agent's perceptual inputs at any given instant.

PerceptSequence:

An agent's percept sequence is the complete history of everything the agent has ever perceived.

Agent function:

Mathematically speaking, we say that an agent's behavior is described by the agent function that

maps any given percept sequence to an action.

Agentprogram

Internally, the agent function for an artificial agent will be implemented by an agent program. It is

important to keep these two ideas distinct. The agent function is an abstract mathematical

description; the agent program is a concrete implementation, running on the agent architecture.

To illustrate these ideas, we will use a very simple example-the vacuum-cleaner world shown in Fig

2.1.5. This particular world has just two locations: squares A and B. The vacuum agent perceives

which square it is in and whether there is dirt in the square. It can choose to move left, move right,

suck up the dirt, or do nothing. One very simple agent function is the following: if the current

square is dirty, then suck, otherwise move to the other square. A partial tabulation of this agent

function is shown in Fig 2.1.6.

A

=

o

020

B

S A0

020

Fig 2.1.5: A vacuum-cleaner world with just two locations.
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Agentfunction

Percept Sequence Action
[A, Clean] Right
[A, Dirty] Suck
[B, Clean] Left
[B, Dirty] Suck
[A, Clean], [A, Clean] Right
[A, Clean], [A, Dirty] Suck

Fig 2.1.6: Partial tabulation of a simple agent function for the example: vacuum-cleaner
world shown in the Fig 2.1.5

Function REFLEX-VACCUM-AGENT ([location, status]) returns an action If

status=Dirty then return Suck

else if location = A then return Right

else if location = B then return Left

Fig 2.1.6(i): The REFLEX-VACCUM-AGENT program is invoked for each new percept (location, status) and
returns an action each time

Strategies of Solving Tic-Tac-Toe Game Playing
Tic-Tac-Toe Game Playing:

Tic-Tac-Toe is a simple and yet an interesting board game. Researchers have used various approaches to
study the Tic-Tac-Toe game. For example, Fok and Ong and Grim et al. have used artificial neural
network based strategies to play it. Citrenbaum and Yakowitz discuss games like Go-Moku,
Hex and Bridg-It which share some similarities with Tic-Tac-Toe.
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A Formal Definition of the Game:

The board used to play the Tic-Tac-Toe game consists of 9 cells laid out in the form of a 3x3 matrix (Fig.
1). The game is played by 2 players and either of them can start. Each of the two players is assigned a
unique symbol (generally 0 and X). Each player alternately gets a turn to make a move. Making a move is
compulsory and cannot be deferred. In each move a player places the symbol assigned to him/her in a

hitherto blank cell.

Let a track be defined as any row, column or diagonal on the board. Since the board is a square
matrix with 9 cells, all rows, columns and diagonals have exactly 3 cells. It can be easily observed that
there are 3 rows, 3 columns and 2 diagonals, and hence a total of 8 tracks on the board (Fig. 1). The goal
of the game is to fill all the three cells of any track on the board with the symbol assigned to one before
the opponent does the same with the symbol assigned to him/her. At any point of the game, if
there exists a track whose all three cells have been marked by the same symbol, then the player
to whom that symbol have been assigned wins and the game terminates. If there exist no track
whose cells have been marked by the same symbol when there is no more blank cell on the board then

the game is drawn.

Let the priority of a cell be defined as the number of tracks passing through it. The priorities of the
nine cells on the board according to this definition are tabulated in Table 1. Alternatively, let the
priority of a track be defined as the sum of the priorities of its three cells. The priorities of the eight
tracks on the board according to this definition are tabulated in Table 2. The prioritization of the cells
and the tracks lays the foundation of the heuristics to be used in this study. These heuristics are

somewhat similar to those proposed by Rich and Knight.
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X X x X XX XX

o 0 0 0|x 0|x 0|x o)X

0 0 0]o olo ofojo

Strategy 1:
Algorithm:
1. View the vector as a ternary number. Convert it to a decimal number.
2. Use the computed number as an index into Move-Table and access the vector stored there.
3. Set the new board to that vector.
Procedure:
1) Elements of vector:
0: Empty
1: X
2:0
-> the vector is a ternary number
2) Store inside the program a move-table (lookuptable):
a) Elements in the table: 19683 (3°)

b) Element = A vector which describes the most suitable move from the

¢ Data Structure:
000 000 000 000 000 000 | @f—000 010 000
X
000 000 001
;With this game-board| . We can move
| - @u\%
222 222 222 H Principal
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Comments:
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1. A lot of space to store the Move-Table.
2. A lot of work to specify all the entries in the Move-Table.
3. Difficult to extend
Explanation of Strategy 2 of solving Tic-tac-toe problem
Stratergy 2:
Data Structure:
1) Use vector, called board, as Solution 1
2) However, elements of the vector:
2: Empty
3: X
5:0
3) Turn of move: indexed by integer
1,2,3, etc
Function Library:
1.Make2:
a) Return a location on a game-board.
IF (board[5] = 2)
RETURN 5; //the center cell.
ELSE
RETURN any cell that is not at the board’s corner;
/I (cell: 2,4,6,8)
b) Let P represent for X or O
c) can_win(P) :

P has filled already at least two cells on a straight line (horizontal, vertical, or
diagonal)

d) cannot_win(P) = NOT(can_win(P))

2. Posswin(P):

Artificial Intelligence Page 17




IF (cannot_win(P))
RETURN 0;
ELSE

RETURN index to the empty cell on the line of

can_win(P)

Let odd numbers are turns of X

Let even numbers are turns of O

3. Go(n): make a move
Algorithm:

1. Turn = 1: (X moves)

Go(1) //make a move at the left-top cell

2. Turn = 2: (O moves)
IF board[5] is empty THEN
Go(5)
ELSE
Go(1)
3. Turn = 3: (X moves)
IF board[9] is empty THEN
Go(9)
ELSE
Go(3).
4. Turn = 4: (O moves)
IF Posswin (X) <>0 THEN
Go (Posswin (X))

/[Prevent the opponent to win

ELSE Go (Make2)

5. Turn =5: (X moves)

\')I--‘.ilk';‘l'J‘

. . f Engineering
J swari College © =
\aagihmm‘“ﬂ GAR-505 527

Artificial Intelligence

Page 18




IF Posswin(X) <>0 THEN
Go(Posswin(X))
//Win for X.
ELSE IF Posswin(O) <> THEN
Go(Posswin(0))
/[Prevent the opponent to win
ELSE IF board[7] is empty THEN
Go(7)
ELSE Go(3).

Comments:

1. Not efficient in time, as it has to check several conditions before making each
move.

2. Easier to understand the program’s strategy.

3. Hard to generalize.

Introduction to Problem Solving, General problem solving

Problem solving is a process of generating solutions from observed data.
—a problem is characterized by a set of goals,

-a set of objects, and

-a set of operations.

These could be ill-defined and may evolve during problem solving.

Principal .
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Searching Solutions:

To build a system to solve a problem:
1. Define the problem precisely
2. Analyze the problem
3. Isolate and represent the task knowledge that is necessary to solve the problem

4. Choose the best problem-solving techniques and apply it to the particular problem.
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Defining the problem as State Space Search:

The state space representation forms the basis of most of the Al methods.

e Formulate a problem as a state space search by showing the legal problem states, the legal
operators, and the initial and goal states.

e Astate is defined by the specification of the values of all attributes of interest in the world

e An operator changes one state into the other; it has a precondition which is the value of certain
attributes prior to the application of the operator, and a set of effects, which are the attributes
altered by the operator

e The initial state is where you start

e The goal state is the partial description of the solution

Formal Description of the problem:
1. Define a state space that contains all the possible configurations of the relevant objects.
2. Specify one or more states within that space that describe possible situations from which the
problem solving process may start ( initial state)
3. Specify one or more states that would be acceptable as solutions to the problem. ( goal states)

Specify a set of rules that describe the actions (operations) available

State-Space Problem Formulation:

Example: A problem is defined by four items:
1. initial state e.g., "at Arad—
2. actions or successor function:  S(x) = set of action—state pairs
e.g., S(Arad) = {<Arad - Zerind, Zerind>, ... }
3. goal test (or set of goal states)
e.g., X = "at Bucharestl, Checkmate(x)
4. path cost (additive)
e.g., sum of distances, number of actions executed, etc.
c(x,a,y) is the step cost, assumed to be >0

A solution is a sequence of actions leading from the initial state to a goal state
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Example: 8-queens problem

Initial State: Any arrangement of 0 to 8 queens on board.
Operators: add a queen to any square.

Goal Test: 8 queens on board, none attacked.

N

Path cost: not applicable or Zero (because only the final state counts, search cost might

be of interest).

State Spaces versus Search Trees:
e State Space
o Set of valid states for a problem
o Linked by operators
o e.g., 20 valid states (cities) in the Romanian travel problem
e Search Tree
— Root node =initial state

— Child nodes = states that can be visited from parent Uﬁ%

— Note that the depth of the tree can be infinite

Principal

. . llege of Engineering
« E.g., via repeated states Vaageswan o AR08 527.

— Partial search tree
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*  Portion of tree that has been expanded so far
— Fringe
* Leaves of partial search tree, candidates for expansion

Search trees = data structure to search state-space

Properties of Search Algorithms

Which search algorithm one should use will generally depend on the problem domain.

There are four important factors to consider:

1. Completeness — |s a solution guaranteed to be found if at least one solution exists?

2. Optimality — Is the solution found guaranteed to be the best (or lowest cost) solution if there exists

more than one solution?

3. Time Complexity — The upper bound on the time required to find a solution, as a function of the

complexity of the problem.

4. Space Complexity — The upper bound on the storage space (memory) required at any point during the
search, as a function of the complexity of the problem.

General problem solving, Water-jug problem, 8-puzzle problem
General Problem Solver:
The General Problem Solver (GPS) was the first useful Al program, written by Simon, Shaw, and Newell

in 1959. As the name implies, it was intended to solve nearly any problem.

Newell and Simon defined each problem as a space. At one end of the space is the starting point; on the
other side is the goal. The problem-solving procedure itself is conceived as a set of operations to cross

that space, to get from the starting point to the goal state, one step at a time.

The General Problem Solver, the program tests various actions (which Newell and Simon called

operators) to see which will take it closer to the goal state. An operator is any activity that changes the
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state of the system. The General Problem Solver always chooses the operation that appears to bring it

closer to its goal.
Example: Water Jug Problem
Consider the following problem:
A Water Jug Problem: You are given two jugs, a 4-gallon one and a 3-gallon one, a
pump which has unlimited water which you can use to fill the jug, and the ground on which

water may be poured. Neither jug has any measuring markings on it. How can you get

exactly 2 gallons of water in the 4-gallon jug?

State Representation and Initial State :
We will represent a state of the problem as a tuple (x, y) where x represents the amount of
water in the 4-gallon jug and y represents the amount of water in the 3-gallon jug. Note 0 <x< 4,

and 0 <y <3. Our initial state: (0, 0)

Goal Predicate - state = (2, y) where 0< y< 3.

Operators -we must defi ne a set of operators that will take us from one state to another:

1. Fill 4-gal jug (x,y) — (4y)
x<4
2.Fill 3-gal jug (x.y) — (x,3)
y<3
3. Empty 4-gal jug on ground (x,y) — (0,y)
x>0
4. Empty 3-gal jug on ground (x,y) — (x,0)
y>0
5. Pour water from 3-gal jug (x,y) —!4,y-(4-X)
to 1l 4-gal jug 0<x+y 4andy>0
6. Pour water from 4-gal jug (x,y) — (X - (3-y), 3)
to Il 3-gal-jug O<x+y 3andx>0
7. Pour all of water from 3-gal jug (x,y) — (x+y, 0)
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into 4-gal jug O<xty 4dandy O
8.Pour all of water from 4-gal jug (x,y) — (0, x+y)
into 3-gal jug 0<x+y 3andx O

Through Graph Search, the following solution is found :

Gals in 4-gal jug Gals in 3-gal jug Rule Applied
0 0
1. Fill 4
4 0
6. Pour 4 into 3to Il
1 3
4, Empty 3
1 0
8. Pour all of 4 into 3
0 1
1. Fill 4
4 1
6. Pour into 3
2 3
Second Solution:
Number Rules applied 4-gjug 3-gjug
of Steps
1 Initial State
2 R2 {Fill 3-gjug} 0 3
3 R 7 {Pour all water from 3 to 4-g jug } 3 0
4 R2 {Fill 3-g jug} 3 3
5 RS {Pour from 3 to 4-g jug until it is full} 4 2
6 R3 {Empty 4-gallon jug} 0 2
7 R7 {Pour all water from 3 to 4-g jug} ‘ 2 0
Goal State

Control strategies
Control Strategies means how to decide which rule to apply next during the process of searching for a

solution to a problem.

Requirement for a good Control Strategy
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1. It should cause motion
In water jug problem, if we apply a simple control strategy of starting each time from the top of
rule list and choose the first applicable one, then we will never move towards solution.

2. It should explore the solution space in a systematic manner
If we choose another control strategy, let us say, choose a rule randomly from the applicable
rules then definitely it causes motion and eventually will lead to a solution. But one may arrive

to same state several times. This is because control strategy is not systematic.
Systematic Control Strategies (Blind searches):
Breadth First Search:
Let us discuss these strategies using water jug problem. These may be applied to any search problem.

Construct a tree with the initial state as its root.

Generate all the offspring of the root by applying each of the applicable rules to the initial state.
(0,0

(4,0) (. 3)
Now for each leaf node, generate all its successors by applying all the rules that are appropriate.

8 Puzzle Problem.

The 8 puzzle consists of eight numbered, movable tiles set in a 3x3 frame. One cell of the frame is always
empty thus making it possible to move an adjacent numbered tile into the empty cell. Such a puzzle is

illustrated in following diagram.

8

123 | 2
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8 4 x .
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The program is to change the initial configuration into the goal configuration. A solution to the problem
is an appropriate sequence of moves, such as “move tiles 5 to the right, move tile 7 to the left, move tile

6 to the down, etc”.
Solution:

To solve a problem using a production system, we must specify the global database the rules, and the
control strategy. For the 8 puzzle problem that correspond to these three components. These elements
are the problem states, moves and goal. In this problem each tile configuration is a state. The set of all
configuration in the space of problem states or the problem space, there are only 3, 62,880 different
configurations o the 8 tiles and blank space. Once the problem states have been conceptually identified,
we must construct a computer representation, or description of them . this description is then used as
the database of a production system. For the 8-puzzle, a straight forward description is a 3X3 array of
matrix of numbers. The initial global database is this description of the initial problem state. Virtually

any kind of data structure can be used to describe states.

A move transforms one problem state into another state. The 8-puzzle is conveniently interpreted as
having the following for moves. Move empty space (blank) to the left, move blank up, move blank to the
right and move blank down,. These moves are modeled by production rules that operate on the state

descriptions in the appropriate manner.

The rules each have preconditions that must be satisfied by a state description in order for them to be
applicable to that state description. Thus the precondition for the rule associated with “move blank up”

is derived from the requirement that the blank space must not already be in the top row.

The problem goal condition forms the basis for the termination condition of the production system. The
control strategy repeatedly applies rules to state descriptions until a description of a goal state is
produced. It also keeps track of rules that have been applied so that it can compose them into sequence

representing the problem solution. A solution to the 8-puzzle problem is given in the following figure.
Example:- Depth — First — Search traversal and Breadth - First - Search traversal

for 8 — puzzle problem is shown in following diagrams.
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Exhaustive Searches, BFS and DFS
Search is the systematic examination of states to find path from the start/root state to the goal state.

Many traditional search algorithms are used in Al applications. For complex problems, the traditional
algorithms are unable to find the solution within some practical time and space limits. Consequently,

many special techniques are developed; using heuristic functions. The algorithms that use heuristic
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functions are called heuristic algorithms. Heuristic algorithms are not really intelligent; they appear to

be intelligent because they achieve better performance.

Heuristic algorithms aremore efficient because they take advantage of feedback from the data to direct

the search path.

Uninformed search

Also called blind, exhaustive or brute-force search, uses no information about the problem to guide the

search and therefore may not be very efficient.

Informed Search:

Also called heuristic or intelligent search, uses information about the problem to guide the search,
usually guesses the distance to a goal state and therefore efficient, but the search may not be always

possible.

Uninformed Search Methods:

Breadth- First -Search:

Consider the state space of a problem that takes the form of a tree. Now, if we search the goal along
each breadth of the tree, starting from the root and continuing up to the largest depth, we call it

breadth first search.

e Algorithm:
1. Create avariable called NODE-LIST and set it to initial state
2. Until a goal state is found or NODE-LIST is empty do
a. Remove the first element from NODE-LIST and call it E. If NODE-LIST was empty,
quit
b. For each way that each rule can match the state described in E do:
i.  Apply the rule to generate a new state
ii. If the new state is a goal state, quit and return this state
iii. Otherwise, add the new state to the end of NODE-LIST

BFS illustrated:

Step 1: Initially fringe contains only one node corresponding to the source state A.
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FRINGE: A

Step 2: A is removed from fringe. The node is expanded, and its children B and C are generated.
They are placed at the back of fringe.

FRINGE: B C

Step 3: Node B is removed from fringe and is expanded. Its children D, E are generated and put
at the back of fringe.

U

(1) 1"1-'-.m-'|1-'-"’E .
x ] ngineent
I swari College © :
\aagiAR"u‘th_nR.c—,os 527

FRINGE: CDE

Step 4: Node C is removed from fringe and is expanded. Its children D and G are added to the
back of fringe.
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FRINGE:DEDG

Step 5: Node D is removed from fringe. Its children C and F are generated and added to the back
of fringe.

Figure 5
FRINGE:EDGCF

Step 6: Node E is removed from fringe. It has no children.

Figure 6
FRINGE:DGCF

Step 7: D is expanded; B and F are put in OPEN.
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Step 8: G is selected for expansion. It is found to be a goal node. So the algorithm returns the
path A C G by following the parent pointers of the node corresponding to G. The algorithm
terminates.

Breadth first search is:

e One of the simplest search strategies

e Complete. If there is a solution, BFS is guaranteed to find it.

o If there are multiple solutions, then a minimal solution will be found

e The algorithm is optimal (i.e., admissible) if all operators have the same cost. Otherwise,

breadth first search finds a solution with the shortest path length.

e Time complexity :0(b?)
e Space complexity :0(b?)
e Optimality :‘Yes

b - branching factor(maximum no of successors of any node),
d — Depth of the shallowest goal node
Maximum length of any path (m) in search space
Advantages: Finds the path of minimal length to the goal.
Disadvantages:
e Requires the generation and storage of a tree whose size is exponential the depth of the
shallowest goal node.
e The breadth first search algorithm cannot be effectively used unless the search space is quite

small.

Depth- First- Search.

We may sometimes search the goal along the largest depth of the tree, and move up only when further
traversal along the depth is not possible. We then attempt to find alternative offspring of the parent of
the node (state) last visited. If we visit the nodes of a tree using the above principles to search the goal,
the traversal made is called depth first traversal and consequently the search strategy is called depth

first search.

¢ Algorithm:

1. Create avariable called NODE-LIST and set it to initial state
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2. Until a goal state is found or NODE-LIST is empty do
a. Remove the first element from NODE-LIST and call it E. If NODE-LIST was empty,
quit
b. For each way that each rule can match the state described in E do:
i Apply the rule to generate a new state
ii. If the new state is a goal state, quit and return this state
iii. Otherwise, add the new state in front of NODE-LIST
DFS illustrated:

A State Space Graph

Step 1: Initially fringe contains only the node for A.

Figure 1

FRINGE: A

Step 2: A is removed from fringe. A is expanded and its children B and C are put in front of

fringe.
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FRINGE: B C
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Step 3: Node B is removed from fringe, and its children D and E are pushed in front of fringe.

FRINGE:DEC

Step 4: Node D is removed from fringe. C and F are pushed in front of fringe.

FRINGE:CFEC

Step 5: Node C is removed from fringe. Its child G is pushed in front of fringe.

Figure 5

FRINGE: GFEC
Step 6: Node G is expanded and found to be a goal node. W\%
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FRINGE:GFEC

The solution path A-B-D-C-G is returned and the algorithm terminates.

Depth first searchis:

1. The algorithm takes exponential time.

2. If Nis the maximum depth of a node in the search space, in the worst case the algorithm will

d
take time O(b ).

3. The space taken is linear in the depth of the search tree, O(bN).

Note that the time taken by the algorithm is related to the maximum depth of the search tree. If the
search tree has infinite depth, the algorithm may not terminate. This can happen if the search space is
infinite. It can also happen if the search space contains cycles. The latter case can be handled by

checking for cycles in the algorithm. Thus Depth First Search is not complete.

Exhaustive searches- Iterative Deeping DFS

Description:

e It is a search strategy resulting when you combine BFS and DFS, thus combining the advantages
of each strategy, taking the completeness and optimality of BFS and the modest memory

requirements of DFS.

e IDS works by looking for the best search depth d, thus starting with depth limit 0 and make a BFS
and if the search failed it increase the depth limit by 1 and try a BFS again with depth 1 and so

on —first d =0, then 1 then 2 and so on — until a depth d is reached where a goal is found.
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Algorithm:

procedure IDDFS(root)
for depth from O to oo

found ¢ DLS(root, depth)
if found # null

return found

procedure DLS(node, depth)
if depth = 0 and node is a goal
return node
else if depth >0
foreach child of node
found & DLS(child, depth-1)
if found # null
return found

return null

Performance Measure:

o Completeness: IDS is like BFS, is complete when the branching factor b is finite.
o Optimality: IDS is also like BFS optimal when the steps are of the same cost.

e Time Complexity:

o One may find that it is wasteful to generate nodes multiple times, but actually it is not
that costly compared to BFS, that is because most of the generated nodes are always in
the deepest level reached, consider that we are searching a binary tree and our depth
limit reached 4, the nodes generated in last level = 2% = 16, the nodes generated in all
nodes before last level = 2°+ 2! + 22+ 2°= 15

o Imagine this scenario, we are performing IDS and the depth limit reached depth d, now
if you remember the way IDS expands nodes, you can see that nodes at depth d are
generated once, nodes at depth d-1 are generated 2 times, nodes at depth d-2 are
generated 3 times and so on, until you reach depth 1 which is generated d times,
we can view the total number of generated nodes in the worst case as:

= N(IDS) = (b)d + (d — 1)b%+ (d — 2)b® + ... + (2)b™ + (1)b? = O(b?)
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o If this search were to be done with BFS, the total number of generated nodes in
the worst case will be like:

« NBFS)=b+b2+b¥+b*+ ... b¢+ (O™ -b)=0®*"}

o If we consider a realistic numbers, and use b = 10 and d = 5, then number of
generated nodes in BFS and IDS will be like

=  N(IDS) =50 + 400 + 3000 + 20000 + 100000 = 123450
= N(BFS) =10 + 100 + 1000 + 10000 + 100000 + 999990 = 1111100
= BFS generates like 9 time nodes to those generated with IDS.

e Space Complexity:

o IDS is like DFS in its space complexity, taking O(bd) of memory.

Weblinks:

i. https://www.youtube.com/watch?v=7QcoljSVT38

ii. https://mhesham.wordpress.com/tag/iterative-deepening-depth-first-search

Conclusion:

e We can conclude that IDS is a hybrid search strategy between BFS and DFS inheriting their
advantages.

e DS is faster than BFS and DFS.

e Itis said that “IDS is the preferred uniformed search method when there is a large search space
and the depth of the solution is not known”.

Heuristic Searches:

A Heuristic technique helps in solving problems, even though there is no guarantee that it will never
lead in the wrong direction. There are heuristics of every general applicability as well as domain specific.
The strategies are general purpose heuristics. In order to use them in a specific domain they are coupler
with some domain specific heuristics. There are two major ways in which domain - specific, heuristic

information can be incorporated into rule-based search procedure.

A heuristic function is a function that maps from problem state description to measures desirability,
usually represented as number weights. The value of a heuristic function at a given node in the search

process gives a good estimate of that node being on the desired path to solution.
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Greedy Best First Search

Greedy best-first search tries to expand the node that is closest to the goal, on the: grounds that this is

likely to lead to a solution quickly. Thus, it evaluates nodes by using just the heuristic function:

f(n)=nh(n).

Taking the example of Route-finding problems in Romania, the goal is to reach Bucharest starting from
the city Arad. We need to know the straight-line distances to Bucharest from various cities as shown in
Figure 8.1. For example, the initial state is In (Arad), and the straight line distance heuristic hgp (In

(Arad)) is found to be 366. Using the straight-line distance heuristic hg, the goal state can be reached

faster.

Arad 366 Mehadia 241 Hirsova 151
Bucharest 0 Neamt 234 Urziceni 80
Craiova 160 Oradea 380 lasi 226
Drobeta 242 Pitesti 100 Vaslui 199
Eforie 161 Rimnicu Vilcea 193 Lugoj 244
Fagaras 176 Sibiu 253 Zerind 374
Giurgiu 77 Timisoara 329

Figure 8.1: Values of hg p-straight-line distancesto Bucharest.

The Initial State

3e8

After Expanding Arad

253 329 ard

After Expanding Sibiu
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266 176 380 193

After Expanding Fagaras

Figure 8.2: Stages in a greedy best-first search for Bucharest using the straight-line distance heuristic

hsip. Nodes are labeled with their h-values.

Figure 8.2 shows the progress of greedy best-first search using hs.p to find a path from Arad to
Bucharest. The first node to be expanded from Arad will be Sibiu, because it is closer to
Bucharest than either Zerind or Timisoara. The next node to be expanded will be Fagaras,
because it is closest.

Fagaras in turn generates Bucharest, which is the goal.

Evaluation Criterion of Greedy Search

» Complete: NO [can get stuck in loops, e.g., Complete in finite space with repeated-
state checking ]
» Time Complexity: O (bm) [but a good heuristic can give dramatic improvement]

» Space Complexity: O (bm) [keeps all nodes in memory]
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» Optimal: NO

Greedy best-first search is not optimal, and it is incomplete. The worst-case time and space
complexity is O (b™), where m is the maximum depth of the search space.

HILL CLIMBING PROCEDURE:

Hill Climbing Algorithm

We will assume we are trying to maximize a function. That is, we are trying to find a point in the search
space that is better than all the others. And by "better" we mean that the evaluation is higher. We might

also say that the solution is of better quality than all the others.
The idea behind hill climbing is as follows.

1. Pick arandom pointin the search space.

2. Consider all the neighbors of the current state.

3. Choose the neighbor with the best quality and move to that state.

4. Repeat 2 thru 4 until all the neighboring states are of lower quality.

5. Return the current state as the solution state.

We can also present this algorithm as follows (it is taken from the AIMA book (Russell, 1995) and follows

the conventions we have been using on this course when looking at blind and heuristic searches).

everltertion

)

cwrrent

\

e

\’l"\il;"llli!‘ .
i College of Engineering
MNAGAR-505 527

Vaageswar
w AR

Artificial Intelligence Page 39




Algorithm:
Function HILL-CLIMBING(Problem) returns a solution state
Inputs: Problem, problem
Local variables: Current, a node
Next, a node
Current = MAKE-NODE(INITIAL-STATE[Problem])
Loop do
Next = a highest-valued successor of Current
If VALUE[Next] < VALUE[Current] then returnCurrent
Current = Next
End

Also, if two neighbors have the same evaluation and they are both the best quality, then the algorithm

will choose between them at random.
Problems with Hill Climbing

The main problem with hill climbing (which is also sometimes called gradient descent) is that we are not
guaranteed to find the best solution. In fact, we are not offered any guarantees about the solution. It

could be abysmally bad.

You can see that we will eventually reach a state that has no better neighbours but there are better

solutions elsewhere in the search space. The problem we have just described is called a local maxima.

Simulated annealing search

A hill-climbing algorithm that never makes “downhill” moves towards states with lower value (or higher
cost) is guaranteed to be incomplete, because it can stuck on a local maximum. In contrast, a purely
random walk —that is, moving to a successor chosen uniformly at random from the set of successors — is
complete, but extremely inefficient. Simulated annealing is an algorithm that combines hill-climbing
with a random walk in some way that yields both efficiency and completeness.

Figure 10.7 shows simulated annealing algorithm. It is quite similar to hill climbing. Instead of picking the
best move, however, it picks the random move. If the move improves the situation, it is always
accepted. Otherwise, the algorithm accepts the move with some probability less than 1. The probability

decreases exponentially with the “badness” of the move — the amount AE by which the evaluation is
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worsened. The probability also decreases as the "temperature" T goes down: "bad moves are more
likely to be allowed at the start when temperature is high, and they become more unlikely as T
decreases. One can prove that if the schedule lowers T slowly enough, the algorithm will find a global
optimum with probability approaching 1.

Simulated annealing was first used extensively to solve VLSI layout problems. It has been applied widely

to factory scheduling and other large-scale optimization tasks.

functionSIMULATED-ANNEALING( problem, schedule) returns a solution state
inputs: problem, a problem

schedule, a mapping from time to "temperature”

local variables: current, a node

next, a node

T, a "temperature” controlling the probability of downward steps
current &€ MAKE-NODE(INITIAL-STATE[problem])

for t<1to oo do

T <schedule[t]

if T =0 then return current

next €-a randomly selected successor of current
AE<VALUE[next] — VALUE[current]

if AE>0 then current < next

else current € next only with probability e A5/

LOCAL SEARCH IN CONTINUOUS SPACES

» We have considered algorithms that work only in discrete environments, but real-world
environment are continuous.
» Local search amounts to maximizing a continuous objective function in a multi-dimensional
vector space.
» Thisis hard to do in general.
» Canimmediately retreat
v Discretize the space near each state

v Apply a discrete local search strategy (e.g., stochastic hill climbing, simulated annealing)
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» Often resists a closed-form solution

v" Fake up an empirical gradient

v" Amounts to greedy hill climbing in discretized state space
» Can employ Newton-Raphson Method to find maxima.

» Continuous problems have similar problems: plateaus, ridges, local maxima, etc.

Best First Search:

e A combination of depth first and breadth first searches.

o Depth first is good because a solution can be found without computing all nodes and breadth
first is good because it does not get trapped in dead ends.

e The best first search allows us to switch between paths thus gaining the benefit of both
approaches. At each step the most promising node is chosen. If one of the nodes chosen
generates nodes that are less promising it is possible to choose another at the same level and in
effect the search changes from depth to breadth. If on analysis these are no better than this

previously unexpanded node and branch is not forgotten and the search method reverts to the

OPEN is a priorityqueue of nodes that have been evaluated by the heuristic function but which have not

yet been expanded into successors. The most promising nodes are at the front.

CLOSED are nodes that have already been generated and these nodes must be stored because a graph is

being used in preference to a tree.

Algorithm:

1. Start with OPEN holding the initial state

2. Until a goal is found or there are no nodes left on open do.

e Pick the best node on OPEN
e Generate its successors
e For each successor Do
* Ifit has not been generated before ,evaluate it ,add it to OPEN and record its

parent
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» Ifit has been generated before change the parent if this new path is better and

in that case update the cost of getting to any successor nodes.

3. If agoal is found or no more nodes left in OPEN, quit, else return to 2.

Example:

(a) The initial state
366

(b) After expanding Arad Thmi D

253 329 374

(c) After expanding Sibiu

N2N
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1. Itis not optimal.
2. ltis incomplete because it can start down an infinite path and never return to try other

possibilities.
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3. The worst-case time complexity for greedy search is O (b™), where m is the maximum depth of
the search space.

4. Because greedy search retains all nodes in memory, its space complexity is the same as its time
complexity

A* Algorithm
The Best First algorithm is a simplified form of the A* algorithm.

The A* search algorithm (pronounced "Ay-star") is a tree search algorithm that finds a path from a given

initial node to a given goal node (or one passing a given goal test). It employs a "heuristic estimate"
which ranks each node by an estimate of the best route that goes through that node. It visits the nodes

in order of this heuristic estimate.

Similar to greedy best-first search but is more accurate because A* takes into account the nodes that

have already been traversed.

From A* we note that f= g + h where

g is a measure of the distance/cost to go from the initial node to the current node

his an estimate of the distance/cost to solution from the current node.

Thus fis an estimate of how long it takes to go from the initial node to the solution

Algorithm:

1. Initialize : Set OPEN = (S); CLOSED = ()
g(s)=0, f(s)=h(s)

2. Fail : If OPEN =( ), Terminate and fail.

3. Select : select the minimum cost state, n, from OPEN, Uﬁ\'&)&
save n in CLOSED

Principal .
| . i Vaageswari College of Enc:,-.n; ring
4, Terminate : If n €G, Terminate with success and return f(n) " qianacaARrR-505 527

5. Expand : for each successor, m, of n
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a) If m € *OPEN U CLOSED+
Set g(m) =g(n) + ¢(n, m)
Set f(m) = g(m) + h(m)
Insert m in OPEN
b) If m € *OPEN U CLOSED+
Set g(m) = min { g(m), g(n) + c(n, m)}
Set f(m) = g(m) + h(m)
If f(m) has decreased and m € CLOSED
Move m to OPEN.

Description:

e A* begins at a selected node. Applied to this node is the "cost" of entering this node (usually
zero for the initial node). A* then estimates the distance to the goal node from the current
node. This estimate and the cost added together are the heuristic which is assigned to the path
leading to this node. The node is then added to a priority queue, often called "open".

e The algorithm then removes the next node from the priority queue (because of the way a
priority queue works, the node removed will have the lowest heuristic). If the queue is empty,
there is no path from the initial node to the goal node and the algorithm stops. If the node is the
goal node, A* constructs and outputs the successful path and stops.

e If the node is not the goal node, new nodes are created for all admissible adjoining nodes; the
exact way of doing this depends on the problem at hand. For each successive node, A*
calculates the "cost" of entering the node and saves it with the node. This cost is calculated from
the cumulative sum of costs stored with its ancestors, plus the cost of the operation which
reached this new node.

e The algorithm also maintains a 'closed' list of nodes whose adjoining nodes have been checked.
If a newly generated node is already in this list with an equal or lower cost, no further
processing is done on that node or with the path associated with it. If a node in the closed list
matches the new one, but has been stored with a higher cost, it is removed from the closed list,

and processing continues on the new node.
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e Next, an estimate of the new node's distance to the goal is added to the cost to form the
heuristic for that node. This is then added to the 'open' priority queue, unless an identical node
is found there.

e Once the above three steps have been repeated for each new adjoining node, the original node
taken from the priority queue is added to the 'closed' list. The next node is then popped from

the priority queue and the process is repeated.The heuristic costs from each city to Bucharest:

Arad 366 Mehadia 241
Bucharest 0 Neamt 234
Craiova 160 Oradea 380
Drobeta 242 Pitesti 100
Eforie 161 Rimnicu Vilcea 193
Fagaras 176 Sibiu 253
Giurgiu 77 Timisoara 329
Hirsova 151 Urziceni 20
Iasi 226 Vaslui 199
Lugoj 244 Zerind 374

Neamt

W Yaslui

Rimnicu Vilcea

; & Hirsova
M Mehadia Urziceni

g 86
Bucharest

Drobeta [}

Craiova ] Giurgiu Eforie
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(a) The initial state

(b) After expanding Arad

393=140+253 447=118+329 449=75+374

(c) After expanding Sibiu

Climisoars)

447=118+329 449=75+374

646=280+366 415=239+176 671=291+380 413=220+193

(d) After expanding Rimnicu Vilcea

449=75+374

449=T5+374

591=3384253 450=450+0 526=366+160 417=317+100 5353=300+353

(D) After expanding Pitesti

449=75+374

418=418+0 615=455+160 607=414+193
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A* search properties:

= The algorithm A* is admissible. This means that provided a solution exists, the first solution
found by A* is an optimal solution. A* is admissible under the following conditions:

= Heuristic function: for every node n, h(n) < h*(n).
= A*isalso complete.
= A*is optimally efficient for a given heuristic.
= A*is much more efficient that uninformed search.
Iterative Deeping A* Algorithm:
Algorithm:

Let L be the list of visited but not expanded node, and
C the maximum depth
1) LetC=0
2) Initialize Lto the initial state (only)
3) If List empty increase C and goto 2),
else
extract anode n from the front of L
4) If nisagoal node,
SUCCEED and return the path from the initial state to n

5) Remove n from L. If the level is smaller than C, insert at the front of L all the children n' of n
with f(n') < C

6) Goto 3)

(1,2,4,9) 0+2=2

(3,5,10) 1+1=2 (7,13) 1+2=3
(6,11) 2+1=3 (8,14) 2+1=3 M \»‘\
N
N
(12) 3+1=4 (15) 3+1=4

. ) ‘1"1'1:1&'11'}‘ ‘En(‘iﬂe
4+1=5 (16) 4+0=4 \,aagis:,g,‘:,h&eﬁigjﬁi05 e27
5+0=5
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e IDA* is complete & optimal Space usage is linear in the depth of solution. Each iteration is depth
first search, and thus it does not require a priority queue.

e lterative deepening A* (IDA*) eliminates the memory constraints of A* search algorithm
without sacrificing solution optimality.

e Each iteration of the algorithm is a depth-first search that keeps track of the cost, f(n) = g(n) +
h(n), of each node generated.

e As soon as a node is generated whose cost exceeds a threshold for that iteration, its path is cut
off, and the search backtracks before continuing.

e The cost threshold is initialized to the heuristic estimate of the initial state, and in each
successive iteration is increased to the total cost of the lowest-cost node that was pruned during
the previous iteration.

e The algorithm terminates when a goal state is reached whose total cost dees not exceed the
current threshold.

Principal o
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UNIT 1

Problem Solving by Search-Il and Propositional Logic .Adversarial Search: Games, Optimal Decisions in Games,
Alpha—Beta Pruning, Imperfect Real-Time Decisions.

Constraint Satisfaction Problems: Defining Constraint Satisfaction Problems, Constraint Propagation,
Backtracking Search for CSPs, Local Search for CSPs, The Structure of Problems.

Constraint Satisfaction Problems

Sometimes a problem is not embedded in a long set of action sequences but requires picking the best
option from available choices. A good general-purpose problem solving technique is to list the
constraints of a situation (either negative constraints, like limitations, or positive elements that you

want in the final solution). Then pick the choice that satisfies most of the constraints.

Formally speaking, a constraint satisfaction problem (or CSP) is defined by a set of variables, X1;X2; : : :

values. Each constraint Ci involves some subset of tvariables and specifies the allowable combinations of
values for that subset. A state of theproblem is defined by an assignment of values to some or all of the

variables, {Xi = vi;Xj =vj; : : :} An assignment that does not violate any constraints is called a consistent or

legalassignment. A complete assignment is one in which every variable is mentioned, and a solution to a
CSP is a complete assignment that satisfies all the constraints. Some CSPs also require a solution that

maximizes an objectivefunction.
CSP can be given an incremental formulation as a standard search problem as follows:
1. Initial state: the empty assignment fg, in which all variables are unassigned.

2. Successor function: a value can be assigned to any unassigned variable, provided that it does not

conflict with previously assigned variables.
3. Goal test: the current assignment is complete.
4. Path cost: a constant cost for every step
Examples:

1. The best-known category of continuous-domain CSPs is that of linear
programming problems, where constraints must be linear inequalities
forming a convex region.

2. Crypt arithmetic puzzles.
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Example: The map coloring problem.

The task of coloring each region red, green or blue in such a way that no neighboring regions

have the same color.

We are given the task of coloring each region red, green, or blue in such a way that the

neighboring regions must not have the same color.

To formulate this as CSP, we define the variable to be the regions: WA, NT, Q, NSW, V, SA, and

T. The domain of each variable is the set {red, green, blue}. The constraints require

neighboring regions to have distinct colors: for example, the allowable combinations for WA
and NT are the pairs {(red,green),(red,blue),(green,red),(green,blue),(blue,red),(blue,green)}.
(The constraint can also be represented as the inequality WA # NT). There are many possible
solutions, such as {WA = red, NT = green, Q = red, NSW = green, V = red, SA = blue, T =

red}.Map of Australia showing each of its states and territories

Northern
Territary

" Westem
Australia

Tasmania

Variables WA, NT, @, NSW, V 54T

Domains ), = | red, green, blue |
Constraints: adjacent regions must have different colors
eg., WA NT (if the language allows this), or

(WA,NT) = | (red, green), (red. blue), (green, red). (green, blue), . . |

Constraint Graph: A CSP is usually represented as an undirected graph, called constraint graph
where the nodes are the variables and the edges are the binaryconstraints.
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Constraint graph: nodes are variables, arcs show constraints

©
@ @"‘a@

@

The map-coloring problem represented as a constraint graph.

CSP can be viewed as a standard search problem as follows:

> Initial state : the empty assignment {},in which all variables are unassigned.
> Successor function: a value can be assigned to any unassigned variable, provided that it
does not conflict with previously assigned variables.

> Goal test: the current assignment is complete.

> Path cost: a constant cost(E.g.,1) for every step.

Game Playing
Adversarial search, or game-tree search, is a technique for analyzing an adversarial game in order to try
to determine who can win the game and what moves the players should make in order to win.
Adversarial search is one of the oldest topics in Artificial Intelligence. The original ideas for adversarial
search were developed by Shannon in 1950 and independently by Turing in 1951, in the context of the
game of chess—and their ideas still form the basis for the techniques used today.
2-Person Games:

o Players: We call them Max and Min.

o Initial State: Includes board position and whose turn it is.

o Operators: These correspond to legal moves.

o Terminal Test: A test applied to a board position which determines whether the game is

over. In chess, for example, this would be a checkmate or stalemate situation.
o Utility Function: A function which assigns a numeric value to a terminalstate. For

example, in chess the outcome is win (+1), lose (-1) or draw (0). Note that by
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convention, we always measure utility relative to Max.

MiniMax Algorithm:
1. Generate the whole game tree.
2. Apply the utility function to leaf nodes to get their values.
3. Use the utility of nodes at level n to derive the utility of nodes at level n-1.
4. Continue backing up values towards the root (one layer at a time).
5. Eventually the backed up values reach the top of the tree, at which point Max chooses the move
that yields the highest value. This is called the minimax decision because it maximises the utility

for Max on the assumption that Min will play perfectly to minimise it.

Algorithm: MINIMAX (Depth-First Version)

To determine the minimax value V' (J), do the following:

1. IfJ is terminal, return V(J) = e(J); otherwise

2. Generate J’s successors J |, J, . .., J,.

3. Evaluate V' (J)), V(J>,), . . ., V(J,) from left to right.

4. IfJ is a MAX node, return V(J) = max[V (J,), ..., V(Jy)].
5. If J is a MIN node, return V(J) = min[V (J,), ..., V(J,)].

function MINIMAX-DECISION(state) returns an action

v MAX-VALUE(state)
return the action in SUCCESSORS(state) with value v

function MAX-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
U —00
for a,s in SUCCESSORS(state) do
v+ MAX(v, MIN-VALUE(s))
return v

function MIN-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
U 00
for a,sin SUCCESSORS(state) do
v+ MIN(v, MAX-VALUE(s))
return v

NN
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Example:

MAX

MIN

Properties of minimax:

= Complete : Yes (if tree is finite)

=  Optimal : Yes (against an optimal opponent)

= Time complexity : Oo(b™)

= Space complexity : O(bm) (depth-first exploration)

=  Forchess, b =35, m =100 for "reasonable" games
- exact solution completely infeasible.
Limitations
— Not always feasible to traverse entire tree

— Time limitations

Alpha-beta pruning algorithm:

* Pruning: eliminating a branch of the search tree from consideration without exhaustive
examination of each node

* o-B Pruning: the basic idea is to prune portions of the search tree that cannot improve the
utility value of the max or min node, by just considering the values of nodes seen so far.

* Alpha-beta pruning is used on top of minimax search to detect paths that do not need to be
explored. The intuition is:

*  The MAX player is always trying to maximize the score. Call this a.

* The MIN player is always trying to minimize the score. Call this 3 .

*  Alpha cutoff: Given a Max node n, cutoff the search below n (i.e., don't generate or examine any
more of n's children) if alpha(n) >= beta(n)
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(alpha increases and passes beta from below)

* Beta cutoff.: Given a Min node n, cutoff the search below n (i.e., don't generate or examine any
more of n's children) if beta(n) <= alpha(n)
(beta decreases and passes alpha from above)

e Carry alpha and beta values down during search Pruning occurs whenever alpha >= beta

Algorithm:

function ALPHA-BETA-SEARCH(state) returns an action
inputs: state, cwrent state in game

© +— MAX-VALUE(state, —00, +0¢)
return the action m SUCCESSORS(state) with value v

function MAX-VALUE(state, a, 3) veturns a utility value
inputs: state, curent state m game
a, the value of the best alternative for .4 x along the path to state
3, the value of the best alternative for MIN along the path to state

if TERMINAL-TEST(state) then return UTILITY(stale)
v —00
for a, s m SUCCESSORS(state) do
v — MAX(v, MIN-VALUE(s, a, 3))
ifv > 3 thenreturnv
a—MAX(a, v)
return v

function MIN-VALUE(state,a, 3) returns a utility value
inputs: state, cuurent state in game
a, the value of the best alternative for M4 x along the path to state
3, the value of the best alternative for MIN along the path to state

if TERMINAL-TEST(state) then return UTILITY (state)
v 400
for a, sin SUCCESSORS(state) do

v MIN(v, MAX-VALUE(%a,3))

ifv < athenreturnvy

3« MIN(3, v) '
return v Mﬁ%

f’l"nu:'lp‘ul )
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Example:

1) Setup phase: Assign to each left-most (or right-most) internal node of the tree,

variables: alpha = -infinity, beta = +infinity

a=-inf
=i
b=+inf max
min
max
min
max

2) Look at first computed final configuration value. It’s a 3. Parent is a min node, so

set the beta (min) value to 3.

a=-inf
b=+inf max
a=-inf
bh=+inf ,
min
max
min
max
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3) Look at next value, 5. Since parent is a min node, we want the minimum of
3 and 5 which is 3.  Parent min node is done - fill alpha (max) value of its parent max
node. Always set alpha for max nodes and beta for min nodes. Copy the state of the max
parent node into the second unevaluated min child.

a=-inf
b=+inf max
=-inf
b=+inf .

min
max
min
max

4) Look at next value, 2. Since parent node is min with b=+inf, 2 is smaller, change b.

a=-inf

b=+inf max
min
max
min
max
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5) Now, the min parent node has a max value of 3 and min value of 2. The value of the
2" child does not matter. If it is >2, 2 will be selected for min node. If it is <2, it will be
selected for min node, but since it is <3 it will not get selected for the parent max node.
Thus, we prune the right subtree of the min node. Propagate max value up the tree.

a=-inf

b=+inf max
min
max
min
max

6) Max node is now done and we can set the beta value of its parent and propagate node

state to sibling subtree’s left-most path.

a=-inf
b=+inf max
a=-inf
b=3 .
min
max
min
max
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7) The next node is 10. 10 is not smaller than 3, so state of parent does not change. We still

have to look at the 2" child since alpha is still —inf.

a=-inf
b=+inf max
a=-inf
b=3 .
min
max
min
max

8) The next node is 4. Smallest value goes to the parent min node. Min subtree is done, so
the parent max node gets the alpha (max) value from the child. Note that if the max node

had a 2" subtree, we can prune it since a>b.

a=-inf
b=+inf max
a=-inf
b=3 ,
min
max
min
max
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9) Continue propagating value up the tree, modifying the corresponding alpha/beta values.

Also propagate the state of root node down the left-most path of the right subtree.

a=3
b=+inf max
a=-inf a=3
=3 b=+inf .
min
a=4 =3
= b=3 b=+inf
b=

max

a—-inf a=3
=3 Db=+inf
min

@

10) Next value is a 2. We set the beta (min) value of the min parent to 2. Since no other
children exist, we propagate the value up the tree.

a=3
b=+inf max
a=-inf a=3
b=3 b=+inf ,
min
a=4 a=3
a=3 b=3  b=+inf
b=+inf
3 4 2 max
a=3 a=-inf a=3
b= 2 =3 b= 2

e min
max
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11) We have a value for the 3™ level max node, now we can modify the beta (min) value of
the min parent to 2. Now, we have a situation that a>b and thus the value of the rightmost

subtree of the min node does not matter, so we prune the whole subtree.

a=3
b=+inf max
a=-inf a=3
b=3 b=2 )
min
max
min
max

12) Finally, no more nodes remain, we propagate values up the tree. The root has a value
of 3 that comes from the left-most child. Thus, the player should choose the left-most
child’s move in order to maximize his/her winnings. As you can see, the result is the same

as with the mini-max example, but we did not visit all nodes of the tree.

max
min
a=3
b=+inf
max
min MN%
"., e ‘\L')T .Encmef-‘ ng
74 ;'l‘mi:orlx\?;f R-505 527
max
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UNIT 11

Knowledge Based Agents A knowledge-based agent needs a KB and an inference
mechanism. It operates by storing sentences in its knowledge base, inferring new sentences
with the inference mechanism, and using them to deduce which actions to take The

interpretation of a sentence is the fact to which it refers.

Knowledge Bases:

Domain—independent
algorithms

Inference engine

Domain—specific content

Knowledge base

Knowledge base = set of sentences in a formal language Declarative approach to building an
agent (or other system): Tell it what it needs toknow - Thenitcan Askitselfwhattodo—
answersshouldfollowfromtheKB Agents can be viewed at the knowledge leveli.e., what they
know, regardless of howimplemented or at the implementation leveli.e.,data

structuresinKBand algorithmsthatmanipulatethem. The Wumpus World:

A variety of "worlds" are being used as examples for Knowledge Representation, Reasoning,
and Planning. Among them the Vacuum World, the Block World, and the Wumpus World.
The Wumpus World was introduced by Genesereth, and is discussed in Russell-Norvig. The
Wumpus World is a simple world (as is the Block World) for which to represent knowledge

and to reason. It is a cave with a number of rooms, represented as a 4x4 square
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Rules of the Wumpus World The neighborhood of a node consists of the four squares north,
south, east, and west of the given square. In a square the agent gets a vector of percepts, with
components Stench, Breeze, Glitter, Bump, Scream For example [Stench, None, Glitter,
None, None] [J Stench is perceived at a square iff the wumpus is at this square or in its
neighborhood. [ Breeze is perceived at a square iff a pit is in the neighborhood of this
square. [ Glitter is perceived at a square iff gold is in this square [1 Bump is perceived at a
square iff the agent goes Forward into a wall [ Scream is perceived at a square iff the
wumpus is killed anywhere in the cave An agent can do the following actions (one at a time):
Turn (Right), Turn (Left), Forward, Shoot, Grab, Release, Climb 1 The agent can go forward
in the direction it is currently facing, or Turn Right, or Turn Left. Going forward into a wall
will generate a Bump percept. [1 The agent has a single arrow that it can shoot. It will go
straight in the direction faced by the agent until it hits (and kills) the wumpus, or hits (and is
absorbed by) a wall. [1 The agent can grab a portable object at the current square or it can
Release an object that it is holding. 1 The agent can climb out of the cave if at the Start
square.The Start square is (1,1) and initially the agent is facing east. The agent dies if it is in
the same square asthe wumpus. The objective of the game is to kill the wumpus, to pick up
the gold, and to climb out with it. Representing our Knowledge about the Wumpus World
Percept(x, y) Where x must be a percept vector and y must be a situation. It means that at

situation y theagentperceives x.For convenience we introduce the following definitions: [
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Percept([Stench,y,z,w,v],t) = > Stench(t) [ Percept([x,Breeze,z,w,v],t) = > Breeze(t) [I
Percept([x,y,Glitter,w,v],t) = > AtGold(t) Holding(x, y)

Where x is an object and y is a situation. It means that the agent is holding the object x in
situation y. Action(x, y) Where x must be an action (i.e. Turn (Right), Turn (Left), Forward,)
and y must be a situation. It means that at situation y the agent takes action x. At(X,y,z)
Where x is an object, y is a Location, i.e. a pair [u,v] withu and v in {1, 2, 3,4}, and z is a
situation. It means that the agent x in situation z is at location y. Present(x,s) Means that
object x is in the current room in the situation s. Result(x, y) It means that the result of
applying action x to the situation y is the situation Result(x,y).Notethat Result(x,y) is a term,
not a statement. For example we can say (] Result(Forward, SO) = S1 [
Result(Turn(Right),S1) = S2 These definitions could be made more general. Since in the
Wumpus World there is a single agent, there is no reason for us to make predicates and
functions relative to a specific agent. In other"worlds" we should change things
appropriately.

Validity And Satisfiability
A sentence is valid

if it is true in all models, e.g.,True,Av-A, A=A, (AA(A=B)) =B Validity is connected to
inference via the Deduction Theorem: KB |= «if and onlyif(KB=a) isvalid
Asentenceissatisfiableifitistrue ~ insome  model e.g., AVB, C  Asentence
isunsatisfiableifitistrueinnomodels e.g., A A-A Satisfiability is connected to inference via the

following: KBJ=a iff(KBA—a)isunsatisfiable i.e., prove a by reductionandabsurdum
Proof Methods
Proof methods divide into (roughly)two kinds:

Application of inference rules — Legitimate(sound)generationofnewsentencesfromold —
Proof=asequenceofinferenceruleapplicationscanuseinferencerulesasoperatorsinastand

ardsearch algorithm —  Typicallyrequiretranslationofsentencesintoanormalform  Model
checking — Truthtableenumeration(alwaysexponentialinn) -
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Improvedbacktracking,e.g.,Davis—Putnam—Loge Mann-Loveland - Heuristic

searchinmodelspace(soundbutincomplete) e.g.,min-conflicts-likehillclimbingalgorithms
Forward and Backward Chaining

Horn Form (restricted) KB = conjunction of Horn clauses Horn clause = — proposition
symbol;or — (conjunctionofsymbols) = symbol Example KB: CA(B = A) A (CAD = B)

Modus Ponens (for Horn Form): complete for Horn KBs
al,...,an,alA---Aa= B B

Canbeusedwithforwardchaining orbackwardchaining. These algorithms
areverynaturalandruninlineartime.,

ForwardChaining

Idea: If anyrulewhosepremisesaresatisfiedintheKB,
additsconclusiontotheKB,untilqueryisfound

ForwardChaining Algorithm

ForwardChaining Algorithm

function PL-FC-Entails?£5B,g) returns rrue or false
inputs: K5, the knowledge base, a set of propositional Horn clauses
g, the query, a proposition symbol

local variables: count, atable, indexed by clause, initially the number of premises
inferred,atable, indexed bysymbol, eachentryinitially fa/se
agenda,alistofsymbols, initiallythesymbols knownin £ £

while agenda is not empty
do p — Poplagenda)
unless mferred(p)do
inferved(p) « true
for each Horn clause ¢ in whose premise p appearsdo

decrement count[c]
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ForwardChaining Example

Principal
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Proof of Completeness Vaageswart O AR 508 527.

FC derives every atomic sentence that is entailed by KB
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1. FCreachesafixedpointwherenonewatomicsentencesarederived
2. Considerthefinalstateasamodelm,assigningtrue/falsetosymbols

3. Every clause in the original KB is true inm i. Proof:SupposeaclausealA...Aak=bisfalsei
nm Then alA. . . Aakis true in m and b is false in m
Thereforethealgorithmhasnotreachedafixedpoint ! 4. Hence m is a model ofKB 5.
IfKB|=q,thengistrueineverymodelofKB,includingm a. Generalidea:
constructanymodelofK Bby soundinference,checka

Backward Chaining

Idea:workbackwardsfromthequeryq: to prove q byBC, check if g is known already, or prove
by BC all premises of some rule concluding g  Avoidloops:
checkifnewsubgoalisalreadyonthegoalstack Avoid repeated work: check if new subgoal 1.

has already been proved true, or 2. has alreadyfailed
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Forward vs Backward Chaining

FC IS data-driven, cf. automatic, unconscious processing,
e.g.,0bjectrecognition,routinedecisions Maydolotsofworkthatisirrelevanttothegoal BC is goal-
driven, appropriate forproblem-solving, e.g., Where are my keys? How do | get into a PhD
program? Complexity of BC can be much less than linear in size of KB

FIRST ORDER LOGIC:
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PROCEDURAL LANGUAGES AND PROPOSITIONAL LOGIC:

Drawbacks of Procedural Languages

Programming languages (such as C++ or Java or Lisp) are by far the largest class of formal
languages in common use. Programs themselves represent only computational processes. Data

structures within programs can represent facts.

For example, a program could use a 4 x 4 array to represent the contents of the wumpus world.
Thus, the programming language statement World*2,2+<& Pit is a fairly natural way to assert that

there is a pit in square [2,2].

What programming languages lack is any general mechanism for deriving facts from other facts;
each update to a data structure is done by a domain-specific procedure whose details are derived by

the programmer from his or her own knowledge of the domain.

A second drawback of is the lack the expressiveness required to handle partial information . For
example data structures in programs lack the easy way to say, “There is a pit in *2,2+ or *3,1+” or “If

the wumpus is in *1,1+ then he is not in *2,2+.”

Advantages of Propositional Logic

The declarative nature of propositional logic, specify that knowledge and inference are separate,
and inference is entirely domain-independent. @ Propositional logic is a declarative language because
its semantics is based on a truth relation between sentences and possible worlds. & It also has

sufficient expressive power to deal with partial information, using disjunction and negation.

Propsitional logic has a third COMPOSITIONALITY property that is desirable in representation
languages, namely, compositionality. In a compositional language, the meaning of a sentence is a
function of the meaning of its parts. For example, the meaning of “S1,4A S1,2” is related to the

meanings of “S1,4” and “S1,2.

Drawbacks of Propositional Logic B Propositional logic lacks the expressive power to concisely

describe an environment with many objects.

For example, we were forced to write a separate rule about breezes and pits for each square, such

as B1,1& (P1,2 vV P2,1).
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In English, it seems easy enough to say, “Squares adjacent to pits are breezy.” & The syntax and

semantics of English somehow make it possible to describe the environment concisely
SYNTAX AND SEMANTICS OF FIRST-ORDER LOGIC
Models for first-order logic :

The models of a logical language are the formal structures that constitute the possible worlds under
consideration. Each model links the vocabulary of the logical sentences to elements of the possible
world, so that the truth of any sentence can be determined. Thus, models for propositional logic
link proposition symbols to predefined truth values. Models for first-order logic have objects. The
domain of a model is the set of objects or domain elements it contains. The domain is required to be

nonempty—every possible world must contain at least one object.

A relation is just the set of tuples of objects that are related. B Unary Relation: Relations relatesto
single Object B Binary Relation: Relation Relates to multiple objects Certain kinds of relationshipsare

best considered as functions, in that a given object must be related to exactly one object.
For Example:

Richard the Lionheart, King of England from 1189 to 1199; His younger brother, the evil King John,

who ruled from 1199 to 1215; the left legs of Richard and John; crown

crown

on head
brother

person pcrson

king

G brother

left leg left leg
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Unary Relation : John is a king Binary Relation :crown is on head of john, Richard is brother ofjohn
The unary "left leg" function includes the following mappings: (Richard the Lionheart) ->Richard's

left leg (King John) ->Johns left Leg
Symbols and interpretations

Symbols are the basic syntactic elements of first-order logic. Symbols stand for objects,

relations, and functions.

The symbols are of three kinds: B Constant symbols which stand for objects; Example: John,
Richard B Predicate symbols, which stand for relations; Example: OnHead, Person, King, and Crown

Function symbols, which stand for functions. Example: left leg
Symbols will begin with uppercase letters.

Interpretation The semantics must relate sentences to models in order to determine truth. For this
to happen, we need an interpretation that specifies exactly which objects, relations and functions

are referred to by the constant, predicate, and function symbols.
For Example:

Richard refers to Richard the Lionheart and John refers to the evil king John. & Brother refers to
the brotherhood relation @ OnHead refers to the "on head relation that holds betweenthe crown
and King John; @ Person, King, and Crown refer to the sets of objects that are persons, kings, and

crowns. @ LeftLeg refers to the "left leg" function,

The truth of any sentence is determined by a model and an interpretation for the sentence's
symbols. Therefore, entailment, validity, and so on are defined in terms of all possiblemodels and all
possible interpretations. The number of domain elements in each model may be unbounded-for
example, the domain elements may be integers or real numbers. Hence, the number of possible

models is anbounded, as is the number of interpretations.

Term

ll)-l-"ilk'..il'.l‘ .
. e of Engineern q
Vaageswan College 505 527

WARIMNAGAR

Artificial Intelligence Page 71




A term is a logical expression that refers to an object. Constant symbols are therefore terms.
Complex Terms A complex term is just a complicated kind of name. A complex term is formed by a
function symbol followed by a parenthesized list of terms as arguments to the function symbol For
example: "King John's left leg" Instead of using a constant symbol, we use LeftLeg(John). The formal

semantics of terms :

Consider a term f (tl,. . ., t,). The function symbol frefers to some function in the model (F); the
argument terms refer to objects in the domain (call them d1....dn); and the term as a whole refers to
the object that is the value of the function Fapplied to dI, . . ., d,. For example,: the LeftLeg
function symbol refers to the function “ (King John) -+ John's left leg” and John refers to King John,
then LeftLeg(John) refers to King John's left leg. In this way, the interpretation fixes the referent of

every term.
Atomic sentences

An atomic sentence is formed from a predicate symbol followed by a parenthesized list of terms:

For Example: Brother(Richard, John).

Atomic sentences can have complex terms as arguments. For Example: Married (Father(Richard),

Mother( John)).

An atomic sentence is true in a given model, under a given interpretation, if the relation referred to

by the predicate symbol holds among the objects referred to by the arguments

Complex sentences Complex sentences can be constructed using logical Connectives, just as in

propositional calculus. For Example:

1)]-'“lk-'|1|:|\ .
. e of Eng'.ner-f'-" .]
Vaageswari College 505 527

WARIMNAGAR

Artificial Intelligence Page 72




—Brother (LeftLeg(Richard), John)

Brother (Richard . John) A Brother (John, Richard)
King(Richard ) V King(John)

—King(Richard) = King(John)

NS

Quantifiers

Quantifiers express properties of entire collections of objects, instead of enumerating the objects by
name.
First-order logic contains two standard quantifiers:

1. Universal Quantifier

2. Existential Quantifier

Universal Quantifier

Universal quantifier is defined as follows:

“Given a sentence Vx P, where P is any logical expression, says that P is true for every object x.”
More precisely, Vx P is true 1n a given model if P is true in all possible extended interpretations
constructed from the interpretation given in the model, where each extended interpretation specifies a
domain element to which x refers.

For Example: “All kings are persons,” 1s written in first-order logic as

VxKing(x) =Person(x) .

V 1s usually pronounced “For all”
Thus, the sentence says, -For all x, if x is a king, then x is a person.l The symbol x is called
a variable. Variables are lowercase letters. A variable is a term all by itself, and can also

serve as the argument of a function A term with no variables is called a ground term.

Assume we can extend the interpretation in different ways: x= Richard the Lionheart, x=> King

John, x= Richard’s left leg, x> John’s left leg, x> the crown

The universally quantified sentence Vx King(x) =Person(x) is true in the original model if the
sentence King(x) =Person(x) is true under each of the five extended interpretations. That is, the

universally quantified sentence is equivalent to asserting the following five sentences:

Richard the Lionheart is a king =Richard the Lionheart is a person. King John is a king =King John is
a person. Richard’s left leg is a king =Richard’s left leg is a person. John’s left leg is a king =John’s

left leg is a person. The crown is a king =the crown is a person.
Existential quantification (3)

Universal quantification makes statements about every object. Similarly, we can make a statement

about some object in the universe without naming it, by using an existential quantifier.
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“The sentence Jx P says that P is true for at least one object x. More precisely, Ix P is true in a given
model if P is true in at least one extended interpretationthat assigns x to a domain element.” 3x is

pronounced “There exists an x such that...” or “For some x . ..".
For example, that King John has a crown on his head, we write 3xCrown(x) AOnHead(x, John)
Given assertions:

Richard the Lionheart is a crown ARichard the Lionheart is on John’s head; King John is a crown
AKing John is on John’s head; Richard’s left leg is a crown ARichard’s left leg is on John’s head; John's
left leg is a crown Alohn’s left leg is on John’s head; The crown is a crown Athe crown is on John’s
head. The fifth assertion is true in the model, so the original existentially quantified sentence is true
in the model. Just as =appears to be the natural connective to use with Vv, Ais the natural

connective to use with 3.

Nested quantifiers

One can express more complex sentences using multiple quantifiers.

For example, “Brothers are siblings” can be written as VxVy Brother (x, y) =Sibling(x, y).

Consecutive quantifiers of the same type can be written as one quantifier with several variables.
For example, to say that siblinghood is a symmetric relationship,
we can writeVx, y Sibling(x, y) ©Sibling(y, x).

In other cases we will have mixtures.

For example: 1. “Everybody loves somebody” means that for every person, there is someone that
person loves: ¥x3y Loves(x, y) . 2. On the other hand, to say “There is someone who is loved by

everyone,” we write 3yVx Loves(x, y) .
Connections between Yand 3

Universal and Existential quantifiers are actually intimately connected with each other, through

negation.
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Example assertions: 1. “ Everyone dislikes medicine” is the same as asserting “ there does not exist
someone who likes medicine” , and vice versa: “Vx —Likes(x, medicine)” is equivalent to “—3x
Likes(x, medicine)”. 2. “Everyone likes ice cream” means that “ there is no one who does not like ice

cream” : VxLikes(x, lceCream) is equivalent to —3x —Likes(x, IceCream) .

Because Vis really a conjunction over the universe of objects and Tis a disjunction that they obey De

Morgan’s rules. The De Morgan rules for quantified and unquantified sentences are as follows:

Because Vis really a conjunction over the universe of objects and 3is a disjunction that they obey De
Morgan’s rules. The De Morgan rules for quantified and unquantified sentences are as follows:

Vo -P = -dz P -(PVvQ) = -PA-Q

-V P = Jx -P -(PAQ) = -PV-Q

Vz P = -dz P PAQ = —(-PV-Q)
dz P = —-Vz -P PvQ@ = —(-PA-Q)..

Thus, Quantifiers are important in terms of readability.

Equality

First-order logic includes one more way to make atomic sentences, other than using a predicateand

terms .We can use the equality symbol to signify that two terms refer to the same object.

For example,

“Father(John) =Henry” says that the object referred to by Father (John) and the object referred to by

Henry are the same.

Because an interpretation fixes the referent of any term, determining the truth of an equality
sentence is simply a matter of seeing that the referents of the two terms are the same object.The
equality symbol can be used to state facts about a given function.It can also be used with negation

to insist that two terms are not the same object.

For example,

“Richard has at least two brothers” can be written as, 3x, y Brother (x,Richard ) ABrother (y,Richard

) A7 (x=y) .
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The sentence

3x, y Brother (x,Richard ) ABrother (y,Richard ) does not have the intended meaning. In particular, it
is true only in the model where Richard has only one brother considering the extended
interpretation in which both x and y are assigned to King John. The addition of —(x=y) rules out such

models.

Predicat Tvue | F After | Loves | Raining
Functior Mother | Leftleg

OPFERATOR PRECEDENCE

Backus Naur Form for First Order Logic

USING FIRST ORDER LOGIC Assertions and queries in first-order logic
Assertions:

Sentences are added to a knowledge base using TELL, exactly as in propositional logic. Such

sentences are called assertions.
For example,

John is a king, TELL (KB, King (John)). Richard is a person. TELL (KB, Person (Richard)). All kings are

persons: TELL (KB, Vx King(x) =Person(x)).
Asking Queries:

We can ask questions of the knowledge base using ASK. Questions asked with ASK are called

queries or goals.
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For example,

ASK (KB, King (John)) returns true.

Anyquery that is logically entailed by the knowledge base should be answered affirmatively.
Forexample, given the two preceding assertions, the query:

“ASK (KB, Person (John))” should also return true.

Substitution or binding list

We can ask quantified queries, such as ASK (KB, 3x Person(x)) .

The answer is true, but this is perhaps not as helpful as we would like. It is rather like answering

“Can you tell me the time?” with “Yes.”

If we want to know what value of x makes the sentence true, we will need a different function,

ASKVARS, which we call with ASKVARS (KB, Person(x)) and which yields a stream of answers.

In this case there will be two answers: {x/John} and {x/Richard}. Such an answer is called a

substitution or binding list.

ASKVARS is usually reserved for knowledge bases consisting solely of Horn clauses, because in such

knowledge bases every way of making the query true will bind the variables to specific values.
The kinship domain

The objects in Kinship domain are people.

We have two unary predicates, Male and Female.

Kinship relations—parenthood, brotherhood, marriage, and so on—are represented by binary
predicates: Parent, Sibling, Brother,Sister,Child, Daughter, Son, Spouse, Wife, Husband,

Grandparent,Grandchild, Cousin, Aunt, and Uncle.
We use functions for Mother and Father, because every person has exactly one of each of these.

We can represent each function and predicate, writing down what we know in termsof the other

symbols.
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For example:- 1. one’s mother is one’s female parent: Ym, c Mother (c)=m <Female(m) AParent(m,

).

2. 0One’s husband is one’s male spouse: Vw, h Husband(h,w) &Male(h) ASpouse(h,w) .
3. Male and female are disjoint categories: VxMale(x) & —Female(x) .

4. Parent and child are inverse relations: Vp, c Parent(p, c) <Child (c, p) .

5. A grandparent is a parent of one’s parent: Vg, c Grandparent (g, c) ©3p Parent(g, p) AParent(p, c)

6. A sibling is another child of one’s parents: Vx, y Sibling(x, y) ©&x _=y A3p Parent(p, x) AParent(p,
y).

Axioms:

Each of these sentences can be viewed as an axiom of the kinship domain. Axioms are commonly
associated with purely mathematical domains. They provide the basic factual information from

which useful conclusions can be derived.
Kinship axioms are also definitions; they have the form Vx, y P(x,y) ©. . ..

The axioms define the Mother function, Husband, Male, Parent, Grandparent, and Sibling predicates

in terms of other predicates.

Our definitions “bottom out” at a basic set of predicates (Child, Spouse, and Female) in terms of
which the others are ultimately defined. This is a natural way in which to build up the representation
of a domain, and it is analogous to the way in which software packages are built up by successive

definitions of subroutines from primitive library functions.
Theorems:

Not all logical sentences about a domain are axioms. Some are theorems—that is, they are entailed

by the axioms.

For example, consider the assertion that siblinghood is symmetric: Vx, y Sibling(x, y) <Sibling(y, x) .
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It is a theorem that follows logically from the axiom that defines siblinghood. If we ASK the
knowledge base this sentence, it should return true. From a purely logical point of view, a
knowledge base need contain only axioms and no theorems, because the theorems do not increase
the set of conclusions that follow from the knowledge base. From a practical point of view,
theorems are essential to reduce the computational cost of deriving new sentences. Without them,

a reasoning system has to start from first principles every time.
Axioms :Axioms without Definition

Not all axioms are definitions. Some provide more general information about certain predicates
without constituting a definition. Indeed, some predicates have no complete definition because we

do not know enough to characterize them fully.
For example, there is no obvious definitive way to complete the sentence
VxPerson(x) ©. ..

Fortunately, first-order logic allows us to make use of the Person predicate without completely
defining it. Instead, we can write partial specifications of properties that every person has and

properties that make something a person:
VxPerson(x) =...Vx...=Person(x).

Axioms can also be “just plain facts,” such as Male (Jim) and Spouse (Jim, Laura).Such facts form the
descriptions of specific problem instances, enabling specific questions to be answered. The answers

to these questions will then be theorems that follow from the axioms
Numbers, sets, and lists
Number theory

Numbers are perhaps the most vivid example of how a large theory can be built up from NATURAL
NUMBERS a tiny kernel of axioms. We describe here the theory of natural numbers or non-negative

integers. We need:

predicate NatNum that will be true of natural numbers; @ one PEANO AXIOMS constant symbol, O;

One function symbol, S (successor). @ The Peano axioms define natural numbers and addition.
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Natural numbers are defined recursively: NatNum(0) . ¥n NatNum(n) = NatNum(S(n)) .

That is, 0 is a natural number, and for every object n, if n is a natural number, then S(n) is a natural

number.

So the natural numbers are 0, S(0), S(S(0)), and so on. We also need axioms to constrain the

successor function: Yn0 !=S(n). Vm, nm I=n= S(m) !=S(n) .

Now we can define addition in terms of the successor function: Ym NatNum(m) = + (0, m) =m .

Vm, n NatNum(m) A NatNum(n) = + (S(m), n) = S(+(m, n))

The first of these axioms says that adding 0 to any natural number m gives m itself. Addition is

represented using the binary function symbol “+” in the term + (m, 0);

To make our sentences about numbers easier to read, we allow the use of infix notation. We can

also write S(n) as n + 1, so the second axiom becomes :
Vm, n NatNum (m) A NatNum(n) = (m+ 1) +n=(m +n)+1.

This axiom reduces addition to repeated application of the successor function. Once we have
addition, it is straightforward to define multiplication as repeated addition, exponentiation as
repeated multiplication, integer division and remainders, prime numbers, and so on. Thus, the
whole of number theory (including cryptography) can be built up from one constant, one function,

one predicate and four axioms.
Sets

The domain of sets is also fundamental to mathematics as well as to commonsense reasoning. Sets

can be represented as individualsets, including empty sets.

Sets can be built up by: adding an element to a set or B Taking the union or intersection of two

sets.

Operations that can be performed on sets are: I To know whether an element is a merber of a set

Distinguish sets from objects that are not sets. U \r\)&
N

Vocabulary of set theory: AT
Pranc ya L
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The empty set is a constant written as { }. There is one unary predicate, Set, which is true of sets.

The binary predicates are
€ s (x isamember of sets) I sIE s2 (set sl is a subset, not necessarily proper, of set s2).
The binary functions are

s1 N s2 (the intersection of two sets), stll s2 (the union of two sets), and ,X|s- (the set resulting

from adjoining element x to set s).

One possible set of axioms is as follows:

The only sets are the empty set and those made by adjoining something to a set:VsSet(s) ©(s={})
V(3x, s2 Set(s2) As={x|s2}) . @ The empty set has no elements adjoined into it. In other words, thereis
no way to decompose {} into a smaller set and an element: —3x, s {x|s}={} . @ Adjoining an
element already in the set has no effect: Vx, s x€s ©s={x|s} . @ The only members of a set are the
elements that were adjoined into it. We express this recursively, saying that x is a member of s if and
only if s is equal to some set s2 adjoined with some element y, where either y is the same as x or x is
a member of s2: Vx, s x€s &3y, s2 (s={y|s2} A(x=y VxEs2)) @ A set is a subset of another set if and
only if all of the first set’'s members are members of the second set: Vs1, s2 s1 Cs2 &(Vx xEsl
=x€Es2) I Two sets are equal if and only if each is a subset of the othe: Vsl, s2 (s1 =s2) &(s1 Ss2

As2 Cs1)

An object is in the intersection of two sets if and only if it is a member of both sets:Vx, s1, s2x€(s1
N s2) ©(xEsl AxEs2) B An object is in the union of two sets if and only if it is a member ofeither

set: Vx, s1, s2 x€(s1 Us2) & (xEsl VxEs2)

Lists : are similar to sets. The differences are that lists are ordered and the same element canappear

more than once in a list. We can use the vocabulary of Lisp for lists:

Nil is the constant list with no element;s @ Cons, Append, First, and Rest are functions; B Find isthe
predicate that does for lists what Member does for sets. B List? is a predicate that is true only of lists.

The empty listis * +. I The term Cons(x, y), where y is a nonempty list, is wten [x|y]. @ The
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term Cons(x, Nil) (i.e., the list containing the element x) is written as [x]. B A list of several elements,

such as [A,B,C], corresponds to the nested term B Cons(A, Cons(B, Cons(C, Nil))).
The wumpus world
Agents Percepts and Actions

The wumpus agent receives a percept vector with five elements. The corresponding first-order
sentence stored in the knowledge base must include both the percept and the time at which it
occurred; otherwise, the agent will get confused about when it saw what.We use integers for time

steps. A typical percept sentence would be

Percept ([Stench, Breeze, Glitter,None, None], 5).

Here, Percept is a binary predicate, and Stench and so on are constants placed in a list. The actions

in the wumpus world can be represented by logical terms:

Turn (Right), Turn (Left), Forward,Shoot,Grab, Climb.

To determine which is best, the agent program executes the query:
ASKVARS (Ja BestAction (a, 5)), which returns a binding list such as {a/Grab}.
The agent program can then return Grab as the action to take.

The raw percept data implies certain facts about the current state.

For example: Vt, s, g, m, ¢ Percept ([s, Breeze, g,m, c], t) =Breeze(t) , Vt, s, b, m, c Percept ([s, b,

Glitter,m, c], t) =>Glitter (t),
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UNIT IlI: Propositional Logic: Knowledge-Based Agents, The Wumpus World, Logic, Propositional Logic, Propositional
Theorem Proving: Inference and proofs, Proof by resolution, Horn clauses and definite clauses, Forward and
backward chaining, Effective Propositional Model Checking, Agents Based on Propositional Logic.

UNIT 11l — Knowledge and Reasoning

These rules exhibit a trivial form of the reasoning process called perception.
Simple -reflex|l behavior can also be implemented by quantified implication sentences.
For example, we have ViGlitter (t) =BestAction(Grab, t) .

Given the percept and rules from the preceding paragraphs, this would yield the desired

conclusion Best Action (Grab, 5)—that is, Grab is the right thing to do.
Environment Representation

Obijects are squares, pits, and the wumpus. Each square could be named—Squarel,2and so
on—but then the fact that Squarel,2and Squarel,3 are adjacent would have to be an -extrall
fact, and this needs one suchfact for each pair of squares. It is better to use a complex term in

which the row and columnappear as integers;
For example, we can simply use the list term [1, 2].
Adjacency of any two squares can be defined as:

VX, Y, a, b Adjacent ([X,y], [a,b]) ©® x=aAly=b—-1vy=b+1) vV(y=bA(x=a—-1vx
=a+1l)).

Each pit need not be distinguished with each other. The unary predicate Pit is true of squares

containing pits.

Since there is exactly one wumpus, a constant Wumpus is just as good as a unary predicate.
The agent’s location changes over time, so we write At (Agent, s, t) to mean that theagent is
at square s at time t.

To specify the Wumpus location (for example) at [2, 2] we can write Vt At (Wumpus, [2, 2],
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t).
Obijects can only be at one location at a time: Vx, s1, s2, t At(x, s1, t) AAt(X, s2,t) =sl1 =s2.

Given its current location, the agent can infer properties of the square from properties of its

current percept.
For example, if the agent is at a square and perceives a breeze, then that square is breezy:

Vs, t At(Agent, s, t) ABreeze(t) =Breezy(s) .

It is useful to know that a square is breezy because we know that the pits cannot move about.
Breezy has no time argument.

Having discovered which places are breezy (or smelly) and, very importantly, not breezy (or

not smelly), the agent can deduce where the pits =e (and where the wumpus is).
There are two kinds of synchronic rules that could allow such deductions:
Diagnostic rules:

Diagnostic rules lead from observed effects to hidden causes. For finding pits, the obvious

diagnostic rules say that if a square is breezy, some adjacent square must contain a pit, or
Vs Breezy(s) =3r Adjacent (r, s)APit(r) ,

and that if a square is not breezy, no adjacent square contains a pit: Vs—Breezy (s) =—3r
Adjacent (r, s) A Pit (,r) .Combining these two, we obtain the biconditional sentence Vs

Breezy (s )<3r Adjacent(r, s) A Pit (r) .
Causal rules:

Causal rules reflect the assumed direction of causality in the world: some hidden property of
the world causes certain percepts to be generated. For example, a pit causes all adjacent

squares to be breezy:

and if all squares adjacent to a given square are pitless, the square will not be breezy: vs[vr

Adjacent (r, s) =—Pit (r)] = Breezy (s).
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It is possible to show that these two sentences together are logically equivalent to the

biconditional sentence — Vs Breezy (s )<3r Adjacent(r, s) A Pit (r)l .

The biconditional itself can also be thought of as causal, because it states how the truth value

of Breezy is generated from the world state.

Systems that reason with causal rules are called model-based reasoning systems, because the

causal rules form a model of how the environment operates.

Whichever kind of representation the agent uses, ifthe axioms correctly and completely
describe the way the world works and the way that percepts are produced, then any complete
logical inference procedure will infer the strongest possible description of the world state,
given the available percepts. Thus, the agent designer can concentrate on getting the
knowledgeright, without worrying too much about the processes of deduction.

Inference in First-Order Logic

Propositional Vs First Order Inference
Earlier inference in first order logic is performed with Propositionalization which is a process of

converting the Knowledgebase present in First Order logic into Propositional logic and on that
using any inference mechanisms of propositional logic are used to check inference.

Inference rules for quantifiers:

There are some Inference rules that can be applied to sentences with quantifiers to obtain
sentences without quantifiers. These rules will lead us to make the conversion.

Universal Instantiation (UI):

The rule says that we can infer any sentence obtained by substituting a ground term (a term
without variables) for the variable. Let SUBST (0) denote the result of applying the substitution
Oto the sentence a. Then the rule is written

Vv a
Surst({v/g}, )

For any variable v and ground term g.

For example, there is a sentence in knowledge base stating that all greedy kings are Evils
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vx King(x) A Greedy(x)=> Euil(z) .
For the variable x, with the substitutions like {x/John},{x/Richard}the following sentences can

be inferred.

King(John) A Greedy(John) = Evil(John).
King(Richard) A Greedy( Richard) = Euvil( Richard) .

Thus a universally quantified sentence can be replaced by the set of all possible instantiations.

Existential Instantiation (El):
The existential sentence says there is some object satisfying a condition, and the instantiation

process is just giving a name to that object, that name must not already belong to another object.
This new name is called a Skolem constant. Existential Instantiation is a special case of a more

general process called “skolemization”.

For any sentence a, variable v, and constant symbol k that does not appear elsewhere in the
knowledge base,

SussT({v/k}. )
For example, from the sentence

3x Crown(z) A OnHead(x,John)

So, we can infer the sentence
Crown(Ch) 4 OnHead(C, John)

As long as C; does not appear elsewhere in the knowledge base. Thus an existentially quantified
sentence can be replaced by one instantiation

Elimination of Universal and Existential quantifiers should give new knowledge base which can
be shown to be inferentially equivalentto oldin the sense that it is satisfiable exactly when the

original knowledge base is satisfiable.

Reduction to propositional inference:

Once we have rules for inferring non quantified sentences from quantified sentences, it becomes
possible to reduce first-order inference to propositional inference. For example, suppose our
knowledge base contains just the sentences
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Then we apply Ul to the first sentence using all possible ground term substitutions from the
vocabulary of the knowledge base-in this case, {xI John) and {x/Richard). We obtain

King(John) A Greedy(John) = Evil(John),
King (Richard) A Greedy(Richard) = Evil(Richard)

We discard the universally quantified sentence. Now, the knowledge base is essentially
propositional if we view the ground atomic sentences-King (John), Greedy (John), and Brother
(Richard, John) as proposition symbols. Therefore, we can apply any of the complete
propositional algorithms to obtain conclusions such as Evil (John).

Disadvantage:

If the knowledge base includes a function symbol, the set of possible ground term substitutions is
infinite. Propositional algorithms will have difficulty with an infinitely large set of sentences.
NOTE.:

Entailment for first-order logic is semi decidable which means algorithms exist that say yes to

every entailed sentence, but no algorithm exists that also says no to every non entailed sentence

Unification and Lifting

Consider the above discussed example, if we add Siblings (Peter, Sharon) to the knowledge base
then it will be

Vx King(x) n Greedy(x) = Evil(x)
King(John)

Greedy(John)

Brother(Richard, John)
Siblings(Peter, Sharon)

Removing Universal Quantifier will add new sentences to the knowledge base which are not
necessary for the query Evil (John)?

King(John) » GreedW(John) = Evil{John)
King(Richard) » Greedv(Richard) = Evil(Richard)
King(Peter) » Greedv(Peter) = Evil(Peter)
King(Sharon) ~ Greedv(Sharon) = Evil(Sharon)

Hence we need to teach the computer to make better inferences. For this purpose Inference rules

were used.
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First Order Inference Rule:
The key advantage of lifted inference rules over propositionalization is that they make only those

substitutions which are required to allow particular inferences to proceed.

Generalized Modus Ponens:

If there is some substitution 0 that makes the premise of the implication identical to sentences
already in the knowledge base, then we can assert the conclusion of the implication, after
applying 0. This inference process can be captured as a single inference rule called Generalized
Modus Ponens which is a liftedversion of Modus Ponens-it raises Modus Ponens from
propositional to first-order logic

For atomic sentences pi, pi ', and g, where there is a substitution 6 such that SUBST( 6 , pi ) =
SUBST(0 , pi "), for all i,

pl', p2' ...,pn" (pPLAP2A...Apn=Q)

SUBST (9, q)

There are N + 1 premises to this rule, N atomic sentences + one implication.
Applying SUBST (6, q) yields the conclusion we seek. It is a sound inference rule.

Suppose that instead of knowing Greedy (John) in our example we know that everyone is
greedy:
vy Greedy(y)

We would conclude that Evil(John).

Applying the substitution {x/John, y / John) to the implication premises King ( x ) and Greedy (
x ) and the knowledge base sentences King(John) and Greedy(y)will make them identical. Thus,

we can infer the conclusion of the implication.

For our example,
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p1'is King( John) p1is King(z)
po’is Greedy(y) o is Greedy(z)
Sis{z/John,y/John) qis Bal(x)
SUBST(#, g)is Bdl(John).

Unification:

It is the process used to find substitutions that make different logical expressions look identical.
Unification is a key component of all first-order Inference algorithms.
UNIFY (p, g) = 6 where SUBST (6, p) = SUBST (0, g) 6 is our unifier value (if one exists).
Ex: —Who does John know?I
UNIFY (Knows (John, x), Knows (John, Jane)) = {x/ Jane}.
UNIFY (Knows (John, x), Knows (y, Bill)) = {x/Bill, y/ John}.
UNIFY (Knows (John, x), Knows (y, Mother(y))) = {x/Bill, y/ John}
UNIFY (Knows (John, x), Knows (x, Elizabeth)) = FAIL

» The last unification fails because both use the same variable, X. X can’t equal both John
and Elizabeth. To avoid this change the variable X to Y (or any other value) in Knows(X,
Elizabeth)

Knows(X, Elizabeth) — Knows(Y, Elizabeth)

Still means the same. This is called standardizing apart.
» sometimes it is possible for more than one unifier returned:
UNIFY (Knows (John, x), Knows(y, z)) =??7?

This can return two possible unifications: {y/ John, x/ z} which means Knows (John, z) OR {y/
John, x/ John, z/ John}. For each unifiable pair of expressions there is a single most general
unifier (MGU), In this case it is {y/ John, x/z).

=Y
N © .
An algorithm for computing most general unifiers is shown below. w
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function UNIFY(2, ¥,0) returns a substitution to make x and y identical
inputs: x, a variable, constant. list, or compound
y. a variable, constant, list, or compound
@, the substitution built up so far (optional. defaults to empty)

if 0 = failure then return failure
else if x = y then return 8
else if VARIABLE?(z) then return UNIFY-VAR(z, 1,0)
else if VARIABLE?(y) then return UNIFY-VAR(y,X,0)
else if COMPOUND?(z) and COMPOUND?(y) then
return UNIFY(ARGS[z], ARGS[y], UNIFY(OP[2], Op|y].0))
else if LIST?(x) and LIST?(y) then
return UNIFY(REST[z], REST[»], UNIFY(FIRST[x], FIRST[y).0))
else return failure

function UNIFY-VAR(var, v, 0) returns a substitution
inputs: var, a variable
X, any expression
0, the substitution built up so far

if {var/val} € 6 then return UNIFY(val, z,0)
elseif {x/val} € @ then return UNIFY(var, val,f)
else if OCCUR-CHECK ?(var, ) then return failure
else return add {vari/x) to 6

Figure 2.1 The unification algorithm. The algorithm works by comparing the structures of the
inputs, element by element. The substitution 0 that is the argument to UNIFY is built up along the
way and is used to make sure that later comparisons are consistent with bindings that were
established earlier. In a compound expression, such as F (A, B), the function OP picks out the
function symbol F and the function ARCS picks out the argument list (A, B).

The process is very simple: recursively explore the two expressions simultaneously "side by
side,” building up a unifier along the way, but failing if two corresponding points in the

structures do not match. Occur check step makes sure same variable isn’t used twice.

Storage and retrieval
» STORE(s) stores a sentence s into the knowledge base
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» FETCHO(s) returns all unifiers such that the query g unifies with some sentence in the
knowledge base.
Easy way to implement these functions is Store all sentences in a long list, browse list one
sentence at a time with UNIFY on an ASK query. But this is inefficient.
To make FETCH more efficient by ensuring that unifications are attempted only with sentences
that have some chance of unifying. (i.e. Knows(John, x) vs. Brother(Richard, John) are not
compatible for unification)
» To avoid this, a simple scheme called predicate indexingputs all the Knows facts in one
bucket and all the Brother facts in another.
» The buckets can be stored in a hash table for efficient access. Predicate indexing is useful

when there are many predicate symbols but only a few clauses for each symbol.

But if we have many clauses for a given predicate symbol, facts can be stored under multiple
index keys.

For the fact Employs (AIMA.org, Richard), the queries are
Employs (A IMA. org, Richard) Does AIMA.org employ Richard?
Employs (x, Richard) who employs Richard?

Employs (AIMA.org, y) whom does AIMA.org employ?

Employs Y(x), who employs whom?

We can arrange this into a subsumption lattice, as shown below.

Employs(x,y) Employs(x,y)
Employs(x,Richard) Employs(AIMA.org.y) Employs(x,John) Employs(x,x) Employs
Employs(A IMA.. org,Richard) Emplovs(John,John)
(a) (b)

Figure 2.2 (a) The subsumption lattice whose lowest node is the sentence Employs (AIMA.org,
Richard). (b) The subsumption lattice for the sentence Employs (John, John).

A subsumption lattice has the following properties:
v" child of any node obtained from its parents by one substitution
v’ the -highestl common descendant of any two nodes is the result of applying their most

general unifier
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v’ predicate with n arguments contains O(2n ) nodes (in our example, we have two
arguments, so our lattice has four nodes)

v Repeated constants = slightly different lattice.

Forward Chainin

First-Order Definite Clauses:
A definite clause either is atomic or is an implication whose antecedent is a conjunction of
positive literals and whose consequent is a single positive literal. The following are first-order
definite clauses:

King(x) 4 Greedv(x) = Evil(x) .

King(John) .

Greedy(y) .

Unlike propositional literals, first-order literals can include variables, in which case those
variables are assumed to be universally quantified.

Consider the following problem;

“The law says that it is a crime for an American to sell weapons to hostile nations. The
country Nono, an enemy of America, has some missiles, and all of its missiles were sold to it
by Colonel West, who is American.”

We will represent the facts as first-order definite clauses

... Itisacrime for an American to sell weapons to hostile nations™:

American{z) A Weapon(y) n Sells(z.y, z) A Hostale(2) = Crimenal(x) (1)

"Nono . . . has some missiles."” The sentence 3 x Owns (Nono, .rc) A Missile (x) is transformed

into two definite clauses by Existential Elimination, introducing a new constant M1:

Owns (Nono, M1) ------------------ )
Missile (M) (3)
"All of its missiles were sold to it by Colonel West™:
Missile (x) A Owns (Nono, x) =>Sells (West, z, NONQ) ----------------- (4)
We will also need to know that missiles are weapons:
Missile (x) =>Weapon (X) ----------- (5)
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We must know that an enemy of America counts as "hostile":

Enemy (x, America) =>Hostile(x) ----------- (6)
"West, who is American™:

American (West) ---------------- (7)
"The country Nono, an enemy of America ":

Enemy (Nono, America) ------------ (8)

A simple forward-chaining algorithm:
» Starting from the known facts, it triggers all the rules whose premises are satisfied,
adding their conclusions lo the known facts
» The process repeats until the query is answered or no new facts are added. Notice that a

fact is not "new" if it is just renamingof a known fact.

We will use our crime problem to illustrate how FOL-FC-ASK works. The implication sentences
are (1), (4), (5), and (6). Two iterations are required:

v On the first iteration, rule (1) has unsatisfied premises.

Rule (4) is satisfied with {x/MI), and Sells (West, M1, Nono) is added.

Rule (5) is satisfied with {x/M1) and Weapon (M1) is added.

Rule (6) is satisfied with {x/Nono}, and Hostile (Nono) is added.

v On the second iteration, rule (1) is satisfied with {x/West, Y/MI, z /Nono), and Criminal

(West) is added.

It is sound, because every inference is just an application of Generalized Modus Ponens, it is
completefor definite clause knowledge bases; that is, it answers every query whose answers are

entailed by any knowledge base of definite clauses
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function FOL-FC-ASK(K B, a)returns a substitution or false
inputs: KB, the knowledge base, a set of first-order definite clauses

a, the query, an atomic sentence
local variables: new, the new sentences inferred on each iteration

repeat until new is empty
new+—{ }
for each sentence r in K5 do
(prA...A Pn = )¢« STANDARDIZE-APART(r)
for each ¢ such that SUBST(@,p; A ... A p,)=SUBSTO,p 4 ... 4 pl)
for some py,...,p, m KB
q' < SUBST(®, q)
if ¢’ is not a renaming of some sentence already in KB or new then do
add ¢’ to new
o« UNIFY(¢',a)
if ¢ 1s not fail then return ¢
add new to KB
return false

Figure 3.1 A conceptually straightforward, but very inefficient, forward-chaining
algorithm. On each iteration, it adds to KB all the atomic sentences that can be inferred
in one step from the implication sentences and the atomic sentences already in KB.

Criminal(West),

Hostile(Nono)

| Sells(West,M,,Nono) 7

LWeapon(M ,)4]

LMissiIe(M V) J I—O;tfrzs(N()rzo,M ,ﬂ rEm'm y(Nono.Americaﬂ

[American(West)|
Figure 3.2 The proof tree generated by forward chaining on the crime example. The initial
facts appear at the bottom level, facts inferred on the first iteration in the middle level, and
facts inferred on the second iteration at the top level.

Efficient forward chaining:
The above given forward chaining algorithm was lack with efficiency due to the the three

sources of complexities:
v’ Pattern Matching
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v" Rechecking of every rule on every iteration even a few additions are made to rules
v" Irrelevant facts

1. Matching rules against known facts:
For example, consider this rule,
Missile(x) A Owns (Nono, x) =>Sells (West, x, Nono).

The algorithm will check all the objects owned by Nono in and then for each object, it could
check whether it is a missile. This is the conjunct ordering problem:

-Find an ordering to solve the conjuncts of the rule premise so that the total cost is minimizedl.
The most constrained variable heuristic used for CSPs would suggest ordering the conjuncts to
look for missiles first if there are fewer missiles than objects that are owned by Nono.

The connection between pattern matching and constraint satisfaction is actually very close. We
can view each conjunct as a constraint on the variables that it contains-for example, Missile(x) is
a unary constraint on x. Extending this idea, we can express everyfinite-domain CSP as a single
definite clause together with some associated ground facts. Matching a definite clause against a
set of facts is NP-hard

2. Incremental forward chaining:

On the second iteration, the rule Missile (x) =>Weapon (X)

Matches against Missile (M1) (again), and of course the conclusion Weapon(x/M1) is already
known so nothing happens. Such redundant rule matching can be avoided if we make the
following observation:

-Every new fact inferred on iteration t must be derived from at leastone new fact inferred on
iteration t — 11.

This observation leads naturally to an incremental forward chaining algorithm where, at iteration
t, we check a rule only if its premise includes a conjunct p, that unifies with a fact p: newly
inferred at iteration t - 1. The rule matching step then fixes p, to match with p’, but allows the

other conjuncts of the rule to match with facts from any previous iteration.

3. Irrelevant facts:
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» One way to avoid drawing irrelevant conclusions is to use backward chaining.
» Another solution is to restrict forward chaining to a selected subset of rules
» A third approach, is to rewrite the rule set, using information from the goal.so that only
relevant variable bindings-those belonging to a so-called magic set-are considered during
forward inference.
For example, if the goal is Criminal (West), the rule that concludes Criminal (x) will be

rewritten to include an extra conjunct that constrains the value of x:
Magic(x) A American(z) A Weapon(y)A Sells(x, y, z) A Hostile(z) =>Criminal(x )

The fact Magic (West) is also added to the KB. In this way, even if the knowledge base contains
facts about millions of Americans, only Colonel West will be considered during the forward

inference process.

4. Backward Chaining
This algorithm work backward from the goal, chaining through rules to find known facts that

support the proof. It is called with a list of goals containing the original query, and returns the set
of all substitutions satisfying the query. The algorithm takes the first goal in the list and finds
every clause in the knowledge base whose head, unifies with the goal. Each such clause creates a
new recursive call in which body, of the clause is added to the goal stack .Remember that facts
are clauses with a head but no body, so when a goal unifies with a known fact, no new sub goals
are added to the stack and the goal is solved. The algorithm for backward chaining and proof tree

for finding criminal (West) using backward chaining are given below.

U
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function FOL-BC-ASK(KB, goals, @) returns a set of substitutions
inputs: KB, a knowledge base
goals, a list of conjuncts forming a query (¢ already applied)
@, the current substitution. initially the empty substitution { }
local variables: answers, a set of substitutions. initially empty

if goals is empty then return {f}
q’ — SUBST(#, FIRST(goals))
for each sentence r in K B where STANDARDIZE- APART(Y) =(p1 A ... A pn =
and 0" < UNIFY(q, ¢’} succeeds
new-goals « [p1, ..., pn|REST(goals)]
answers + FOL-BC-ASK(KB, new-goals, COMPOSE(¢',0) )U answers
return answers

Figure 4.1A simple backward-chaining algorithm.

I Criminal( West)]
|American(_ Westﬂ I Weapon(y) J [Scllx( West, M ,,:}] E{ostile(Nono)|
[} {z/Nono}

[JWissile(;j_Il Missile(My) | ,Bwns(}VO;To,;gl— )—l I—E_nenm(Noﬁo,America)I
{y/M1) {} {} {1}

Figure 4.2 Proof tree constructed by backward chaining to prove that West is a criminal. The
tree should be read depth first, left to right. To prove Criminal (West), we have to prove the four
conjuncts below it. Some of these are in the knowledge base, and others require further
backward chaining. Bindings for each successful unification are shown next to the
corresponding sub goal. Note that once one sub goal in a conjunction succeeds, its substitution
is applied to subsequent sub goals.

Logic programming:

e Prolog is by far the most widely used logic programming language.
e Prolog programs are sets of definite clauses written in a notation different from standard

first-order logic.
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e Prolog uses uppercase letters for variables and lowercase for constants.
e Clauses are written with the head preceding the body; " : -" is used for left implication,
commas separate literals in the body, and a period marks the end of a sentence
criminal (X) :- american(X), weapon(Y), sells(X,¥.Z), hostile(Z)
Prolog includes "syntactic sugar" for list notation and arithmetic. Prolog program for append (X,
Y, Z), which succeeds if list Z is the result of appending lists x and Y

append([],Y,Y).
append([A[X],Y, [A|Z2]) :- append(X,Y,Z)

For example, we can ask the query append (A, B, [1, 2]): what two lists can be appended to give
[1, 2]? We get back the solutions

A=[] B=(1,2
A=[1] B=[2]
A=[1,2]) B=[)

e The execution of Prolog programs is done via depth-first backward chaining
e Prolog allows a form of negation called negation as failure. A negated goal not P is
considered proved if the system fails to prove p. Thus, the sentence
Alive (X) : - not dead(X) can be read as "Everyone is alive if not provably dead."
e Prolog has an equality operator, =, but it lacks the full power of logical equality. An
equality goal succeeds if the two terms are unifiable and fails otherwise. So X+Y=2+3
succeeds with x bound to 2 and Y bound to 3, but Morningstar=evening star fails.

e The occur check is omitted from Prolog's unification algorithm.

Efficient implementation of logic programs:
The execution of a Prolog program can happen in two modes: interpreted and compiled.
> Interpretation essentially amounts to running the FOL-BC-ASK algorithm, with the
program as the knowledge base. These are designed to maximize speed.
First, instead of constructing the list of all possible answers for each sub goal before
continuing to the next, Prolog interpreters generate one answer and a "promise" to generate
the rest when the current answer has been fully explored. This promise is called a choice

point.FOL-BC-ASK spends a good deal of time in generating and composing substitutions
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when a path in search fails. Prolog will backup to previous choice point and unbind some
variables. This is called ~-TRAILI. So, new variable is bound by UNIFY-VAR and it is

pushed on to trail.

» Prolog Compilers compile into an intermediate language i.e., Warren Abstract Machine
or WAM named after David. H. D. Warren who is one of the implementers of first prolog
compiler. So, WAM is an abstract instruction set that is suitable for prolog and can be
either translated or interpreted into machine language.

Continuations are used to implement choice point’scontinuation as packaging up a procedure
and a list of arguments that together define what should be done next whenever the current goal
succeeds.

> Parallelization can also provide substantial speedup. There are two principal sources of
parallelism

1. The first, called OR-parallelism, comes from the possibility of a goal unifying with
many different clauses in the knowledge base. Each gives rise to an independent branch
in the search space that can lead to a potential solution, and all such branches can be
solved in parallel.

2. The second, called AND-parallelism, comes from the possibility of solving each
conjunct in the body of an implication in parallel. AND-parallelism is more difficult to
achieve, because solutions for the whole conjunction require consistent bindings for all
the variables.

Redundant inference and infinite loops:
Consider the following logic program that decides if a path exists between two points on a
directed graph.

path(X,2) :- 1link(X,Z2).
path(X,2) :- path(X,Y), link(Y,Z)

A simple three-node graph, described by the facts link (a, b) and link (b, ¢)

4 B C
[ — S )
r LT <

It generates the query path (a, ¢)

Hence each node is connected to two random successors in the next layer.
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| pathia,c}

path(a,c)

{ pa:h:a.Y)j 1 link{¥.c

fail ‘ (1

[ pach(a,&”:} link(Y’.Y) l
7 L

{¥/b}

(a) (b)

Figure 4.3 (a) Proof that a path exists from A to C. (b) Infinite proof tree generated when the
clauses are in the "wrong" order.

Constraint logic programming:

The Constraint Satisfaction problem can be solved in prolog as same like backtracking
algorithm.

Because it works only for finite domain CSP’s in prolog terms there must be finite number of
solutions for any goal with unbound variables.

triangle(X,Y,Z) :-
X>=0, Y>=0, 2>=0, X+¥>=Z, Y+Z>=X, X+Z>=Y.

e If we have a query, triangle (3, 4, and 5) works fine but the query like, triangle (3, 4, Z)
no solution.

e The difficulty is variable in prolog can be in one of two states i.e., Unbound or bound.

e Binding a variable to a particular term can be viewed as an extreme form of constraint
namely -equalityll.CLP allows variables to be constrained rather than bound.
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The solution to triangle (3, 4, Z) is Constraint 7>=Z>=1.

2. Resolution

eering
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As in the propositional case, first-order resolution requires that sentences be in conjunctive
normal form (CNF) that is, a conjunction of clauses, where each clause is a disjunction

ofliterals.

Literals can contain variables, which are assumed to be universally quantified. Every sentence of
first-order logic can be converted into an inferentially equivalent CNF sentence. We will
illustrate the procedure by translating the sentence

"Everyone who loves all animals is loved by someone,"” or
Va Vv Animal(y) = Loves(z,v)]= [3v Loves(y,x)]

The steps are as follows:

» Eliminate implications:
tix [-Vy —Adnimal (v)V Loves(z, )|V [3v Loves(y, x)]
» Move Negation inwards: In addition to the usual rules for negated connectives, we need

rules for negated quantifiers. Thus, we have

Yz p becomes 3x p
-Jdx p becomes Vo —p

Our sentence goes through the following transformations:

YV [Ay ~(~Animal(y) V Loves(z,y))] v [3 v Loves(y,x)] .
Vo [y ~—Animal(y) A—Loves(z, v)JV [Iy Loves(y,x)].
Va [y Animal(y) A —~Loves(z,y)] V [y Loves(y,z)].

» Standardize variables: For sentences like (Vo P(x)) v (3x Q(m)} which use the
same variable name twice, change the name of one of the variables. This avoids
confusion later when we drop the quantifiers. Thus, we have

Vx [y Animal (v)N\ —Loves(z,v)}N [z Loves(z,z)]

» Skolemize: Skolemization is the process of removing existential quantifiers by
elimination. Translate 3 x P(x) into P(A), where A is a new constant. If we apply this rule

to our sample sentence, however, we obtain
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Va [Animak A )N —~Loves(x, A) v Loves( B ,x)

Which has the wrong meaning entirely: it says that everyone either fails to love a particular
animal A or is loved by some particular entity B. In fact, our original sentence allows each person
to fail to love a different animal or to be loved by a different person.

Thus, we want the Skolem entities to depend on x:

tix [Animal F(x)) N ~Loves(z, F(x))] v Loves(G(x),x)

Here F and G are Skolem functions. The general rule is that the arguments of the Skolem
function are all the universally quantified variables in whose scope the existential quantifier

appears.

» Drop universal quantifiers: At this point, all remaining variables must be universally
quantified. Moreover, the sentence is equivalent to one in which all the universal

quantifiers have been moved to the left. We can therefore drop the universal quantifiers

[Animal F(x)) 4 ~Loves(x, F(x)}] v Loves(G(x),x)
» Distribute V over A

[Animal( F(x) N Loves(G(x),x)] N\ [ Loves(x, F(z))V Loves(G(x),x)].

This is the CNF form of given sentence.

The resolution inference rule:

The resolution rule for first-order clauses is simply a lifted version of the propositional resolution
rule. Propositional literals are complementary if one is the negation of the other; first-order

literals are complementary if one unifies with the negation of the other. Thus we have

V- N Ay, mi V-V mn

Where UNIFY (I, m;) == 6.
For example, we can resolve the two clauses

[AnimalF(z)) V Loves(G(x),x)] and [—Loves(u,v)V —Kills(u,v)]
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By eliminating the complementary literals Loves (G(x), x) and —Loves (u, v), with unifier
0 = {u/G(x), v/x), to produce the resolvent clause
[Animal F{x))y v - Kills(G(x),x)] .
Example proofs:
Resolution proves that KB /= a by proving KB A la unsatisfiable, i.e., by deriving the empty
clause. The sentences in CNF are
—American(z) V = Weapon(y) V —=Sells(x, y, z) V ~ Hostile(z) V Criminal(x)
~Missile(z} v =Ouns(Nono,x )V Sells(West, x, Nono) .
~Enemy(x, America) vV Hostile(x) .
~Missile(xy v Weapon(x) .
Ouwns(Nono, M) . Missile(My) .
American(West) . Enemy(Nono, America) .

The resolution proof is shown in below figure;

l =American(x) v ~Weapon(y) v =Sells{x,v.z) v ~Hostile(z) v Criminal(x) E-Criminal( West) J

Encﬂ't‘an( We.\'l)j L-!Amen‘tan( West) v «Weapon(y) v ~Sells(West,y,z) v ~Hc

~Missile{x) v Weapon(.rﬂ\Lt«Weapon(y) v =Sells(West,y,z) v -H(mile{;)J
[ Missite(M,) 1\%—@;;&(,) v ~Sells(West,y,z) v ~Hostile(z) |
b{lmﬂe(n v = OwnsfNono,x) v Sells( Wext,x,Nono)}\L[ﬁas( West.M,z) v -Ho.s'til!(zd

(Missmmﬂ\L‘-mﬁk(uu v ~Owns(Nono,M,) v ~Hostile(Nono) |

Bwnsm‘om.u.) [ ~Owns(Nono,My) v ~Hostile(Noro) |

[ ~Enemy(x,America) v Hostile(x) [ -aHom'Ie(Nonm

I Emmy(Nona,Ama-imN-Enemy( Nono,America) ]

Figure 5.1 A resolution proof that West is a criminal.

Notice the structure: single "spine™ beginning with the goal clause, resolving against clauses

from the knowledge base until the empty clause is generated. Backward chaining is really just a

special case of resolution with a particular control strategy to decide which resolution to perform

next.
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UNIT-IV

Planning
Classical Planning: Definition of Classical Planning, Algorithms for Planning with StateSpace Search, Planning

Graphs, other Classical Planning Approaches, Analysis of Planning approaches.

Planning and Acting in the Real World: Time, Schedules, and Resources, Hierarchical Planning, Planning and
Acting in Nondeterministic Domains, Multi agent Planning

Planning Classical Planning: Al as the study of rational action, which means that planning—devising a
plan of action to achieve one’s goals—is a critical part of Al. We have seen two examples of planning
agents so far the search-based problem-solving agent.

DEFINITION OF CLASSICAL PLANNING: The problem-solving agent can find sequences of actions that
result in a goal state. But it deals with atomic representations of states and thus needs good domain-
specific heuristics to perform well. The hybrid propositional logical agent can find plans without domain-
specific heuristics because it uses domain-independent heuristics based on the logical structure of the
problem but it relies on ground (variable-free) propositional
inference,whichmeansthatitmaybeswampedwhentherearemanyactionsandstates.For
example,intheworld,thesimpleactionofmovingastepforwardhadtoberepeated for all four agent
orientations, T time steps, and n® currentlocations.

In response to this, planning researchers have settled on a factored representation— one in which a
state of the world is represented by a collection of variables. We use a language called PDDL, the
Planning Domain Definition Language that allows us to express all 4Tn” actions with one action schema.
There have been several versions of PDDL.we select a simple version and alter its syntax to be consistent
with the rest of the book. We now show how PDDL describes the four things we need to define a search
problem: the initial state, the actions that are available in a state, the result of applying an action, and
the goal test.

Each state is represented as a conjunction of flaunts that are ground, functionless atoms. For example,
Poor A Unknown might represent the state of a hapless agent, and a state in a package delivery

problem might be At(Truck 1, Melbourne) A At(Truck 2, Sydney ). Database semantics is used: the

closed-world assumption means that any flaunts that are not mentioned are false, and the unique
names assumption means that Truck 1 and Truck 2 are distinct.
A set of ground (variable-free) actions can be represented by a single action schema. The schema is a

lifted representation—it lifts the level of reasoning from propositional logic to a restricted subset of
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first-order logic. For example, here is an action schema for flying a plane from one location to another:
Action(Fly (p, from, to),

PRECOND:At(p, from) A Plane(p) A Airport (from) A Airport (to)

EFFECT:-At(p, from) A At(p, to))

The schema consists of the action name, a list of all the variables used in the schema, a precondition and
an effect.

A set of action schemas serves as a definition of a planning domain. A specific problem within the
domain is defined with the addition of an initial state and a goal.

state is a conjunction of ground atoms. (As with all states, the closed-world assumption is used, which
means that any atoms that are not mentioned are false.) The goal is just like a precondition: a
conjunction of literals (positive or negative) that may contain variables, such as At(p, SFO ) A Plane(p).
Any variables are treated as existentially quantified, so this goal is to have any plane at SFO. The
problem is solved when we can find a sequence of actions that end in a states that entails the goal.
Example: Air cargo transport

An air cargo transport problem involving loading and unloading cargo and flying it from place to place.
The problem can be defined with three actions: Load , Unload , and Fly . The actions affect two
predicates: In(c, p) means that cargo c is inside plane p, and At(x, a) means that object x (either plane or
cargo) is at airport a. Note that some care must be taken to make sure the At predicates are maintained
properly. When a plane flies from one airport to another, all the cargo inside the plane goes with it. In
first-order logic it would be easy to quantify over all objects that are inside the plane. But basic PDDL
does not have a universal quantifier, so we need a different solution. The approach we use is to say that
a piece of cargo ceases to be At anywhere when it is In a plane; the cargo only becomes At the new
airport when it is unloaded. So At really means “available for use at a given location.”

The complexity of classical planning :

We consider the theoretical complexity of planning and distinguish two decision problems. PlanSAT is
the question of whether there exists any plan that solves a planning problem. Bounded PlanSAT asks
whether there is a solution of length k or less; this can be used to find an optimal plan.

The first result is that both decision problems are decidable for classical planning. The proof follows
from the fact that the number of states is finite. But if we add function symbols to the language, then
the number of states becomes infinite, and PlanSAT becomes only semi decidable: an algorithm exists

that will terminate with the correct answer for any solvable problem, but may not terminate on
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unsolvable problems. The Bounded PlanSAT problem remains decidable even in the presence of
function symbols.

Both PlanSAT and Bounded PlanSAT are in the complexity class PSPACE, a class that is larger (and hence
more difficult) than NP and refers to problems that can be solved by a deterministic Turing machine with
a polynomial amount of space. Even if we make some rather severe restrictions, the problems remain

quite difficult.

Algorithms for Planning with State Space Search

Forward (progression) state-space search:
Now that we have shown how a planning problem maps into a search problem, we can solve planning

problems with any of the heuristic search algorithms from Chapter 3 or a local search algorithm from
Chapter 4 (provided we keep track of the actions used to reach the goal). From the earliest days of
planning research (around 1961) until around 1998 it was assumed that forward state-space search was
too inefficient to be practical. It is not hard to come up with reasons why .

First, forward search is prone to exploring irrelevant actions. Consider the noble task of buying a copy of
Al: A Modern Approach from an online bookseller. Suppose there is an action schema Buy(isbn) with
effect Own(isbn). ISBNs are 10 digits, so this action schema represents 10 billion ground actions. An
uninformed forward-search algorithm would have to start enumerating these 10 billion actions to find
one that leads to the goal.

Second, planning problems often have large state spaces. Consider an air cargo problem with 10
airports, where each airport has 5 planes and 20 pieces of cargo. The goal is to move all the cargo at
airport A to airport B. There is a simple solution to the problem: load the 20 pieces of cargo into one of
the planes at A, fly the plane to B, and unload the cargo. Finding the solution can be difficult because the
average branching factor is huge: each of the 50 planes can fly to 9 other airports, and each of the 200
packages can be either unloaded (if it is loaded) or loaded into any plane at its airport (if it is unloaded).
So in any state there is a minimum of 450 actions (when all the packages are at airports with no planes)
and a maximum of 10,450 (when all packages and planes are at the same airport). On average, let’s say
there are about 2000 possible actions per state, so the search graph up to the depth of the obvious

solution has about 2000 nodes.
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inverse of the actions to search backward for the initial state.

Figure 10.5 Two approaches to searching for a plan. (a) Forward (progression) search
through the space of states, starting in the initial state and using the problem’s actions to
search forward for a member of the set of goal states. (b) Backward (regression) search
through sets of relevant states, starting at the set of states representing the goal and using the

Backward (regression) relevant-states search:
In regression search we start at the goal and apply the actions backward until we find a sequence of

steps that reaches the initial state. It is called relevant-states search because we only consider actions
that are relevant to the goal (or current state). As in belief-state search (Section 4.4), there is a set of
relevant states to consider at each step, not just a single state.

We start with the goal, which is a conjunction of literals forming a description of a set of states—for
example, the goal -Poor A Famous describes those states in which Poor is false, Famous is true, and any
other fluent can have any value. If there are n ground flaunts in a domain, then there are 2n ground
states (each fluent can be true or false), but 3n descriptions of sets of goal states (each fluent can be
positive, negative, or not mentioned).

In general, backward search works only when we know how to regress from a state description to the

predecessor state description. For example, it is hard to search backwards for a solution to the n-queens
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problem because there is no easy way to describe the states that are one move away from the goal.
Happily, the PDDL representation was designed to make it easy to regress actions—if a domain can be
expressed in PDDL, then we can do regression search on it.

The final issue is deciding which actions are candidates to regress over. In the forward direction we
chose actions that were applicable—those actions that could be the next step in the plan. In backward
search we want actions that are relevant—those actions that could be the last step in a plan leading up
to the current goal state.

Heuristics for planning:

Neither forward nor backward search is efficient without a good heuristic function. Recall from Chapter
3 that a heuristic function h(s) estimates the distance from a state s to the goal and that if we can derive
an admissible heuristic for this distance—one that does not overestimate—then we can use Ax search to
find optimal solutions. An admissible heuristic can be derived by defining a relaxed problem that is
easier to solve. The exact cost of a solution to this easier problem then becomes the heuristic for the
original problem.

By definition, there is no way to analyze an atomic state, and thus it it requires some ingenuity by a
human analyst to define good domain-specific heuristics for search problems with atomic states.
Planning uses a factored representation for states and action schemas. That makes it possible to define
good domain-independent heuristics and for programs to automatically apply a good domain-
independent heuristic for a given problem.

Planning Graphs:

All of the heuristics we have suggested can suffer from inaccuracies. This section shows how a special
data structure called a planning graph can be used to give better heuristic estimates. These heuristics
can be applied to any of the search techniques we have seen so far. Alternatively, we can search for a
solution over the space formed by the planning graph, using an algorithm called GRAPHPLAN.

A planning problem asks if we can reach a goal state from the initial state. Suppose we are given a tree
of all possible actions from the initial state to successor states, and their successors, and so on. If we
indexed this tree appropriately, we could answer the planning question “can we reach state G from
state SO” immediately, just by looking it up. Of course, the tree is of exponential size, so this approach is
impractical. A planning graph is polynomial- size approximation to this tree that can be constructed
quickly. The planning graph can’t answer definitively whether G is reachable from S0, but it can estimate
how many steps it takes to reach G. The estimate is always correct when it reports the goal is not

reachable, and it never overestimates the number of steps, so it is an admissible heuristic.
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A planning graph is a directed graph organized into levels: first a level SO for the initial state, consisting
of nodes representing each fluent that holds in SO; then a level AO consisting of nodes for each ground
action that might be applicable in SO; then alternating levels Si followed by Ai; until we reach a
termination condition (to be discussed later).

Roughly speaking, Si contains all the literals that could hold at time i, depending on the actions executed
at preceding time steps. If it is possible that either P or =P could hold, then both will be represented in
Si. Also roughly speaking, Ai contains all the actions that could have their preconditions satisfied at time
i. We say “roughly speaking” because the planning graph records only a restricted subset of the possible
negative interactions among actions; therefore, a literal might show up at level Sj when actually it could
not be true until a later level, if at all. (A literal will never show up too late.) Despite the possible error,
the level j at which a literal first appears is a good estimate of how difficult it is to achieve the literal
from the initial state.

We now define mutex links for both actions and literals. A mutex relation holds between two actions at
a given level if any of the following three conditions holds:

. Inconsistent effects: one action negates an effect of the other. For example, Eat(Cake) and the
persistence of Have(Cake) have inconsistent effects because they disagree on the effect Have(Cake).

o Interference: one of the effects of one action is the negation of a precondition of the other. For
example Eat(Cake) interferes with the persistence of Have(Cake) by its precondition.

o Competing needs: one of the preconditions of one action is mutually exclusive with a
precondition of the other. For example, Bake(Cake) and Eat(Cake) are mutex because they compete on
the value of the Have(Cake) precondition.

A mutex relation holds between two literals at the same level if one is the negation of the other or if
each possible pair of actions that could achieve the two literals is mutually exclusive. This condition is
called inconsistent support. For example, Have(Cake) and Eaten(Cake) are mutex in S1 because the only
way of achieving Have(Cake), the persistence action, is mutex with the only way of achieving
Eaten(Cake), namely Eat(Cake). In S2 the two literals are not mutex, because there are new ways of
achieving them, such as Bake(Cake) and the persistence of Eaten(Cake), that are not mutex.

other Classical Planning Approaches:

Currently the most popular and effective approaches to fully automated planning are:

. Translating to a Boolean satisfiability (SAT) problem
. Forward state-space search with carefully crafted heuristics
. Search using a planning graph (Section 10.3)
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These three approaches are not the only ones tried in the 40-year history of automated planning. Figure
10.11 shows some of the top systems in the International Planning Competitions, which have been held
every even year since 1998. In this section we first describe the translation to a satisfiability problem
and then describe three other influential approaches: planning as first-order logical deduction; as
constraint satisfaction; and as plan refinement.

Classical planning as Boolean satisfiability :

we saw how SATPLAN solves planning problems that are expressed in propositional logic. Here we show
how to translate a PDDL description into a form that can be processed by SATPLAN. The translation is a
series of straightforward steps:

¢ Proposition Alize the actions: replace each action schema with a set of ground actions formed by
substituting constants for each of the variables. These ground actions are not part of the translation, but
will be used in subsequent steps.

. Define the initial state: assert F O for every fluent F in the problem’s initial state, and -F for every
fluent not mentioned in the initial state.

o Proposition Alize the goal: for every variable in the goal, replace the literals that contain the
variable with a disjunction over constants. For example, the goal of having block A on another block,
On(A, x) A Block (x) in a world with objects A, B and C, would be replaced by the goal

(On(A, A) ABlock (A)) vV (On(A, B) A Block (B)) v (On(A, C) A Block (C)) .

. Add successor-state axioms: For each fluent F, add an axiom of the form

F t+1 & ActionCausesF t V (F t A -ActionCausesNotF t),

where Action CausesF is a disjunction of all the ground actions that have F in their add list, and Action
CausesNotF is a disjunction of all the ground actions that have F in their delete list.

Analysis of Planning approaches:

Planning combines the two major areas of Al we have covered so far: search and logic. A planner can be
seen either as a program that searches for a solution or as one that (constructively) proves the existence
of a solution. The cross-fertilization of ideas from the two areas has led both to improvements in
performance amounting to several orders of magnitude in the last decade and to an increased use of
planners in industrial applications. Unfortunately, we do not yet have a clear understanding of which
techniques work best on which kinds of problems. Quite possibly, new techniques will emerge that
dominate existing methods.

Planning is foremost an exercise in controlling combinatorial explosion. If there are n propositions in a

domain, then there are 2n states. As we have seen, planning is PSPACE- hard. Against such pessimism,
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the identification of independent sub problems can be a powerful weapon. In the best case—full
decomposability of the problem—we get an exponential speedup.

Decomposability is destroyed, however, by negative interactions between actions. GRAPHPLAN records
mutexes to point out where the difficult interactions are. SATPLAN rep- resents a similar range of mutex
relations, but does so by using the general CNF form rather than a specific data structure. Forward
search addresses the problem heuristically by trying to find patterns (subsets of propositions) that cover
the independent sub problems. Since this approach is heuristic, it can work even when the sub problems
are not completely independent.

Sometimes it is possible to solve a problem efficiently by recognizing that negative interactions can be
ruled out. We say that a problem has serializable sub goals if there exists an order of sub goals such that
the planner can achieve them in that order without having to undo any of the previously achieved sub
goals. For example, in the blocks world, if the goal is to build a tower (e.g., A on B, which in turn is on C,
which in turn is on the Table, as in Figure 10.4 on page 371), then the sub goals are serializable bottom
to top: if we first achieve C on Table, we will never have to undo it while we are achieving the other sub
goals. Planners such as GRAPHPLAN, SATPLAN, and FF have moved the field of planning forward, by

raising the level of performance of planning systems.

Planning and Acting in the Real World:

This allows human experts to communicate to the planner what they know about how to solve the
problem. Hierarchy also lends itself to efficient plan construction because the planner can solve a
problem at an abstract level before delving into details. Presents agent architectures that can handle
uncertain environments and interleave deliberation with execution, and gives some examples of real-
world systems.

Time, Schedules, and Resources:

The classical planning representation talks about what to do, and in what order, but the representation
cannot talk about time: how long an action takes and when it occurs. For example, the planners of
Chapter 10 could produce a schedule for an airline that says which planes are assigned to which flights,
but we really need to know departure and arrival times as well. This is the subject matter of scheduling.
The real world also imposes many resource constraints; for example, an airline has a limited number of
staff—and staff who are on one flight cannot be on another at the same time. This section covers
methods for representing and solving planning problems that include temporal and resource

constraints.
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The approach we take in this section is “plan first, schedule later”: that is, we divide the overall problem
into a planning phase in which actions are selected, with some ordering constraints, to meet the goals of
the problem, and a later scheduling phase, in which temporal information is added to the plan to ensure

that it meets resource and deadline constraints.

Jobs({ AddEnginel < AddWheels1 < Inspect1 },

{ AddEngine2 < AddWheels2 < Inspect2 })
Resources( EngineHoists(1), WheelStations (1), Inspectors(2), LugNuts(500))

Action(AddEnginel , DURATION: 30,

USE: EngineHoists(1))
Action(AddEngine2, DURATION:60,

USE: EngineHoists(1))
Action(AddWheels1 , DURATION:30,

CONSUME: LugNuts(20), USE: WheelStations(1))
Action( AddWheels2 , DURATION: 15,

CONSUME: LugNuts(20), USE: WheelStations(1))
Action(Inspect;, DURATION: 10,

USE: Inspectors(1))

Figure 11.1 A job-shop scheduling problem for assembling two cars, with resource con-
straints. The notation A < B means that action A must precede action B.

This approach is common in real-world manufacturing and logistical settings, where the planning phase
is often performed by human experts. The automated methods of Chapter 10 can also be used for the
planning phase, provided that they produce plans with just the minimal ordering constraints required
for correctness. G RAPHPLAN (Section 10.3), SATPLAN (Section 10.4.1), and partial-order planners
(Section 10.4.4) can do this; search-based methods (Section 10.2) produce totally ordered plans, but
these can easily be converted to plans with minimal ordering constraints.

Hierarchical Planning :

The problem-solving and planning methods of the preceding chapters all operate with a fixed set of
atomic actions. Actions can be strung together into sequences or branching networks; state-of-the-art
algorithms can generate solutions containing thousands of actions.

For plans executed by the human brain, atomic actions are muscle activations. In very round numbers,
we have about 103 muscles to activate (639, by some counts, but many of them have multiple subunits);
we can modulate their activation perhaps 10 times per second; and we are alive and awake for about

109 seconds in all. Thus, a human life contains about 1013 actions, give or take one or two orders of
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magnitude. Even if we restrict ourselves to planning over much shorter time horizons—for example, a
two-week vacation in Hawaii—a detailed motor plan would contain around 1010 actions. This is a lot
more than 1000.

To bridge this gap, Al systems will probably have to do what humans appear to do: plan at higher levels
of abstraction. A reasonable plan for the Hawaii vacation might be “Go to San Francisco airport; take
Hawaiian Airlines flight 11 to Honolulu; do vacation stuff for two weeks; take Hawaiian Airlines flight 12
back to San Francisco; go home.” Given such a plan, the action “Go to San Francisco airport” can be
viewed as a planning task in itself, with a solution such as “Drive to the long-term parking lot; park; take
the shuttle to the terminal.” Each of these actions, in turn, can be decomposed further, until we reach
the level of actions that can be executed without deliberation to generate the required motor control
sequence.

Planning and Acting in Nondeterministic Domains: While the basic concepts are the same as in Chapter
4, there are also significant differences. These arise because planners deal with factored representations
rather than atomic representations. This affects the way we represent the agent’s capability for action
and observation and the way we represent belief states—the sets of possible physical states the agent
might be in—for unobservable and partially observable environments. We can also take ad- vantage of
many of the domain-independent methods given in Chapter 10 for calculating search heuristics.
Consider this problem: given a chair and a table, the goal is to have them match—have the same color.
In the initial state we have two cans of paint, but the colors of the paint and the furniture are unknown.
Only the table is initially in the agent’s field of view:

Init(Object(Table) A Object(Chair ) A Can(C1) A Can(C2) A InView (Table)) Goal (Color (Chair, c) A Color
(Table, c))

There are two actions: removing the lid from a paint can and painting an object using the paint from an
open can. The action schemas are straightforward, with one exception: we now allow preconditions and
effects to contain variables that are not part of the action’s variable list. That is, Paint(x, can) does not
mention the variable c, representing the color of the paint in the can. In the fully observable case, this is
not allowed—we would have to name the action Paint(x, can, c). But in the partially observable case, we
might or might not know what color is in the can. (The variable c is universally quantified, just like all the
other variables in an action schema.)

Action(Removelid (can),

PRECOND:Can(can)

EFFECT:Open(can))
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Action(Paint(x , can),
PRECOND:Object(x) A Can(can) A Color (can, c) A Open(can)
EFFECT:Color (x, c))

To solve a partially observable problem, the agent will have to reason about the percepts it will obtain
when it is executing the plan. The percept will be supplied by the agent’s sensors when it is actually
acting, but when it is planning it will need a model of its sensors. In Chapter 4, this model was given by a

function, PERCEPT(s). For planning, we augment PDDL with a new type of schema, the percept schema:

Multi agent Planning:

we have assumed that only one agent is doing the sensing, planning, and acting. When there are
multiple agents in the environment, each agent faces a multi agent planning problem in which it tries to
achieve its own goals with the help or hindrance of others.

Between the purely single-agent and truly multi agent cases is a wide spectrum of problems that exhibit
various degrees of decomposition of the monolithic agent. An agent with multiple effectors that can
operate concurrently—for example, a human who can type and speak at the same time—needs to do
multi effector planning to manage each effector while handling positive and negative interactions
among the effectors. When the effectors are physically decoupled into detached units—as in a fleet of
delivery robots in a factory— multi effector planning becomes multibody planning. A multibody problem
is still a “standard” single-agent problem as long as the relevant sensor information collected by each
body can be pooled—either centrally or within each body—to form a common estimate of the world
state that then informs the execution of the overall plan; in this case, the multiple bodies act as a single
body.

When a single entity is doing the planning, there is really only one goal, which all the bodies necessarily
share. When the bodies are distinct agents that do their own planning, they may still share identical
goals; for example, two human tennis players who form a doubles team share the goal of winning the
match. Even with shared goals, however, the multibody and multi agent cases are quite different. In a
multibody robotic doubles team, a single plan dictates which body will go where on the court and which
body will hit the ball. In a multi- agent doubles team, on the other hand, each agent decides what to do;
without some method for coordination, both agents may decide to cover the same part of the court and
each may leave the ball for the other to hit.

Planning with multiple simultaneous actions
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For the time being, we will treat the multi effector, multibody, and multi agent settings in the same way,
labeling them generically as multi actor settings, using the generic term actor to cove cover effectors,
bodies, and agents. The goal of this section is to work out how to define transition models, correct plans,
and efficient planning algorithms for the multi actor setting.

A correct plan is one that, if executed by the actors, achieves the goal. (In the true multi agent setting,
of course, the agents may not agree to execute any particular plan, but at least they will know what
plans would work if they did agree to execute them.) For simplicity, we assume perfect synchronization:

each action takes the same amount of time and actions at each point in the joint plan are simultaneous.

Actors(A, B)
Init( At(A, LeftBaseline) N At(B, RightNet) A
Approaching(Ball, RightBaseline)) A Partner(A, B) A Partner(B, A)
Goal( Returned(Ball) N (At(a, RightNet) Vv At(a, LeftNet))
Action( Hit(actor, Ball),
PRECOND: Approaching(Ball, loc) N At(actor,loc)
EFFECT: Returned(Ball))
Action(Go(actor, to),
PRECOND: At(actor,loc) N to # loc,
EFFECT: At(actor, to) N — At(actor,loc))

Figure 11.10  The doubles tennis problem. Two actors A and B are playing together and
can be in one of four locations: LeftBaseline, RightBaseline, LeftNet, and RightNet. The
ball can be returned only if a player is in the right place. Note that each action must include
the actor as an argument.

Having put the actors together into a multi actor system with a huge branching factor, the principal
focus of research on multi actor planning has been to decouple the actors to the extent possible, so that
the complexity of the problem grows linearly with n rather than exponentially. If the actors have no
interaction with one another—for example, n actors each playing a game of solitaire—then we can
simply solve n separate problems. If the actors are loosely coupled, can we attain something close to
this exponential improvement? This is, of course, a central question in many areas of Al.

The standard approach to loosely coupled problems is to pretend the problems are completely
decoupled and then fix up the interactions. For the transition model, this means writing action schemas

as if the actors acted independently. Let’s see how this works for the doubles tennis problem. Let’s
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suppose that at one point in the game, the team has the goal of returning the ball that has been hit to
them and ensuring that at least one of them is covering the net.

Planning with multiple agents Cooperation andcoordination:

Now let us consider the true multi agent setting in which each agent makes its own plan. To start with,
let us assume that the goals and knowledge base are shared. One might think that this reduces to the
multibody case—each agent simply computes the joint solution and executes its own part of that
solution. Alas, the “the” in “the joint solution” is misleading. For our doubles team, more than one joint
solution exists:

If both agents can agree on either plan 1 or plan 2, the goal will be achieved. But if A chooses plan 2 and
B chooses plan 1, then nobody will return the ball. Conversely, if A chooses 1 and B chooses 2, then they
will both try to hit the ball.

One option is to adopt a convention before engaging in joint activity. A convention is any constraint on
the selection of joint plans. For example, the convention “stick to your side of the court” would rule out
plan 1, causing the doubles partners to select plan 2. Drivers on a road face the problem of not colliding
with each other; this is (partially) solved by adopting the convention “stay on the right side of the road”
in most countries; the alternative, “stay on the left side,” works equally well as long as all agents in an
environment agree. Similar considerations apply to the development of human language, where the
important thing is not which language each individual should speak, but the fact that a community all
speaks the same language. When conventions are widespread, they are called social laws.

Conventions can also arise through evolutionary processes. For example, seed-eating harvester ants are
social creatures that evolved from the less social wasps. Colonies of ants execute very elaborate joint
plans without any centralized control—the queen’s job is to re- produce, not to do centralized
planning—and with very limited computation,

Communication, and memory capabilities in each ant (Gordon, 2000, 2007). The colony has many roles,
including interior workers, patrollers, and foragers. Each ant chooses to perform a role ac- cording to the
local conditions it observes. One final example of cooperative multi agent behavior appears in the
flocking behavior of birds.

We can obtain a reasonable simulation of a flock if each bird agent (sometimes called a boid) observes

the positions of its nearest neighbors and then chooses the heading and acceleration that maximizes the

weighted sum of these three components. NL N'\D&
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(b) (c)

Figure 11.11 (a) A simulated flock of birds, using Reynold’s boids model. Image courtesy
Giuseppe Randazzo, novastructura.net. (b) An actual flock of starlings. Image by Eduardo
(pastaboy sleeps on flickr). (c) Two competitive teams of agents attempting to capture the
towers in the NERO game. Image courtesy Risto Miikkulainen.

1.
2.
3.

Cohesion: a positive score for getting closer to the average position of the neighbors
Separation: a negative score for getting too close to any one neighbor

Alignment: a positive score for getting closer to the average heading of the neighbors

If all the boids execute this policy, the flock exhibits the emergent behavior of flying as a pseudo rigid

body with roughly constant density that does not disperse over time, and that occasionally makes

sudden swooping motions. You can see a still images in Figure 11.11(a) and compare it to an actual flock

in (b). As with ants, there is no need for each agent to possess a joint plan that models the actions of

other agents. The most difficult multi agent problems involve both cooperation with members of one’s

own team and competition against members of opposing teams, all without centralized control.
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UNIT-V

Learning: Forms of Learning, Supervised Learning, Learning Decision Trees.
Knowledge in Learning: Logical Formulation of Learning, Knowledge in Learning, Explanation-Based Learning,
Learning Using Relevance Information, Inductive Logic Programming

Learning
An agent is learning if it improves its performance on future tasks after making observations
about the world.

Forms Of Learning
Any component of an agent can be improved by learning from data.lt depends upon 4 factors:

Which component is to be improved

direct mapping from conditions on the current state to actions
infer relevant properties of the world

results of possible actions

Action-value information

Goals that describe classes of states

e  What prior knowledge the agent already has.

O O O O O

e What representation is used for the data and the component.
o representations: propositional and first-order logical sentences
o Bayesian networks for the inferential components
o factored representation—a vector of attribute values—and outputs that can be either a
continuous numerical value or a discrete value
e What feedback is available to learn from : types of feedback that determine the three main types of
learning
o In unsupervised learning the agent learns patterns in the input even though no explicit
feedback is supplied
o reinforcement learning the agent learns from a series of reinforcements—rewards or
punishments.
o supervised learning the agent observes some example input—output pairs and learns a function
that maps from input to output
o semi-supervised learning we are given a few labeled examples and must make what we can of
a large collection of unlabelled examples

SUPERVISED LEARNING

Given a training set of N example input—output pairs (x1, y1), (x2, y2), . . . (XN, yN) , where each yj was
generated by an unknown function y = f(x), discover a function h that approximates the true function f.
The function h is a hypothesis. To measure the accuracy of a hypothesis we give it a test set of examples
that are distinct from the training set.
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Conditional Probability Distribution : the function f is stochastic—it is not strictly a function of x, and
what we have to learnis a, P(Y | x)

Classification :When the output y is one of a finite set of values the learning problem is called

classification

Regression : When y is a number (such as tomorrow’s temperature), the learning problem is called
regression

Hypothesis space, H, can be a set of polynomials. A polynomial is fitting a function of a single variable to
some data points.

Ockham’s razor :how do we choose a function or a polynomial from among multiple consistent
hypotheses? One answer is to prefer the simplest hypothesis consistent with the data. This principle is
called Ockham’s razor

Realizable : a learning problem is realizable if the hypothesis space contains the true function.
Unfortunately, we cannot always tell whether a given learning problem is realizable, because the true
function is not known.

Supervised learning can be done by choosing the hypothesis ” h”that is most probable one for the given
data:

h* = argmax P(h|data) .
heH

By Bayes’ rule this is equivalent to

h* = argmax P(data|h) P(h) .
heH

There is a tradeoff between the expressiveness of a hypothesis space and the complexity of finding a
good hypothesis within that space.

LEARNING DECISION TREES
Decision tree induction is one of the simplest and yet most successful forms of machine learning.

The decision tree representation :The aim here is to learn a definition for the goal predicate.

A decision tree represents a function that takes as input a vector of attribute values and returns a
“decision” —a single output value. The input and output values can be discrete or continuous

A decision tree reaches its decision by performing a sequence of tests.

Each internal node in the tree corresponds to a test of the value of one of the input attributes, Ai,
the branches from the node are labeled with the possible values of the attribute, Ai =vik.

Each leaf node in the tree specifies a value to be returned by the function.

O O O O

Decision Tree Algorithm:

The DecisioN-TREE-LEARNING algorithm adopts a greedy divide-and-conquer strategy. This test divides
the problem up into smaller sub problems that can then be solved recursively.

Ve
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function DECISION-TREE-LEARNING(examples, attributes, parent examples) returns
atree

if examples is empty then return PLURALITY-VALUE(parent examples)

else if all examples have the same classification then return the classification
else if attributes is empty then return PLURALITY-VALUE(examples)

else

Aé&argmaxa € attributes IMPORTANCE(a, examples)

tree<-a new decision tree with root test A

for each value vk of A do

exs &,e : e Eexamples and e.A = vk}
subtree<DECISION-TREE-LEARNING(exs, attributes —A, examples)

add a branch to tree with label (A = vk) and subtree subtree

return tree

Expressiveness of decision trees
A Boolean decision tree is logically equivalent to the assertion that the goal attribute is true if and

only if the input attributes satisfy one of the paths leading to a leaf with value true.
Goal &(Pathl vPath2 v = = =), where each Path is a conjunction of attribute-value tests required
to follow that path. A tree consists of just tests on attributes in the interior nodes, values of

attributes on the branches, and output values on the leaf nodes. For a wide variety of problems, the
decision tree format yields a nice, concise result. But some functions cannot be represented
concisely. We can evaluate the accuracy of a learning algorithm with a learning curve.
Choosing attribute tests
The greedy search used in decision tree learning is designed to approximately minimize the depth of the
final tree. The idea is to pick the attribute that goes as far as possible toward providing an exact
classification of the examples. A perfect attribute divides the examples into sets, each of which are all
positive or all negative and thus will be leaves of the tree.

Entropy is a measure of the uncertainty of a random variable; acquisition of information corresponds to
a reduction in entropy.

Entropy: H(V) = Z P(v) log, Plon) = — z P(vg)logy Plvg) .
k k

We can check that the entropy of a fair coin flip is indeed 1 bit:
H(Fair) =-(0.5log2 0.5 +0.510g2 0.5)=1.
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The information gain from the attribute INFORMATION GAIN test on A is the expected reduction in
entropy:

Gain(A) = I}{p‘f—f”, — Remainder(A) .
d

Remainder(A) = Z Pk B(—PEk_)

p+n Pty ”
k=1

Pruning
In decision trees, a technique called decision tree pruning combats overfitting. Pruning works by
eliminating nodes that are not clearly relevant.

Issues in decision trees:
e Missing data
e Multivalued attributes
e Continuous and integer-valued input attributes
e Continuous-valued output attributes

LEARNING

A LOGICAL FORMULATION OF LEARNING

Current-best-hypothesis search

The idea behind current-best-hypothesis search is to maintain a single hypothesis, and to adjust it as
new examples arrive in order to maintain consistency.

The extension of the hypothesis must be increased to include new examples. This is called
generalization.

function CURRENT-BEST-LEARNING(examples, h) returns a hypothesis or fail

if examples is empty then

return h

e&FIRST(examples)

if e is consistent with h then

return CURRENT-BEST-LEARNING(REST(examples), h)

else if e is a false positive for h then

for each hin specializations of h consistent with examples seen so far do
h<CURRENT-BEST-LEARNING(REST(examples), h)

if h = fail then return h

else if e is a false negative for h then

for each hin generalizations of h consistent with examples seen so far do
h<CURRENT-BEST-LEARNING(REST(examples), h)

if h = fail then return h

return fail

The extension of the hypothesis must be decreased to exclude the example. This is called specialization.
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Least-commitment search

Backtracking arises because the current-best-hypothesis approach has to choose a particular hypothesis
as its best guess even though it does not have enough data yet to be sure of the choice. What we can do
instead is to keep around all and only those hypotheses that are consistent with all the data so far. Each
new example will either have no effect or will get rid of some of the hypotheses.

One important property of this approach is that it is incremental: one never has to go back and
reexamine the old examples.

Boundary Set :

We also have an ordering on the hypothesis space, namely, generalization/specialization. This is a partial
ordering, which means that each boundary will not be a point but rather a set of hypotheses called a
boundary set.

The great thing is that we can represent the entire G-SET version space using just two boundary sets: a
most general boundary (the G-set) and a most S-SET specific boundary (the S-set). Everything in
between is guaranteed to be consistent with the examples.

The members Si and Gi of the S- and G-sets.

For each one, the new example may be a false positive or a false negative.

1. False positive for Si: This means Si is too general, but there are no consistent specializations of Si (by
definition), so we throw it out of the S-set.

2. False negative for Si: This means Si is too specific, so we replace it by all its immediate generalizations,
provided they are more specific than some member of G.

3. False positive for Gi: This means Gi is too general, so we replace it by all its immediate specializations,
provided they are more general than some member of S.

4. False negative for Gi: This means Gi is too specific, but there are no consistent generalizations of Gi
(by definition) so we throw it out of the G-set

EXPLANATION-BASED LEARNING

Explanation-based learning is a method for extracting general rules from individual observations.
Memoization

The technique of memoization has long been used in computer science to speed up programs by saving
the results of computation. The basic idea of memo functions is to accumulate a database of input—
output pairs; when the function is called, it first checks the database to see whether it can avoid solving
the problem from scratch.

Explanation-based learning takes this a good deal further, by creating general rules that cover an entire
class of cases.

Basic EBL process works as follows:

1. Given an example, construct a proof that the goal predicate applies to the example using the available
background knowledge

2. In parallel, construct a generalized proof tree for the variabilized goal using the same inference steps
as in the original proof.
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3. Construct a new rule whose left-hand side consists of the leaves of the proof tree and whose right-
hand side is the variabilized goal (after applying the necessary bindings from the generalized proof).

4. Drop any conditions from the left-hand side that are true regardless of the values of the variables in
the goal.

Three factors involved in the analysis of efficiency gains from EBL:

1. Adding large numbers of rules can slow down the reasoning process, because the inference
mechanism must still check those rules even in cases where they do not yield a solution. In other words,
it increases the branching factor in the search space.

2. To compensate for the slowdown in reasoning, the derived rules must offer significant increases in
speed for the cases that they do cover. These increases come about mainly because the derived rules
avoid dead ends that would otherwise be taken, but also because they shorten the proof itself.

3. Derived rules should be as general as possible, so that they apply to the largest possible set of cases.

LEARNING USING RELEVANCE INFORMATION

The learning algorithm is based on a straightforward attempt to find the simplest determination
consistent with the observations.

A determination P ' Q says that if any examples match on P, then they must also match on Q. A
determination is therefore consistent with a set of examples if every pair that matches on the predicates
on the left-hand side also matches on the goal predicate.

An algorithm for finding a minimal consistent determination

function MINIMAL-CONSISTENT-DET(E,A) returns a set of attributes
inputs: E, a set of examples

A, a set of attributes, of size n

fori=0tondo

for each subset Aiof A of size i do

if CONSISTENT-DET?(Ai,E) then return Ai
function CONSISTENT-DET?(A,E) returns a truth value

inputs: A, a set of attributes

E, a set of examples

local variables: H, a hash table

for each example e in E do

if some example in H has the same values as e for the attributes A

but a different classification then return false

store the class of e in H, indexed by the values for attributes A of the example e
return true
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Given an algorithm for learning determinations, a learning agent has a way to construct a minimal
hypothesis within which to learn the target predicate. For example, we can combine MINIMAL-
CONSISTENT-DET with the DECISION-TREE-LEARNING algorithm.

This yields a relevance-based decision-tree learning algorithm RBDTL that first identifies a minimal set of
relevant attributes and then passes this set to the decision tree algorithm for learning.

INDUCTIVE LOGIC PROGRAMMING

Inductive logic programming (ILP) combines inductive methods with the power of first-order
representations, concentrating in particular on the representation of hypotheses as logic programs.
It has gained popularity for three reasons.

1. ILP offers a rigorous approach to the general knowledge-based inductive learning problem.

2. It offers complete algorithms for inducing general, first-order theories from examples, which can

therefore learn successfully in domains where attribute-based algorithms are hard to apply.

3. Inductive logic programming produces hypotheses that are (relatively) easy for humans to read
The object of an inductive learning program is to come up with a set of sentences for the Hypothesis
such that the entailment constraint is satisfied. Suppose, for the moment, that the agent has no
background knowledge: Background is empty. Then one possible solution we would need to make pairs
of people into objects.

Top-down inductive learning methods
The first approach to ILP works by starting with a very general rule and gradually specializing it so that it
fits the data.
This is essentially what happens in decision-tree learning, where a decision tree is gradually grown until
it is consistent with the observations.
To do ILP we use first-order literals instead of attributes, and the hypothesis is a set of clauses instead
of a decision tree.
Three kinds of literals

1. Literals using predicates

2. Equality and inequality literals

3. Arithmetic comparisons
Inductive learning with inverse deduction
The second major approach to ILP involves inverting the normal deductive proof process.
Inverse resolution is based INVERSE on the observation.
Recall that an ordinary resolution step takes two clauses C1 and C2 and resolves them to produce the
resolvent C.
An inverse resolution step takes a resolvent C and produces two clauses C1 and C2, such that C is the
result of resolving C1 and C2.
Alternatively, it may take a resolvent C and clause C1 and produce a clause C2 such that Cis the result of
resolving C1 and C2.
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A number of approaches to taming the search implemented in ILP systems
1. Redundant choices can be eliminated
The proof strategy can be restricted
The representation language can be restricted
Inference can be done with model checking rather than theorem proving

AN S

Inference can be done with ground propositional clauses rather than in first-order
logic.
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1. Vision, Mission, PEO’s, I"0's & P50s

a).¥Yision of Civil Engineering Department

& To give the world mew “ge civil engimeers who can transform the society with their
creative vibe for the sustainablc developmest by instilling scientific temper with -cthical
human ouilook.

by}, Mission of Civil Enginecring Depariment

s Tomake the depurtment a Centre of excellence in the feld of ¢lvil engineering and
allied research

e Topromote innovative and original thinking in the minds of budding engineers to
face the challemges of futtre,

¢}). Program Educational Objectives of Civil Engineering Department

PEO1 | Graduates will utifize the foundation in Engineering and Scicnce to
improve lives and livelihoods through a successful career in Civil

Engineering or other lelds

or participating in effins 1o address Social, Technical and Business
Challenges o R
PEO3 | Graduates will engage in Life-Long Leaming and professional
development through Self-Study. continuing education or graduate and
professional studies in engincering & Dusiness

d) Program Ouicomes of Civil Engineering Department

| POl | Fundamental enginzering analysis skills:
| An ability to-apply knowledge of computing, mathematical foundations,
algorithmic principles, and civil enginsering theory m the mudelling and

design of 1o eivil engineering problams.

PO2 Information retrieval skills: A1 sbility to design and conduct
i experiments. as well &5 1o analyre oml interpret data.

——— S—_——




Creative skills: An aisility o -HEL,I malement, and evaluate & system,
process, component, ar progran 1o mee deslred needs, within realistic

consirints spch @5 seonamic, sny e mental, social, palitical, healih and
safery, manufacturability, and sustsinability, Ciraduates have design the
EHTIPREIENCE.

POd

Teamwork: An ability to function =Fectively on multi-disciplinary
teanms.,

POs

Engineering problem solving skills: An ahility 1o analyre o problem,
and identify, formulate and use ihe appropriate computing snd
engineering requirements for oblaining its solution,

......

Professional integrity: An undersmnding of professional, sthical, legal,

security and  social isswes. and  resoonsibilities.  Graduates  must
understand the princinles of ahical decision making snd can interpret
tke ASCE Code of Frhics. Grodusees will understand the proper use of
the work of others (c.g., plagiartun, copyrights, and patents), Graduates
will understand the specind duty they awe to protect the public’s health,
safiety and welfare by virwe of their professional status as engineers in
society.,

Speaking [ writing skills. An abiliy 1o communicate effectively, both in
writing and orally. Graduates gre able o produce engineering repons
ising wrinen, oral ard/ graphie methods of communieation.

Engineering impuct assessment skills: The broad education necessary
to analyze e local and giobal impact of computing and engineering
solutions on individuuls, orgenival ons, and society.

ro9

Social awareness: Krowledge of contemporary issues, Students are
aware of emerging technologies and current professional issues.

TPOLD

POIL |

Practical engineeris £ analysis skills. An ability 1o use the techniques,
skills, and moitern ermesring fnots necessary T enganﬁ:rln; practice.
Software hardware interface: An gh [ty o apply design and
development principies in the consruction of software and hardware
systems of varying complexity,

‘ rO12

Successful career and immediate employment: An ability to recognize |
the importance of professional development by pursuing posigraduate |
studies or face competitive examinations that offer challenging and
rewirding caneers in Uivil Engineering

¢). Program Specific Outcomes (P50)°5)

PO ~ DESCRIPTION
PSOI Edur:.aﬂng students with fundamentsl mathematical, scientific, un{ﬂ
engineering knowledge to have & significant and positive long-term impac
: rm&m!’midaﬂmli‘.rmmﬁng
' PSO1 | Emphasizing the importance of working in a team effectively snd
i to communicate properly within the team o achieve the desired outcome.
Motivate students in |sarning to lezm and the ability to keep leaming |

‘P‘S’D&

for a life-time fo increase their professionalism, update and deepen
their knowledge through the developmiznt of the profession.
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R18 B.Tech. Civil Engg. Syllabus JNTU HYDERABAD
CES11PE: CONCRETE TECHNCOLC3Y (Professional Elective 1)

B.Tech. Il Year | Sem, L TRD C
3 O 3

Pre-Requisites. Bislding Mal=rials

Course Dbjectives: The obiecives of t & course ere o
= Know different types of cement s par the - properies for different fiald applications.
= Understand Design sconemic concrete mik preporion for different exposure conditions and
intended purposes
= HKnow field and laboratory tests on cancras in plastic and hardened stage.

Course Outcomes: Aller the completiod of Ine Course siudent should be able to

= Determine the properies ol concrete ngredlends e cement, sand, coarse aggregaie by
conducting differant tests. Recognize the =fecis of the rheology and early age properties of
concrate o iks long-term behaiar.

« Apply the use of varous chem cal admixtures ard mineral additves o design cement-based
materials with tailor-made propetes

o Use advanced laboratory techn quas to characterze cement-based malensis.

#  Perform mix desion apd engineenng properties of special concreles such as hgh-performance
concrete, selfscompacting concraie, and fibre reinfprced concrate.

LINIT I

Cament: Porfland cement — chemical compasition - ~ydration, Sefting of camant — Structure. of
hydraled cement — Tesis on physical propeties - [riferent grades of cement. Admixtures: Types of
admixtures — mineral and chemical adm churs

UNIT =1

Aggregates: Classification of aggregate - Particle shape & texture — Bond, sirength & other mechanical

properiies of aggregate — Spedific gravity, Bulk density. porosity, adsorption & moisture content of

aggregate — Bulking of sand - Delsterc s substance n sggregate — Soundness of aggregate —~ Alkali
reaclinn — Thermal propertios - Skve anshyss — Fineness modulus = Grading curves —

Grading of fine, Menufactured sand and coarse Aforecates — Gap graded aggregate — Maximum

aggregate size: Propertos Recyded agoregate

UNIT =N

Fresh Concrete: Workability — Factors affecling warkanility — Measurement af workability by differant
tests - Setting Gmes of concrete — Effect of time ard t2mperature on workabliity ~ Segregation &
hieeding — Mixing, vibration ard revibration of canc-at: - Steps In manufaciure of concrete - Quality of
i watar

UNIT - TV

Hardened Concrete: Water | Cement ratio — Alwam's Law - Gelfspace rallo — Gain of sirength of
concrete — Malunty concept — Strength in tension end compression — Factors affecting strength —
Refation batwesn compression and tans: e strargd - Guring.

Testing of Hardened Concrete: Comgression lests — Tension tesis — Factors affeciing strangth -
Flaxura tests — Splifting tests — Pull-nul test, MNon-destrisive lesting mathods - codal provisions for
NOT
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ELASTICITY, CREEP & SHRINKAGE - Moduius o eiasicity — Dynanic modulus of elasticty —
Fosigson's ratio — Creep of concrate — Factars Influencing creep - Relation betwesn creep & time -
Mature of creep - Effects of creap — Shrinkeos ~ lypes of shrinkage:

UNIT =W

Mix Design: Faclors in the choice of mix proporiess — Durability of concrale — Quality Contral of
concrete — Slalistical methods - Acceptance cntenn - Proparianing of concrete mixes by various
methods — BES method of mix design,

Special Concretes: Infroduction 1o Light waight cororeta - Callular concreta — No-fines concrate —
High density concrete — Fibre rainforced concrete — Folymes congrele - High performance conorete —
Solf eompaciing concrale.

TEXT BOOKS:
1. Conorate Technodogy by MS. Shetty, - 5. Chand & Co.: 2004
2. Concrete Technology by AR, Santhakwmar, 2 Edition, Oxford university Press, New Dalni
3, Concrete Technology by M. L, Gambhir, - Tam e, Graw Hill Publishars, NMew Delh

REFERENCE BOOKS:
1. Proporties of Concrate by A, M, Mevile — Law srced Edition — 4th edifion
& Conerate: Micro structurs, Properties apd Maiarals — P Mahta and J.M. Monteiro, Me-
Graw Hill Publishers

IS Codes:
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3. COURSE OBIECTIVES, COURSE OUTCDMES AND TOPIC OUTCOMES
a). COURSE OBIECTIVES

(i)

Student should be able w differentive the matenials that can be effectively used for
preparing concrete.

(i) Student should be able to desiam, prepare 2ad work with the concrete

{iii) The mechanism of hydreiion and poteatial bydration with the concrete heat of hydration
kinetic, Shrinkage and i potential W geoeoute cracks bn concrele, including chemical,
autogen, drying, and carbonation shrinkage.
The basic principles of mix dasigning varfous types of concrete os well as curing
technology required foresch of the following types.
(v} High performance conereie, ultra high strength concrete, self-compacting conerete, under

water.

v

h). COURSE OUTCOMES

CO1: Identily Quality Control tests-on conerste making materials
CO02: Understnand the durability requirements of fresh conerete
C03;: |dentify Quality Control teses herdenec concrete

CO4: Design concrete mixes as per 15 ang ACH codes

CO8: Linderstand the need foe special concretes

¢} TOPIC OUTCOMES
5. No. | Topic to be covered Topic Qutcome
(AL the end of this. wopic student will be
_ — _| uble o) |
| L1 LINET-1: Cemont ,
Defing cement, aggregates and water,
Introdduction on concrels lecanolony
course
[2 | Tistory of port land cementand | Verious methods and stages of cement
Manufacturing process oo f Portlan manufpcturing.
cemeftl
= e = S| S Tty e )
L3 Chenmeal composition A= Hopies Verious chemical compaosition and
compounds of Ponland cemani compounds,
L4 I Hydration of cement, Stucture of  Tllustrace cement hydration and
hydrate cement and seti:ng time ol | consistency of cament
cement
| RO - p—T
L5 | Test on physical properties of cament. | Explain physical propertics test of




==zp

i 5 Mo, | Topie to be covered Topie Gutcome
[ Al the end of this topic student will he
- | shlew)
| | cement
' Lb Different grides of cem «nl. Describe the cement grades.
L7 Admixtures and types o “adinixtioes, | Define admixture, Classify the sdmixture
| mineral and chemical admixiures rypes — List out the different types of
| mineral and chermical admixtures
L8 UMNIT-I: Aggregates Define agerepates- Classify ageregates
hased on their particle shape and texture,
Introduction on Aggregiles and T |
Classiication of agereeste. Parlicle |
shape and texture, Bond strength
L9 Mechanical propertics of agaregute: Define specific cravity, bulk density and
Specific gravity, Bulk density, porosity. Conclude its imporiance in mix
parosity, absorption and mosture design. nggregate mechanical properties
comrent of aggregale.
LI | Bulking of aggrepate and Scundiess | Demonstrate bulking of sand. Explam
of apgregie soundness of aggrepate
LIl | Alkali aggregate Discuss deleterious substances in
reaction, Thermal propertics apzregates and its effect on properties of
sonerete. Define and alkall aggregate
reection and its effect on concrete
| properties. Explain thermal properties of
. | Apgregulcs |
[L12 | Sieve analysis, Fineness modulus, Demonstrate sicve analysis of aggregates
Grading curves, and discuss imporance of maximum size
of agpregates, Determine fineness
madulus, Prepare grading curves to make
i ‘aggregates comection indesignmix,
113 | Gimding of fine and coprse | Fxamine grading of fine and coarse
Aggrepates, Gap graded aggrepine, aggregates; discuss gap graded and
| Maximism sggregate sice maximum aggregate Sires.
Li4 | UNIT-IT: Fresh Conerete Explain properties of concrete define
workability and list out factors effecting
Introduction of workab:! ity and ' af workability,
factors affecting workability [, |
L15 | Measurement of worka=ility by | Demonstrate workability test to meastre
| different tests. Setting time of bk,
SoncIene - — . :
Li& Effect of time and temperniure on . Define concrete setting, discuss about
workability time and temperature cffect on
workabilitv. |




L3l |

shrinksges.

5. No. | Topic fo be covered Tophe Outcome
(Al the end of this topic student will be
. Ebleto)
LIT | Segregation and bleeding of concrete | Deline segregation & bleeding,
Demonstrate concrete mixing and
| vibration,

L18 | Steps in manulscture of concreze, List out conerete manufacturing sieps:

Mixing and vibration ol concrete deseribe the water quality and its
o | impomance in guality of concrete.

Lig Chaality of mixing water Quality of mixing wister in concrete.

- WD EXCARTIN ATION- ===
)

L20 | UNIT-IV: Hardened € onerete Define Water/Cement ratio, Abram’s
Intreduction on hardened concrere. -

| water/cement ratio, Abram’s lgw
1

121 Gel space ratio. nature of strength of | Caleulate gel-space milo 1o predict
conereie concrede strengti.

122 | Maturity concept in concrete and Explain concrete strength natures and
problems discuss maturity of concrete to caleulate

concrete strengli.

L33 | Strength in tension and compression.  List out factors effecting concrete
lactors allzeting strengio strength.

134 | Relation between compression anu | Distinguish between concrete
fensile strength, curing | compressive and tensile strength

125 | Testing of hardened concrete- " Demonstrate compression and tension
compression test and tecsile strength - lest of concrete,

Lt | Flexural test and sphtting les | Explain flexure, splitting tensile and pall

| aut tost of concrate.

[37 | NDT methods and code! provisiens | Explain Non-lestructive testing, Name it

B | with codal provisions.

L2 Modulis of elasticity, dvnamic " Define clasticity, creep and shrinkage of

modulus of elasticity an) poisons rat s | zoncrete, Explain experimental process
: | o determine modulus of elasticity.

L2v Creep of conerete, Tactors influencing | Lrefine dynamic modulus of elasticity:
ereep of concrete, relation between difTerentiote static and dynamic modulus
creep and time of elasticity, Show the relation between

' creep and time, (st out the effects of
. | ereep on concrete strength,
L3D Nature of creep, effects of creep Explain congrete creep and list out
| factors effecting on concrete creep.
[ 1.3 Shrinkage and (vpes of shrinkage . Deting shrinkage and list out types of




L2 Unit-V: Mix Design & Special Define mix desizn and its importance in
| Concrete | zomerete strength. List out the factors to
Factors in the choice ol mix proportion | choose the mix proportions.
L33 Durability of concrete Deline concrete duml:u]iﬁ'
L34 Quality control of concrate, Statistice| | Explain conerete guality conirol;
quality control of concrule demonstrate steiistical quality control
| and scceplance criterid.
Li3  Proportioning of concrese mix by | Select concrete mix proportions for
normail concretes by BIS method nomul conorete:
36 | Normal Mix design probiem = Design a mix design as per BIS method
and conclude the concrete mix
. | proportions.
137 Normal Mix design problem Design a M20 or M25 concrete mix for
| lecal available materials.
L3% Propartioning of concrese mix b Select concrete mix proportions for
pump ahle concretes by BIS method  pump able conereie.
139 | Pumpable Mix design problem Design # mix design as per BIS method
and conclude the concrete mix
prispart oz,
L40 | Propertioning of concrete mix by " Select concrete mix proportions for
pump able concretes by ACI methad  pump able concrete.
L41 AC| mix design probiem Select concrete mix proportions for AC
Method.
L42 Introduction 1o Light weight concel. | Define special concretes. Explain light
weight conerete and list out the merits
. | and demerits of it
L4% | Cellular concretes | Define cellular concrete. Explain
preparation produce of cellulur and its
| | applications in construction industry.
L No fines concrete " Define no fine concrete. Explain
preparetion procuce c of no fines concrete
. - and its applications in construction
. - | inchustry. |
L45 Fiber reinforced concrelz2 Dedine fiber reinforced concrete. Explain
| the | of its importance in FRC, |
L6 Polymer concnete and 1y pes of Define polvmer concrete. Explain the
polymer concrete ingredient of its importauce in polymer
| cumcrele
147 | Seifcompacting concree Demonstration of self-compacting
- | soncrete, list out the test to conclude
v self-compacting concrete.
L48 High density concrete Dremonstration high density conerete, 1is1 |
| out the test to conclude high density
== _i conanele




4. COURSE PRE-REQUISITES

1. Ingredients of concrate
2, Elements of bu'ding components

3 Charseteristics of cement, fine ppgrogate and coane aggrepales

5 COURSE INFORMATION SHEET

5 a) COURSE DESCHRIPTION:
PROGIAMME: B. Tech, (Civil Engineesing | DUGHEE: BTECH
COURSE: CONCRETT, TECHRNOLDGY YimK: NI SEM: | CREDITS: &

COURSE (ODE CESTIPE
RECHTLATION: LIS

TIWITRE TYPE: CORE

CORRESPONDING AR COURSE CODE/(TF ANY

YES LAB

T CONTALT HOURE: A0 (L*T1) houra Week. |
LaB COURSE MAME: CONCRETE TECHNOLDOGY

5.b). SYLLABUS:

 Unit |

— Detalls

CementiPortand cemant - cheraion compagition — Hydration, Setiing of cement
- Strueture of hydrate cement — Test on physical properties — Different grades of

i

cement. Admixtures: Types of admisures — minesal and chemicaladmisiores
Apgregate:Classification of sgaregite - Parcle shape & texture —, stength &
other mechanical properties o spgeegale — Specific gravity, Bulk density,
porosity, edsorpion & melstore content o megrepete — Bulking of sand -
Delaterinus substance in sgizrepate - Soundness of aggregate - Alksli sggregate
reaction — Thermal properties - Sieve analysis — Fincness modulus — Grading
curves — Grading of fing & conres Aggragates - Gap graded aggregte -
Maximur ggeregate size

il

Fresh Concrete: Workability -~ Factors alfecting workability — Measurement of
workahiliny el Ferantiests—Settimgtimesafconorele—
Effectoftimeandiemperaiureony orkability- Scereeation & bleeding — Mixing and
vibratlen of concrete — Stepe n manufomr of coperere — Quakity of mixing
Water

Hardened Concrete : Water ¢ Cement muo - Abram's Law - Gel space ratio —
Muture of srength of conaex - Maturity concept — Strength in tension &
compression — Facwors uffectivg sirength — Relation between compressive &
enad le sirengih - Coring.

Testing of Hardened Conerste: Conipross on fews — Tension 12615 Flaxure
tests — Splitting tests — Pull-cad 1est, Non-desirugtive testing methods - codal
provisions lor WOT, Elasicity, Creep o Sheinkige — Modulus of elasticiiy -
Dynamic modulus of elasticity — Poisson’s rtio - Creep of concrete - Faclors
influgncing creep - Relation berwees creep & Hime — Nature of creep - Effects of

creep - Shrinkage —fypes of shrinkape




Mix Deskgn: Factors in the cheice of mix Eﬂr;ﬁﬁm; Diurability of conerete —
Crality Control of conerete - Statistical methods - Acceptance coriferia —
Proportioning of concrete mixes by— BIS method wnd ACH mix design.

v Special Coneretes: Introduction- to Jight weleh conerete — Cellular concoete — 18
Mo-tines concrete — High densny concreiz = i ibne reimiorced concrete — Polymer
concrete — High performance eonorete — Self compacting concréte:

Conmet classes for syllabus coverage | 52
Totml Mo. of closses 52

e — — a

S} GAPS IN THE SYLLABUS - TO MEEY INDUSTRY/PROFESSION
REQUIREMENTS:

NIL

5.d). TOPICS BEYOND SYLLABUS! ADVANCED TOPICS:

el 1

5.e). WEB SOURCE REFEEENCES:

. Mame of book! website

| mptelac Ricoutsas 11210412710

ol glzw
1=

5. 0. DELIVERY/NSTRUCTIONAL MFETHODOLOGIES:

| & CHALK & TALK B STL D ASSIGNMENT | 81 WEB RESOURCES

| B 1 CVSMART BOARDS | B ST1 0, SEMINARS | T ADD-ON COURSES




S.gh  ASSESSMENT METHODOLOGIE=-DNRECT

1 ASSIGNMENTS | B STUD. | Bl TESTS/MODEL | B3 UNIV.

SEMINARS EXAMS EXAMINATION
CISTUD. LAB O sSTUD. VIVA L MINIMAIOR ]
PRACTICES PROIECTS CERTIFICATIONS
D ADD-ON | JOTHERS : =
COLRSES i

£.h), ASSESSMENT METHOUDLOGIES - INDIRECT

B ASSESSMENT OF COLRSE LT COMES
‘ (HY FEEDBACK, CNCE)

& STUBENT FEEDBACK ON

FACULTY (TWICE)

BY EXT. EXPERTS

30, TEXT/REFERENCE BOOKS:

-l

CIASSESSMENT OF MINIMAJOR PROJECTS | L1 OTHERS

T/R [ BOOK TITLEAUTHORSPUELICA TION

Text Book

Properties of concrete { A M. Neville / Bearson 5th edition

| Text Book Concrete technelogy M 5 Shetry S [Chandéco

Text Book Concreie h.,hnu!ng;, ]nh Thomas / Ccngag:: Leamning

Reference
Book

Cancrete techrology - ML Gmbhir / Tata Me.Grawhil!

Book MeGraw Hill Publishors.

Referemee | Concrete: Micro struciure. Propert =« snd materials/P ). Mehta and .M. Monteiro,

6. TE&EI‘HHG ECH_EDULE

Conecrete Tm:lmn-lug}'b} MLS, Shem

Frupemzs nfmncrr-te by A M. Neville

B oncrete Technology by M. f‘mhhlr__

ﬂ_

:mm-lr tea:hm-!up Flob T -.:mus P C m;_age Leamning

Tapie

T [ Haka | ookl | ks

B

[

“I..J'Ill




niroducticn on concrele technology

iy of port land cement cnd
Manufacturing of process of
tland coment

ical composition & Bogies
pounds of Portlimd cement

dration of cement, Structure of

Wifferent grades of cement.

A dmixtures and rypes of admixtures,

ymineral and chemical admix ures

cchanical properties nflﬂtﬂﬂﬂﬂ:

ahpuqﬁm and m:l:i:m'::
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tt Apgrepale 3 3 3
ion, Thermal properties
MSieve analysis, Fincness modulus, | < 3 3
iGradingeurves,
G ading of fine and coarse
porepates, Gap graded sgerepace, i 3 3
aximum aggrepate size
miroduction of wotkabiliy snd | & a 5
factors affiecting workabilit,
Measurement of workability by > A s
different tests, Setting time of
concrete PR )
EfTect of time and temperatuse o ; i g
orkabil ity |
gregation and bleeding of concrete, 6 4 &
Steps in manufaoiure of conzrete, ___5_ B 4 11
Mixing and vibeation of conorete B
pality of mixing water 5 4 6
otion an hardened corcrete, 7 5 8
ricement ratio, Abram’s law
immﬁu,nammufmglhﬂf = = &
concept inconcreteand | ?_ : 8
trength in tension and mmm,ss_irsh. 5 & B
affecting strength
Relation between compression and ) : g ]
ensike strength, curing '
HTesting of hardened concret: - = ,: = B
pression test and tensile strength
esting of hardened coneret. - ; - &
[Flexural test and spliting tes:
NDT methods and codal previsions | 1 | 12 8
]




Miodulus of elasticiy, dynanic |
smodulas of elastichy and po sons a 9 3 8 |
reep of concrete, factors
influgncing creep of concrete, ] L 3 B
slation between creep and 1ime
of creep, effects of creep 8 L 3 8
pe and tvpes of shrinkage g8 a 3 ]
. Im the chobce of mix 4 i 4 &
Turability of concrete 11 10 7 10
ality control of concrate, B 14 4 4
Statistical quality control of concrete
joning of conorete mix by =
1 14 11tal5
al concretes by BIS mehod .
ormal Mix design problem 11 14 1itol5 0
ormal Mix design problem 11 18 111015 10
Proportioning of concrere mix l!!}"
; 11 11tels
le Mix design problem BEY 14 1itels | 10
opartioning of cuncrete mix by .
5 . 1 14 111015 pli}
pump able concretes by ACT method :
mix design problem i | 14 11tols 10
{Introduction o Light weigh - “ Sk o
Jlular concretes = 1tels | 14
EESESSEh  fines conereie B | 11 1ltels 14
reinforced concrete Y 13 11015 | 14
Polymer concrete 12 13 1itels 14
-
F
II
{ J (A ng
v
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7. UNIT WISE HAND WRITTEN NOTES
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i) Vision
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¢). Propram Educational Ubjectives (PLO'S)
d). Program Outcomes (PLYS)

L&l Program Specific Ovizomes (M50 5)
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Cuourse Objectives, Course Outcames And 1 opic Outcomes
| 8). Course Objectives
b, Course Outcomes

). Topte Oulcomes

Course Prerequisites

Course Information Sheet [C15)

al, Course Descripiion
by, Syllabss

). Gaps in Syllabius

d}. Topics beyond syllabus
£). Web Sources-Heferences
’r} Delivery ! Insirctional Shsthod liyzies
g). Assessment Methodologies-Dircet

(). Assessment Methodologiis —Indirect
T}, Text books & Taferance backs
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Unit Wise Hand Written nites

~ Universing Previcas Question papers
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I
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1. Vision, Mission, PEO’s, I"0's & P50s

a).¥Yision of Civil Engineering Department

& To give the world mew “ge civil engimeers who can transform the society with their
creative vibe for the sustainablc developmest by instilling scientific temper with -cthical
human ouilook.

by}, Mission of Civil Enginecring Depariment

s Tomake the depurtment a Centre of excellence in the feld of ¢lvil engineering and
allied research

e Topromote innovative and original thinking in the minds of budding engineers to
face the challemges of futtre,

¢}). Program Educational Objectives of Civil Engineering Department

PEO1 | Graduates will utifize the foundation in Engineering and Scicnce to
improve lives and livelihoods through a successful career in Civil

Engineering or other lelds

or participating in effins 1o address Social, Technical and Business
Challenges o R
PEO3 | Graduates will engage in Life-Long Leaming and professional
development through Self-Study. continuing education or graduate and
professional studies in engincering & Dusiness

d) Program Ouicomes of Civil Engineering Department

| POl | Fundamental enginzering analysis skills:
| An ability to-apply knowledge of computing, mathematical foundations,
algorithmic principles, and civil enginsering theory m the mudelling and

design of 1o eivil engineering problams.

PO2 Information retrieval skills: A1 sbility to design and conduct
i experiments. as well &5 1o analyre oml interpret data.

——— S—_——




Creative skills: An aisility o -HEL,I malement, and evaluate & system,
process, component, ar progran 1o mee deslred needs, within realistic

consirints spch @5 seonamic, sny e mental, social, palitical, healih and
safery, manufacturability, and sustsinability, Ciraduates have design the
EHTIPREIENCE.

POd

Teamwork: An ability to function =Fectively on multi-disciplinary
teanms.,

POs

Engineering problem solving skills: An ahility 1o analyre o problem,
and identify, formulate and use ihe appropriate computing snd
engineering requirements for oblaining its solution,

......

Professional integrity: An undersmnding of professional, sthical, legal,

security and  social isswes. and  resoonsibilities.  Graduates  must
understand the princinles of ahical decision making snd can interpret
tke ASCE Code of Frhics. Grodusees will understand the proper use of
the work of others (c.g., plagiartun, copyrights, and patents), Graduates
will understand the specind duty they awe to protect the public’s health,
safiety and welfare by virwe of their professional status as engineers in
society.,

Speaking [ writing skills. An abiliy 1o communicate effectively, both in
writing and orally. Graduates gre able o produce engineering repons
ising wrinen, oral ard/ graphie methods of communieation.

Engineering impuct assessment skills: The broad education necessary
to analyze e local and giobal impact of computing and engineering
solutions on individuuls, orgenival ons, and society.

ro9

Social awareness: Krowledge of contemporary issues, Students are
aware of emerging technologies and current professional issues.

TPOLD

POIL |

Practical engineeris £ analysis skills. An ability 1o use the techniques,
skills, and moitern ermesring fnots necessary T enganﬁ:rln; practice.
Software hardware interface: An gh [ty o apply design and
development principies in the consruction of software and hardware
systems of varying complexity,

‘ rO12

Successful career and immediate employment: An ability to recognize |
the importance of professional development by pursuing posigraduate |
studies or face competitive examinations that offer challenging and
rewirding caneers in Uivil Engineering

¢). Program Specific Outcomes (P50)°5)

PO ~ DESCRIPTION
PSOI Edur:.aﬂng students with fundamentsl mathematical, scientific, un{ﬂ
engineering knowledge to have & significant and positive long-term impac
: rm&m!’midaﬂmli‘.rmmﬁng
' PSO1 | Emphasizing the importance of working in a team effectively snd
i to communicate properly within the team o achieve the desired outcome.
Motivate students in |sarning to lezm and the ability to keep leaming |

‘P‘S’D&

for a life-time fo increase their professionalism, update and deepen
their knowledge through the developmiznt of the profession.
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R18 B.Tech. Civil Engg. Syllabus JNTU HYDERABAD
CES11PE: CONCRETE TECHNCOLC3Y (Professional Elective 1)

B.Tech. Il Year | Sem, L TRD C
3 O 3

Pre-Requisites. Bislding Mal=rials

Course Dbjectives: The obiecives of t & course ere o
= Know different types of cement s par the - properies for different fiald applications.
= Understand Design sconemic concrete mik preporion for different exposure conditions and
intended purposes
= HKnow field and laboratory tests on cancras in plastic and hardened stage.

Course Outcomes: Aller the completiod of Ine Course siudent should be able to

= Determine the properies ol concrete ngredlends e cement, sand, coarse aggregaie by
conducting differant tests. Recognize the =fecis of the rheology and early age properties of
concrate o iks long-term behaiar.

« Apply the use of varous chem cal admixtures ard mineral additves o design cement-based
materials with tailor-made propetes

o Use advanced laboratory techn quas to characterze cement-based malensis.

#  Perform mix desion apd engineenng properties of special concreles such as hgh-performance
concrete, selfscompacting concraie, and fibre reinfprced concrate.

LINIT I

Cament: Porfland cement — chemical compasition - ~ydration, Sefting of camant — Structure. of
hydraled cement — Tesis on physical propeties - [riferent grades of cement. Admixtures: Types of
admixtures — mineral and chemical adm churs

UNIT =1

Aggregates: Classification of aggregate - Particle shape & texture — Bond, sirength & other mechanical

properiies of aggregate — Spedific gravity, Bulk density. porosity, adsorption & moisture content of

aggregate — Bulking of sand - Delsterc s substance n sggregate — Soundness of aggregate —~ Alkali
reaclinn — Thermal propertios - Skve anshyss — Fineness modulus = Grading curves —

Grading of fine, Menufactured sand and coarse Aforecates — Gap graded aggregate — Maximum

aggregate size: Propertos Recyded agoregate

UNIT =N

Fresh Concrete: Workability — Factors affecling warkanility — Measurement af workability by differant
tests - Setting Gmes of concrete — Effect of time ard t2mperature on workabliity ~ Segregation &
hieeding — Mixing, vibration ard revibration of canc-at: - Steps In manufaciure of concrete - Quality of
i watar

UNIT - TV

Hardened Concrete: Water | Cement ratio — Alwam's Law - Gelfspace rallo — Gain of sirength of
concrete — Malunty concept — Strength in tension end compression — Factors affecting strength —
Refation batwesn compression and tans: e strargd - Guring.

Testing of Hardened Concrete: Comgression lests — Tension tesis — Factors affeciing strangth -
Flaxura tests — Splifting tests — Pull-nul test, MNon-destrisive lesting mathods - codal provisions for
NOT

b3




R18 B.Tech. Civil Engg. Syflabus JNTU HYDERABAD

ELASTICITY, CREEP & SHRINKAGE - Moduius o eiasicity — Dynanic modulus of elasticty —
Fosigson's ratio — Creep of concrate — Factars Influencing creep - Relation betwesn creep & time -
Mature of creep - Effects of creap — Shrinkeos ~ lypes of shrinkage:

UNIT =W

Mix Design: Faclors in the choice of mix proporiess — Durability of concrale — Quality Contral of
concrete — Slalistical methods - Acceptance cntenn - Proparianing of concrete mixes by various
methods — BES method of mix design,

Special Concretes: Infroduction 1o Light waight cororeta - Callular concreta — No-fines concrate —
High density concrete — Fibre rainforced concrete — Folymes congrele - High performance conorete —
Solf eompaciing concrale.

TEXT BOOKS:
1. Conorate Technodogy by MS. Shetty, - 5. Chand & Co.: 2004
2. Concrete Technology by AR, Santhakwmar, 2 Edition, Oxford university Press, New Dalni
3, Concrete Technology by M. L, Gambhir, - Tam e, Graw Hill Publishars, NMew Delh

REFERENCE BOOKS:
1. Proporties of Concrate by A, M, Mevile — Law srced Edition — 4th edifion
& Conerate: Micro structurs, Properties apd Maiarals — P Mahta and J.M. Monteiro, Me-
Graw Hill Publishers

IS Codes:

IS 383

15510

15 10262 - 2008




3. COURSE OBIECTIVES, COURSE OUTCDMES AND TOPIC OUTCOMES
a). COURSE OBIECTIVES

(i)

Student should be able w differentive the matenials that can be effectively used for
preparing concrete.

(i) Student should be able to desiam, prepare 2ad work with the concrete

{iii) The mechanism of hydreiion and poteatial bydration with the concrete heat of hydration
kinetic, Shrinkage and i potential W geoeoute cracks bn concrele, including chemical,
autogen, drying, and carbonation shrinkage.
The basic principles of mix dasigning varfous types of concrete os well as curing
technology required foresch of the following types.
(v} High performance conereie, ultra high strength concrete, self-compacting conerete, under

water.

v

h). COURSE OUTCOMES

CO1: Identily Quality Control tests-on conerste making materials
CO02: Understnand the durability requirements of fresh conerete
C03;: |dentify Quality Control teses herdenec concrete

CO4: Design concrete mixes as per 15 ang ACH codes

CO8: Linderstand the need foe special concretes

¢} TOPIC OUTCOMES
5. No. | Topic to be covered Topic Qutcome
(AL the end of this. wopic student will be
_ — _| uble o) |
| L1 LINET-1: Cemont ,
Defing cement, aggregates and water,
Introdduction on concrels lecanolony
course
[2 | Tistory of port land cementand | Verious methods and stages of cement
Manufacturing process oo f Portlan manufpcturing.
cemeftl
= e = S| S Tty e )
L3 Chenmeal composition A= Hopies Verious chemical compaosition and
compounds of Ponland cemani compounds,
L4 I Hydration of cement, Stucture of  Tllustrace cement hydration and
hydrate cement and seti:ng time ol | consistency of cament
cement
| RO - p—T
L5 | Test on physical properties of cament. | Explain physical propertics test of




==zp

i 5 Mo, | Topie to be covered Topie Gutcome
[ Al the end of this topic student will he
- | shlew)
| | cement
' Lb Different grides of cem «nl. Describe the cement grades.
L7 Admixtures and types o “adinixtioes, | Define admixture, Classify the sdmixture
| mineral and chemical admixiures rypes — List out the different types of
| mineral and chermical admixtures
L8 UMNIT-I: Aggregates Define agerepates- Classify ageregates
hased on their particle shape and texture,
Introduction on Aggregiles and T |
Classiication of agereeste. Parlicle |
shape and texture, Bond strength
L9 Mechanical propertics of agaregute: Define specific cravity, bulk density and
Specific gravity, Bulk density, porosity. Conclude its imporiance in mix
parosity, absorption and mosture design. nggregate mechanical properties
comrent of aggregale.
LI | Bulking of aggrepate and Scundiess | Demonstrate bulking of sand. Explam
of apgregie soundness of aggrepate
LIl | Alkali aggregate Discuss deleterious substances in
reaction, Thermal propertics apzregates and its effect on properties of
sonerete. Define and alkall aggregate
reection and its effect on concrete
| properties. Explain thermal properties of
. | Apgregulcs |
[L12 | Sieve analysis, Fineness modulus, Demonstrate sicve analysis of aggregates
Grading curves, and discuss imporance of maximum size
of agpregates, Determine fineness
madulus, Prepare grading curves to make
i ‘aggregates comection indesignmix,
113 | Gimding of fine and coprse | Fxamine grading of fine and coarse
Aggrepates, Gap graded aggrepine, aggregates; discuss gap graded and
| Maximism sggregate sice maximum aggregate Sires.
Li4 | UNIT-IT: Fresh Conerete Explain properties of concrete define
workability and list out factors effecting
Introduction of workab:! ity and ' af workability,
factors affecting workability [, |
L15 | Measurement of worka=ility by | Demonstrate workability test to meastre
| different tests. Setting time of bk,
SoncIene - — . :
Li& Effect of time and temperniure on . Define concrete setting, discuss about
workability time and temperature cffect on
workabilitv. |




L3l |

shrinksges.

5. No. | Topic fo be covered Tophe Outcome
(Al the end of this topic student will be
. Ebleto)
LIT | Segregation and bleeding of concrete | Deline segregation & bleeding,
Demonstrate concrete mixing and
| vibration,

L18 | Steps in manulscture of concreze, List out conerete manufacturing sieps:

Mixing and vibration ol concrete deseribe the water quality and its
o | impomance in guality of concrete.

Lig Chaality of mixing water Quality of mixing wister in concrete.

- WD EXCARTIN ATION- ===
)

L20 | UNIT-IV: Hardened € onerete Define Water/Cement ratio, Abram’s
Intreduction on hardened concrere. -

| water/cement ratio, Abram’s lgw
1

121 Gel space ratio. nature of strength of | Caleulate gel-space milo 1o predict
conereie concrede strengti.

122 | Maturity concept in concrete and Explain concrete strength natures and
problems discuss maturity of concrete to caleulate

concrete strengli.

L33 | Strength in tension and compression.  List out factors effecting concrete
lactors allzeting strengio strength.

134 | Relation between compression anu | Distinguish between concrete
fensile strength, curing | compressive and tensile strength

125 | Testing of hardened concrete- " Demonstrate compression and tension
compression test and tecsile strength - lest of concrete,

Lt | Flexural test and sphtting les | Explain flexure, splitting tensile and pall

| aut tost of concrate.

[37 | NDT methods and code! provisiens | Explain Non-lestructive testing, Name it

B | with codal provisions.

L2 Modulis of elasticity, dvnamic " Define clasticity, creep and shrinkage of

modulus of elasticity an) poisons rat s | zoncrete, Explain experimental process
: | o determine modulus of elasticity.

L2v Creep of conerete, Tactors influencing | Lrefine dynamic modulus of elasticity:
ereep of concrete, relation between difTerentiote static and dynamic modulus
creep and time of elasticity, Show the relation between

' creep and time, (st out the effects of
. | ereep on concrete strength,
L3D Nature of creep, effects of creep Explain congrete creep and list out
| factors effecting on concrete creep.
[ 1.3 Shrinkage and (vpes of shrinkage . Deting shrinkage and list out types of




L2 Unit-V: Mix Design & Special Define mix desizn and its importance in
| Concrete | zomerete strength. List out the factors to
Factors in the choice ol mix proportion | choose the mix proportions.
L33 Durability of concrete Deline concrete duml:u]iﬁ'
L34 Quality control of concrate, Statistice| | Explain conerete guality conirol;
quality control of concrule demonstrate steiistical quality control
| and scceplance criterid.
Li3  Proportioning of concrese mix by | Select concrete mix proportions for
normail concretes by BIS method nomul conorete:
36 | Normal Mix design probiem = Design a mix design as per BIS method
and conclude the concrete mix
. | proportions.
137 Normal Mix design problem Design a M20 or M25 concrete mix for
| lecal available materials.
L3% Propartioning of concrese mix b Select concrete mix proportions for
pump ahle concretes by BIS method  pump able conereie.
139 | Pumpable Mix design problem Design # mix design as per BIS method
and conclude the concrete mix
prispart oz,
L40 | Propertioning of concrete mix by " Select concrete mix proportions for
pump able concretes by ACI methad  pump able concrete.
L41 AC| mix design probiem Select concrete mix proportions for AC
Method.
L42 Introduction 1o Light weight concel. | Define special concretes. Explain light
weight conerete and list out the merits
. | and demerits of it
L4% | Cellular concretes | Define cellular concrete. Explain
preparation produce of cellulur and its
| | applications in construction industry.
L No fines concrete " Define no fine concrete. Explain
preparetion procuce c of no fines concrete
. - and its applications in construction
. - | inchustry. |
L45 Fiber reinforced concrelz2 Dedine fiber reinforced concrete. Explain
| the | of its importance in FRC, |
L6 Polymer concnete and 1y pes of Define polvmer concrete. Explain the
polymer concrete ingredient of its importauce in polymer
| cumcrele
147 | Seifcompacting concree Demonstration of self-compacting
- | soncrete, list out the test to conclude
v self-compacting concrete.
L48 High density concrete Dremonstration high density conerete, 1is1 |
| out the test to conclude high density
== _i conanele




4. COURSE PRE-REQUISITES

1. Ingredients of concrate
2, Elements of bu'ding components

3 Charseteristics of cement, fine ppgrogate and coane aggrepales

5 COURSE INFORMATION SHEET

5 a) COURSE DESCHRIPTION:
PROGIAMME: B. Tech, (Civil Engineesing | DUGHEE: BTECH
COURSE: CONCRETT, TECHRNOLDGY YimK: NI SEM: | CREDITS: &

COURSE (ODE CESTIPE
RECHTLATION: LIS

TIWITRE TYPE: CORE

CORRESPONDING AR COURSE CODE/(TF ANY

YES LAB

T CONTALT HOURE: A0 (L*T1) houra Week. |
LaB COURSE MAME: CONCRETE TECHNOLDOGY

5.b). SYLLABUS:

 Unit |

— Detalls

CementiPortand cemant - cheraion compagition — Hydration, Setiing of cement
- Strueture of hydrate cement — Test on physical properties — Different grades of

i

cement. Admixtures: Types of admisures — minesal and chemicaladmisiores
Apgregate:Classification of sgaregite - Parcle shape & texture —, stength &
other mechanical properties o spgeegale — Specific gravity, Bulk density,
porosity, edsorpion & melstore content o megrepete — Bulking of sand -
Delaterinus substance in sgizrepate - Soundness of aggregate - Alksli sggregate
reaction — Thermal properties - Sieve analysis — Fincness modulus — Grading
curves — Grading of fing & conres Aggragates - Gap graded aggregte -
Maximur ggeregate size

il

Fresh Concrete: Workability -~ Factors alfecting workability — Measurement of
workahiliny el Ferantiests—Settimgtimesafconorele—
Effectoftimeandiemperaiureony orkability- Scereeation & bleeding — Mixing and
vibratlen of concrete — Stepe n manufomr of coperere — Quakity of mixing
Water

Hardened Concrete : Water ¢ Cement muo - Abram's Law - Gel space ratio —
Muture of srength of conaex - Maturity concept — Strength in tension &
compression — Facwors uffectivg sirength — Relation between compressive &
enad le sirengih - Coring.

Testing of Hardened Conerste: Conipross on fews — Tension 12615 Flaxure
tests — Splitting tests — Pull-cad 1est, Non-desirugtive testing methods - codal
provisions lor WOT, Elasicity, Creep o Sheinkige — Modulus of elasticiiy -
Dynamic modulus of elasticity — Poisson’s rtio - Creep of concrete - Faclors
influgncing creep - Relation berwees creep & Hime — Nature of creep - Effects of

creep - Shrinkage —fypes of shrinkape




Mix Deskgn: Factors in the cheice of mix Eﬂr;ﬁﬁm; Diurability of conerete —
Crality Control of conerete - Statistical methods - Acceptance coriferia —
Proportioning of concrete mixes by— BIS method wnd ACH mix design.

v Special Coneretes: Introduction- to Jight weleh conerete — Cellular concoete — 18
Mo-tines concrete — High densny concreiz = i ibne reimiorced concrete — Polymer
concrete — High performance eonorete — Self compacting concréte:

Conmet classes for syllabus coverage | 52
Totml Mo. of closses 52

e — — a

S} GAPS IN THE SYLLABUS - TO MEEY INDUSTRY/PROFESSION
REQUIREMENTS:

NIL

5.d). TOPICS BEYOND SYLLABUS! ADVANCED TOPICS:

el 1

5.e). WEB SOURCE REFEEENCES:

. Mame of book! website

| mptelac Ricoutsas 11210412710

ol glzw
1=

5. 0. DELIVERY/NSTRUCTIONAL MFETHODOLOGIES:

| & CHALK & TALK B STL D ASSIGNMENT | 81 WEB RESOURCES

| B 1 CVSMART BOARDS | B ST1 0, SEMINARS | T ADD-ON COURSES




S.gh  ASSESSMENT METHODOLOGIE=-DNRECT

1 ASSIGNMENTS | B STUD. | Bl TESTS/MODEL | B3 UNIV.

SEMINARS EXAMS EXAMINATION
CISTUD. LAB O sSTUD. VIVA L MINIMAIOR ]
PRACTICES PROIECTS CERTIFICATIONS
D ADD-ON | JOTHERS : =
COLRSES i

£.h), ASSESSMENT METHOUDLOGIES - INDIRECT

B ASSESSMENT OF COLRSE LT COMES
‘ (HY FEEDBACK, CNCE)

& STUBENT FEEDBACK ON

FACULTY (TWICE)

BY EXT. EXPERTS

30, TEXT/REFERENCE BOOKS:

-l

CIASSESSMENT OF MINIMAJOR PROJECTS | L1 OTHERS

T/R [ BOOK TITLEAUTHORSPUELICA TION

Text Book

Properties of concrete { A M. Neville / Bearson 5th edition

| Text Book Concrete technelogy M 5 Shetry S [Chandéco

Text Book Concreie h.,hnu!ng;, ]nh Thomas / Ccngag:: Leamning

Reference
Book
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8. OHIVLCD SHEETS /CDS/DVDS/PPT (SOFT/HARD COPIES)

Concrete has deep roots in history:
Wall at Palestrina, Italy, 1st Century BC




Roman Agueduct & Pantheon




CONCRETE

Portland Cement Manufacturing
Process
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PHYSICAL PROPERTIES OF
CEMENT

FIELD FENT




LABGHATEGRY FEAT

FINENERS TEST




STREMNGTH FEST

ITYPES OF CEMENT

QUTCK SETTING cEMENT LOW NE 4T CEMENT




AGGREGATE CLASSIFICATION:-SIZE
Y. *'ﬂ' 1

SNORALAL A GREGATE LMGHT WEINGHT 4GFGREG4IE

AGGREGATE
CLASSIFICATION:SHAPE




PROPERTIES OF AGGREGATE
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PROPERTIES OF AGGREGATE
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MEPLWCT TEAT CRIANTNG TEST




ADMIXTURES

=

CHEMIC AI ADMINTTURES MIANER AL ADMINTTRES

FRESH CONCRETE




MANUFACTURING PROCESS
OF CONCRETE

SNy s

05981




MINING OF CONCRETE

HAND MINTNG MACHINE MINING







PIL ICINGOF CONCRETE

CONTEYTOR BELT FPUMPING OF OONCRETE

(L RING
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WATER MEMEBRANE
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water coutent

Wix propoition

size of aggregare
shape of agegregate
texture of aggregate
grading of aggregate
nse of admivinres

WORKABILITY

'




MEASUREMENTOF
WORKABILITY

SLUMP TEST

COMPACTION FACTOR TEST




FLOW TEST V'EEBEE CONSINTOMETER

BLEEDING OF CONCRETE




SEGGREGATION OF CONCRETE

HARDENED CONCRETE
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WATERCEMENT RATIO
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sepior for moniioring the remperamse of concrete from frech ro havdened thage.

NATURE OF CONCRETE

FEACTIRE F (ORTELTN TR FLETRE (0 ¢ g CESTE ¢ [ES




STRENGTH IN TENSION AND
COMPRESSION
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FTESTING OF HARDENED ¢ ONCRETE

COMPREESSIVE STRENGTH OF COMCRETE




TENS

FILENURAL FEST

[LE STRENGTH OF CONCRETE

>

SPLIT TENSILE TEST

NDT METHODS

R ———

REBOUNDY HAMMER TEST
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PFULLOUT TEST
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ELECTRICAL RESISSTIVITY METHOD




SHRINKAGE

PLASTIC SHRINKAGE

DRITNVG AHRINKE AGE

MIX DESIGN




FACTORS IN THE CHOICE OF MIX
DESIGN

Compressive strength of concrete

Workabiliny af conevete




IHira Bl ity af canerare




Nowminal size of aggregote

Finrmery sodnloy
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MIX DESIGN PROCEDURE

TARGET MEAN STRENCGTH:
ek =fcl-1 6855
WATYRACEMENT RATHO:

Eapuvare PLL AL
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CALCULATTON OF MATER

Table 2 Masximum Water Content per Cubic
Metre of Concrete for NMominal
Maximuom Size of Aggregate
(i Tosawees o 2 A5 ggwaf BI-53

=4 Sopmmimal Wiaw e Slansmum Vs aver
S, Sier off Aggregaly T watemi "'
kg
(3] | B | i
il e o B
] il Ime
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CEMENT CONTENT:

take from above step
COARSE AND FINE AGGREGATES:

Volume of Cooarse Agprarrepade paer Llng

Bl e Maslurme of Total Apprcpate
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SPECIAI CONCRETE




LIGHT WEIGHT CONCRETE

Cfi ul wr comorere




NO FINES CONCRETE (OR) PERV110L'S CONCRETE




Self compacring concrete

High demiity concrete

bl




Fibire refnforced concrete

Polymer concrere
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10. MID exam Deseriptive Question Papers with Kay
VAAGESWARI COLLEGE OF ENGINEERING

{Approvec by AICTE, Affiliated to JNTUH)

BLOOMS | COURSE
LEVEL | OUTCOME

Understand | CO1

understand | CO

NI
understand |'LT}I

MID-T

i LND “Question

i Crive step by step method of Eil.ufﬂell-r'rﬂi priocess

of cement. s o

[ 2 What is Admixtores and explain the classification of
| |edwmixtwres? 00000000
[ 3 it) Explain the mechanical properthes of apgrepates?
| b} Explain the classification of aggpregates?
| 4 Briefly explain manufacturing procedure  of
Al concrete.

KEY

|
understand : co2

1. Explain the manufacturing process of cement with flow chart

The basic ingredient= of hoth the dry and wet processes are the same. By mass, lime and silica make

up approximately 85% of Portland cement The materizls thet are commonly used are limestone,
shells, chalk, shale, clay, siate, silica @ind, and rom ane

| Lisann-ss |
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2. What i= Admixtures and explain the classification of admixtures?

A material other than waler, agpregates, Or cement that is used as an ingredient of concrete or
martar to control setting and early hardsning. workability, or to provide additional cementing
properties.

1. Chemical wlmistures

Accelerslors, Retarders, Water-reducin g apents. Super plasticizers, Alr entraining agents eie

Water-reducing admixture / Plasticizsers

# Toachieve a higher strength by decreasing the water cement ratlo at the same workahility as

an admixture free mix.
¥ To achieve the same woarkabili v by decreasing (he cement content 5085 to reduce the heat
nf hvidrstion 1n mass concreee

# Toincrease the workability so 45 to eaze placing in sccessible locations

F Water reduction more than 3% but less than | 3%,
Super Plasticizers:
These are more recent and more effective type of water reducing admixtures also known
as gk romge water reducer.
Accelerator
An admixture which, when added (o concrete, monar, or grout, increases the rate of hydration of
hydraulic cement, shortens the time 0! 52t in concrele, or increases the rate of hardening or strength
development.
Air Entrained Admixtures:
An addition for hvdraulic cement or 29 acmixiure for concrete or mortar which causes air, usually
in small guantity, w be incorporated b the [vma ol musule bubbles in the concrete or mortsr during
mixing, wsually to imcrease s workasbility and frost  resistance, Air-entraining  sdmixtunes
are surfactants that change the surface tension of the water. Traditionally, they were based on famy
acid salts or vinsol resin but these have largely been replaced by synthetic surfactants or blends of
surfactanis o give improved siability and voul characieristics to the entrained alr. Air entrainment
is usad (o produce a number of effects in bath the plastic and the hardened concrete

2. Miscral admixiures
Fiv-ash Blasi-furmace slag, Silica fume and Rice husk Ash ete
Flv Ash:
The finely divided residue resulting from the combusiion of ground or powdered coal. Flv ash is
generully captured from the chimneys of coal-fired power plants; it has POZZOLANIC properties,
and is sometimes blended with cement for this reasaon,
Fly ash includes substantial amounts of silicon dloxide (5102) (both amombious and crystalline) and
calcium oxide (Ca0)). Toxic constituents fnelude srseqie, beryllium, boron, cadmium, chromium,
cobalt, lead, manganese, mercury, malybdenum, selenium, strontium, thallium, and venadium.
Silica Fume:
The terms condensed silica fume, micres lica. silica fume and volatilized silica are ofien used to
describe the by-products extracted from the exhavdt gases of silicon, ferrosilicon and other metal

alloy fumaces. However, the terms micros lica and sifiva fume are used to describe those condensed
silica fumes that are of high quality, - usi in tke coment and concrete industry, I i
1
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Hice Husk Ash:

This is o bio waste from the husk lefi from the grams of rice. 1t is used as 8 pozzolanic material in
cement to increase durgbility and streogth. The silica s ebsorbed from the ground and gathered
the husk where it makes a structere wd is flled with cellalose. When ¢ellulose is bumed, only
silica is beft which is grinded w0 fine powder whith s used as phzsolana,

J.a). Explain the mechanical proper les of nggrezaies?

Specific gravity

The ratio of weight of oven dried aggregates maintained for 24 hours at a temperature of 100 10
17T, 1o the weight of equal volume of water displaced by satursted dry surface aggrepate is
known #s specific gravity of apgrepate o

Specilic gravities are primurily of two ypes.

*  Apparent specific gravity

«  Bulk specific gravity

Ralk density

It is defined as the weight of the aggreaste reguired 1o {ill 8 container of unit volume. It is generally
expressed in koeTitre,

Bulk density of aggregutes depends upon the fllowing 3 factors,

»  Degree of compoction

Grading of aggregates
* Shape of nggregate particles
Porosity

Theet minute holes formed inorocks durng sofidifieetion of the molten magma, dise o gic
bubbles, are known as pores. Richs contuining pores are called porous rocks.
Adsorption and Moisture content

Water absorption mayv be defined as the ditfference between the weight of very dry aggregates and
the weight of the satrated aggregates with surfsce dry conditions,

Depending upon the amount of moistue content in sggrogates, it can exist in any of the 4
conditions,

«  Very dry aggregate [ kaving no moisture)
= Dry aggregate (contain some molsture in ifs pores)
» Saturated surface dry aggregate (pores complecaly fil.ed with moisture but no moisture on

surface)
= Muoist or wet aggregates (pores ar fllled with moicture and slsa having maoisture on surfacc)

A h). Explain the classification of aggregates”
Agporegates ure classified nccording (o shaps
» Robunded sogrepaies | |r
o Trregular or partly rounded aggregaies I A
*  Angular aggreguics '
* Flaky aggregates N e



* Elongated aggregates

» Flaky and elongated aggregate:
Ageregates are classified according (o sl

»  Fine sppregate

o Coarse aggregate
Agpregates are classified according o souree
= |gneons rocks
»  Sedimentary rocks
*  Metamorphic rocks
Apprepates are classified according 10 weight
= Mormal weight aggrepates
*  Light weight agpregues
»  Heavy weight aggregates

3. Brieflv explain manufacturing procedureofconcrete.

Butching:
The meisurement of mulérials making concrels (s soown a5 baiching, tiese balching are two
methods welgh batching and volume batching

Mixing:

Mixing of material is essential for the production of unfonm concrete, The mixing should ensure
that the mss becomes uniform in color and consistoney there are twio methods adopted for mixing
concrete hand mixing and machine mixing

Trunsporting:

The method adopted for transportation of conerete

Mortar pan, wheel barrow hand cart, coane bucket and rope way, truck mixer, belt conveyor, transit
mixer, pump and pipeline, helicopter.

Flacing of concrete:

Concrete is invariebly lzid as a foundution bed below the walls or columns before placing the
comerele in the foundation all the loase earth must b= removed from the bed,

Compaction:

Compaction of concrete i3 the process adopted for expelling the entrapped air fram the concrete.
T'he method of compaction is hand compaction, vibration compaction, compaction by pressure and
iolting, compaction by spinning.

Curing:

euring can also be described os keepiny the concrels mois: and warm enough so that the hydmtion
of cement can continue more elaborate iy it can be deseribed as the process of maintaining &
satistuctory moisture content and n faamble temperateae in concrete during the period immediately
following placement so that hvdration of cement mav continue until the desired properties are
developed 1o-a sufficient degree (0 mest the requirement of service. Curing methods are water

curing, membrane curing, and application of hear.
|
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Finisking:
It"s the last operation making conereic. 115 increases does not apply o all congreie opertiions

11. Assignment topics with materials
LNIT

CEMENT

1. Define mortar and its types

1. Explain about hydration of coment

3. What are the basie testing of cement

4. Determine the compressive strength of cement.

TOFPIC §: Mortar aod its (ypes

The mortar i a paste like substence prepared by adding required amount of water
ter @ dry milxture of sand or line agpregate with some binding material like clay, lime or

cement.

Limemortsr:
If lime &5 wsed as & binding matarial. the resulting mortas is known as fime mortar.

Mudmoriar:
When clay is used as & binding material, the resulting morar is known as mud

mMOrtar



TOFIC 2:Hydration

The sening and hardening ol concret: are the resull of chemical and physical processes that take place
betwoen Portland cement and water {.¢, hyddration. To understand the propertics and behaviour of
cement and concrele some knowledps of the chem stey of hydration 15 necessary.

A) Hydration reactions of pure cemenleompounds

The chemical reactions deseribing the hydration of the cement are complex. One approach is to study
the hydration of the individual compounde separirelv. This sssumes that the hyvdration of each
compound takes place independently of theothers.

I. Caleiumsilicazes

Hydration of the two calcium silicate s gives similur chemical products, differing anly in the smount
of calcium hydroxide formed, the hert relensed. ard reaction mie.

S+ THoOSHi+3CHION + 5 H—- 0y + CR

The principal hydration product 15 C s5:H, ealcium silicate hyvdrate, or C-5-H (non- stoichiometric).
This product is not a well-defined compound. The formula C3S3Hais only an gpproximate description.
It has amorphous structure meking us of peorky crganized layers and is called giue gel hinder, C-S-H
Is believed 1o be the material governing concrele strength, Another product is CH - Ca{OH ), calcium
hydroxide. This product is 8 hexagonal crysiel nlten forming stacks of plates, CH can bring the pH
value to over 12 and it 15 goad for corrosion protection afsteel,

1. Triscalcipmaluminate

Without gypsam, C3A reacts very ragidly with water,

Cad + 6.H— CadHs

The reaction is =0 fast that it resulls in Aash set. which is the immediate stiffening after mixing,
making proper placing, compacting and finishing imposcible.

With gypsum, the primary initial resction of CsA with water is

Cad + 3OS Hy + 26 H — Ced S alliz

The 6-calcium aluminate trisulfiate-12-hydraie is usnally called earingite. The formation of ettringite
shows down the hydraton of CiA by creating a diffuson harrer sround CaA. Flash set is thus avoided:
Even with gypsum, the formation of sttringite oes ars fister than the hydeation of the calchuy silicates.



It therefore contributes to the initis! stiffening, setting and early strength development. In normal
cement mixes.theetiringite i5 not stable and will furber reaes 1o fonm monoaulphate (Cad 8 H o

B}  Kinetics andHeactivity's

[he rate of hydration during the fiest few days is in the asder of CiA = 0% = CyAF =058

C) Calorimetric curve of Portlardeemem

A typical calorimetric curve of Portland cement s shown in the following figure. The second heat
peaks of both Ca5 and CsA can gencrally be distinguished, although their order of accurrence can be
reversed.

1) Setting andHydration

[nitial set of cement comesponds clusely 1o the end of the induction period, 2-4 hours after mixing.
Initial set indicates the beginning of forming of gel or beginning of solidification. It represents
approximately the time at which fresn concrete can no lenger be properly mixed, placed or compacted,
The final se1 occurs 5-10 hours after mixing, within the accelerstion period. It represents
approxmmately the time after which sirength develops at & significant rate.

In practice. initial and final set are determined in o rother arbitrary manner with the penetration lest

TOPIC 3: Basie fest of cement

Fineneas (= surface area / welght):

This test determines the avernge size cfcement grains. The typical value of fineness is 350 m* / kg.Fineness
controls the rate and completeness of hydration, The iner & cement,the more rapidly It reacts, the higher
the mte of heat evolulion and the higher the early strenpth.

Mormal consistency tesi:

This test is to determine the water required 1o schievea desired plasticity stase (called normal

consisiency) of cement pasie, It is abinined with the Vicat apparatus by mensuring the penetration of o
lpaded needle.

Time of setting:

Thig 1est is to determine the time regeired for cement paste to-harden. Initial set cannot be -t early

due to the requirement of mixing, conveying. pacing and casting. Final set cannat be too late owing

o the requirement of strength development. Time of setting s measured by Vicat apparatus. Initial
setting time is defined as the time al which the peedle penetrates 25 mm into cement paste. Final
setting time is the time at which the needle does 200 sink visibly into the cement paste.

Soundness;
[ Insoundness in cement paste refers 1o excessive velume change alfier setting. Unsoundness in cement

i% caused by the slow hydration of MpD or freclime
Their reactions are MO +H20 = Mg/ OHlz and Cald + HO = CalOH . Anmht!'ffmbrr thdt can cause

L AN
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unsoundness is the delayed formation of etrmgite affer cement and concrete have hardened. The
pressure from crystal growth will lead to cracking snd damage. The soundness of the cement must be
fested by accelerated methods, An example is the Le Chatelier fest (BS 4350), This test is to measure
the potential for volumetric change o cement paste, Another method i called Autoclave Expansion
test (ASTM C151) which use an autoe ‘gve (0 increase the temperature in accelerate the process.
Strength:

The srength of cement is measured on menar specimens made of cement and standard sand
isilica). Compression test is carried out on'a 2" cube with S/C ratio of 2.75:1 and w/cratio of 0.483

for Portland cemenis. The specimen: are tesied wol, asing o loading rate al which the specimen
will fail in 20 1o 80 5. The direct tensle st is canied out on a specimen shaped like a dumbbeil.
The load is applied through specificall v designed grips. Flexural strength is messured on a 40 x 40

% |6d) mm prism beam test under o centre-point bending.

TOPIC 4: Compressive Strength of Cement

This toit is camried out to determine the comprensive strength of cement,

Test Procedure for compressive streagth of cemonis

{1} The maortar of cement and sand {s prepared. The propodion is 1:3 which means that (X) gm of

cement ks mined with 3(X) gm of sand

i) The water is added 1o the mortar. | he water cerment ratio is kept as (.4 which means that (X) gm

of water is-added 1o dry moriar.

iiii} The mortar is placed in moulds. The test specimens are in the form of cubes with side os 70.6 mm

or 76 mm. The moulds are of metal and they sre constructed in such 2 way that the specimens can be

easily taken out without being damag=4. For 70,6 mm und 76 mm cubes, the cement required is 185

gm and 235 gm respectivoly,

The mortar, after being placed in the moulds, is corpacied In vibrating machine for 2 minutes,

{iv) Themoulds are placed in & damp cabin fior 2d hooes,

ivi) The specimens are removed from the mouolds and they are submerged in clean water for curing.

{wii) The cubis are then tested in comjrression testing mechine ot the end of 3 days and 7 days. The

testing of cubes is carried ot on their three sudes without packing. Thus thiree cubes are tested each

time to find cul the compressive strength at the end of b days and 7 days. The average value is then

worked out. During the test, the load 1. to be applicd uniformiby at the rate of 350 kg/cm2 or 35

Mimm2,

{vill} The compressive sirength of eement w 1he end of 5 dass should nod be less than 115 kglom2 or
Mimm2 and that ai the end of 7 day s shouid not be less than 173 kgfem2 or 17.50 Nimma2.



LINIT-I
AGGREGATES & ADMIXTURES

. Define aggregate and its classification
1. Expluin the admixtures class fication and functions

TOPIC L Deline aggregate and iis cossificaibon

Aggregates are delined as inert, granular, and Inorganic materials thas normally consist of stone or
stone- like solids. Aggrepates can be used alone (in road bases and various types of fill) or can be
used with cementing materials (such as Portland cement or asphalt cement) to form composite
matertals or concrete. The most porular wse of ageregates is to form Portland cement concrete,
Approximately three-fourths of the volume of Portland cemem concrete is occupied by aggregate. It is
neyitabie that a constituent occupying such u large percentage of the mass should have an imporant
effect on the properties of hoth the fesh and hardened products. As another important application,
aggregates are used in asphalt cement concrele n which they ceecupy 90% or more of the total
volume. Once again, aggregates can Logely influence the composite properties due Lo its large volume
fraction.

Classification ofAggregate

Aggregates can be divided into seven: catsgories soconding 1o different criteria.

Im acenrdance withsize:

Coarse aggregate: Aggregates pred minatelv remined on the Mo, 4 (475 mm) sieve. For mass
concrete, the maximum size can be s large as | 50 mm

Fine aggregate (sand): Aggregates passing Nod (4,75 mm) sieve and predominately retained on the
Ma. 200075 pm) sieve.

Lo wccordance withsources:

Natural aggregates; This kind of aggregate s tsken from natural deposits without changing their
nature during the process of production sueh a crushing and grinding. Some examples in this
category are sand. crushed lmestone, and gravel

Muanufsctured (synthetic) aggregaics: This is a kind of man-made materials produced as a main
product or an industrial by-product. Seme examples ar= blast furnace siag, lightweight aggregate (e.p.
expanded perlite), and hesvy weight eagregatzs (2.4 iron ore or crushed steel),

In sccordance with unitweigh:
Light weight aggregate: The unit we ght of aggrepate is less than 1120kg/m’, The corresponding



concrete has a bulk density less thun | 40Ukg/m". {ginder, blast-furnace slag, volcanic pumice ).

Normal weight aggregate: The aggregate has unit weight of 1520-1680kg/m’, The concrete made
with this type of aggregate has a bulk density of 2300-2400 kg/m’,

Heavy weight apgregate: The unit weight I= creater than 2100 lr.gfrrr‘. The bulk density of the
comesponding concrete is greater than 3200 kp/m', A typical example is magneslie limonite, a
heavy iron ore, Heavy weight concrets is used in special structures such as radiation shields.

In aecordance withorigin:

Ignecus rock Aggregate:

Hard, tough anddense.

s Massive structures: crystalline. glassy or both depending on the rate at which they ang
cooledduring formation.

s Agidic or basic; percentage of =ilicacontent.
s Light or derkcoloured.

s Chemically active: react witha!kalis.

Sedimentary rock Aggregate:
& [gneaus or metamorphic rocks mbjected fo weatheringagencies,
+ Decompose, fragmentize, tranzport and daposit desp beneath ocean bed are cementediogether.
= Hange from sofi-hand porous-denselight-heavy and can beflaky.

®  Suitabilinvdecidedby:degreeofconanlidation. rvpoofeementationthicknessofigverand
contamination,

Metamorphic rock Aggregate:
¢ Rocks subjected to high tempe-ature andpressure,
» [Economic factor intoconsiderscion

* Least overallexpense, |



FOPC 2: Admixtures can be clagsifizd by function ssfollows:

I, Alr-entraiming admaxtiires

[N ]
]

Witer-reducing admixiures
Plusticizers

Accelerating admixtures
Retarding admixiures
Hydration-control admixtures
Corrosion inhibitors

Shrinkage reducers

Alkali-silica reactivity inhibitors
0. Colouring admixtures

[=¥]

o ot R o

T Miscellaneous  admixtures such as  workability, bonding, damp proofing. permeability
reducing, grouting, gas forming, anti-vashout, foaring, and pumping admixtures,

Concrete should be workable, finish able, sinong, dursble, watertight, and wear resistant. These
gualities can often be obtained easily and economically by the seléction of suitsble materials rather
than by resorting to sdmixtures {excep: sir-entraining sdmixtures when needed).
The major reasens for using admixiures
1, To reduce the cost of conerete construction
2. To achieve certnin properties in conerete more offvctively than by other means
1, To maintain the quality of concrets during the ‘tagz=s of mixing, tmnspnﬂi:ng.
placing. and curing in adverse weathes conditlons
4. To overcome certain emengencies during concreting operations
LINIT-111
FRESH CUNCRETE

1. Define workability and facton: affecting workabilisy
2. Explam about segregation and bleeding of concrete
3. Explain various methods of measuring workabdlity

TOPIC 1: Workability |,

All the characteristics above deseribe many differcnt aspecis of concrete I:ehafﬂ:r’l]ﬂ.llmm
workability is used to represent all the gualities mentoned. Workahility is often chﬁ:_ﬁ;l in terms of

L



the amount of mechanical energy, or work, required 1o fully compact concrets without segregation,
This is imponant since the fnal strenprh i= o fimction of compaction.

The concept of viscosity is a measure of how a material behaves under stress. For o Mewtonian fluid,
the relationship may be written as:

T = nD

Where fis the shear stress, o is the viscosity, and D is ihe rate of shear or velocity gradient.For a very
dilute suspension of solids in liguid:, th:s refaticnship helds true. However, for large volumes of
suspended solids, like concrete, the “Mewionian mode does nof work. Concrete has an initial shear
strength that must be exceeded befire it will flow, This wpe of behaviowr s described by the
Bingham model:

r —1x5 = nb
Where ¢ is the vield shear stress, o s the plastic viscosity.

Factors AfMecting Workahility
Water Content of the Mix:

This is the single most important fact or governing workability of concrete. A group of particles reguires a
certain amount of water, Water is ahso rhedd o0 th= particle surface, in the yolumes between particles, &nd
provides “lubrication” (o help the partizles move pest one another more casily, Therefore, finer particles,
necessary for plastic behaviour, requirs more wiier, Some side- effects of increased water are loss of
strength and possible segrepation.
Influence of Aggregate Mix Proporiions:
Increasing the proportion of aggregates relative o the cement will decrease the workability of the
concrete. Abso, any additional fines will require more cement in the mix, An "over samded" mix
will be permeable and less economice'. A concr=te deficient of fines will be difficult o finish and
Prone o segregation.
Ageregate Properties:
The ratio of coarse/fine aggregate is no1 the only ‘actor affecting workability. The gradation and
particle size of sands are importent. Shape and tedure of aggregate will also affect workability,
Spherical shaped particles will not have the intersetion problems associated with more angular
partiches. Also, spherical shspes have o low surface/volume mtio, therefore, less cement will be
required 1o coot each particle and more will be as ailable to contribute o the v]pfﬁhiﬁh' of the
| Ny
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cencrete. Aggregate which s porous will absorb more water leaving less to provide workability, It
is imporant to distinguish between total water content, which includes absorbed water, and free
water which is available for improving workability

Time god Temperaiure:

In genefal, increasing temperature will caise an incresse in the rate of hydration and evaparstion,
Hoth of these effects lead to & loss of workahilin,

Loss of Workability:

Workability will decrease with time due to sevem! factors; continued slow hydration of C35 and
CIA during dormant period, loss of water through evaporation and absorption, increased particle
mteraction due o the formation of hydration prodists on the particle surface. Loss of workability
is meacured us "slump loss™ with-time

Cement Characteristics:

Cement characteristics are less importam than agurepate properties in determining workabifity,
However, the increased fineness of rapid-hardening cements will result in rapid hydeation and
mereased water requirements, both of which reduce workability,

Admixtures:
In general. air-entraining, water-roducing, and set-retarding admixtures will all improve

workability. However, some chemizal admivurss will react differently with cements and
agprepates and may result in reduced workabilite,

TOPIC 1; Segregation and Bleeding
Segregation:
Segregation refers to a separation of the component s of fresh conerete, resulting in a non-uniform
mix. This can be scen as a separation of coarse nggregare from the mortar, caused from sither the
settling of heavy aggregate to the bottom or the sepamtion of the aggregate from the mix due to

improper placement.
Some factors that increase segregution are:

| Larger maximum particle sizc (25mm) mne proportion of the larger particles,

[E=]

High specific gravity of coarse aggregate.
Decrease in the amount of fins panicles. |

|
Particle shape and texture. I v \

Water/cement ralio. U

o e



Bleeding:

Bleeding is defined as (he appeanuace of waler oo e surface of conerete after It has consolidated but
before it is sel Since mixing water is the [ighest compenent of the concrete, this is & special form of
segregation. Bleeding is generally the result of aggregates settiing into the mix and releasing their
mixing water. Some bleeding is normal for good covcrete.

However, if bleeding becomes 100 loealized, channeis will form resulting in "craters”. The upper
layers will become too rich in cement with a high w/c ratio causing a weak, porous structure, Salt may
crystallize on the surface which will affect boading with additional lifts of concrete. This formation
should always be removed by brushing and washing the surface. Also, water pockets may form under
large aggregates and reinforcing bars reducing the bond,

Hieeding may be reduced bv:

s [ncreasing coment fineness.
s [ncreasing the rate of hydration.
o |lsing sir-entroining admixrea
o Reducing the water costent,
TOPIC 3: Measurement of Workahility
Workability, a term applied to many concrate propenties, can be adeguately measured by three
charscteristics:
1. Compatibility, the ease with which the concrete can be compacted and air void removed.
2 Mobility, ease with which ecricrete can flow into forms and arcund reinforcement.
3. Sability, ability for concrete 1o remain stable and homogeneous during handling and
vibration without excessive sogregation
Different empirical measurements of worksbility bave been developed over the years. Mone of
these tests measure workability in tenns of the funilamental properties of concrete, However, the
following tests have been developed:
Blump Test:
The oldest, most widely used test for dezzrmining workability, The deviee b a hollow cone-shaped
mould, The mould is filled in three layers of cezh volume: Each layer 1= rodded with a 16mm steel rod
25 times. The mould is then lifted esvay &nd the zhange in the height of the concreie is measured
against the mould, The slump test is 3 measure of the resistance of conerete to Aow under its own
weight. I'. | /
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Ihere are three classifications of slumy; true” siump, shear slump, and collapse shump, True slimp is
a general reduction in height of the mass without any breaking up. Shear slump indicates a lack of
cohesion, tends to occur in harsh mixes. This type of result implics the conérete is not sultable For
placement. Collapse slump generallv indicates a very wet mix. With different agpregates or mix
properties, the same slump can be measured for very gifferent concretes.

Compaetion Test:

Concrete strength is proportional 1o its relative density. A test to determine the compaction facior was
developed in 1947, It involves dropping a volume of conerete from one hopper to another and
measuring the volume of concrete in (he final bopper 1 that of a fully compacted volume. This test is
difficult 1o run in the field amnd is not practical for large aggregates (over linj,

Flow Test:

Measures a concretes ability to fow under vibraion and provides information on its tendency to
segregate. There are a number of tesis available bul none are recognized by ASTM. However, the
flow table test described for monar flows is occasionally vsed,

Re-moulding Test:

Developed (o measure the work required 1o cause concrete nol only to flow but also to conform to s
new shape.

Vehee Test:

A standard slump cone is cast, the mould removed. and o transparent disk placed on top of the cone.
The sample is then vibrated till the di=k is compietcly covered with mortar. The time required for this
iz called the Vebee time.

Thaulow Drop Table - Similar o the Vebee ws: coept a cylinder of concrete is remoulded on a drop
iabie. The number of drops to achieve this remoulding 8 counted.

Penetration Test;

A meagure of the penetration of somc indenter into concrete. Only the Kelly ball penetration Lest is
included in the ASTM Standards. The Ke'ly bull peneiration 1est measures the penetrition of a 30 |b,
hemisphere into fresh concrete. This tast can be performed on concrete in a buggy, open truck, or in
form if they are not Wwo narow. [t can oe compered o the slump test for a8 measure of concrete

CONSISTENCY,

TOPIC 4: Setting of Concrate

1 5
Setting is defined as the onset of rigicity n hesh concrete. Hardening is the development of uscable

1 |
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and measurable strength; setting precedes hardening. Both are gradual changes controlled by
nydration. Fresh concrete will lose measurable slump before initial set and measurable strength will
be achieved after final set.

Setting &5 controlied by the hvdration of €8, The period of good workability is during the dormant
period, (stage 2). Initial sot corresponcs w the degioning of stage 3, a period of rapid hydration. Final
set is the midpoint of this acceleration phese. A rapid increase in temperature is associated with siage

3 hvdration. with o maximum rate af {Taal set

If large amounts of etiringite rapidly orm frome C-A Lydration, the setting times will be reduced. Cements
with high percentiges of CiA, such ns expansive or setsregulated cements, are entirely controlled by
ctiringite formation.

Abpormal Setting Bebavior

False Set: Early stiffening of conerete, fluidity may be restored by remixing. Basically, it is a result of
hydration of dehydrated gypsum, which forms nigid crysmls, Because there are few of these crystals
and they are weak, the matrix can be destroyed by remixing. Accelerated hydration of CIA will cause
rapid development of ettringite and faise-seL

Flash Set: Stiffening of concrete due to the rapid development of large quantities of C3A hydration
prodducts which cannot be retumed 1o o Ouid sate with miking. This is genemlly no longer o problem

since the imroduction of gypsum 1o control C2 4 hedrtion. However, some admixtures will [ncrease
C3A hydration and flash set may be a problem.

UNIT-1V
HARDENED CONCRETE
1. Explain about the strength of hardensd conerete
1. Explain Dimensiona! stabifit—Shrinloge and creep
3. What are the factors affecting in creep ex plam briefly.

TOPIC 1: Strength of hardened concrete

Strengih is defined as the ablliny of a material to mesist sress without Gilure, The fallure of
comcrete is doue to cracking. Under direct wension, concrete failure is doe o the propagation of a
single major crack. In compression, teilune involves the propogation of & large number of cracks,
leading to 8 mode of disintegration commonly referred to as ‘crushing’,

The strength is the property generally specified in consiruction design and quality control, for the
following reasons: i

(1} it 1% relatively easy to measure. and \ l



(2) Other properties are related to che strength ind can be deduced from strength data.
The 28-day compressive strength of conzrete detcrmined by @ standard uni-axial compression

testis accepted universally as a geners] indax of conenete strength,
TOPIC 2:Dimensional stability —-Shrinkage snd creep

Dimensional stability of a construction material refers 10 its dimensional change over a long
period of time. If the change is 5o smu 'l that it will not zause any structural problems, the material
i5 dimensionally stable. For comorete, drying shrinkage and creep are two phenomiena that

compromise its dimensional stability.

Shrinkage and creep are often discussed together because they are both governed by the
deformation of hydrated cement past: within concrate. The aggregate in concrete does not shrink
o crecp, and they serve to restrain te defurmation,

Drying shrinkage

After conerete has been cured and begins to dry, the excessive water that has not reacted with the
cement will begin to migrate from the inerior of the conerete mass 1o the surface. As the moisture
evaporates, the concrete volume shrinigs. The loss of moisture from thie concrete varies with distance
from the surface. The shortening per unit lenpth associnted with the reduction in volume due to
moisture loss is termed the shrinkage. Shrinkage is sensitive to the relative humidity. For higher
relative humidity, there is less evaporation and hence reduced shrinkage. When concrete is expased to
100% relative humidity or submerged in water, it will sctualby swell slightly.

Shrinkage can ercate siress inside cuncrete. Because concrete adjacent to the surface of & member
drics more rapidly than the interior, shrinkage sireins are initially larger near the surface than in the
interior. As a result of the differcntial shrickage, a set of internal self-balancing forces, ie
compression in the interior and tension on the owside, s set up.

In additional to the sel-balancing stresses set up by differential shrinkage, the overall shrinkage
creates stresses if members are restraned m the direction along which shrinkage ocours. If the tensile
stress induced by restrained shrinksgs exceeds the wasile strength of concrete, cracking will take
place in the restrained structural clement. If shrinkage cracks are not properiy controlled, they permit
the passage of water, expose steel reinforeements to the atmosphere, reduce shear strength of the
member and are bad for appearance of the sircture. Shrinkage cracking is often controlled with the
incorporation of sufficient reimforcing steel. o the provision of joints to allow movement. After
drying shrinkage occurs, ifl the concrete member is sllowed 1o absorb water, only part of the shrinkage
is reversible. This is because water is lost from the capillary pores, the gel pmts_ltt.:._. the pore within



the C-S5-H}), ns well as the space betwsen the U-5-1 leyvers, The water lost from the capillary and gel
pores can be easily replenished. However, once water 5 lost from the mterlayer space, the bond
between the layers becomes stronger o5 they get eloseér to one another, On wetting, it is more difficult
fior wister (o re-enter. As o result, part of the shrinkege |5 imeversible,

The magnimede of the ultimate shrinkuge [& privwrily o fumction of initial water content of the concrete
and the relative humidity of the survounding sivironment, For the same wi'c mtio, with increasing
agpregate content shrinkage is reduced. For concrete with fixed aggregate/cement ratio, as the wic
ratic increases, the cement becomes miore porous ind caa hold more water, Its altimate shrinkage is
hence also higher. 11 a stiffer aggregaic is used. shrinksge is reduced.

The shrinkage strain, € , is time dependent. Approximately 9%0% of the ultimate shrinkage occurs
during the first vear,

Hoth the rate at which shrinkage occurs and the magninude of the total shrinkage increase as the ratio
of surface to volume fncreases. This | becuuse the larger the surface area, the more rapidly moisture
TN EVAPOrale.

Based on & number of local investigations in Hong {ong, the value of shrinkage strain (afler one vear)
for plain concrete members appears (o lie between 0.0004 and 0.0007 (although value s high as
(U.0EHH has been reported). For reinforced concrete members, the shrinkage strain vaiues are reduced,
as reinforcement is belpful in reducing shrinkage,

Creep

Creep s defined as the time-dependent deformation under 8 constant load. Water movement under
stress is a major mechanism Jeading 10 creeping of concrete, As a result, factors affecting shrinkage
niso affect creep in a similar way. Besides moisture movement, there is evidence that creep may also
he: due to time-dependent formation snd propagation of microcracks, as well &s microstructural
adjustment under high stresses (where stress concentntion exists). These mechanisms, together with
water loss from the gel imerlayer, icad to irreversible creep. Creeping develops rapidly at the
beginning and graduslly decreases with time. Approccimately 75% of ultimate creep occurs during the
first year, The ultimate creep strain (alwer 20 years) can be 3-8 times the elastic strain.

Creep can influence reinforced concrete in the follinving aspeets.

ik Due to the delayed effects of creep, the long-term deflection of a8 beam can be 2-3 times
larger than the initial deflection.
i Creeping results in the reduction of siress in pre-siressed congrete whiTh can lead to



increased eracking and deflection under service lomil.

i), In a R.C column supporting & constent lopd, creep can cause the initial stress in the steel
tor double or triple with time because steef is non-creeping and thus take over the force reduced in
cOnCTele due In onsep.

Creep is significantly influenced by the stress level. For concrete stress less than 50% of it
stremggth, oreep is linear with stress, In this cose, the barger’s body, ‘which is 8 combination of
Maxwell and Kelvin models, Is a ressonable represeniation of creep behaviour. For stress more
than 50% of the strength, the crecep is @ nonlinear function of stress, and linear viscoelastic models
are no longer applicable, For stress level higher then 75-80%4 of strength, creep rupture can occur,
It is thierefore very important to keep :n mind that in the design of concrete column, 0.8 i tken
o be the strength limit,

TOPIC 3: Factors Affecting Creep Of Concrece

1) wic ratic: The higher the wic nuio, the hiphe: is the creep.

b} Aggregate stiffness (elastic modulus): The s1iffer the aggregate, the smaller the creep,

€f  Aggregate fmction: higher agpregate fraction leeds 10 reduced creep.

d)  Theoretical thickness: The thearetical thickness is defined as the ratio of section area to the
semi- perimeter in contact with the s mosphere. 1ligher the theoretical thickness, smaller the creep
2) Temperature: with increasing temperature, both the rate of creep and the ulfimate creep

increase. This is due to the increase in diffusion rate with temperature, as well as the removal of more
water al o higher temperature,

f) Humidity: with higher humid:y ir the air, there s Jess exchange of moistore between the
comcrete and the surrounding environment. The emount of creep is hence reduced.

£ Age of concrete at loading: The creep straip at o given time afier the application of loading is
lower if loading is applied 1o concrets at ¢ higher nge. For example, If the same loading s applied o
|4 day and 56 doy concretc (of the same mix), and creep strain is measured ot 28 and 70 days
respectively (ie.. 14 days after load spplication), the 46 day concrete is found to creep less. This is
because the hydration reaction has progressed 1o @ greater extent in the 56 day concrete, With less
capillary pores to hold water, creep is reduced,
fl
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UNIT-V

MIX DESIGN & SPECIAL CONCRETE

I. Explsin the test procedure fur concrele mix design
1. Define special concrete and its typey
J. Expluin aboot polvmer concreie

4.

Define self-compacting conercbe und its b pes

TOPIC i: Procedure for Conerete Mix Design —5456:2000

L.

Determine the mean tanget streapth fit from 19e specified choracteristic compressive
strenpth ot 28-day Luend the level of qualiny contool, = fu+ 1.65%

Where, 5 is the standard deviation obuined from the Table of approximate contents given after
the design mix.

2

Liw

Obtain the water cement ratio for the desired mean 1arget using the empirical relationship
between compressive strength anc water c2ment ratio so chosen is checked agnainst the
limiting water cement ratto. The wstor coment ratio so chosen is checked ngainst the
limiting water cement ratio for the recuirem=nts of dusability given in table and achopts the
tower of the two values.

Estimate the amount of entrapped air for maxiruon rominal size of the aggregate fromthe
able.

Select the water content, for the required workehi ity and maximum size of aggregates| for
aggregates in saturated surface dry condition ) from table.

Diectermine the percentage of ine agprepate in total sggregate by absdlute volume from
table for the conerete using crushed coarse pgaregete,

Adjust the values of water conent and percentige of sand as provided in the wble for any
difference in workahility, water cement ratio, greding of fine aggregate and for rounded
aggregiie the values ere given n tabie,

Calculate the cement content Jonm the watervement ratio and the final water content as
arrived after adjustment. Check the coment agaimst the minimum cement content from the
requirements of the durability. and greaser o the two values is adopted,

From the quantities of water and cement per unit volume of concrete and the percentuge of
sand already determined in steps 6 and 7 ohove, caleulate the content of coarse and fine
aggregates per unit volume of concrete from the fallowing relations:



W %J-ﬁgﬂ—*—ﬂ

Where, V = absolute volume of concrete = gross volume | Im®) minus the volume of
entrapped mir

S.= specific gravity of cement

W = Mass of water per cubic metre of concrete, kg C -
mass of cement per cubie metre of coccrete, kg
p = mtio of fine aggregate 1o total aggregate by absolutz volume

fa, Ca = toal masses of fine and coars: aggregstes, per cuble metre of concrete, respectively, kg,
and

S0, S = specific gravitics of saturatec surface dry line and coarse uggregates, respectively
9. Determine the concrete mix proporions for the frst trisl mic

10, Prepare the concrete using the <alculated proportions and cast three cubes of 150 mm size and
tesi them wet afler 28-days moist curing und check tor thestrength.

L1, Prepare trizl mixes with suitable adjustments 61! the final mix proportions arrived.

TOPIC 2: SPECIAL CONCRLTE

Special types of concrete are those with out-of=he-ardinary properties or those produced by
unusual technigues. Conerete is by definition s composite material consisting essemially of a
binding medium and aggregate partic/os. and It can wkeo many forms,

These concretes do have advantages oo well es &lsadvantages.

Types of special concrete
1. High Volume Fly Ash Concrete. J ’I _
2 Silica fumes concrete. L | J "I
3. GBS, Slag based concrete.
4, Temary blend concrete.
5. Light weight concreie,

B, Polymar concrete,



7. Self-Compacting Concrete.
8. Coloured Concrete.

9. Fibre-reinforced Concrete.
10. Pervious Concrete.

11. Water-proof Concrete.

12. Temperature Controlled Concrate

TOPIC 3: Polymer concrete

Polymer concrete is part of group of concretes that use polymers to supplement or replace

cement as a binder. The types include polymer-impregnated concrete, polymer concrete, and

polymer-Portiand-cement concrete.

In polymer concrete, thermosetting resins are used as the principal polymer

component due to their high thermal stability and resistance to a wide variety of chemicals.

Polymer concrete is also composed ol aggregates that include silica, quartz,

granite, limestone, and other high quality material.

Polymer concrete may be used for new construction or repairing ofold concrete.

The low permeability and corrosive resistance of polymer concrete allows it to be used
in swimming pools, sewer structure anplications, drainage channels, electrolytic cells
for base metal recovery, and other structures that contain liquids or corrosive

chemicals.

It is especially suited to the consiruction and rehabilitation of manholes due to their
ability to withstand toxic and corrosive sewer zascs and bacteria commonly found in

sewer systems.

It can also be used as a replacerment for asphalt pavement, for higher durability and

higher strength.

Polymer concrete has historically not been widely adopted due to the high costs and

difficulty associated with traditions] manufacturing techniques. |



TOPIC 4: Self compacting concrete
Self-compacting concrete (SCC) is an innovative concrete that does not require vibration for
placing and compaction. It is able to flow under its own weight, completely filling formwork

and achieving full compaction, ever in the presence of congested reinforcement.

The hardened concrete is dense, homogeneous and has the same engineering properties and

durability as traditional vibrated concrete.

Very close to the Kolhapur there is project of sieel industry, sand used for the formation of
mould when the moulds are opened the waste sand is dumped for the filling the low lying areas
while doing this the agricuiture areas is converted into barren area. Because there is no space
for the waste other than the land filling. similar case is in case of aluminium industry where red
mud is concluded to be waste, which contains lot amount of bauxite and that is why red mud is
also dump in the nearby areas here it is causing big threat for the society and it is disturbing the
eco system of the environment. So i1 is the need 10 use this particular otherwise waste material
for the constructive in such fashion in the case of concrete so that concrete which became cost

effective as well as eco-friendly.
Types

Powder type of self-compacting concrete: This s proportioned to give the required self-
compactability by reducing the water-powder ratic and provide adequate segregation

resistance.

Viscosity agent type self-compacting concrete: This type is proportioned to provide self-

compaction by the use of viscosity modifying adn ixture to provide segregation resistance.

Combination type self-compacting concrete: This type is proportioned so as to obtain

self-compactability mainly by reducing the water powder ratio.



13. Unit wise-Question bank

UNIT-I
CEMENT
Two marks question with answers

1. What is the chemical composition of cement?

Composition of Portland cement consists essentially of compounds of lime (calcium
oxide, CaO) mixed with silica (silicon dioxide. SiO ;) and alumina (aluminum oxide,
Al 20 3). The lime is obtained from a calcar:ous (lime-containing) raw material, and the

other oxides are derived from an argillaceous (clayev) material.

2. What is grade of cement? List any three grades of cement with their strengths,

» 721 hr not less than 23 MPa for 43 grade, 27 MPa for 53 grade
» 1682 hrs not less than 33MPa for 43 grade, 37MPa for 53 grade
» 6724 hrs not less than 43MPa for 43 grade, 53 MPa for 53 grade

3. Explain bogue’s compounds of cement?

Thorn bohm's description of the minerals in cement was found to be similar to Bogue's
compound. Hence, Bough's Compounds (35, C2S, C3A, C4AF are sometimes called in
literature as Alite, Belite, Celite. and Felite.

4. Define hydration of cement”

The water causes the hardening of concrete through a  process
called hydration. Hydration is a chemical reaction in which the major compounds in
cement form chemical bonds with water molecules and become hydrates
or hydration products.

5. Write brief about Portland cement?

Concrete is made by Portland cement, water and aggregates. Portland cement is hydraulic
cement that hardens in water to form a water-resistant compound. The hydration products
act as binder to hold the aggregstes together ‘o form concrete. The name Portland cement
comes from the fact that the colour and quality of the resulting concrete are similar to

Portland stone, a kind of limestone found in England.



Three marks question with answers

1. List various types of cement.
¢ Rapid Hardening Cement

e Quick setting cement

e Low Heat Cement

e Suiphates resisting cement
¢ Blast Furnace Slag Cement
e High Alumina Cement

e White Cement

e Coloured cement

e Pozzolanic Cement

e Air Entraining Cement

¢ Hydrographic cement

2. What is the purpose of plasticizer in concrate?

Plasticizers or water reducers, and superplasticizer or high range water reducers, are
chemical admixtures that can be added to concrete mixtures to improve workability. Unless
the mix is "starved" of water, the strength of concrete is inversely proportional to the

amount of water added or water-cement (w/c) ratio.

3. Explain about Normal consistency test?

This test is to determine the water required to achieve a desired plasticity state (called
normal consistency) of cement paste. It is obtained with the Vicat apparatus by measuring
the penetration of a loaded need!z.

4. Explain about Soundness ¢! cerent?
Unsoundness in cement paste refars to excess ve volume change after setting and cement is

caused by the slow hydration of MgO or free lime. Their reactions are MgO +H>0 =
Mg(OH)2 and CaO + H>0 = Ca(OH),. Another factor that can cause unsoundness is the
delayed formation of cement and concrete have hardened. The pressure from crystal
growth will lead to cracking anc damage. The soundness of the cement must be tested by
accelerated methods. Le Chatelier test this test is to measure the potential for volumetric
change of cement paste. Another method is Autoclave Expansion test which use an

autoclave to increase the temperature to accelcrate the process.

[
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Five marks question with answers

1. Explain the manufacturing process of cement?

Manufacturing Portland cement:
The basic ingredients of both the drv and wet processes are the same. By mass, lime and silica
make up approximately 85% of Portland cement. The materials that are commonly used are

limestone, shells, chalk, shale, clay, slate, silica sand, and iron ore.
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2. What is hydrated cement? Explain the Leat of hydration

A compound produced by combining a substence chemically with water. Many minerals and
crystalline substances are hydrates. To combine a compound with water, especially to form
a hydrate.to supply water to a person in order o restoe or maintain a balance of fluids.

Heat of Hydration

The heat of hydration is the heat gencrated when water and portland cement react. Heat of
hydration is most influenced by the proportion of C3S and C:A in the cement, but is also
influenced by water-cement ratio, fineness and curing temperature. As each one of these
factors is increased, heat of hydraticn increases. I large mass concrete structures such as
gravity dams, hydration heat is produced significantly faster than it can be dissipated
(especially in the center of large concrete masses). which can create high temperatures in the
center of these large concrete masses that, in turn, may cause undesirable stresses as the
concrete cools to ambient temperature. Conversely, the heat of hydration can helj maiptain
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3. Explain the testing method of Compressive Strength of Cement
This test is carried out to determine the compressive strength of cement.
Test Procedure for compressive sirength of cement:
(i) The mortar of cement and sand is prepared. The proportion is 1:3 which means that (X) gm
of cement is mixed with 3(X) gm of sand.
(ii) The water is added to the mortar. The water cement ratio is kept as 0.4 which means that
(X) gm of water is added to dry moriar.
(iii) The mortar is placed in moulds. The test specimens are in the form of cubes with side as
70.6 mm or 76 mm. The moulds are of metal and they are constructed in such a way that the
specimens can be easily taken out without being damaged. For 70.6 mm and 76 mm cubes, the
cement required is 185 gm and 235 gm respectively.
The mortar, after being placed in the moulds, is compacted in vibrating machine for 2 minutes.
(iv) Themoulds are placed in a damp cabin for 24 hours.
(vi) The specimens are removed from the moulds and they are submerged in clean water for
curing.
(vii) The cubes are then tested in compression testing machine at the end of 3 days and 7
days. The testing of cubes is carried out on their three sides without packing. Thus three cubes
are tested each time to find out the compressive sirength at the end of 3 days and 7 days. The
average value is then worked out. During the test, the load is to be applied uniformly at the rate
of 350 kg/ecm2 or 35 N/mm2.
(viii) The compressive strength of cement at the end of 3 days should not be less than 115 !
kg/cm2 or 11.50 N/mm2 and that at the end of 7 days should no be less than 175 kg/cm2 or '

N/mm2.

Objective question with answers

1. For quality control of Portland cement. the test essentially done is [ ]
A. Setting time  B. Soundness C. tensile strength D. All the above
2. Lower the normal consistency value, [ ]
A. Lower will be the strength of concrcte  B. Medium will be the strength
of concrete

C. Higher will be the strength of concrete  D. None of the above

3. The mixture of different ingredients of cement, is burnt at [ ]
A.1000°C B.1200°C C.1400°C D.1900°C

4. The size of vic at needle, used to cenduct sctting of cement is [ ]
A. 10mmDia B.lmm? C.3mm2 D. 10 mm F)ia/
' \\ AN/ \ :
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5. To obtain cement dry powder, lime stones and shales or their slurry, is burnt ina

rotary kiln at a temperaturc between [ ]
A. 1100° and 1200°C B. 1200° and 1300°C
C. 1300° and 1400°C D. 1400° and 1500°C
6. Vicat's apparatus is used ior [ ]
A. Fineness test B.consistency test C. setting time test D. Band C
7. Fine aggregates are the aggregates having the size less [ ]
than:
A. 5Smm B.4.75mm . 3.50mm D.2mm

8. For the improvement of v.orkability of concrete, the shape of aggregate recommended is
A. Angular B.Round C.Flaky D.Irregular

9. In an ordinary Portland cement, the composition oflimeis [ ]
A. 50% B.63% C.21% D.33%
10. Inconcretecubetest,thestandardsizeofcubeis [ ]
A. 15ecmx 15 em x15cm B.10cmx 10 cm x 10cm
C. 20 cm x20cmx 20cm D. Nene
KEY
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Fill in the blanks question with answers

1. Approximate percentage range of CzO in OPC is=
Approximate percentage range of Al:O;in OPCis=
Approximate percentage of SIO2in OPC' is=

= B =

_ number of grades available in OPC
Which compound is liberates higher Vheat=
Which compound is liberate slower heat=
In M20 concrete M refers to=

At an early age greater strength contribute compound is=

© © N W

The role of gypsum in cement is= [ ( j\f\

10. Least strength contributes compounds is=
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60-67%

3-8 %

17-25%
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1. How does alkali aggregate reaction affect concrete?

» The alkali-silica reaction (ASR), morz commonly known as "concrete cancer”, is a
/

alkaline cement paste and the reactive non-crystalline (amorphous) silica found in many

swelling reaction that

common aggregates, given sufficient moisture.

2. What is the common classification of agaregates?

« Fine aggregate
» Coarse aggregate

UNIT-II

AGGREGATE AND ADMIXTURES

Two marks question with answers

occurs  over  tiine

Aggregates are classified into 2 types according to size

Aggregates are classified according to shape

in concrete between
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¢ Rounded aggregates

e Irregular or partly rounded &ggrezates
e Angular aggregates

* Fiaky aggregates

¢ Elongated aggregates

s Flaky and elongated aggregates

3. List out the types of admixtures?
a) Accelerating admixtures
b) Retarding admixtures
c¢) Water-reducing admixtures
d) Air-entraining admixtures
e) Super plasticizing admixtires
f) Air-entraining admixtures
g) Accelerating admixtures
h) Water reducing and set controlling admixtures
i) Admixtures for flowing concrete
1) Miscellaneous admixtures
4. Define admixtures?
A material other than water, aggregates, or cement that is used as an ingredient of concrete
or mortar to control setting and eerly hardening, workability, or to provide additional

cementing properties

S. Explain Alkali Aggregate Reaction

Alkali-aggregate reaction is a term mainly referring to a reaction which occurs over time in concrete
between the highly alkaline cemen: paste and non-crystalline silicon dioxide, which is found in
many common aggregates. This reaction can cause expansion of the altered aggregate, leading to
spalling and loss of strength of the concrete. The ulkali-aggregate reaction is a general, but relatively
vague, expression which can lead to confusion. More precise definitions include the following:

I. Alkali-silica reaction (ASR, the most common reaction of this type);

2. Alkali-silicate reaction, and:

3. Alkali—carbonate reaction

Five marks question with answers LJ\\

1. Explain the soundness of aggregate? (\/V



Seundness of Aggregate
The soundness test determines an aguregate’s resistance to disintegration by weathering and, in
particular, freeze-thaw cycles. Aggregates that are durable (resistant to weathering) are iess

likely to degrade in the field and cause premature HM A pavement distress and potentially,
failure.

The soundness test repeatedly suomerges an aggregate sample in a sodium sulphate or
magnesium sulphate solution. This process causes salt crystals to form in the aggregate’s water
permeable pores. The formation of these crystals creates internal forces that apply pressure on
aggregate pores and tend to break the aggregaie. Afier a specified number of submerging and

drying repetitions, the aggregate is si2ved to determine the percent loss of malerial.
2. What is Admixtures and explaino the classification of admixtures?

A material other than water, aggregates, or cement that is used as an ingredient of concrete or
mortar to control setting and early hardening, workability, or to provide additional cementing
properties.

Chemical admixtures: Accelerators, Retarders. Water-reducing agents, Super plasticizers, Air
entraining agents etc.

Water-reducing admixture / Plasticizers

» To achieve a higher strength by decreasing thc water cement ratio at the same
workability as an admixture free mix.

# To achieve the same workability by decreasing the cement content so as to reduce the
heat of hydration in mass concretz.
# To increase the workability so as to ease placing in accessible locations
» Water reduction more than 5% but less than 12%.
Super Plasticizers:
These are more recent and more effzctive type of water reducing admixtures also known as high

range water reducer.

Accelerator

An admixture which, when added to concrete, mortar, or grout, increases the rate of hydration
of hydraulic cement, shortens the time of set in concrete, or increases the rate of hardening or
strength development.

Air Entrained Admixtures:

An addition for hydraulic cement or an admixture for concrete or mortar which causes air,
usually in small quantity, to be incorporated in the form of minute bubbles in the concrete or
mortar during mixing, usually to increase its workability and frost resistance. Air-entraining
admixtures are surfactants that chunge the surface tension of the water. Traditionally, they
were based on fatty acid salts or vinsol resin but these have largely been replaced by synthetic

Vi



surfactants or blends of surfactants to give improved stability and void characteristics to the
entrained air. Air entrainment is used to produce & number of effects in both the plastic and the
hardened concrete

Mineral admixtures

Fly-ash Blast-furnace slag, Silica fumne and Rice husk Ash etc

Fly Ash:

The finely divided residue resulting from the combustion of ground or powdered coal. F ly ash
is generaily captured from the chimneys of cozl-fired power plants; it has POZZOLANIC
properties, and is sometimes blendec with cement for this reason.

Fly ash includes substantial amouants of silicon dioxide (SiO2) (both amorphous and
crystalline) and calcium oxide (Ce0). Toxic constituents include arsenic, beryllium, boron,
cadmium, chromium, cobalt, lead, manganese, mercury, molybdenum, selenium, strontium,
thallium, and vanadium.

Silica Fume:

The terms condensed silica fume, microsilica, silica fume and volatilized silica are often used
to describe the by-products extracted from the exhaust gases of silicon, ferrosilicon and other
metal alioy furnaces. However, the terms micro silica and silica fume are used to describe
those condensed silica fumes that are of high quality, for use in the cement and concrete
industry.

Rice Husk Ash:

This is a bio waste from the husk left from the grains of rice. It is used as a pozzolanic material
in cement to increase durability and strength. The silica is absorbed from the ground and
gathered in the husk where it makes a structure and is filled with cellulose. When cellulose is
burned, only silica is left which is grinded to fine powder which is used as pozzolana.

3. How does alkali aggregate reaction aifect concrete? Also explain thermal
properties of aggregates?
Alkali-aggregate reaction is a term mainly referring 1o a reaction which occurs over time in concrete
between the highly alkaline cemen paste and non-crystalline silicon dioxide, which is found in
many common aggregates. This reaction can cause expansion of the altered aggregate, leading to
spalling and loss of strength of the concrete.

The alkali-aggregate reaction is & general. but relatively vague, expression which can lead to
confusion. More precise definitions include the fo!lowing:

1. Alkali-silica reaction (ASR, the most common reaction of this type);
2. Alkali-silicate reaction, and:
3. Alkali—carbonate reaction.

Thermal properties:
Rock and aggregates posses’ three thermal properties which are coefficient of expansion, specific

heat and thermal conductivity

The thermal conductivity varies with the density of concrete, with heavier aggregates resulting
in higher thermal conductivity. The conductivity of concretes known generally to decrease with
increased temperature, through the loss of pore water and the dehydration o( cement paste.

/ (



4. What is Bulk Density of Aggrezates

Bulk density of aggregates is the mass of aggregates required to fill the container of a unit
volume after aggregates are batched based on volume It depends on the packing of aggregate
i.e. either loosely packed aggregeies or well dense compacted aggregates. In case, if
the specific gravity of material is known, then it depends on the shape and size of particles. It is
because, if all the particles are of same size then packing can be done up to a very limited
extent. If the addition of smaller paticles is possible within the voids of larger particles than
these smaller particles enhance the bulk density of e packed material. Shape of the particles
also influence very widely, because closeness particles depends on the shape of aggregates.

Loose Bulk Density

Loose bulk density can be determined by filling the container with dried aggregates until it
overflows from the container. Now level the top surface of container by rolling a rod on it.
After that, weight the aggregate mass that is inside the container and divide it by the volume of
container. This will give you the bulk density of the loose aggregates.
Compacted Bulk Density

Compacted bulk density can be determined by filling the container in three layers and tamped
each layer with a 16mm diameter rounded nosed rod. After filling in three layersnow leveled

the top surface and evaluate compacted bulk density by using the same expression as for loose
bulk density.

5. Explain the classification of aggregates?
Aggregates are classified according to shape
I.Rounded aggregates
2.Irregular or partly rounded aggregates

3.Angular aggregates
4.Flaky aggregates
5.Elongated aggregates

6.Flaky and elongated aggregates
Aggregates are classified according to size _ ‘
1.Fine aggregate 3 VA
2.Coarse aggregate

Aggregates are classified according 10 source



1. Igneous rocks

2. Sedimentary rocks

3. Metamorphic rocks

Aggregates are classified according to weight
I. Normal weight aggregates

2. Light weight aggregates

3. Heavy weight aggregates

Objectives question with answers

1. The rock which is notcalcareous,is: [
A.limestone B.Macl C.Chalk D.Laterite
2. The resistance of an aggregate 10 compressive forces isknownas [

A .Crushingstrength B. Impact value C. Shear resistance D.None of the above

2

For the improvement of workability of concrete. the shape of aggregate recommendedis
A.Angular B.Round C.Flaky D.Irregular

4. Determination of Moisture Content of aggrezatcby [
A.Dryingmethod B. Displacementmethod
C. CalciumCarbidemethod D. All of theabove.

5. Factors which promote alkali azgregate reactiorare [
A. Reactive typeofaggregate B. High alkalicontent
C. AvailabilityofMoisture D. All theabove

6. In concrete the fine aggregates is usedto [
A. Fill up the voidsincement B. Fi'l up the voids in coarseaggregate
C. Fill up the voidsinsand D. All theabove

7. In Shape Test, the dimension of thickness gauge is calculatedas [

A. 2 AtimestheaverageofthesizeofretainedandpassingSieve
B. 1.2timestheaverageofthesizzofretainedandpassingSieve
C. 0.6timestheaverageofthesizcofretainedandpassingSieve

D. | 8timestheaverageofthesizeofretainedandpassingSieve

8. In concrete the material used as a fineaggregateis [

A. Cement B.Sand Cjelly D.Gypsum ( /
I\I \



9. The commonly used material in the manufacture of cementis[]

A _sandstone B.Slate C.limestone D.graphite.

KEY
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Fill in the blanks question with answers

I. Thesizeofthecoarseaggregateismorethan=

S

Thesizeofthefineaggregatzislessthan=

[

The minimum 28 days’ compressive strength of 43 grade cementis=
4. The easiness of handling concrete is knownas=

5. Device which is used to find out norma! consistency of cementis=

Q.NO ANSWERS
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UNIT-11I
FRESH CONCRETE

T | : itt _
1. Definebleeding.

Bleeding is one form of segregation, where water comes out to the surface of the concrete,
being lowest specific gravity among ali the ingredienis of concrete. Bleeding can be easily
identified in the field by the appearance of a thin layer of water in the top surface of freshly

mixed concrete.

2. DefineSegregation.

Segregation in concrete is commonly thought as separation of some size groups
of aggregates from cement mortar in isolated locations with corresponding deficiencies of
these materials in other locations. Segregation results in proportions of the laid concrete being
in variation to those as designed Segregation could result from internal factors such as concrete
that is not proportioned properly and not mixed adequately, or too workable a mix. It also
could resuit from external factors such as too mwuch vibration, improper transportation,
placement, or adverse weather conditions. The corresponding increase in proportion
of cement paste in upper areas would tend to make them susceptible to increased shrinkage and
formation of cracks. These cracks could be 10 pm to 500 pm wide, formed perpendicular to

the surface, and be in the form of map patterns."
1. Define workability.

According to Granville “it is that property of the concrete which determines the amount of

useful internal work necessary to produce full compaction.”

Powers defined it as “that property cf plastic concrete mixture which determines the ease with

which it can be placed and the degree to which it resists segregation”

ACI (American Concrete Institute) defines it as ‘that property of freshly mixed concrete or
mortar which determines the ease and homogeneity with which it can be mixed, placed,

consolidated and finished’.



ASTM (American Society for Testing and Materials) defines it as “that property determining
the effort required to manipulate a freshly mixed quantity of concrete with minimum loss of

homogeneity™.

4. List the different factors affecting workability.

» Cement content of concrete.

» Water content of concrete.

« Mix proportions of concrete.
* Size of aggregates.

« Shape of aggregates.

» Grading of aggregates.

« Surface texture of aggregates.

« Use of admixtures in concrete.

S. Define Compacting Factor of workable concrete?

The ratio of the weight of partially compacted concrete to the weight of the concrete when
fully compacted in the same mould. The Compacting Factor Apparatus is used to determine

the compaction factor of concrete with low, medium and high workability.
Tt i L itt
1. What is the slump test for?

The slump test is a means of assessing the consistency of fresh concrete. It is used, indirectly,

as a means of checking that the corrzct amount of water has been added to the mix.
2. What is mixing of concrete and its methods?

Through mixing of concrete is essential for the production of uniform concrete. The mixing
should ensure that the mass becomes homogeneous, uniform in colour and consistency. There

are two methods adopted for mixing concrete hand mixing and machine mixing

3. Define compaction and its methods?

Compaction of concrete is the process adopted for expelling the entrapped air from the
concrete. In process of mixing, transporting. and placing of concrete air is likely tp get

entrapped in the concrete. I



Methods of compaction:

» Hand compaction

» Compaction by vibrators

» Compaction by pressure and jolting
» Compaction by spinning

4. Flow Table Test

The flow table test or flow test, also known as tne slump-flow test, is a method to determine
consistency of fresh concrete. Flow table test is also used to identify transportable moisture
limit of solid bulk cargoes. It is used primarily for assessing concrete that is too fluid
(workable) to be measured using the slump test. because the concrete will not retain its shape

when the cone is removed.

Application when fresh concrete is dzlivered to a site by a truck mixer, its consistency needs to

be checked before it is poured into formwork.

If consistency is not at the desired lcvel, concrete will not have the required strength and other
qualities once it has set. If concrete is too pasty, cavities may form within it. Rebar may

become corroded, and concrete will crack. Cavities also reduce the concrete strength.

5. What is meant by proportioring of concreie?

The process of relative proportions of cement, sand, coarse aggregate and water, so as to obtain

a concrete of desired quality is known as the proportioning of concrete.

The proportions of coarse aggregate, cement and water should be such that the resulting

concrete has the following properties:

e When concrete is fresh, it should have enough workability so that it can be placed in the
formwork economically.

¢ The concrete must possess maximum density or in the other words, it should be
strongest and most water-tight.

e The cost of materials and labour required (o form concrete shouid be minimum.

Fi I —_—

1. Explain in detail the slump test procedure and working principles

Concrete slump test is to determine the workability or consistency of concrete/ mix prepared at

the laboratory or the construction site during the progress of the work. Conpfete slump test is
‘V'H \J/
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carried out from batch to batch to check the uniform cuality of concrete during construction.
The slump test is the most simple workability tes: for concrete, involves low cost and provides
immediate results
Factors which influence the concrete slump tes::
1. Material properties like chemistry, fineness, particle size distribution, moisture
content and temperature of ceinentitious niaterials. Size, texture, combined grading.
cleanliness and moisture content of the aggregates.
2. Chemical admixtures dosage. type, combination, interaction, sequence of addition and

its effectiveness.

3. Air content of concrete.

4. Concrete batching, mixing and transporting methods and equipment,

5. Temperature of the concrete.

6. Sampling of concrete, slump-testing technique and the condition of test equipment,

The amount of free water in the concrele, «nd

~1

8. Time since mixing of concrei2 at the time of testing.

PROCEDURE FOR CONCRETE SLUMP TEST:

I.  Clean the internal surface of the mould and apply oil.

2. Place the mould on a smooth horizontal non- porous base plate.

3. Fill the mould with the prepared concrete mix in 4 approximately equal layers.

4. Tamp each layer with 25 strokes of the rounded end of the tamping rod in a uniform

manner over the cross section oi the mouid. For tae subsequent layers, the tamping should

penetrate into the underlying laye:.
5. Remove the excess concrete and level the surface with a trowel.

6. Clean away the mortar or water leaked out between the mould and the base plate.

~

Raise the mould from the concrete immediately and slowly in vertical direction.

8. Measure the slump as the difference between the height of the mould and that of height
point of the specimen being tested. {

2. Explain brieflyFactors affecting workability L ( ( WA



Workable concrete shows very less internal friction between particles and overcomes the
frictional resistance with just the amount of conpacting efforts provided. Workability of the
concrete depends on a number of interrelating factors. Water content, aggregate properties, use

of admixtures, fineness of cement are the factors affecting workability.

1. Water content:

The increase in water content increases the fluidity of the concrete thus providing greater
lubrication. This helps to increase the workability of the concrete. Increasing the water
content should be the last resort to improve the workability in the concrete as this will
seriously affect the strength of the concrete. Lven if more amount of water is to be added,
more cement also should be added so that the water/ cement ratio remains the same and
hence the strength of the concretc remains unz ffected.

2. Size of aggregates:

The surface area of bigger aggreuates is less and hence less amount of water is required for
lubricating the surface to reduce the friction. Thus the concrete having large sized
aggregate is more workable (of course, within ceriain limits).

3. Mix proportions:

Aggregate/ cement ratio is the measure ol how iean or rich the concrete is. If aggregate/
cement ratio is higher, the concrete bacomes leaner. In lean concrete less paste is available
for the lubrication of the aggregate, while in rich concrete with low a/c ratio, more paste is
available which makes the mix more cohesive and hence provides better workability.

4. Shape of aggregates:

Rounded aggregates have considerably less surfice area and less voids in comparison to
angular or flaky aggregates which provide better possibility of overcoming the frictional
resistance. Further, angular and flaky aggregates make concrete very harsh.

5. Surface texture of aggregates:

The aggregates having smooth or glossy texture have less surface area compared to rough
textured aggregates. This provides better workability as less amount of water is required for
lubricating effect. But, taking into account the poor interlocking action provided by the
glossy textured aggregate, its use is generally discouraged in high strength concrete.

6. Grading of aggregates:

Well graded aggregate is the cne with least amount of voids in a given volume. If ’;he

grading of aggregate is good, the voids will be less and hence higher the workability, | (N



7. Use of admixtures:

Use of admixtures in concrete is the major fuctor that affects the workability. The use of

plasticizers and super-plasticizers amply increase the workability of the concrete. Air

entraining agents produce air bubbles which act as rollers between particles and provide

better mobility thus improving the workability .

8. Time and temperature:

Fresh concrete gets stiffened as the time flows, This is because some of the water used to

mix the concrete gets evaporaicd and some gets absorbed by the aggregates. Thus the

workability of concrete reduces with time. This loss of workability with time is known

as slump loss. The effect of temperature on workability of concrete is noteworthy. As the

temperature increases, the workability of the mix reduces.

3. Explain the Measurements of workability/W orkability Tests

Slump test

e

» Itis the most common method for measuring the workability of freshly mixed concrete.

it can be performed both in lab and at site. Uniformity of the concrete regarding
workability and quality aspects can be assessed from batch to batch by observing the
nature in which the concrete slumnps. It is not very suitable for very wet or very dry concrete.
» A steel mould in the form of frustum of cone is used in slump test which has the top
diameter of 100 mm, bottom diameter of 200 mm and the height is 300 mm. According
to Indian standard specification, the maximum size of the aggregate in concrete that can
be used to perform slump test is restricted to 38 mm.
# The mould is cleaned and freed from anv surface moistures and then the concrete is
placed in three layers. Each layer is tampad 25 times with a standard tamping rod (16
mm dia, 0.6 meter length). Inmediatzly after filling, the cone is slowly lifted and the
concrete is allowed to subside. The decresse in the height of the center of the slumped

concrete is called slump and is measured to the nearest Smm.

» If the concrete subsides evenly all round, the slump measured is true slump. If one half
of the cone slides down an inclined plane. a shear slump is said to have taken place and
the test has to be repeated. Too wet mix shows collapsible nature of slump.

Compacting factor test
» This test is generally carried out in laboratory but can be used in site also. it is
particularly useful for concrete mixes of very low workability (or very dry concrete) as

they are insensitive to slump test.

> This test works on the princinle of determining the degree of compaction achieved by a
standard amount of work done by allowing the concrete to fall through a standard

height.
Eottom diameter
Container Top diameter (mm) | (ram) Height (mm)
Upper hopper 254 127 279
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Lower hopper 229 127 229

Cylinder 152 152 305

Distance between bottom of upper hopper and top of lower hopper =203 mm

Distance between bottom of lower hopper and top of cylinder = 203 mm

» The concrete is placed in the upper hopper gently so that no effort is applied to produce

compaction. The bottom door is opened so tha: the concrete falls on the lower hopper.

Again the bottom door of the lov er hopper is opened and the concrete falls on the cylinder.

After removing the excess concrete by the help of blades, the weight of the cylinder

(known volume) is taken to nearest 10 grams. This weight is known as “weight of partially

compacted concrete”. The cylinder is emptied and then filled with the same sample

rammed heavily so as to obtain full compaction. The cylinder is weighed to nearest 10

grams. This weight is known as “weight of fu!ly compacted concrete”.

» Compacting factor = (weight of partially compacted concrete) / (weight of fully

compacted concrete)
Vee-Bee test

» Vee-Bee test is a good laboratory test suitable for stiff concrete mixes having low and
very low workability. It consists of a vibrating table, a metal pot, a sheet of metal cone
and a standard iron rod.

» In this test, Slump test as mentioned above is performed by placing the slump cone
inside the sheet metal cylindrical pot. Then the vibration is started and the time on a
stop watch is noted. The time taken by the concrete to take cylindrical shape after the
conical shape disappears is noted. This time recorded is known as Vee-Bee Degree or
Vee-Bee seconds.

Elow Test

» This is a laboratory test. It gives an indication of the quality of the concrete with respect
to consistency, cohesiveness and the proneness to segregation. The spread of the flow
of the concrete is measured nd this is related to workability. This test is best suitable
for flowing concrete made by the use of superplasticizing admixtures.

Kelly Ball Test
» This is a simple field test consisting of the determination of the indentation made by 15

cm diameter metal hemisphere weighing ' 3.6 kg when freely placed on fresh concrete.
It is quite faster and provides precise messurement of workability than slump test. But
it requires large amount of concrete to be
[ I
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4. Briefly explain manufacturing procedureofconcrete.

Batching:
The measurement of materials making concrete is known as batching, these batching are two
methods weigh batching and volume batching

Mixing:
Mixing of material is essential for the production of uniform concrete. The mixing should

ensure that the mass becomes uniform in color and consistency .there are two methods adopted
for mixing concrete hand mixing and machine miving

Transporting:

The method adopted for transportation of concrete
Mortar pan, wheel barrow hand cart, crane bucket and rope way, truck mixer, belt conveyor,
transit mixer, pump and pipeline, helicopter.

Placing of concrete:

Concrete is invariably laid as a foundation bed below the walls or columns before placing the
concrete in the foundation all the loose earth mus! be removed from the bed.

Compaction:

Compaction of concrete is the process adopted for expelling the entrapped air from the
concrete. the method of compaction is hand compaction, vibration compaction, compaction by
pressure and jolting, compaction by spinning.

Curing:
curing can also be described as keeping the concrete moist and warm enough so that the
hvdration of cement can continue more elaboratelv it can be described as the process of
maintaining a satisfactory moisture content and a favorable temperature in concrete during the
period immediately following placement so that hydration of cement may continue until the
desired properties are developed to a sufficient degree to meet the requirement of service.
Curing methods are water curing, membrane curing, «nd application of heat.

Finishing:

It’s the last operation making concrete. Its increases does not apply to all concrete operations

S. Explain briefly quality of mixing water inconcrete

Concrete is a chemically combined mass which is manufactured from binding materials and
inert materials with water. ( f
A
| \

Function of Water in Concrete: ‘
To wet the surface of aggregates to develop adhesion because the cement pastes adherﬁ
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quickly and satisfactory to the wet surface of the aggregates than to a dry surface. To prepare a
plastic mixture of the various ingrediznts and to impart workability to concrete to facilitate
placing in the desired position and

Water is also needed for the hydration of the cementing materials to set and harden during the

period of curing.

The quantity of water in the mix plays a vital iolc on the strength of the concrete. Some water
which have adverse effect on hardened concrete. Sometimes may not be harmless or even
beneficial during mixing. So clear distinction should be made between the effect on hardened
concrete and the quality of mixing water.

The effect on concreting for differen: types of contamination or impurities are described below:
Suspended Solids: 4

Mixing water which high content ot suspended solids should be allowed to stand in a setting
basing before use as it is undesireble to introduce large quantities of clay and slit into the
concrete.

Acidity and Alkalinity:

Natural water that is slightly acidic are harmiess, but presence of humic or other organic acids
may resuit adverse affect over the hardening of concrete. Water which are highly alkaline
should also be tested.

Algae:

The presence of algae in mixing wate causes air entrainments with a consequent loss of
strength. The green or brown slime forming algac should be regarded with suspicion and such
water should be tested carefully.

Sea Water:

Sea water contains a total salinity of" about 3.5%: 78" of the dissolved solids being NaCl and
15% MgCl>and MgSOa), which produces a siightiy higher early strength but a lower long-term
strength. The loss of strength is usually limited to 15% and can therefore be tolerated. Sea
water reduces the initial setting time of cement but do not effect final setting time.

Chloride:

Water containing large amount of' chlorides iends to cause persistent dampness and
surface efflorescence. The presenc: of chlorides in concrete containing embedded steel can
lead to its corrosion.

Moisture Content of Aggregate:

Aggregate usually contains some surface moisturc. Coarse aggregate rarely contains jmore than

1% of surface moisture but fine acgregate can contain in excess of 10%. This kwﬁe\r can
\
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represent a substantial proportion of the total mixing water indicating a significant importance

in the quality of the water that contributes surface moisture in aggregate

6. Explain the Effect of time and temperature on workability

When fresh concrete is laid at the site then proper curing of concrete is required, because
structures are exposed to the environment and in these conditions if there is no such an
arrangement against the environment, then there are many factors that affect the workability of
concrete and temperature is One of them. Temperature, almost in every aspect has negative
eftects on the properties of concrete and same is the case with the workability of fresh

concrete.

When temperature increases, then in the same proportion workability of fresh concrete
decreases. The reason that stands behind is * when temperature increases then evaporation rate
also increases due to that hydration rate decreases and hence, concrete will gain strength earlier
“. Due to fast hydration of concrete, a hardening comes in concrete and that decreases the
workability of fresh concrete. Therefore, [n return manipulation of concrete becomes very
difficult.

It indicates that the temperature has a negative efTect on the workability of concrete as well as
strength up to some extent. Temperature decreases the setting time by increasing hydration rate

and that increase the early age strength of the concrete.

This is an advantage that less time will be required before removing of form works on site, but
this decrease the use of proper placement of concrete in the initial stages. And if concrete is not

properly laid, then strength distribution will not remain the same throughout the cross-section

7. Explain briefly the setting time of concrete?
Generally Initial setting is the time clapsed between the moment water is added to the cement

to the time at which paste starts losing its plasticitv. Final setting time of cement is the time
elapsed between the moment the water is added to the cement to the time at which paste has

completely lost its plasticity and attained sufficient firmness to resist certain definite pressure.

Cement + water = paste
Paste + fine aggregate = mortar,

/1

Mortar + coarse aggregate = concreic
Time is required for mixing, transporting, placing. compacting and finishing. F‘ur#ng' th'Ks time
A AN
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the above mentioned cement paste/mmortar/concrete must be in plastic condition which is
termed as Initial setting time of cement. Here 30 min are given while handling these mixing
operations, here fineness of cement and suitable constituents are maintained in such a way that
concrete is remained in plastic condition for handling procedures.
Initial setting time:

1. Cement is mixed with 0.85 times the water required for standard consistency.

2. As per vicat’s test “the time elapsed since the addition of water to the cement up to

the time at which the needle cannot penetrate 5 to 7 mm from the bottom of the
vicat'smould.

Final setting time:

1. Determined by Vicat’s apparatus using vicat's needle with annular collar of Sem
diameter.

2. As per vicai's test “the time elapsed since the addition of water to the cement up to
the time at which the needle with annular collar can only make a mark on the hard
cement surface.

8. What is segregation and how can it be prevented?

Segregation of concrete is separation of ingredients of concrete from each other. In good
concrete all concrete aggregates are cvenlv coated with sand and cement paste and forms a

homogeneous mass.

During handling, transporting and placing, due to jerks and vibrations the paste of cement and
sands gets separated from coarse aggregate. 1f concreze segregates during transit it should be
remixed properly before depositing. However a concrete where initial setting time is over,
should not be used.

Prevention of Segregation of Concrete:

Wherever depth of concreting is more than 1.5 meters it should be placed through temporary
inclined chutes. The angle of inclination may be kept between 1:3 and 1:2 so that concrete
from top of chutes travels smoothly 10 bottom, use of small quantity of free water from top at
intervals helps in lubricating the path of flow of concrete to bottom smoothly. The delivery end
of chute should be as close as possible to the point of deposit.

Segregation in deep foundations and rafts of thickness more than | meter, there is every
possibility of presence of segregated concrete near bottom or in center if proper supervision is
not there. Such segregation can be detected by advanced method of testing like ultrasonic
testing. In case of doubt random ultrasonic testing should be conducted and if it is present,
designer’s opinion should be taken. V'his type of segregation can be rectified by pressure
grounding with special chemical conipounds.

After any defect rectified by pressure grouting core test has to be performed to ensure that the
strength of concrete has reached to the desired level f’



9. What is meant by curing of concrete?

Curing of concrete is defined as the process of maintaining the moisture and temperature
conditions of concrete for hydration reaction to normally so that concrete develops hardened
properties over time. The main components which nead to be taken care are moisture, heat and
time during curing process.
Why curing of concrete is required?
Curing of concrete is required for the following reasons:
» To prevent the concrete to dry out prematurely due to solar radiation and wind. This
prevents plastic shrinkage of concrete.
+ It helps to maintain the concrate temperature by allowing the hydration process.
Hydration process requires water to carry on and releases heat.
e Curing helps the concrete to harden and bond with internal materials and reinforcement.
This helps to prevent damage to bond betveen concrete and reinforcement due to
vibration and impact.

» This helps development of impermeable, crack free and durable concrete.

Objective question with answers
1. In rich mixes; use of _size aggregate givesbetterresults. [ ]

A. Larger B.Medium C.Smaller D.None

2. For given water content, workability decreases if the concrete aggregates
contain an excess of

A. Thin particles B. elongated particles Flakyparticles D. all theabove
B.

3. For ensuring quality of concrets use [ ]
A. Single sized aggregates B. two sized aggregate
C. graded aggregates D. coarseaggregates

4. The standard sand now a days used in [ndia, is obtained from [
A. Jaipur B.Jullundur C.Hyderabad D.Ennore

5. The maximum amount of dust which may be permitted in aggregates is [

A. 5%of the total aggregates for low workabi'ity with a coarse grading

B. 10% of the total aggregates for low workability with a fine grading

C. 20% of the total aggregates for a mix having high workability with finegrading
D. all the above.

6. The bulk density of aggregates does not depend upon: [
A. size and shape of aggregates B. specific gravity ofaggregates



C. gradingofaggregates D. sizc and shape of the container

7. An aggregate is said to be flaky if its least dimension is less than [
A. 1/5th ofmeandimension B. 2/5th of meandimension
C. 3/5th ofmeandimension D. 4/5th of meandimension

8. To ensure constant moisture content inaggregates I
A. height of each aggregate pile should not exceed 1.50m
B. aggregatepileshouldbelefifor?4hoursbe forcaggregatesareused
C. conical heaps of aggregates should be avoided to prevent moisturevariation
D. all theabove

9. For the construction of cement concrete floor., the maximum permissible

size of fine aggregate is [
A.4.75mm B.6.22mm C.8.1Z2mm D. 10.50mm
10. The process of proper and accurate measurement of concrete ingredients for
uniformity of proportion, is known [ ]
A. grading B.Curing C.Mixing  D.Bartching
KEY
QNO [1 2 3 4 5 6 |7 8 9 10
ANS | C D C D D p __1C D D

Fill in the blanks question with answers

1. In rich mixes: use of size aggregate gives better results.
2. Slump test is done for=

3. Concrete mainly consists of=

4. Workability of concrete is measured by =

5. The property of separation of cement paste from concrete material is known as=
6. Commonly employed test for measurement of cement workability is=

7. The process of proper and accurate measurement of concrete ingredients foruniformity of
proportion is known=

8. In order to make concrete durable, the water cemer:t ratio should be= ‘ { A



9.While compacting the concrete by a mechanical vibrator, the slump should not exceed=

10. Compacting factor formula =
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UNIT-1V HARDENED CONCRETE
1. Define Water/cement ratio?

The water-cement ratio is the ratio of the weight of water to the weight of cement used in a
concrete mix. A lower ratio leads to higher strength and durability, but may make the mix
difficult to work with and form. Workability can be resolved with the use of plasticizers or

super-plasticizers.

2. What is meant by gel-space ratio?
Strengths of cement pastes with different mixture properties and maturities depend in a very

similar over linear fashion on the gel-space ratio, which is the ratio of the volume of

hydration products over the volume of both hydration products and capillary pores.
3. Why is the modulus of elasticity important?
It is dependent upon temperature and pressure however. The Young's Modulus (or Elastic

Modulus) is in essence the stiffness of a material. In other words, it is how easily it is bended

or stretched. When a material reached a certain str2ss. the material will begin to defi

ok



4. Define Shrinkage cracking?

When concrete is subjected to compressive loading it deforms instantaneously. This immediate
deformation is called instantaneous strain. ... This time-dependent strain is termed as creep.
Drying shrinkage (often, simply shrinkage) is the reduction in volume of hardened concrete

due to loss of moisture by evaporation.

Drying shrinkage is defined as the contracting of 4 hardened concrete mixture due to the loss of
capillary water. This shrinkage causes an increase in tensile stress, which may lead to cracking,
internal warping, and external deflection, before the concrete is subjected to any kind of

loading.

5. Define Tension cracking?

The stress intensity factors at the tension crack tip are computed with three tensile loading
conditions Instead, researchers belicve that the angular outline was produced by giant tension
cracks in the moon's crust as it cooled around an upwelling plume of hot material from the

deep interior.

1. Define Concrete cree
Concrete creep is defined as deformation of structure under sustained load. Basically as long
term pressure or stress on concrete can make it change shape. This deformation usually occurs
in the direction the force is being applied. Like a concrete column getting more compressed,

or a beam bending.
2. What is plastic shrinkage?

They are usually parallel to each other on the order of 1 to 3 feet apart, relatively shallow, and
generally do not intersect the perimeter of the slab. Plastic shrinkage cracking is more likely to
occur when high evaporation rates cause the concrete surface to dry out before it has set.

3. What is Poisson's ratio?
Poisson's ratio is the ratio of transverse contraction strain to longitudinal extension strain in the

direction of stretching force. Tensile deformation is considered positive and compressive

deformation is considered negative.

4. What is the modulus of elasticity? C\J\



Young's modulus( E ) describes tensile elasticity, or the tendency of an object to deform along
an axis when opposing forces are applied along that axis; it is defined as the ratio of tensile
stress to tensile strain. It is often refzrred to simply as the elastic modulus.

5. What is tensile modulus?

Tensile Modulus is defined as the "rutio of stress (force per unit area) along an axis to strain
(ratio of deformation over initial length) along that axis" It can be used to predict the
elongation or compression of an object as long as the stress is less than the yield strength of the

material
Fi | . itt _
L. Explain nondestructive tests. What are the codal provisions for NDT?

Nondestructive testing of concrete can be defined as the test method used to examine the
properties of concrete used in the actual structure, These test methods can also be said as in-
situ tests or in-place tests. Traditionally these tests are said to be as the non-destructive test
although some minor damage to the structure may be involved. An important feature of non-
destructive test is that the place where test is done can be used for re-testing. The use of non-
destructive tests has increased the safety level of corstruction and also helps in improving the
scheduling of construction. All this increascs the speed of construction besides keeping the
economy of construction in considerable limits.
These tests can be categorized in two parts:

# Tests used to determine the strength of concrete

» Tests used to determine the other characteristics of concrete like voids, cracks etc

The most common tests which are usually conducted are:
Rebound Hammer Test

It is one of the oldest nondestructive tests. This test is widely used because of its economical
procedure

Penetration Resistance Test
In this test resistance to the penetration of steel rod in the concrete is used as the strength value
Ultrasonic Pulse Velocity Test

This test has automatic program apparatus. Apparatus is just placed on specimen. The waves



pass through the specimen. Time taken by waves to reach from one end of specimen to other is
considered to be the strength of specimen. Less the time taken, weaker will be the specimen
and vice versa

Puil out Test

This test measure the strength of specimen by means of special tension jacks that are usually
used to be inserted in test specimen

ZExplain briefly factors affecting concrete streagth
Concrete strength is affected by many factors, such as quality of raw materials, water/cement

ratio, coarse/fine aggregate ratio, and age of concrete, compaction of concrete, temperature,

relative humidity and curing of concrete.

Ouality of Raw Materials:
Cement, aggregate and water

Water / Cement Ratio:

The higher the water/cement ratio, the greater the initial spacing between the cement grains and
the greater the volume of residual voids not filled by hydration products.

Coarse / fine aggregate ratio:

Following points should be noted for coarse/fine aggregate ratio:

If the proportion of fines is increased in relation to the coarse aggregate, the overall aggregate

surface area will increase.

If the surface area of the aggregate has increased, the water demand will also increase.
Assuming the water demand has increased, the water cement ratio will increase.

Since the water cement ratio has incrzased, the compressive strength will decrease.

Age of concrete;

The degree of hydration is synonymous with the age of concrete provided the concrete has not

been allowed to dry out or the temperature is too low.

Compaction of concrete:
Any entrapped air resulting from inadequate compaction of the plastic concrete will lead to a

reduction in strength. If there was 10% trapped &ir in the concrete, the strength will fall down

in the range of 30 to 40%.



The rate of hydration reaction is temperature lependent. If the temperature increases the

reaction also increases. This mear< that the concrete kept at higher temperature will gain

strength more quickly than a similar concrete kept at a lower temperature.,

Relitive Biimidie
If the concrete is allowed to dry out, the hydration reaction will stop. The hydration reaction
cannot proceed without moisture. The three curves shows the strength development of similar
concretes exposed to different conditions

Curing:

It should be clear from what has been said above that the detrimental effects of storage of
concrete in a dry environment can be reduced il the concrete is adequately cured to prevent

excessive moisture loss.

3. Explain neat procedure for Compressive strength of concrete?

Out of many test applied to the concrete, this is the uimost important which gives an idea about
all the characteristics of concrete. Ly this single test one judge that whether Concreting has
been done properly or not.

Compressive strength of concrete depends on many factors such as water-cement ratio, cement
strength, quality of concrete materizl. and quality contol during production of concrete etc.

Procedure: Compressive Strength Test of Concrete Cubes

For cube test two types of specimens either cubes of |5cm X 15¢cm X 15¢cm or 10cm X 10cm x
10cm depending upon the size of aggregate are used. For most of the works cubical moulds of

size 15cm x 15¢m x 15¢m are commonly used.

This concrete is poured in the mould and tempercd properly so as not to have any voids. After
24 hours these moulds are removec and test specimens are put in water for curing. The top
surface of this specimen should be made even and smooth. This is done by putting cement

paste and spreading smoothly on whole zrea of spzcimen.

These specimens are tested by compression tesiing machine after 7 days curing or 28 days
curing. Load should be applied gradually at the rate of 140 kg/cm2 per minute till the
Specimens fails. Load at the failure divided by arca of specimen gives the compressive strength

of concrete. /



4. What is tensile sirength of concrete? Explair its types in detail?
Flexural strength of concrete:

Flexural strength is one measure of the tensile strength of concrete. It is a measure of an
unreinforced concrete beam or slab 1o resist failure in bending. It is measured by loading 6 x 6 inch
(150 x 150-mm) concrete beams with a span length at least three times the depth. The flexural
strength is expressed as Modulus of Rupture (MR) in psi (MPa) and is determined by standard test
methods ASTM C 78 (third-point loading) or ASTM C 293 (center-point loading).

Flexural Strength of Concrete Flexural MR is about 10 to 20 percent of compressive strength

depending on the type, size and volume of coarse aggregate used. However, the best
correlation for specific materials is obtained by laboratory tests for given materials and mix
design. The MR determined by third-point loading is lower than the MR determined by center-
point loading, sometimes by as much as 15%.

Split tensile strength of concrete:

The tensile strength of concrete is one of the basic and important properties. Splitting tensile

strength test on concrete cylinder is @ method to determine the tensile strength of concrete.

The concrete is very weak in tension due to its brittle nature and is not expected to resist the
direct tension. The concrete develops cracks when subjected to tensile forces. Thus, it is
necessary to determine the tensile strength of concrete to determine the load at which the

concrete members may crack.

3.Explain in detail the creep of concrete and its factors?

Creep is the time-dependent flow of concretc caused by its being subjected to stress. This
deformation, which occurs rapidly at first and then decreases with time, can be several times larger
than the strains due to elastic shoricning.Using more scientific approach; When load is applied to
concrete at time to, a deformation occurs immediatel which can be expressed as the elastic strain, €
(to). If this applied load is left on concrete prolucing a constant stress, the instantaneous elastic
strain & (to) begins to increase.

The rate of increase is fast during the first 3 months, after which it begins to slow down.

Factors effecting creep

Creep has been found to depend on

-the mix proportions (w/c ratio,aggrzgate type)

-humidity,temperature

-curing conditions,

-maturity of the concrete when first loaded

The deformation due to creep causes a shortening of the pre-stressing strands, which leads to a

loss in stress in the strand. i /
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Effects of Creep:

Creep of plain concrete does not by itself affect strength, although under very high stresses

creep hastens the approach of the limiting strain a: which failure takes place.

The influence of creep on the ultimate strength of a simply supported, reinforced concrete
beam subjected to a sustained load is insignificant, but deflection increases considerably and
may in many cases be a critical consideration in design.

Another instance of the adverse effccts of creep s its influence on the stability of the structure
through increase in deformation and consequent Liansfer of load to other components.

Thus, even when creep does not affcct the ultimate strength of the component in which it takes
place, its effect may be extremely scrious as far &5 the performance of the structure as a whole
is concerned.

The loss of prestress due to creep is well known and accounted for the failure of all early
attempts at prestressing. Gnly with the infroduction of high tensile steel did prestressing
become a successful operation.

The effects of creep may thus be harmful. On the whole, however, creep unlike shrinkage is
beneficial in relieving stress concentrations and has contributed to the success of concrete as a
structural material.

6. Explain in detail the shrinkage of conerete and its types?
Concrete is subjected to changes in volume either autogenus or induced. Volume change is

one of the most detrimental properties of concrete, which affects the long-term strength and
durability. To the practical engineer, the aspect of volume change in concrete is important

from the point of view that it causes unsightly cracks in concrete.

We have discussed elsewhere the effzct of volume change due to thermal properties of
aggregate and concrete, due to alkali/aggregate reaction, due to sulphate action etc. Presently

we shall discuss the volume change on account of inherent properties of concrete

“shrinkage”.

One of the most objectionable def:cts in concrete is the presence of cracks, particularly in
floors and pavements. One of the important factors that contribute to the cracks in floors and
pavements is that due to shrinkage. It is difficult to make concrete which does not shrink and

crack. It is only a question of magnitude.

Now the question is how to reduce the shrinkage and shrinkage cracks in concrete structures.

The term shrinkage is loosely used to describe the various aspects of volume changes in

bbb



concrete due to loss of moisture at different stages due to different reasons.

Types of Shrinkage in Concrete

To understand this aspect more closcly, shrinkage can be classified in the following way:

(a) Plastic Shrinkage
(b) Drying Shrinkage
(c) Autogeneous Shrinkage

(d) Carbonation Shrinkage

L. Define modulus of elasticity and dynamic modulus of elasticity?

Modulus Elasticity

Defining modulus of elasticity of concrete is difficult; Because concrete is not a linearly elastic
material Since the slope of o-g curve of concrete is not constant. We must first describe
modulus of elasticity (Ec). In general; Modulus of elasticity defined for concrete is the
instantaneous Ec. This is not influenced by the time effect (mean Ec is function of many
variables) Instantaneous Ec can be defined in 3 ways.

— Initial Modulus of Elasticity, E

— Secant modulus

— Tangent modulus

Dynamic Modulus of Elasticity

Dynamic modulus is the ratio of stress to strain under vibratory conditions (calculated from
data obtained from either free or forced vibration tests, in shear, compression, or elongation). It

is a property of visco elastic materials

8. What is curing? What are the different methods of curing?

Curing can be described as keeping the concrete moist and warm enough so that the hydration
of cement can continue. More elaborately, it can be described as the process of maintaining
satisfactory moisture content and a favorable temperature in concrete during the period
immediately following placement, so that hydration of cement may continue until the desired

properties are developed to a sufficient degree 10 ineet the requirement of service.



If curing is neglected in the early perioc of hydration, the quality of concrete will experience a
sort of irreparable loss. An efficient curing in the early period of hydration can be compared to

a good and wholesome feeding given to a new born baby.
Methods of Curing Concrete
Concrete curing methods may be divided broadly nto four categories:

. Water curing
Membrane curing

Application of heat

g by

Miscellaneous

1. Water curing
This is by far the best method of curing as it satisfics all the requirements of curing, namely,

promotion of hydration, elimination of shrinkage anc absorption of the heat of hydration. It is
pointed out that even if the membrane method is adopted, it is desirable that a certain extent of

water curing is done before the concrete is covered with membranes. Water curing can be done

in the following ways:

v

Immersion

Y

Ponding

"f

Spraying or Fogging

Y

Wet Covering

2. Membrane curing

Sometimes, concrete works are carried out in piaces where there is acute shortage of water.
The lavish application of water for water curing is not possible for reasons of economy. Curing
does not mean only application of water; it means also creation of conditions for promotion of
uninterrupted and progressive hydration. It is also pointed out that the quantity of water,
normally mixed for making concrete is more than sufficient to hydrate the cement, provided
this water is not allowed to go out from the body of concrete. For this reason, concrete could be
covered with membrane which will ¢ffectively seal oif the evaporation of water from concrete.

3. Application of heat

The development of strength of concrete is a function of not only time but also that of
temperature. When concrete is subjected to higher temperature it accelerates the hydration
process resulting in faster development of strength. Concrete cannot be subjected to dry heat to
accelerate the hydration process as the presence of moisture is also an essential requisite.
Therefore, subjecting the concrete 10 higher lemperaiure and maintaining the required wefness

I
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can be  achieved by subjecting the concrete  to steam curing.
A faster attainment of strength will contribute to many other advantages mentioned below. The
exposure of concrete to higher temperature is done in the following manner:

» Steam curing at ordinary pre<sure
Steam curing at high pressure
Curing by Infra-red radiation
Electrical curing.

YVVVY

4. Miscellaneous methods

Calcium chloride is used either as a surface ccating or as an admixture. It has been used
satisfactorily as a curing medium. Both these methods are based on the fact that calcium
chloride being a salt shows affinity for moisture. The salt not only absorbs moisture from
atmosphere but also retains it at the surface. This moisture held at the surrace prevents the
mixing water from evaporation and thereby keeps the concrete wet for a long time to promote
hydration. Formwork prevents escaping of moisture from the concrete, particularly, in the case
of beams and columns.

Keeping the form work intact and :caling the joint with wax or any other sealing compound
prevents the evaporation of moisture from the concrete. This procedure of promoting hydration
can be considered as one of the miscallaneous methods of curing.

9. Explain the procedure for Ultra Sonic Pulse Velocity(UPV)

UPYV Procedure

i) Preparing for use: Before switching on the “V* meter, the transducers should be connected to
the sockets marked “TRAN"™ and ” REC™. The ‘V' mecter may be operated with either:

a) the internal battery,

b) an external battery or

¢) the A.C line.

ii) Set reference: A reference bar is provided to check the instrument zero. The pulse time for
the bar is engraved on it. Apply a simear of grease to the transducer faces before placing it on
the opposite ends of the bar. Adjust the ‘SET REF’ control until the reference bar transit time

is obtained on the instrument read-out.

iii) Range selection: For maximum accuracy, it is recommended that the 0.1 microsecond range

be selected for path length upto 400mm.

iv) Pulse velocity: Having determinzd the mes: suitable test points on the material to be tested,
make careful measurement of the path length "L’. Apply couplant to the surfaces of the

transducers and press it hard onto the surface of the material. Do not move the HTSd ers



while a reading is being taken, as this can generate noise signals and errors in measurements.
Continue holding the transducers onto the surfaze of the material until a consistent reading
appears on the display, which is the time in microsecond for the ultrasonic pulse to travel the
distance ‘L’. The mean value of the display readings should be taken when the units digit hunts
between two values

Pulse velocity= (Path length/Trave! time)

v) Separation of transducer leads: it is advisable to prevent the two transducer leads from
coming into close contact with each other when the transit time measurements are being taken.
If this is not done, the receiver lead might pick-up uawanted signals from the transmitter lead
and this would result in an incorrect display of the transit time

10. Explain the procedure for rebound hammer test?

Erocedure for rebound hammer,

i) Before commencement of a test, the rebound hammer should be tested against the test anvil,
to get reliable results, for which the manufacturer of the rebound hammer indicates the range of

readings on the anvil suitable for difierent tvpes of rebound hammer.

if) Apply light pressure on the plunger — it will release it from the locked position and allow it
to extend to the ready position for the test.

iii) Press the plunger against the surface of the concrete, keeping the instrument perpendicular
to the test surface. Apply a gradue! increase in pressure until the hammer impacts. (Do not
touch the button while depressing the plunger. Press the button after impact, in case it is not
convenient to note the rebound reading in that position.)

iv)Take the average of about 15 readings.

Interpretation of Results

The rebound reading on the indicator scale has been calibrated by the manufacturer of the
rebound hammer for horizontal impact, that is, on a vertical surface, to indicate the
compressive strength. When used in any other position, appropriate correction as given by the

manufacturer is to be taken into account.



Objective question with answers

I In ultrasonic test for hard:aed concrete geod quality
ofconcreteisindicatedifthepulsevelocity is

A. below3km/s B. above 3.5km/s
C. Above4.5km/s D. None of theabove

2. Specified compressive strength of concrete is obtainedfrom cube tests at the end of
A. 3days B.7days . lddays D. 28days

3. Shrinkage in concrete can be reduced by using
A. low watercementratio B. less cement in theconcrete
C. properconcretemix D.None

4.The ratio between stress in st2el to that of <tress in concrete in expressedas
A. Poisson’sratio B. Modularrzatio C. Densityratio D.None

5. Select the Non — destructive tast amongthefollowing
A. Compressiontest B. Flexuretest C. Renoundhammerstest D. All theabove

6. According to IS 456-2000, the modulus of elasticity of concrete Ec, can be taken
A. Ec=570vfck B. 5700fck C.5700vfck D.5000vfck

7. Compressive strength of M 150 grade concrete is
A.100 Kg/em*  B.150 Kg/cm? C.200Kg/em®  D. 300Kg/cm?

8. The process of mixing, transporting, placing and compacting concrete using OPC

should not take more than

A. 30 min B.40 min C. 50 miin D. 90 min

9. Strength of concrete with passage of time

A.Increases E. Decreases C. Equal D. None
anNo |1 2 3 4 5 5 7 '8 10
ANS | C D A R |c ~ B A A A
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Fill in the Blanks question with answers
1. Modulus of rupture of concrete is a measure of=

2. Increase in the moisture content in concrete =

3. The factor of safety for concrete _ihan steel

4. Select the Non — destructive test=

5. Modulus of rupture of concrete is a measure of=

6. The formula for determining the cement content is given by=
7. Maturity of concrete is the product of=

8. As per IS: 456-2000, the high strength concrete should have thecharacteristic
Strengthof=

9. The ratio between stress in steel 1o that of stress in concrete in expressed as=

10. Concrete gains strength due to=

KEY

Q.NO ANSWER ]
1 Tensile strength
2 Reducesthestength
3 Greater
- rebound hammer test
5 flexural strength
6 water/cemen ratio

| 7 lime X temperature
8 >M 40
9 modular ratio {

10 hydration of cement / { y T'




UNIT-V

MIX DESIGN & SPECIAL CONCRETE

Two marks question with answers
1. Define concrete mix design’
Mix design can be defined as the process of selecting suitable ingredients of concrete and
determining their relative proportions with the object of producing concrete of certain
minimum strength and durability as economically as possible. One of the ultimate aims of
studying the various properties of the materizls of concrete, plastic concrete and hardened
concrete is to enable a concrete technologist to design a concrete mix for a particular
strength and durability.
2. What are the factors influencing the selection of materials?
A wide range of construction materials is available. The proper selection of materials to be
used in a particular construction project depends on the following factors

Strength

Availability

Durability

Workability

Ease of Transportation

vV V V¥V V¥

R4

Cost
Aesthetics

v

v Y

Resistance to Fire

Ease of Cleaning

Y

3. What are the Requirements of concrete mix design as per BIS?

The requirements which form the basis of selection and proportioning of mix ingredients
are

a) The minimum compressive strength required from structural consideration

b) The adequate workability neccssary for ful! compaction with the compacting equipment
available.

¢) Maximum water-cement ratio anc/or maximum cement content to give adequate

durability for the particular site conditions

d) Maximum cement content to #void shrinkase cracking due to temperature cycle in mass
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7.

concrete.

4. What are the types of concrete mixes? Explain

1. Nominal Mixes: In the past the specifications for concrete prescribed the proportions of
cement, fine and coarse aggregates. These mixes of fixed cement-aggregate ratio which
ensures adequate strength are termed nominal mixes. These offer simplicity and under
normal circumstances, have a margin of strenath above that specified. However, due to the
variability of mix ingredients the nominal corcrete for a given workability varies widely in
strength.

2. Standard mixes: The nominal mixes of fixed cement-aggregate ratio (by volume) vary
widely in strength and may result in under- or over-rich mixes. For this reason, the
minimum compressive strength has been inclided in many specifications. These mixes are

termed standard mixes.

n

What are the Factors affecting the choice of mix proportions?

Compressive strength of concrete

v V

Workabilitv of concrete

Durability of concrete

v v

Maximum nominal size of aggregate

» Grading and type of aggregate

» Quality Control at site

Define Aerated Concrete

Autoclaved aerated concrete (AAC), also krown as autoclaved cellular concrete (ACC),
autoclaved lightweight concrete (ALC), auloclaved concrete, cellular concrete, porous
concrete, Aircrete, Hebel Block, and Ytong is a lightweight, precast, foam concrete
building material invented in the mid-1920s that simultaneously provides structure,
insulation, and fire- and mold-resistance. AAC products include blocks, wall panels, floor

and roof panels, cladding (facade) panels and lintel

What is the general use of Shotcrete?

Shotcrete is concrete (or sometimes mortar) conveyed through a hose and pneumatically

projected at high velocity onto a surface, as & construction technique. It is reinforced by

conventional steel rods, steel mesh. and/or fibers.

1 I
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8. What is meant by No fine concrete?

No-Fines Concrete is a method of producing light concrete by omitting the fines from
conventional concrete. No-fines concrete as the term implies, is a kind of concrete from which
the fine aggregate fraction has been omitied. This concrete is made up of only coarse
aggregate, cement and water,

9. What do you mean by Fibre Reinforced Concrete?

Fiber reinforced concrete (FRC) is concrete containing fibrous material which increases its
structural integrity. It contains short discrete fibers that are uniformly distributed and randomly

oriented. Fibers include steel fibers, slass fibers, <ynthetic fibers and natural fibers.
Three marks question with answers

1. What is M20 Mix concrete?

If the ratio for M20 concrete is 1:1.5:3 tien 1 part cement, 1.5 part sand and 3 part
aggregate (crushed stone) in volume is batched for mixing. Ordinary concrete up to M20

grade can be designed by nominal mix concrete procedure,
2. Define Standard mixes.

The nominal mixes of fixed coment-aggregate ratio (by volume) vary widely in strength
and may result in under- or cver-rich mixes. For this reason, the minimum compressive
strength has been included in many specifications. These mixes are termed standard

mixes.

3. What are designed mixes?

In these mixes the performance of the concreie is specified by the designer but the mix
proportions are determined by the producer of concrete, except that the minimum cement
content can be laid down. This is most rational approach to the selection of mix proportions
with specific materials in mind possessing more or less unique characteristics. The approach
results in the production of concrate with the appropriate properties most economically.

However, the designed mix does not serve as a guide since this does not guarantee the correct

/

mix proportions for the prescribed performance.

/

4. What is an acceptance criterion of concrete? {J C [ J
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It is often observed that construction engineer neglects acceptance criteria of the
concrete from flexural strength point of view under the argument that flexural strength of the
concrete is of no/least importance as in the srength design the tensile strength of the concrete

is neglected.

S. What is self-compacting concrete?
Self-consolidating concrete, also known as sel!f-compacting concrete (SCC), is a highly
flowable, non-segregating concrete that sprezds intc place, fills formwork, and encapsulates

even the most congested reinforcement, all without any mechanical vibration.

6. What is the Aspect ratio of the fiber?

> A fiber's aspect ratio is defined as its lengih divided by its diameter.

> Long, thin fibers (fiber B) otien provide superior properties, but are also often more
expensive to produce and may be more difficult to disperse uniformly in the composite.

> Small aspect ratio fibers(fiber A) typically provide better compressive properties but

these composites are typically less resistant to darage propogation.

7. Whatis SIFCON?

Slurry infiltrated fibre concrete (SIFCON) is one of the recently developed construction
material. SIFCON could be considered as a specizl type of fibre concrete with high fibre

content. The matrix consists of cement slurry or flowing cement mortar.

8. What are the types of pelymer concrete?

» Polymer impregnated concreie (PIC).
» Polymer cement concrete (PCC).

» Polymer concrete (PC). )

9. What is meant by hizh performance of concrete?

High performance concrete is a concrete mixture. which possess high durability and high
strength when compared to conventional concrete. This concrete contains one or more of
cementious materials such as fly ash, Silica fume or ground granulated blast furnace slag and

usually a super plasticizer.




Five marks question with answers

I. Describe ACI method of mix design in detail.
ACI method of concrete mix design is based on the estimated weight of the concrete per
unit volume. This method takes into consideration the requirements for consistency,

workability, strength and durability.

Following are the steps of ACI Method of Concrete Mix Design:

(a) Depending on the degree of workability and placing condition determine the slump

value.

(b) Depending on the economical availability and dimensions of the structure determine

the maximum size of aggregatz.

(¢) For the given slump and maximum size of coarse aggregate determine the amount of

mixing water

(d) Determine the minimum water-cement ratio either from strength considerations or

from durability considerations.

(¢) Determine the amount of cement per unit volume of concrete from steps (c) and (d).
This cement content should not be less than the cement content required based on

durability criteria.

(f) Determine the amount of coarse aggrezate required for a unit volume of concrete.
This value is multiplied by the dry rodded unit weight of the aggregate to get the

required dry weight.

(g) Determine the amount of fine aggregate. If the weight of concrete per unit volume is
assumed, the required weight of fine aggregate is obtained by the difference between the

weight of fresh concrete and the total weight of all other ingredients.

2. Describe Indian standard method of mix design in detail
i. Determine the mean target strength ft from the specified characteristic compressive

strength at 28-day fck and the level of quality control.

fi=fu+1.658
where S is the standard deviation obtained 'ror the Table of approximate contents fivgn




after the design mix.

2. Obrain the water cement ratio for the desired mean target using the empirical
relationship between compressive strength and water cement ratio so chosen is checked
against the limiting water cemenr ratio. 'l he water cement ratio so chosen is checked
against the limiting water cement ratio for the requirements of durability given in table

and adopts the lower of the two values.

3. Estimate the amount of entrapped air for maximum nominal size of the aggregate
from the table.

4. Select the water content, for the required workability and maximum size of aggregates

(for aggregates in saturated surface dry condition) from table.

5. Determine the percentage of fine aggregate in total aggregate by absolute volume

from table for the concrete using crushed coarse aggregate.

6. Adjust the values of water content and percentage of sand as provided in the table for
any difference in workability, water cement ratio, grading of fine aggregate and for

rounded aggregate the values are given in table.

7. Calculate the cement content form the water-cement ratio and the final water content
as arrived after adjustment. Check the cement agzinst the minimum cement content from

the requirements of the durability, and greater of the two values is adopted.

8. From the quantities of water and cement per unit volume of concrete and the
percentage of sand already determined in steps 6 and 7 above, calculate the content of

coarse and fine aggregates per unit volume of concrete from the following relations:

ve lwiie g 2], 2
L [w +"§£ 1 pﬁ%]xl 000

.2 C,] 1
V—‘[W-i-s& 1-pScal 1000

9. Determine the concrete mix proportions for the first trial mix.

10. Prepare the concrete using the caiculated proportions and cast three cubes of 150




-

11. Prepare trial mixes with suitable adjustments till the final mix proportions are arrived

at.

3. Explain in detail about the statistical quality control and acceptance criteria of

concrete,

Concrete cube strength is a random variable and the test results are influenced by many
different factors related to variations in the maierials, batching, sampling, concrete testing,

equipment and personnel.

Being a random variable, the results of a concrete cube test taken from a particular grade of
concrete wiil, for practical purposes. take the form of a normal distribution when plotted
graphically. This type of distribution is someiimes called a “beli” curve because of its
shape. Like many aspects of concrete technology this is not strictly true — low strength and
very high strength concrete test results give skewed distribution curves to the left and right

respectively, but for practical purposes a symmetrical distribution is assumed.

The normal distribution curve is cheracterised by two values: the mean or average value, and
the standard deviation which quantifies the spread of the curve either side of the mean value.
The requirement that the average strength exceads the specified (characteristic) strength by
1.64 times the standard deviation implies that slizhtlv fewer than 5% of results will fall below
the specified strength.

The only factor under the concrete suppliers control is the standard deviation, the specified
strength and the *1.64” being fixed.

The value 1.64 x SD is called the margin. The higher the SD, the higher the margin and the
higher the average binder content of the concrete. In other words, the higher the SD, the more

expensive the concrete in terms of binder cost.

For example, improving control from poor (SD = 7 MPa) to good (SD = 5 MPa) reduces the
margin by 1.64 *(7-5) MPa = 3.4 MPa. A reduction in average strength by 3.4 MPa is

equivalent to saving 20 kg of bind:rper cubic m-tre of concrete.

At current prices this is a saving of roughly 2% / m3. Of course one has to balance this

against the cost of the additional quality control necessary to reduce the SD and there is an
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optimum point where it becomes uncconomical to reduce the SD any further. For sophisticated

concrete suppliers this point would bz an SD somewhere in the region of 2.5 to 3 MPa.
4.Define Nominal Mixes and Standard mixes. “What are designed Mixes?
Nominal Mixes:

In the past the specifications for concrete prescribed the proportions of cement, fine and coarse
aggregates. These mixes of fixed cement-aggregate ratio which ensures adequate strength are
termed nominal mixes. These offer simplicity anc urder normal circumstances, have a margin
of strength above that specified. However, due to the variability of mix ingredients the nominal

concrete for a given workability varies widely in strength.

Standard mixes:

-

The nominal mixes of fixed cement-aggregate ratio (by volume) vary widely in strength and
may result in under- or over-rich mixes. For this reason, the minimum compressive strength

has been included in many specifications. These mixes are termed standard mixes.

Design mixes:
In these mixes the performance oi the concrere is specified by the designer but the mix

proportions are determined by the producer of concrete, except that the minimum cement
content can be laid down. This is most rational approach to the selection of mix proportions
with specific materials in mind possessing more or less unique characteristics. The approach
results in the production of concrste with the appropriate properties most economically.
However, the designed mix does not serve as a guide since this does not guarantee the correct

mix proportions for the prescribed performance.

5. Explain detail the factors in the choice of mix design

Concrete mix design:

It is defined as the appropriate selection and proportioning of constituents to produce a
concrete with pre-defined characteristics in the fresh and hardened states. In general, concrete

mixes are designed in order to achieve a defined workability, strength and durability.

The various factors affecting the choice of concrete mix design are: ( \ \\
A




Compressive strength of concrete:

It is one of the most important properties of concrete and influences many other describable
properties of the hardened concrete. The mean compressive strength required at a specific age,
usually 28 days, determines the nominal water-cement ratio of the mix. The other factor
affecting the strength of concrete al a given age and cured at a prescribed temperature is the
degree of compaction. According to Abraham’s low the strength of fully compacted concrete is

inversely proportional to the water-ceiment ratio.

Workability of concrete:

The degree of workability required depends on three factors. These are the size of the section
to be concreted. the amount of reinforcement, and the method of compaction to be used. For
the narrow and complicated section with numnerous corners or inaccessible parts, the concrete
must have a high workability so that full compaction can be achieved with a reasonable amount
of effort. This also applies to the embedded steel sections. The desired workability depends on

the compacting equipment available at the site.

Durability of concrete:

The durability of concrete is its resistance to the aggressive environmental conditions. High
strength concrete is generally more durable thar low strength concrete. In the situations
when the high strength is not necsssary but the conditions of exposure are such that high

durability is vital, the durability requirement will determine the water-cement ratio to be used.

Maximum nominal size of aggregate

In general, larger the maximum size of aggregate. smaller is the cement requirement for a
particular water-cement ratio, because the workability of concrete increases with increase in
maximum size of the aggregate. However, the compressive strength tends to increase with the
decrease in size of aggregate. IS 456:2000 and IS 1343:1980 recommend that the nominal size
of the aggregate should be as large «s possible.

Grading and type of aggregate

The grading of aggregate influences the mix proportions for a specified workability and water-

cement ratio. Coarser the grading leaner will be mix which can be used. Very lean mix is not

o
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desirable since it does not contain enough finer material to make the concrete cohesive. The
type of aggregate influences strongly the aggregate-cement ratio for the desired workability
and stipulated water cement ratio. An important feature of a satisfactory aggregate is the

uniformity of the grading which can be achieved by mixing different size fractions.

Quality Control at site:

The degree of control can be estimated statistically by the variations in test results. The
variation in strength results from the variations in the properties of the mix ingredients and
lack of control of accuracy in batching, mixing, placing, curing and testing. The lower the
difference between the mean and minimum stengths of the mix lower will be the cement-
content required. The factor controlling this difference is termed as quality control

5. Write a brief note on self-compacting concrete?

SCC is defined as “a concrete that is able to flow under its own weight and completely fill the
formwork, while maintaining homogeneity even in the presence of congested reinforcement,
and then consolidate without the necd for vibrating compaction™
The noise associated with the compaction of conventional concrete can be significant. SCC
affords quiet casting, and the environmental loadings from noise are therefore reduced. It also
eliminates the issue of blood circulatory problems caused by the vibration of concrete.
SCC affords the designer greater flexibility in designing complex shapes. It is independent of
the quality of mechanical vibration and theretors provides homogeneity leading to improved
durability and potential for reuse.
Self compacting concrete (SCC) can be classified as an advanced construction material. The
SCC as the name suggests, does not require to be vibrated to achieve full compaction. This
offers following benefits and advaniages over conventional concrete.

¢ Improved quality of concrete and reduction of onsite repairs.

+ Faster construction times.

« Lower overall costs.

« Facilitation of introduction of automation into concrete construction.

e Improvement of health and safety is alsa achieved through elimination of handling of

vibrators.

» Substantial reduction of environmental noise loading on and around a site.

6. Explain the properties of polymer Impregnated Concrete. A \ "




Polymer impregnated concrete consists of polymers or epoxies which are used to impart certain

special properties to concrete. Varicus applications of polymers in concrete and their properties

is discussed. The polymers are used in the concrei= due o the following reasons:

Polymers improve the strength and durability of hardened concrete

The chemical resistance and the impermeability of hardened concrete is increased
The flow properties of fresh concrete can be modified based on the required
specifications

I'he bond characteristics between old and new concrete can be improved

Some of the polymers that are used popularly are:

LA

Urethanes: Urethanes are produced by the reaction of isocyanates with the polyols
Acrylics: These are esters of acrylic and methacrylic acids

Vinyl!

Epoxies: These are type of synthetic fibers

SBR or Styrene Butadiene Resins: These are synthetic rubbers in the solution

Applications of Different Pclymers in Concrete

The different ways in which the polymer is introduced into the concrete (hardened concrete)

will vary widely based on the commercial obiective. The polymers can be employed in

concrete in different ways. They are:

Polymer Impregnated Concrzte (PIC)
Polymer-Modified Concrete (PMC)
Polymer Concrete (PC)

Polymer as Protective Coating
Polymer as Bonding Agent

Other Applications

Explain briefly about the types of fiber reinforced concrete

Different Types of Fiber Reinforced Concrete

Following are the different type of fibers generally used in the construction industries.




+ Steel Fiber Reinforced Concreate

* Polypropylene Fiber Reinforced (PFR) cement mortar & concrete
¢ GFRC Glass Fiber Reinforced Concrete

= Asbestos Fibers

s Carbon Fibers

« Organic Fibers
Steel Fiber Reinforced Concrete:

A no of steel fiber types are available as reinforcement. Round steel fiber the commonly used
type are produced by cutting round wire in to short length. The typical diameter lies in the
range of 0.25 to 0.75mm. Steel fibers having 2 rectangular c/s are produced by silting the
sheets about 0.25mm thick. Fiber made from mild stesl drawn wire. Conforming to 1S:280-
1976 with the diameter of wire varying from 0.3 10 0.5mm have been practically used in India.
Round steel fibers are produced by cutting or chopping the wire, flat sheet fibers having a
typical ¢/s ranging from 0.15 to 0.4Imm in thickness and 0.25 to 0.90mm in width are
produced by silting flat sheets. Deformed fiber, which are loosely bounded with water-soluble
glue in the form of a bundle are also available. Since individual fibers tend to cluster together,
their uniform distribution in the marix is ofter difficult. This may be avoided by adding fibers

bundles, which separate during the mixing proces-.
Polypropylene Fiber Reinforced (PFR) concrete:

Polypropylene is one of the cheapest & abundaitly available polymers polypropylene fibers
are resistant to most chemical & it would be cementitious matrix which would deteriorate first
under aggressive chemical attack. Its melting point is high (about 165 degrees centigrade). So
that a working temp. As (100 degree centigrade) may be sustained for short periods without

detriment to fiber properties.

Polypropylene fibers being hydropiobic can be easily mixed as they do not need lengthy

contact during mixing and only need to be evenly disiressed in the mix.




Polypropylene short fibers in small volume fractions between 0.5 to 15 commercially used in

concrete.
8. Giass Fiber Reinforced Concrete:

Glass fiber is made up from 200-400 individual filaments which are lightly bonded to make up
a stand. These stands can be chopped into various lengths, or combined to make cloth mat or
tape. Using the conventional mixing techniques for normal concrete it is not possible to mix

more than about 2% (by volume) of fibers of a length of 25mm.

The major appliance of glass fiber has been in reinforcing the cement or mortar matrices used
in the production of thin-sheet products. The commonly used verities of glass fibers are e-glass
used. In the reinforced of plastics & AR glass E-glass has inadequate resistance to alkalis
present in Portland cement where AR-glass has mproved alkali resistant characteristics.
Sometimes polymers are also added in the mixes to improve some physical properties such as

moisture movement.
Asbestos Fibers:

The naturally available inexpensive mineral fiber. asbestos, has been successfully combined
with Portland cement paste to form a widely used product called asbestos cement. Asbestos
fibers here thermal mechanical & chemical resistance making them suitable for sheet product
pipes, tiles and corrugated roofing clements. Asbestos cement board is approximately two or
four times that of unreinforced meirix. However, due to relatively short length (10mm) the

fiber have low impact strength.
Carbon Fibers:

Carbon fibers from the most recent & probability the most spectacular addition to the range of
fiber available for commercial use Carbon fiber comes under the very high modulus of
elasticity and flexural strength. These are expansive. Their strength & stiffness characteristics

have been found to be superior even to those of steel. But they are more vulnerable to damage
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than even glass fiber, and hence are generally treated with resign coating.




Organic Fibers:

Organic fiber such as polypropylenc or natural fiber may be chemically more inert than either
steel or glass fibers. They are also cheaper, especially if natural. A large volume of vegetable
fiber may be used to obtain a multipie cracking composite. The problem of mixing and uniform

dispersion may be solved by adding a super plasticize.

9. Explain about polymer — modified concrete

Polymer concretes are a type of concrete that usc polymers to replace lime-type cements as a
binder. In some cases the polymer is used in addition to portland cement to form Polymer
Cement Concrete (PCC) or Polymer Modifiad Concrete (PMC)

Properties

The exact properties depend on the mixture. polymer, aggregate used etc. etc. but generally

speaking with mixtures used:

The binder is more expensive than cement

« Significantly greater tensile strength than unreinforced Portland concrete (since plastic
is 'stickier’ than cement and has reasonable tersile strength)!!]

« Similar or greater compressive strength to Pertland concretel!!

»  Much faster curing

¢ Good adhesion to most surfzces, including to reinforcements

¢ Good long-term durability with respect to freeze and thaw cycles!']

* Low permeability to water and aggressive solutions

+ Good chemical resistance

« Good resistance against corrosion

o Lighter weight (slightly less densz than traditional concrete, depending on the resin
content of the mix)

¢ May be vibrated to fill voids in forms

* Allows use of regular form-release agents (in some applications)

¢ Dielectric




*  Product hard to manipulate with conventicnal tools such as drills and presses due to its
density. Recommend getting pre-modified product from the manufacturer
*  Small boxes are more costly when compared to its precast counterpart however pre cast

concretes induction of stacking or steel covers quickly bridge the gap.

10. How can high-strength corcrete be classified? Explain.

High strength concrete is defined purely on the basis of its compressive strength, defined the
high-performance concrete (HPC) as concrete mixtures possessing high workability, high
durability and high ultimate strength.

High strength of concrete is achieved by reducing porosity, in-homogeneity, and micro-cracks
in the hydrated cement paste and the transition zone. Consequently, there is a reduction of the
thickness of the interfacial transition zone in high-sirength concrete. The densification of the
interfacial transition zone allows for efficient loa transfer between the cement mortar and the
coarse aggregate. contributing to the strength of ihe concrete. For very high-strength concrete
where the matrix is extremely densc. a weak aggregate may become the weak link in concrete
strength.

Materials for High-Strength Concrete:
Cement

Cement composition and fineness play an important role in achieving high strength of
concrete. It is also required that the cement is compatible with chemical admixtures to obtain
the high-strength. Experience has shown that low-C3A cements generally produce concrete
with improved rheology.

Aggregate

Selection of right aggregates plays an important role for the design of high-strength concrete
mix. The low-water to cement ratio used in high-strength concrete makes the concrete denser
and the aggregate may become the weak link in the development of the mechanical strength.
Extreme care is necessary, therefore, in the selection of aggregate to be used in very high-

strength concrete.
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The particle size distribution of the fine aggregates plays an important role in the high strength

concrete. The particle size distribution of fine aggregate that meets the ASTM specifications is

adequate for high-strength concrete mixtures.

Guidelines for the selection of matcrials:

For the higher target compressive strength of concrete, the maximum size of concrete
selected should be small, so that the concrete can become more dense and compact and
less void ratio.

Up to 70 MPa compressive sirength can be produced with a good coarse aggregate of a
maximum size ranging from 20 to 28 mm.

To produce 100 MPa compressive strength aggregate with a maximum size of 10 to 20
mm should be used.

To date, concretes with compressive strengths of over 125 MPa have been produced,
with 10 to 14 mm maximum size coarsc aggregate.

Using supplementary cementitious materials. such as blast-furnace slag, fly ash and
natural pozzolans, not only reduces the production cost of concrete, but also addresses
the slump loss problem.

lhe optimum substitution icvel is ofien dewermined by the loss in 12- or 24-hour
strength that is considered acceptable, given climatic conditions or the minimum
strength required.

While silica fume is usually not really nccessary for compressive strengths under 70

MPa, most concrete mixtures contain it when higher strengths are specified.

11. Explain the polymer concrete and its advantages and types?

> Polymer concrete is an ordinary concrete produced with OPC ( Ordinary portland cement)

wet cured and inseminated with liquid ¢r vaporous chemical compound (Methyl

methacrylate monomer) and polymerized by zamma radiation or with chemical initiated

implies, i.e by utilizing thermal catalytic method (Adding 3% Benzoyl peroxide) to the

monomer as a catalyst. The impregnation is helped by drying the concrete at an extreme

temperature by evacuations and absorbing the monomer under limited pressure.




Application of Polymer Concrete:

Polymer concrete is broadly utilizing in several circumstances as following

1. Nuclear power plants. 2. Kerb-stones.

3. Prefabricated structural element. 4. Precast slabs for bridge decks.
5. Roads. 6. Marine Works.

7. Pre-stressed concrete. &. Irrigation works.

9. Sewage works. 10. Waterproofing of building.

Advantages of polymer concrete:

1. It has high impact resistance and high compressive strength.
2. Polymer concrete is highly resistant to freezing and thawing,
3. Highly resistant to chemicai attack and abrasion.

4. Permeability is lower than other conventional concrete.

Objective question with answers

1. The compaction of concrere, improves
A. Density B.Strength  C. Durability D. all theabove.
2. Segregation is responsible for

A. honey-combed concretc 3. porous layers in concrete

C. surface scaling in concrete 1). sand streaks in concrete
3. Addition of pozzolanatocement

A. decreasesworkability 8. increasesstrength

C. increases heatofhydration D. Increaseworkability




4. PermissiblecompressivesirengthofM 150concretegradeis [ ]
A. 100kg/cm? B.150kg/cm?
C.200kg/cm? D. 250kg/cm2

5. Pozzolana cement is used with confidence forconstructionof [ ]
A. Dams B.massivefoundations C. Abutmenis  D. All the above

6. Efflorescence in cement is caused due 1o an excessof [ 1
A. Alumina B. iron oxide C.MagnesiumOxide D.alkalis

7. ThediameteroftheVicatplungeris]1 0mmanditslengthvariesfrom [ ]
A.20 mm to30mm B. 30 mm to40mm  C.40 mm to50mm D. 50 mm to

60mm

8. The ratio of various ingredients (cemen, sund, aggregates) in concrete of grade M

20, is
A.1:2:4 B. 1:3: 6 C. A&B D. None of theAbove

9. Tri-calciumaluminate [ 1
A.reacts fastwithwater B. generates less heat ofhydration

C. causes initial setting and early strength ofcement
D. does not contribute to develop ultimatestrength
10. Hightemperature
A. increases the strengthofconcrete  B. decreases the strength ofconcrete
C. has no affecton the strengthofconcreie D. none ofthese.
KLY
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Fill In the Blanks question with answers

1. Increase in the moisture contentinconcrate=

2. Modulus of rupture of concrete is a mezsursof= / L‘ \
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The relation between modulus of rupture for and characteristic strength ofconcrete
fck is givenby =

4. Modulusofelasticityofstee asperlS:456-—2000shallbetaken as =

5. The factor of safety for concrete _than stee!

6. The characteristic strength of M50 concreteis=

7. Maturity of concrete is the productof =

8. The cylindrical strength of concrete istimes the strength ofthecube
9. The ratio of various ingredients in concrete of grade M 25=

10. The ratio of various ingredients in concrete of grade M 10 =

Q.NO ANSWERS
Decreases strength
Flexural strength
0.7Vfck

2 X10 °N/em?
LESS

SON/mm2

Time x Temp
1.25times

1:1:4

1:3:6
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14. COURSE ATTAINMENT

VAAGESWARI COLLEGE OF ENGINERING

Department: | ~ CIVILENGINEERING
Course Outcome Attainment - Internal Assessments

Name of the Faculty: - Academic Year: 2020-21

Branch & Section: CIVIL A&B Exam: Mid-1

Course: CT Semister: |

Question No. - "
SLNo Roll Number Objective Assignment
1 2 3 4

Maximum Marks 5 = _”5_77 S 5 10 5
1 17WJ1A0167 2 1 8 5
2 18541A0101 2 7 5
3 18541A0103 5 4 6 5
4 18541A0104 45 25 8 5
5 18541A0105 5 3 6 5
6 18541A0106 4.5 15 7 5
7 18541A0107 4 8 5
8 18541A0108 3 2 8 5
9 18541A0109 4 4 8 S
10 18541A0110 5 4 8 5
1 18541A0111 5 5 8 5
12 18541A0113 5 - a 6 5
13 18541A0114 3 7 5
14 18541A0115 4.5 1.5 7 5
I5 18541A0116 5 5 7 5
16 . 18541A0117 3 5 8 5
17 18541A0118 3 8 5
8 18541A0120 AB AB AB AB AB 5
19 18541A0121 5 1 7 5
20 18541A0122 a5 || - 5 6.5 5
21 18541A0123 5 N a 7 5
2 18541A0124 5 5 8 5
23 18541A0125 1 8 5
24 18541A0126 3 7 5
25 18541A0127 3 2 7 5
26 18541A0129 5 s 7 5
27 18541A0132 5 5 7 5
28 18541A0133 35 15 7 5
29 18541A0135 5 3 7 5
30 18541A0136 4.5 15 7 5
31 18541A0137 45 25 7 5




32 18541A0138 3 4 7 5
33 18541A0140 2 5 7 5
34 18541A0141 4 5 7 5
35 19545A0101 3 4 8 5
36 19545A0102 4 5 8 5
37 19545A0103 5 5 8 5
38 19545A0104 5 3 7 5
39 19545A0105 4 2 7 5
40 19545A0106 AB AB AB AB AB 5
41 19545A0107 2.5 35 7 5
42 19545A0108 4 3 4 5
43 19545A0109 5 3 8 5
44 19545A0110 5 5 8 5
45 19545A0111 45 45 T 5
46 19545A0112 AB AB AB AB AB 5
47 19545A0113 2.5 25 8 5
48 19545A0114 5 3 8 b
49 19545A0115 5 2 7 5
50 19545A0116 4 2 7 5
51 19545A0117 5 5 8 5
52 19545A0118 3 2.5 7.5 5
53 19545A0119 AB AB AB AB AB 5
54 19545A0120 2.5 35 7 5
55 19545A0121 2 6 5
56 19545A0122 3 3 7 5
57 19545A0123 AB AB AB AB AB 5
58 19545A0124 35 2.5 6 5
59 19545A0125 3 3 T 5
60 16541A0112 AB AB AB AB AB 5
61 16541A0182 AB AB AB AB AB 5
62 17541A0116 AB AB AB AB AB 5
63 17541A0117 1 2 5 5
64 17541A0123 1 7 5
65 17541A0125 2 1 6 5
66 17541A0136 2 6 5
67 17541A0163 2 I 6 5
68 17541A0166 1 1 6 5
69 18545A0109 2 3 7 5
70 18545A0116 AB AB AB AB AB 5
71 18541A0145 1 4 5
72 18541A0147 2 6 5
73 18541A0148 2.5 1.5 6 5
74 18541A0150 AB AB AB AB AB 5




75 18541A0151 4 3 5 5
76 18541A0153 1 1 T 5
77 18541A0154 5 4 7 5
78 18541A0155 4 4 6 5
79 18541A0157 | 7 5
80 18541A0158 5 5 5
81 18541A0159 4 4 6 5
82 18541A0160 5 4 8 5
83 18541A0161 3 3 8 5
84 18541A0162 5 3 v 5
85 18541A0166 5 5 7 5
86 18541A0170 25 218 7 5
87 18541A0171 5 3 7 5
88 19545A0126 1 1 7 5
89 19545A0127 a 3 7 5
90 19545A0128 3 7 5
91 19545A0129 2 7 5
92 19545A0130 1 3 7 5
93 19545A0131 3 1 7 5
94 19545A0132 a4 7 5
95 19545A0133 3 2 9 5
96 19545A0134 4 - 3 8 5
97 19545A0135 a 3 8 5
98 19545A0136 45 3.5 7 5
99 19545A0137 5 2.5 6.5 5
100 19545A0138 5 4 7 5
101 19545A0139 2.5 35 7 5
102 19545A0140 5 5 9 5
103 19545A0141 3 4 7 5
104 19545A0142 3 o 8 5
105 19545A0143 3 3 7 5
106 19545A0144 1 2 6 5
107 19545A0145 2 2 7 5
108 19545A0146 3 3 7 5
109 19545A0147 3 3 7 5
110 19545A0148 AB AB AB AB AB 5
11 19545A0149 5 5 9 5
112 19545A0150 2 2 7 5
113 19545A0151 5 4 7 5
114 19545A0152 3 3 7 5
115 19545A0153 AB AB AB AB AB 5
116 19545A0154 5 5 7 5
117 19545A0155 3 2 8 5




118 19545A0156 5 3 7 5
119 19S45A0157 AB AB AB AB AB 5
120 19545A0158 2 3 8 5
121 19545A0159 3 2 6 5
No. of students attempted 86 79 45 43 121 121
Max Marks Question wise 5 B 5 5 10 5
Threshold 55% 2.75 275 2.75 2.75 5.5 275
No. of Students above 59 50 12 17 104 121
thresold
% of Students>Target Score 68.61 63.3 26.67 39.54 85.96 100
Attainment Level 3 3 1 1 3 3
Attainment Level 40% students score more than threshold
Attainment Level 50% students score more than threshold
Attainment Level 60% students score more than threshold
Course Outcome Mapping with each Question
Question No
CO's Objective Assignment
1 2 3 4
Course outcome - 1 ¥ h ¥
Course outcome - 2 ¥ Y y Y
Course outcome - 3 y y Y
Course outcome - 4 y y
Course outcome - 5 y y

Course Outcome Attainment based on Exam Questions in terms of percentage of total students when mapped to each

question

Question No

CO's Objective Assignment
1 2 3 4
Course outcome - | 3 3 3
Course outcome - 2 3 1 3 3
Course outcome - 3 I 3 3
Course outcome - 4 3 3
Course outcome - 5 o 3 3




Course Qutcome Attainment based on Exam Questions in terms of percentage of total students when mapped to each

question
co's Subjective | Objective | Assignment A“Eiel::;em
Course outcome - | 3 3 3 3.00
Course outcome - 2 2 3 3 2.67
Course outcome - 3 1 3 3 233
Course outcome - 4 3 3 3.00
Course outcome - 5 3 3 3.00
VAAGESWARI COLLEGE OF ENGINERING
Department: | - ~ CIVILENGINEERING
Course OQutcome Attainment - Internal Assessments
Name of the Faculty: Academic Year: 2020-21
Branch & Section: CIVIL A&B Exam: Mid-2
Course: CT Semister: |
Question No. . y
SL.No Roll Number Obijective Assignment
1 2 3 4
Maximum Marks 5 5 | s 5 10 5
1 18541A0101 4 6 3
2 18541A0103 5 3 8 5
3 18541A0104 5 1 8 5
B 18541A0105 I 2 8 5
5 18541A0106 5 7 )
6 18541A0107 5 3 8 5
7 18541A0108 4 3 74 5
8 18541A0109 5 3 8 5
9 18541A0110 5 4 7 )
10 18541A0111 3 5 9 5
11 18541A0113 1 2 8 5
12 18541A0114 0 8 =)
13 18541A0115 2 1 8 5
14 18541A0116 5 4 9 )
15 18541A0117 5 4 9 5
16 18541A0118 5 i | 7 5
17 18541A0120 AB AB AB AB AB 3
18 18541A0121 7 5
19 18541A0122 5 . 9 5
20 18541A0123 5 8 5
21 18541A0124 5 3 9 3
22 18541A0125 1 9 5
23 18541A0126 5 8 S
24 18541A0127 2 3 7 5




25 18541A0129 2 9 5
26 18541A0132 8 5
27 18541A0133 1 8 5
28 18541A0135 5 3 7 5
29 18541A0136 4 7 5
30 18541A0137 5 5 6 5
31 18541A0138 5 8 5
32 18541A0140 5 8 5
33 18541A0141 5 3 5 5
34 19545A0101 5 7 5
35 19545A0102 5 4 9 5
36 19545A0103 5 4 9 5
37 19545A0104 1 3 9 5
38 19545A0105 5 4 8 5
39 19545A0106 3 7 5
40 19545A0107 5 3 8 5
41 19545A0108 5 3 8 5
42 19545A0109 5 4 9 5
43 19545A0110 5 4 8 5
44 19545A0111 4 4 7 5
45 19545A0112 AB AB AB AB AB 5
46 19545A0113 3 2 8 5
47 19545A0114 5 9 5
48 19545A0115 5 4 9 5
49 19545A0116 3 2 8 5
50 19545A0117 5 4 9 5
51 19545A0118 AB AB AB AB AB 5
52 19545A0119 1 1 7 5
53 19545A0120 5 4 9 5
54 19545A0121 5 4 9 5
55 19545A0122 5 4 8 5
56 19545A0123 5 8 5
57 19545A0124 5 8 )
58 19545A0125 5 3 8 5
59 17541A0116 AB AB AB AB AB 5
60 17541A0123 2 8 5
61 17S41A0136 1 1T 8 ]
62 17541A0163 2 1 8 5
63 18541A0145 5 R 7 5
64 18541A0147 1 2 7 5
65 18541A0148 4 2 7 5
66 18541A0150 5 4 6 5
67 18541A0151 5 1 7 5




68 18541A0153 2 8 3
69 18541A0154 5 8 5
70 18541A0155 5 4 9 5
71 18541A0157 4 8 5
72 18541A0158 5 | 8 5
73 18541A0159 3 4 9 5
74 18541A0160 5 2 8 5
75 18541A0161 5 3 9 5
76 18541A0162 5 3 7 5
77 18541A0166 5 3 7 5
78 18541A0170 5 7 5
79 18541A0171 5 3 9 b
80 19545A0126 5 8 5
81 19545A0127 2 1 7 5
82 19545A0128 5 8 5
83 19545A0129 3 8 5
84 19545A0130 5 9 5
85 19545A0131 5 8 5
86 19545A0132 3 1 7 5
87 19545A0133 1 3 9 5
88 19545A0134 4 9 5
89 19545A0135 5 8 5
90 19545A0136 5 8 5
91 19545A0137 g 3 8 5
92 19545A0138 5 3 8 5
93 19545A0139 3 3 8 5
94 19545A0140 2 4 8 5
95 19545A0141 1 3 8 5
% 19545A0142 2 3 8 5
97 19545A0143 5 2 9 5
08 19545A0144 1 2 7 5
99 19545A0145 1 2 8 5
100 19545A0146 5 3 8 5
101 19545A0147 4 3 8 5
102 19545A0148 4 1 7 5
103 19545A0149 5 3 9 5
104 19545A0150 1 B 1 8 5
105 19545A0151 5 8 5
106 19545A0152 5 - 8 5
107 19545A0153 2 3 7 5
108 19545A0154 5 4 7 5
109 19S45A0155 4 2 8 5
110 19545A0156 5 3 9 5




11 19545A0157 3 3 9 5
112 19545A0158 4 1 9 5
113 19545A0159 1 2 9 5
114 20548A0101 5 1 8 5
115 16541A0112 AB AB AB AB AB 5
116 16S41A0182 1 1 8 5
117 17541A0117 8 5
118 17541A0125 2 8 5
119 17541A0166 8 5
120 18545A0109 3 8 5
121 18S45A0116 5 7 5
No. of students attempted 108 30 15 74 121 121
Max Marks Question wise 5 5 5 5 10 5
Threshold 55% 2.75 275 2.75 2:75 5.5 2375
m‘e‘s’;f;“de"ts dbove 78 11 6 53 115 121
% of Students>Target Score 72.23 36.67 40 71.63 95.05 100
Attainment Level 3 i 1 3 3 3
Attainment Level 1 40% students score more than threshold
Attainment Level 2: 50% students score more than threshold
Attainment Level 3: 60% students score more than threshold

Course Outcome Mapping with each Question

CO's

Question No

y = = P Objective Assignment
Course outcome - | ¥ Yy y
Course outcome - 2 y v v Yy
Course outcome - 3 ¥ Yy y
Course outcome - 4 y y
Course outcome - 5 v y

Course Outcome Attainment based on Exam Questions in terms of percentage of total students when mapped to

each question

Question No

CO's Objective Assignment
1 2 3 4
Course outcome - | 3 3 3
Course outcome - 2 1 | 3 3




Course outcome - 3

Course outcome - 4

Course outcome - 5

Course Outcome Attainment based on Exam Questions in terms of percentage of total students when mapped to
each question

CO's Subjective | Objective | Assignment A": :::']em
Course outcome - | 3 3 3 3.00
Course outcome - 2 | 3 3 233
Course outcome - 3 3 3 3 3.00
Course outcome - 4 3 3 3.00
Course outcome - 5 3 3 3.00
VAAGESWARI COLLEGE OF ENGINERING
Department: CIVIL ENGINEERING
Course Qutcome Attainment External Examination
Name of the Academic
Faculty: Year:
Branch & Section: CIVIL A&B Exam:
Course: CT Semister:
S.NO. HALLTICKET NO TOTAL(Max. Score:75)
1 17WIJ1A0167
2 16541A0112 -1
3 16541A0182 6
4 17541A0116 a
5 17541A0117 9
6 17541A0123 11
7 17541A0125 3
8 17541A0136 26
9 17541A0163 26
10 17541A0166 0
11 18541A0101 16
12 18541A0103 32
13 18541A0104 26
14 18541A0105 26
15 18541A0106 4
16 18541A0107 11
17 18541A0108 4
18 18541A0109 40
19 18541A0110 28




20 18541A0111 26
21 18541A0113 17
22 18541A0114 9
23 18541A0115 30
24 18541A0116 29
25 18541A0117 31
26 18541A0118 28
27 18541A0120

28 18541A0121 1
29 18541A0122 38
30 18541A0123 26
31 18541A0124 28
32 18541A0125 15
33 18541A0126 26
34 18541A0127 28
35 18541A0129 33
36 18541A0132 26
37 18541A0133 14
38 18541A0135 26
39 18541A0136 14
40 18541A0137 27
41 18541A0138 8
42 18541A0140 8
43 18541A0141 31
aa 18541A0145 3
45 18541A0147 13
46 18541A0148 13
a7 18541A0150 27
48 18541A0151 28
49 18541A0153 6
50 18541A0154 33
51 18541A0155 26
52 18541A0157 1
53 18541A0158 37
54 18541A0159 41
55 18541A0160 37
56 18541A0161 i 36
57 18541A0162 | 32
58 18541A0166 44
59 18541A0170 13
60 18541A0171 26
b1 18545A0109 15;
62 18545A0116 30




63 19545A0101 4
64 19545A0102 33
65 19545A0103 48
66 19545A0104 9
67 19545A0105 39
68 19545A0106 6
69 19545A0107 26
70 19545A0108 32
71 19545A0109 32
72 19545A0110 39
73 19545A0111 26
74 19545A0112

75 19545A0113 26
76 19545A0114 40
77 19545A0115 39
78 19545A0116 26
79 19545A0117 38
80 19545A0118 4
81 19545A0119 30
82 19545A0120 31
83 1954540121 26
84 19545A0122 26
85 19545A0123 6
86 19545A0124 29
87 19545A0125 35
88 19545A0126 15
89 19545A0127 28
90 19545A0128 26
91 19545A0129 26
92 19545A0130 26
93 19545A0131 26
94 19545A0132 34
95 19545A0133 26
96 19545A0134 28
97 19545A0135 26
98 19545A0136 37
99 19545A0137 26
100 19545A0138 37
101 19545A0139 29
102 19545A0140 38
103 19545A0141 26
104 19545A0142 26
105 19545A0143 35




106 19545A0144 26
107 19545A0145 35
108 19545A0146 28
109 19545A0147 33
110 19545A0148 32
111 19545A0149 B 31
112 19545A0150 5
113 19545A0151 26
114 19545A0152 34
115 19545A0153 29
116 19S45A0154 28
117 19S45A0155 26
118 19545A0156 33
119 19545A0157 - 41
120 19S45A0158 26
121 19545A0159 30
122 20S48A0101 16
116
No. of students who attempted the subject
Max. Marks 75
Thresold 40% 30
No. of students who scored more than the target score b
34.48
Percentage of students who scored more than target score
Overall External Attainment level 1
Attainment Level 1 40% students score more than threshold
Attainment Level 2: 50% students score more than threshold
Attainment Level 3: 60% students score more than threshold

VAAGESWARI COLLEGE OF ENGINERING

Department: | CIVIL ENGINEERING

Overall Course Qutcome Attainment

Name of the

Faculty: Academic Year: 2020-21
Branch & Section: CIVIL A&B - Exam:

Course: CT Semister: I

( ,U\




Course Outcomes 1st Internal Exam 2nd Internal Exam il University Exam
Exam(Avg.)
Course outcome - 1 2.67 3.00 2.84 3.00
Course outcome - 2 2.83 233 2.58 3.00
Course outcome - 3 3.00 3.00 3.00 3.00
Course outcome - 4 3.00 3.00 3.00 3.00
Course outcome -5 3.00 3.00 3.00 3.00
Average 2.88 3.00
B Final CO Attainment for the Subject 2.970833333
COURSE OUTCOMES AND PROGRAM OUTCOMES MAPPING
PO PO | PO | PO | PO | PO1 | PO1 | PO1 | PSO | PSO
PO1 | PO2 | PO3 4 PO5 6 7 8 9 0 1 5 1 5
Course-olutcome 7 3 3 2 . . . ) 1 i ) ) i
Course-ozl.ltcome 3 2 3 ) 1 ) . a ) . ) . )
Course_oautcome 2 2 3 i ’ ) ) i 1 i . 1 1
Course outcome 2 2 2 ) 1 ) ) i ? . . ) .
-4
Course outcome 2 2 3 . ) i ) ) A 2 ) B ) )
-5
AveragePos | 22 |22 |28 - |16 | - | - | - | - [ 16 | - - 1 1
PO 23 | 234 | 27 1.5
ATTANMENT | 8 | 8 | 7 | ~ | 8 | ~ | = | ~ | - |18 - i Bl R




15. CO-PO MAPPING

Program Outcomes
Course
Outcomes
PO1 | PO2 | PO3 | PO4 |PO5 |PO6 [PO7 (PO8 (POY | PO10 [PO11 |POI2
CcOo1
3 3 3 3
CcO2
3 3 1
Cco3
1 3 3 3
CO4
3 3 3 1
CO5
3 3 1 1
1: Slight (Low) 2: Moderate (Medium) 3: Substantial (High)

ff i



