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Preface

The primary focus of any engineering laboratory/ field work in the technical education
system is to develop the much needed industry relevant competencies and skills. With this in
view, MSBTE embarked on this innovative ‘I’ Scheme curricula for engineering diploma
programmes with outcome-base education as the focus and accordingly, relatively large
amount of time is allotted for the practical work. This displays the great importance of
laboratory work making each teacher; instructor and student to realize that every minute of
the laboratory time need to be effectively utilized to develop these outcomes, rather than
doing other mundane activities. Therefore, for the successful implementation of this
outcome-based curriculum, every practical has been designed to serve as a ‘vehicle’ to
develop this industry identified competency in every student. The practical skills are difficult
to develop through ‘chalk and duster’ activity in the classroom situation. Accordingly, the ‘I’
scheme laboratory manual development team designed the practicals to focus on the
outcomes, rather than the traditional age old practice of conducting practicals to ‘verify the

theory’ (which may become a byproduct along the way).

This manual is designed to help all stakeholders, especially the students, teachers and
instructors to develop in the student the pre-determined outcomes. It is expected from each
student that at least a day in advance, they have to thoroughly read through the concerned
procedure that they will do the next day and understand the minimum theoretical background
associated with the practical. Every practical in this manual begins by identifying the
competency, industry relevant skills, course outcomes and practical outcomes which serve as
a key focal point for doing the practical. The students will then become aware about the skills
they will achieve through procedure shown there and necessary precautions to be taken,

which will help them to apply in solving real-world problems in their professional life.

This manual also provides guidelines to teachers and instructors to effectively facilitate
student-centered lab activities through each practical exercise by arranging and managing
necessary resources in order that the students follow the procedures and precautions

systematically ensuring the achievement of outcomes in the students.

Design of Steel and RCC Structures is important as it is the methodical investigation of the
stability, strength and rigidity of structures. The basic objective in structural analysis

and design is to produce a structure capable of resisting all applied loads without failure
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during its intended life. Structural engineering is one of the most fundamental engineering
disciplines because it deals directly with the structural integrity and strength of a building or
structure. Thus all construction projects must utilize the principles of structural engineering in
order for the new building or structure to bear its own load and to be able to withstand the
demands that will be placed upon it. Structures must be designed so that they can withstand
their own weight as well as the loads and pressures that will be placed upon them. Structural
engineers provide crucial information about structural elements such as foundations, columns,
beams, slabs etc. A structure that does not consider structural engineering in its design runs

the risk of collapsing under its own weight or due to external loads acting on it.

Although best possible care has been taken to check for errors (if any) in this manual,
perfection may elude us as this is the first edition of this manual. Any errors and suggestions

for improvement are solicited and highly welcome.
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Program Outcomes (POs) to be achieved through practicals of this course:

PO 1. Basic knowledge: Apply knowledge of basic mathematics, science and basic
engineering to solve the broad-based Civil engineering problems.

PO 2. Discipline knowledge: Apply Civil engineering knowledge to solve broad-based
Civil engineering related problems.

PO 3. Experiments and practice: Plan to perform experiments and practices to use the
results to solve the broad-based Civil engineering problems.

PO 4. Engineering tools: Apply relevant Civil technologies and tools with an understanding
of the limitations.

PO 5. The engineer and society: Assess societal, health, safety, legal and cultural issues
and the consequent responsibilities relevant to practice in field of Civil engineering.

PO 6. Environment and sustainability: Apply Civil engineering solutions also for
sustainable development practices in societal and environmental contexts.

PO 7. Ethics: Apply ethical principles for commitment to professional ethics,
responsibilities and norms of the practice also in the field of Civil engineering.

PO 8. Individual and Team Work: Function effectively as leader and team member in
diverse / multidisciplinary teams.

PO 9. Communication: Communicate effectively in oral and written form.

PO 10. Life-long learning: Engage in independent and life-long learning activities in the
context of technological changes also in the Civil engineering and allied industry.

PSO 1 Construction Planning and Designing: Perform optimal civil engineering
construction, planning and designing activities of desired quality at optimal cost.

PSO 2 Construction Execution and Maintenance: Execute civil engineering construction

and maintenance using relevant materials and equipment.
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Practical- Course Outcome Matrix

Course Outcomes (COs)

mo Qo o

Use steel table and IS code 800:2007 at work site.

Design the connections for the given steel joints.

Analysis and design of singly reinforced rectangular beams.
Design of shear reinforcement and development length for beam and slabs.

Design various slabs for the given edge condition.

Design of axially loaded short columns and footings.

Practical Outcome

(60

CO

CO

Draw five standard rolled steel sections showing
all details.

Write five IS clauses related to load from
IS 875:1987.

Draw five commonly used built up sections.

Write five IS clauses related to joints in steel
structure from IS 800:2007.

Draw types of bolts with their modes of failure.

Design a bolted connection for the given data
and compare it with design using open source
software/IS code.

Draw types of welds and types of welded joints.

Draw modes of failure for bolted connections.

Write five IS clauses related to partial safety
factors, characteristic strengths, characteristic
load and design load from IS 456:2000.

10.

Draw cross section, strain —stress diagram for
singly reinforced section giving design
parameters and constants.

11.

Draw stress block diagram for Under-
reinforced, Over-reinforced and Balanced
sections showing all details.

12.

Write five IS clauses related to shear
reinforcement in beams and slabs from
IS 456:2000.

13.

Write the procedure to calculate development
length of main reinforcement in slabs and
beams.

14.

Write four IS clauses related to each for slab,
beam and column from IS 456:2000.

15.

Draw diagrams showing transfer of loads from
one way simply supported slab and two way
simply supported slab to the supporting beams as
per IS 456:2000.
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Practical Outcome

CO

CO

CO

CO

16.

Draw the table showing details of deflected
shape along with effective length of column as
per IS 456:2000.

17.

Design of a welded connection for the given data
and compare it using open source software/IS
code.

18.

Draw reinforcement detailing of dog legged
stair.

19.

Check the given drawing as per IS 456:2000
specifications with respect to reinforcement
detailing. (Working drawing / Blue print should
be collected from the suitable site.)

20.

Design one cantilever slab from the given data.

21.

Design a one way simply supported slab from
the given data.

22,

Design a two way simply supported slab from
the given data.

23.

Design the beam/s each supporting cantilever
slab, one way simply supported slab and two
way simply supported slab from the given data.

24.

Design one axially loaded short column each
supporting two given beams (corner column),
three beams and four beams from the given field
situation from the given data.

25.

Design footing for axially loaded short column
designed in Sr. no.24.

26.

Draw the reinforcement details for cantilever
slab, one way simply supported slab and two
way simply supported slab designed in
Sr. no. 20 to 22.

27.

Draw the reinforcement details for the beam,
column and footing designed in Sr. no 23 to 25.

28.

Prepare a report on site visit for joints in Steel
structures.

29.

Prepare a report on site visit for reinforcement
detailing for various structural elements.
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List of Industry Relevant Skills

The following industry relevant skills of the competency ‘Use the concepts of Steel and

RCC structure design with Limit State Method at the site’ are expected to be developed

in you by undertaking the practicals of this laboratory manual.

1.

2
3.
4

10.

11.

12.

13.

14.

Identify and draw different types of steel sections.
Understand, interpret and design the given structural component using relevant IS Code.
Preparing the working drawing of structural design using software.

Detailing and placing of reinforcement for the given structural component on site.

Brief Guidelines to Teachers

Hints regarding strategies to be used:

Teacher shall explain the prior concepts to the students of the practical emphasizing of
the skills which the student should achieve.

Teachers should give opportunity to students for hands-on after the demonstration.
Teacher should give relevant information (including safety measures) to students prior to
visit arranged for effective utilization of time and understanding.

Teachers shall organize the work in the group and ensure it’s timely completion.

Teacher may provide additional knowledge and skills to the students even though not
covered in the manual but are expected from the students by the industries.

Assess the skill achievement of the students and COs of each unit.

One or two questions ought to be added in each practical for different batches. For this
teachers can maintain various practical related question banks for each course.

If some repetitive information like data sheet, use of software tools etc. has to be
provided for effective attainment of practical outcomes, they can be incorporated in
Appendix.

For effective implementation and attainment of practical outcomes, teacher ought to
ensure that in the beginning itself of each practical, students must read through the
complete write-up of that practical sheet.

During practical, ensure that each student gets chance and takes active part in designing
the structural elements.

Teacher ought to assess the performance of students continuously according to the
MSBTE guidelines.

Teacher should distribute all the questions among all the three batches so as to attempt
all questions. It is recommended that every year the combination of question must be
changed for each batch.

Preferably teacher should guide students to come along with separate blue print /
working drawing for each batch.

Teacher should divide each batch into group of four to five students.
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10.

11.

12.

13.

14.

15.
16.

Instructions for Students

For effective implementation and attainment of practical outcomes, in the beginning it-
self of each practical, students need to read through the complete write-up including the
practical related questions and assessment scheme of that practical sheet.

Student must refer the data books, IS codes, safety norms, internet websites etc.

Student should not hesitate to ask any difficulties they face during the conduct of
practical /visits.

Student should develop the habit of pear discussions / group discussion related to the
experiment / exercise so that exchanges of knowledge / skills could take place.

Student shall attempt to develop related hands-on skills and gain confidence.

Students shall visit the nearby construction site, technical exhibitions, trade fair etc. even
not included in the lab manual.

Students should develop the habit of not to depend totally on teachers but to develop
self-learning techniques.

Student should develop habit to submit the practical exercise continuously and
progressively on the scheduled dates and should get the assessment done.

It is necessary to take all type of precautionary measures by students during site visit.
Students should take photographs (which may be different for each student) on their own
for deep understanding of the concepts and same should be attached (pasted in separate
sheet) in respective practical/visit.

Each student must follow the instructions given by the site engineer during site visit.

For site visit students should wear college uniform (if any), college I card, safety shoes,
cap, sun glasses and should carry water bottles.

Students must take precautions while walking on formwork and below the formwork
on site.

Special precautions must be taken if site visit is to be arranged for high rise
structures / buildings.

On site, do not operate switches of any of the equipment / machinery present on site.

No students take selfie photograph on site.
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Content Page
List of Practicals and Progressive Assessment Sheet

Name of the Student-

Roll No.

Sr.
No

Title of the Practical

Page
No.

Date of
Performance

Date of
Submission

Assessment
Marks

(25)

Dated
Sign. of
Teacher

Remark
(If Any)

Draw five standard rolled steel
sections showing all details.

Write five IS clauses related to
load from IS 875:1987.

Draw five commonly used built
up sections.

14

Write five IS clauses related to
joints in steel structure from
IS 800:2007.

21

5*

Draw types of bolts with their
modes of failure.

28

Design a bolted connection for
the given data and compare it
with design using open source
software/IS code.

34

7*

Draw types of welds and types of
welded joints.

41

Draw modes of failure for bolted
connections.

46

Write five IS clauses related to
partial safety factors,
characteristic strengths,
characteristic load and design
load from IS 456:2000.

52

10*

Draw cross section, strain —stress
diagram for singly reinforced
section giving design parameters
and constants.

59

11

Draw stress block diagram for
Under- reinforced, Over-
reinforced and Balanced sections
showing all details.

64

12*

Write five IS clauses related to
shear reinforcement in beams and
slabs from IS 456:2000.

69
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Sr.
No

Title of the Practical

Page

Date of
Performance

Date of
Submission

Assessment
Marks

25

Dated
Sign. of
Teacher

Remark
(If Any)

13

Write the procedure to calculate
development length of main
reinforcement in slabs and beams.

75

14

Write four IS clauses related to
each for slab, beam and column
from IS 456:2000.

83

15

Draw diagrams showing transfer
of loads from one way simply
supported slab and two way
simply supported slab to the
supporting  beams as  per
IS 456:2000.

92

16

Draw the table showing details of
deflected shape along with
effective length of column as per
IS 456:2000.

97

17

Design of a welded connection
for the given data and compare it
using open source software/IS
code.

103

18*

Draw reinforcement detailing of
dog legged stair.

111

19

Check the given drawing as per
IS 456:2000 specifications with
respect to
detailing. (Working drawing /
Blue print should be collected
from the suitable site.)

reinforcement

116

20*

Design one cantilever slab from
the given data.

122

21*

Design a one way simply
supported slab from the given
data.

132

22%

Design a two way simply
supported slab from the given
data.

143
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Assessment | Dated

Sr. . . Page Date of Date of . Remark
No Title of the Practical No. | Performance | Submission Marks Sign. of (If Any)
25) Teacher

Design  the  beam/s  each
supporting cantilever slab, one

23% | way simply supported slab and | 152
two way simply supported slab
from the given data.
Design one axially loaded short
column each supporting two
given beams (corner column),

24* | three beams and four beams from | 163
the given field situation from the
given data.
Design footing for axially loaded

25+ | short  column  designed in| 176
Sr. no. 24.
Draw the reinforcement details
for cantilever slab, one way

26*#| simply supported slab and two | 188
way simply supported slab
designed in Sr. no. 20 to 22.
Draw the reinforcement details

744/ for the beam, column and footing | 194
designed in Sr. no 23 to 25.
Prepare a report on site visit for

28 | joints in Steel structures. 203
Prepare a report on site visit for

20+ reinforcement  detailing  for | 5
various structural elements.

Total

1) The term work should consist of manual, A3 size sketchbook and A2 size drawing sheets.

2) A judicial mix of minimum eight (8) or more practical are to be performed from Sr. No. 1 to 18 and
minimum nine (9) or more practical are to be performed from Sr. No. 19 to 29 out of which Sr. Nos.
marked with’ (*)’ are compulsory i.e. total minimum seventeen (17) practical or more.

3) Use A3 size sketchbook for Sr. No. 1,3,5,7,8,10,11,16,17,19.

4) Collect suitable working drawing /blue print from the site for the data required for the Sr.No.19 to 25
preferably separate drawing for each batch.

5) For Sr. No. 23 and 24, divide each batch into three groups. Each group will design only one type of beam
and one type of column from the given types so that all types of beams and columns will get designed.

6) For Sr. No. marked with ( #), use AutoCAD software for drawing.

Note: To be transferred to Proforma of CIAAN-2017.
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Practical No. 1: Draw five standard rolled steel sections showing all details

II.

I11.

Iv.

VI.

VII.

Practical Significance

In actual practice for design purpose, sectional properties of the section are required.
These sectional properties help to suggest the section which will be safe and economical
for given loading condition. These sectional properties are given in steel table with certain
symbol. This practical will help students to understand different notations used for
different properties and drawing of sections will also helpful to the students to know
standard shapes of the sections.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse /multidisciplinary team
PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a. Use steel table and IS code 800:2007 at work site.

Practical Outcome
Draw five Standard Rolled Steel Sections showing all details.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency, “Proper selection of section for the various situations.”

a. Observation skill.

b. Ability to suggest the different types of sections for various end conditions.

c. Ability of classifying sections based on their designation.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.

Minimum Theoretical Background

Bureau of Indian Standard (BIS): The Bureau of Indian Standards (BIS) is the
national Standards Body of India working under the aegis of Ministry of Consumer
Affairs, Food and Public Distribution, Government of India. One of the major functions of
the Bureau is the formulation, recognition and promotion of the Indian Standards. BIS sets
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the standards of quality and uniformity in various engineering products, processes and
practices in the jurisdiction of India.

Standard Steel Sections: The steel sections manufactured in rolling mills and used as
structural members are known as rolled steel sections. The steel sections are named
according to their cross sectional shapes. These are specific cross-sectional shapes to be
used for the members in steel structures as recommended by the Bureau of Indian
Standard (BIS).

Steel tables are the books published by the Bureau of Indian Standard (BIS) specifying all
the standard steel sections and there sectional properties like dimensions, weight/m, area,
radius of gyration, section modulus and moment of inertia etc. required at the time of

design

Common abbreviations used for steel sections:

A - Angle J - Junior

B  -Beam L -Light

C - Channel M - Medium

H - Heavy N - Normal

IS - Indian Standard W - Wide flange

VIII. Experimental Set-up

eg. ISAIOX 75X 6mm =ISA 1 X b Xt

Here,

1 = length of longer leg
b = width of shorter leg
t = thickness of section

1 =100 mm |

Unequal Angle Section

e.g. For ISLE 225 =]ISLB (h)

b =100 mm
—

Here,

b = Width of Flange

h = Depth of section

tf = Thickness of Flange
t.= Thickness of Web

Beam Section
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Extract of steel table for Rolled Steel Beams

Sect- | Depth | Width | "MK | g ) ,
. . . ness . Radii of Moduli of
Designation | Wt/m | ional of of ness Moment of Inertia . .
. of Gyration section
Area | section | flange of web
flange
W a h b tr ty T Iy, Tyx Tyy Zx Zyy
(kg) | (cm’) | (mm) | (mm) | (mm) | (mm) | (em') | (cm) | (em) | (cm) | (cm’) | (em’)
ISLB 22
5 5 23.5 | 29.92 225 100 8.6 5.8 25019 | 112.7 | 9.15 | 1.94 | 2224 22.5
ISMB 225

31.2 | 39.72 225 110 11.8 6.5 3441.8 | 2183 | 931 | 2.34 | 3059 | 39.7

IX. Resources required

Sr. No. Particulars Specification | Quantity Remark
1 Steel Table | eememeee 1 No. Per batch
2 A3 size sketchbook and Drawing | - 1set Per student
tools (scale, pencil, eraser etc.)
X. Procedure
1. Teacher should give list of five sections to be drawn consisting of all types of
sections. '
2. Discuss the types of sections and categories according to their designation with batch
mates.
3. Students should identify the given sections from steel table and should draw it in

sketchbook by mentioning its properties. (Refer Point no. VIII experimental set-up.)

XI. Precautions to be followed

1.

Write the properties of given steel section carefully as the section of same height is
available in steel table under different category.

e.g. ISLB 225, ISMB 225

Sketches should be drawn with appropriate height/depth (h/d) ratio along with the

font size used for labeling.

XII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

1.

Write the full forms of ISA, ISLB, ISMC, and ISNT.
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2.

10.

Write properties Weight/m, area, depth of section, thickness of flange and web of two
sections. (Teacher should provide any two sections).

Identify minimum three sections used for steel furniture in your college premises such
as drawing table, stool, door gate etc.

Write the sizes of sections identified in Que. No. 3 and compare it with steel table.
Centre of gravity about x and y axis for equal angle section is (same
/ different).

Suggest three channel sections from steel table whose radius of gyration is
15% to 20 % more than the radius of gyration =
(Teacher should provide value of radius of gyration.)
Suggest three I (beam) section from steel table whose modulus of section is 15% to
20 % more than the modulus of section = . (Teacher
should provide value of modulus of section.)

Suggest three equal angle sections from steel table whose area is 15% to 20 % more
than an area = . (Teacher should provide
value of area of section.)

Suggest suitable I section which will be economical on site if available sections are -
ISMB 100 and ISMB 125. The selected section should have c/s area more than
= 1400 mm’. (Student has to refer steel table to get an area of ISMB 100 and
ISMB 125.)

State minimum radius of gyration for given unequal angle section. (Teacher should
provide min two angle sections).

Space to Write Answers
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XIII. References / Suggestions for further Reading

o Title of Book/ Website Links Author Publication
No.
1 Steel Table | e | e
7 IS800:2007 | e e
XIV. Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related:15 Marks 60%
Use of steel table. 25%
Precision in sketchbook, neatness, cleanliness. 30 %
Working in team. 5%
Product related:10 Marks 40%
Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
2
B
G
Marks Obtained Dated sign of Teacher
Process Related Product Related Total
(15) (10) (25)
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II.

II1.

IVv.

VL.

Practical No. 2: Write five IS clauses related to load from IS 875:1987

Practical Significance

The force is exerted by a body on its supporting structure. It is very difficult to anticipate
the actual load to which structure is subjected throughout the life of structure. Dead load,
live load, wind load, earthquake load are some of the common types of loads on a
structure. This practical will help the students to understand salient provisions of IS: 875-
1987 for design loads other than earthquake for buildings and structures.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

PO. 2 Discipline knowledge: An ability to apply discipline - specific knowledge to solve
core and / or applied engineering problems.

PO. 4 Engineering tools: Apply relevant Civil technologies and tools with an
understanding of the limitations.

PO. 7 Ethics: Apply ethical principles for commitment to professional ethics,
responsibilities and norms of the practice also in the field of Civil engineering.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
Diverse / multidisciplinary team.

Relevant Course Outcomes

a. Design the connections for the given steel joints.

b. Analysis and design of singly reinforced rectangular beam.
c. Design various slabs for the given edge condition.

d. Design of axially loaded short columns and footings.

Practical Outcome
Write five IS clauses related to load from IS: 875-1987.

Competency and Practical SKkills
This practical is expected to develop the following skills for the industry identified
competency, “Apply knowledge of Loading Standards for buildings and structures.”

a. Know IS clauses for loads.
b. Follow design steps as per IS 456: 2000.

Relevant Affective domain related
a. Demonstrate working as a leader/ team member.
b. Follow ethical practices.
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VII.

VIII.

Minimum Theoretical Background

Dead load, live load, wind load, earthquake load are some of the common types of
loads on a structure.

Two and more than two types of loads are generally acting on the structure so the
combinations of various types of loads are made to determine the final load eg. DL +
LL, DL + WL, DL+ LL +WL, DL+EL etc.

IS: 875-1987 (Part 1 to 5) this is the IS code in which the values of various loads that
occur generally on a structure are specified.

The five parts of the code refer to Dead Load (DL), Imposed Load (LL), Wind Load
(WL), Snow Loads and special Loads and Load combinations respectively.

Resources required

Sr.
No.

Particulars Specification Quantity Remark

IS 875:1987
(Part 1 to 5)

Code of practice for Design loads
( other than Earthquake) for buildings 1 No. Per batch
and Structures

IX.

Procedure

1.
2.

0 XN

Take a general browse through the IS code and enter the information in Observation.
Study each section with reference to the information asked and enter the information
extract accordingly.

Write Clause 1 (Page No. 4) of IS: 875-1987 Part1 related to Scope of the code.

Write Clause 2 (Page No. 4) of IS: 875-1987 Partl related to Unit Weights of
Common Building Materials.

Write Clause 1.1 and 1.2 (Page No. 5) of IS: 875-1987 Part 2 related to Scope of the
code.

Write Clause 3.1, 3.1.1 and 4.1 of Live Load on floors due to use and occupancy.
Write Clause 1.1 (Page No.5) of IS: 875-1987 Part 3 related to Scope of the code.
Write Clause 5.3 (Page No. 8) of IS: 875-1987 Part 3 related to Design wind speed.
Write Clause 5.4 (Page No. 12) of IS: 875-1987 Part 3 related to Design wind
pressure.

Write Clause 6.2.1 (Page No. 13) of IS: 875-1987 Part 3 related to wind load on
individual members.

Precautions to be followed

1.
2.

Careful reading for the extract of information is must.

Students should write precisely the clauses.
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Space to write Clauses
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XI. Resources used

Sr Broad Specifications

N ’ Name of Resource Quantity | Remark
0. Make Details
1
2

XII. Conclusions

XIII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

00N AW~

. Enlist the different types of loads to be considered from IS 875:1987.
. Write unit weight of asbestos sheets.

. Write unit weight of engineering bricks.

. Write the live load to be taken for a library floor.

Write the live load to be taken for a hospital building floor.

Calculate self-weight of an RCC column 230 mm X 500 mm in size and 3.2 m height.
Write the value of basic wind speed in Pune.

Enlist the load combinations to be considered in final load calculation.

Wind loads and live loads are not considered simultaneously. Justify.

Space to Write Answers
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XIV. References / Suggestions for further Reading

o Title of Book/ Website Links Author Publication
No.
IS 875:1987(Part 1 to 5)
Indian Standard Code for Loading BIS i
1. Standards
XV. Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Use of IS: 875- 1987 25 %
2 Precision in sketchbook, neatness, cleanliness. 30 %
Product related:10 Marks 40%
3 Interpretation of given clauses 5%
4 Answers to practical related questions. 25%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
(15) (10) (25)

Mabharashtra State Board of Technical Education
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II.

I11.

Iv.

VI

Practical No. 3: Draw five commonly used built up sections

Practical Significance
When the single structural steel section is not capable of taking designed load and in some

cases due to restriction in depth of section with respect to head room consideration, in
such situation built up sections are provided in steel structures. In actual practice for
design purpose, it is necessary to adopt built up sections for columns, roof trusses and
beams. The sectional properties such as radius of gyration, section modulus etc. and some
other related procedure will make it to select the section which will be safe and
economical for given condition. This practical will help to understand different types of
built up sections and their specific use as different structural steel members.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse / multidisciplinary team
PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a. Use steel table and IS code 800:2007 at work site.

Practical Outcome
Draw five commonly used built up sections.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified

competency, “Proper selection of built up section for the various situations.”
a. Observation skill.

b. Ability to suggest the different types of sections for various end conditions.
c. Ability to select sections based on the situation.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.

b. Demonstrate working as a leader / a team member.
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VII. Minimum Theoretical Background
Bureau of Indian Standard (BIS): It is the important institution of Government of India
that studies the various quality and uniformity parameters in the various engineering

products, processes and practices in the country. BIS sets the standards of quality and

uniformity in various engineering products, processes and practices in the jurisdiction on
India.

Built up Sections

A built-up beam is also known as compound beam.

The built-up beams are used when the span, load and corresponding bending moment
are of such magnitudes that rolled steel beam section becomes inadequate to provide
required section modulus.

Built-up beams are also used when rolled steel beams are inadequate for limited depth.
In building construction, the depth of beam is limited by a space provided by the
architect.

Beam of small depth does not provide required section modulus. Therefore, plates are
attached to the beams.

The strength of rolled steel beams is increased by adding plates to its flange which is
one of the methods forming built-in section.

The other method is to compound a number of rolled steel sections themselves.

Steel tables are the books published by the Bureau of Indian Standard (BIS) specifying all
the standard steel sections and there sectional properties generally required at the time of
design like dimensions, weight/m, area, radius of gyration, section modulus and moment
of inertia etc.

Commonly used abbreviations:

b
by
d
ty
tw

- Outstanding width
- Width of flange

- Depth of section

- Thickness of flange
- Thickness of web
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VIII. Experimental Set-up

(b) Fabricated sections (welded girders)

R L’J » |- D, L I
—— X,
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{
]

Double angle section Double channel section

(c) Built-up sections
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IX.

XI.

XII.

Resources required

Sr. No. Particulars Specification | Quantity Remark
1 Limit State Design of Steel Shah V. L. 1 No. Per 5 students
Structures Gore Veena

2 Drawing tools (scale, pencil, |

IA3 size sketchbook and
1set Per student

eraser etc.)

Procedure

1.

Teacher should give list of five sections to be drawn consisting of all variety of

sections.

. Select the types of sections to be used to prepare built up sections and necessity of it

with batch mates.

. Students should identify the given sections and should draw it in sketchbook by

mentioning its properties. (Refer point No. VIII Experimental set-up.)

Precautions to be followed

1.
2.

Check the suitability of given steel section.
Sketches should be drawn with appropriate height/depth (h/d) ratio along with the font

size used for labeling.

Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

1. State the meaning of built up sections and rolled steel section.

. Write the situations where built up sections are necessary to design.

3. Identify minimum three sections used for workshop, industrial shed and tower etc. in

nearby premises.

. Write different type of sections used to make built up sections.

5. Does centroid of individual section matches with centroid of built up section? Justify

O 0 3 O

your answer.

. State the best suited rolled steel section used as tension member in case of roof truss.
. Prepare and draw built up section using four angle sections.
. Draw built up section using two channel sections.

. Draw built up section using beam and channel section.

Mabharashtra State Board of Technical Education 17
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Space to Write Answers

Mabharashtra State Board of Technical Education 18



Design of Steel and RCC Structures (22502)

Mabharashtra State Board of Technical Education 19



Design of Steel and RCC Structures (22502)

XIII. References / Suggestions for further Reading

Sr. Title of B(fok/ Website Author Publication
No. Links
1 Steel Table | e | e
7 IS 800 : 2007
XIV. Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related:15 Marks 60%
Identify and study the section 25%
Precision in sketchbook, neatness, cleanliness. 30 %
Working in team. 5%
Product related:10 Marks 40%
Interpretation of given data. 10%
Answers to practical related questions. 20%
Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
2
P
A
Dated sign of
Marks Obtained Teacher
Process Related Product Related Total
(15) (10) (25)

Mabharashtra State Board of Technical Education
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II.

II1.

Iv.

Practical No. 4: Write five IS clauses related to joints in steel structure
from IS 800:2007

Practical Significance

The design and detailing requirements for joints between members has been dealt in IS
800:2007. Connection elements consist of components such as cleats, gusset plates,
brackets, connecting plates and connectors such as rivets, bolts, pins and welds. The
connections in a structure shall be designed so as to be consistent with the assumptions
made in the analysis of the structure and comply with the requirements specified in the
code. This practical will help the students to understand salient provisions of IS 800:2007
for design of joints in steel structure.

Relevant Program Outcomes
PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science and
engineering to solve the engineering problems.

PO. 2 Discipline knowledge: An ability to apply discipline - specific knowledge to solve
core and/or applied engineering problems.

PO. 4 Engineering tools: Apply relevant Civil technologies and tools with
an understanding of the limitations.

PO. 7 Ethics: Apply ethical principles for — commitment to  professional
ethics, responsibilities and norms of the practice also in the field of Civil
engineering.

PO. 8 Individual and Team Work: Function effectively as leader and team member
in diverse /multidisciplinary team.

Relevant Course Outcomes
a. Use steel table and IS code 800:2007 at work sites.

Practical Outcome
Write five IS clauses related to joints in steel structures from IS: 800-2007.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “Design joints in steel structures with its detailing.”

a. Know IS clauses for joints in steel structures.
b. Follow design steps as per IS: 800-2007
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VI.  Relevant Affective domain related
a. Demonstrate working as a leader/ team member.

b. Follow ethical practices.

VII. Minimum Theoretical Background

VIII. Resources required

Structural members are connected to one another through bolts or weld.

Connections shall be capable of transmitting the calculated design actions.

Ease of fabrication and erection should be considered in the design of connections.

In general, use of different forms of fasteners to transfer the same force shall be

avoided.

The partial safety factor in the design strength shall be taken as per IS specification.

Sr. No.| Particulars

Specification

Quantity|

Remark

1 IS 800:2007

General Construction in Steel —
Code of Practice

1 No.

Per batch

IX. Procedure

1. Take a general browse through the IS code and enter the information.

2. Study section / clause 10 with reference to the information asked and enter the
information extract accordingly.

3. Teacher should guide the students for writing any five clauses from the following -
Clause 10.2.2, Clause 10.2.3, Clause 10.2.4, Clause 10.3.1.1, Clause 10.3.1.2,
Clause 10.3.3, Clause 10.3.4 related to bolts from IS: 800-2007.

4. Write Clause 10.5 related to weld from IS: 800-2007.

X. Precautions to be followed

1. Careful reading for the extract of information is must.

2. Understand the different types of connection for its design.

Space to write Clauses

Mabharashtra State Board of Technical Education
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XI. Resources used

Sr. No. | Name of Resource

Broad Specifications

Make

Details

Quantity

Remark

XII. Conclusions

XIII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

. Define edge distance.
. Define end distance.

State types of welds.
Define side fillet.
Define end return.

O 0N Lk W

. State function of tacking fasteners.

The size of fillet weld shall not be less than

Space to Write Answers

. The distance between the centers of any two adjacent fasteners shall not exceed
Draw neat sketch of lap joint.

Mabharashtra State Board of Technical Education



Design of Steel and RCC Structures (22502)

Mabharashtra State Board of Technical Education 26



Design of Steel and RCC Structures (22502)

XIV. References / Suggestions for further Reading

;:. Title of Book/ Website Links Author Publication
IS 800:2007
1 General Constructiog in Steel — BIS -
' Code of Practice
XV. Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Use of IS: 800- 2007 25 %
2 Precision in writing, neatness. 30 %
Product related:10 Marks 40%
3 Interpretation of given clauses 5%
4 Answers to practical related questions. 25%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
2
PP
.

Marks Obtained Dated sign of Teacher
Process Related Product Related Total
s) (10) (25)

Mabharashtra State Board of Technical Education
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II.

I11.

Iv.

VI.

Practical No. 5: Draw types of bolts with their modes of failure

Practical Significance

In actual practice the various elements of a steel structure like tension member,
compression member and flexural member are connected by fasteners (connectors). Many
a times, built-up sections are provided to meet the requirements of heavy loads and long
spans. Such sections also need to be connected together to act in unison as one unit. Only
properly connected and detailed members and connections can transfer the forces safely
from top to the foundation. Different types of fasteners available for making connections
are rivets, bolts, pins, welds. Today, steel structures are constructed with bolting. In the
past couple of decades high — strength bolts have become more popular, have replaced
rivets and have rendered them obsolete. This practical will help to identify the type of bolt
and to understand the failure modes of bolts so that failure can be avoided in future for the
structure.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse /multidisciplinary team
PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a. Design the connections for the given steel joints.

Practical Outcome
Draw types of bolts with their modes of failure.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency, “Proper selection of type of bolt for the various situations and to
understand their failure modes.”

a. Observation skill.

b. Ability to suggest the different types of bolt for various situations.

c. Ability to understand modes of failure for bolts.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.
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VII. Minimum Theoretical Background
Bolt: A bolt may be defined as a metal pin with head at one end a shank threaded at the

other end to receive a nut.
Types of bolts: There are several types of bolts used to connect the structural elements.

However, the commonly used bolts are classified into two types:

(1) Unfinished / ordinary / common / rough / black bolts: These are made from mild steel
rods with hexagonal or square head. These are used for light structures subjected to
static loads for secondary members such as purlins, bracings, roof trusses etc. They are
not recommended for connections subjected to impact load, vibration etc.

(2) High strength bolts: These are made from bars of medium carbon heat treated steel and
from alloy steel. These bolts have a tensile strength several times that of ordinary bolt.
Due to their high tensile strength as compared to black bolts, a few numbers of bolts
are required for making the connection. High strength bolts are most suitable for

bridges, for seismic loadings for fatigue loads etc.

Modes of failure of bolts: Failure of bolts may be caused due to following reasons —

(1) Shear failure of bolts — When two plates slip due to applied forces and the maximum
factored shear force in the bolt exceeds the nominal shear capacity of the bolt; shear
failure of bolt may take place. It takes place at the bolt shear plane.

(2) Bearing Failure of bolts — The plate may be strong in bearing and the heaviest stressed
plate may press the bolt shank. The bolt is crushed around half circumference.

(3) Tension failure of bolts — Bolts subjected to tension may fail at the stress area.
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VIII. Experimental Set-up

Bolt head

-—

‘ N oa—

o NuUt — ;r%\
Qo - é 2
‘| e Shank—s}e—Thread —| ~10.8 =
0.65 d @)

(0.65 d)

fe—— Length ————+|

d = Nominal diameter

Figures in bracket are for high strength bolts and nuts

Hexagonal Head Black Bolt and Nut

Shear Failure of Bolt
IX. Resources required
Sr. No. Particulars Specification| Quantity | Remark
1 Limit State Design of Steel Shah, 1 No. Per group of
Structures V. L. Gore 4 students
o) A3 size sketchbook and Drawing | = -—-——-—- 1set Per student
tools (scale, pencil, eraser etc.)

X. Procedure

1. Teacher should discuss the necessity of bolts and their failure modes with the students.
2. Student should understand the types of bolts along with their properties and failure

modes of bolts.

3. Students should draw types of bolts and their failure modes in sketchbook by
mentioning its properties. (Refer Point no. VIII experimental set-up.)

Mabharashtra State Board of Technical Education
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XI. Precautions to be followed

1.
2.

Understand the difference between different failure modes of bolts.
Sketches should be drawn with appropriate height/depth (h/d) ratio along with the font

size used for labeling.

XII. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

1.

e N A A

The number of High strength bolts required for making the connections is less. Justify
answer.

State the condition when shear failure of bolt occurs.

State the condition when bearing failure of bolt occurs.

State the condition when axial tensile failure of bolt occurs.

State the type of bolts suitable for impact type of loading.

State the type of bolts suitable for light structures.

Write the material used for making black bolts.

Write the material used for making high strength bolts.

Enlist the different modes of failure of bolts.

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Precision in sketchbook, neatness, cleanliness. 50 %
2 Working in team. 10 %
Product related:10 Marks 40%
3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%
List of Student Team Members (Roll No.)
L
2
P
A
Marks Obtained Dated sign of
Teacher
Process Related Product Related Total
(15) (10) (25)
33
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II.

I11.

Iv.

Practical No. 6: Design a bolted connection for the given data and compare

it with design using open source software / IS code

Practical Significance
Generally the truss members are axially loaded and they are joined through gusset plate by

bolting. The centroid of connecting members should meet at a joint to avoid eccentricity.
The thickness of gusset plate should be more than the thickness of members meeting at the
joint. The joint of the truss is designed, based on number of bolts required to transfer the
force. This practical will help the students to identify type of connection and the procedure
of design of bolted connection using Limit State Method along with the knowledge of
placing of bolts in actual practice.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

PO. 2 Discipline knowledge: An ability to apply discipline - specific knowledge to
solve core and / or applied engineering problems.

PO. 4 Engineering tools: Apply relevant Civil technologies and tools with an
understanding of the limitations.

PO. 7 Ethics: Apply ethical principles for commitment to professional ethics,
responsibilities and norms of the practice also in the field of Civil engineering.

PO. 8 Individual and Team Work: Function effectively as leader and team member in

Diverse / multidisciplinary team.

Relevant Course Outcomes

a. Design the connections for the given steel joints.

Practical Outcome
Design a bolted connection for the given data and compare it with design using open

source software / IS code.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “Identify, design, laying and placing the bolted connection on the site.”

a. Follow design steps as per IS 800: 2007.

b. Know IS specifications for axially loaded single and double angle sections.
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VI. Relevant Affective domain related

a. Demonstrate working as a leader/ team member.

b. Follow

VII. Minimum

ethical practices.

Theoretical Background

The design of bolted connection consists of calculating design shearing strength of bolt,

design bearing strength of bolt, bolt value and no. of bolts required to carry given factored

load at the joint.
VIII. Resources required
Sr. No. Particulars Specification Quantity | Remark
1 IS 800: 2007 General Constructiop in Steel 1 No. Per batch
] Code of Practice
Shah V. L. Limit State Design of Steel
2 Struct 1 No. Per batch
Gore Veena ructures

IX. Procedure

1. For design of bolted connection following data shall be provided

a)
b)
c)
d)

Size of Single or double angle sections
Nature of connections between sections
Type of bolt and bolt diameter

Load to be resisted

2. Teacher shall prepare four groups for a batch of 20 students.

Each

o

2007.

group shall design at least one connection.

Students should observe the connection type and design the same as per IS 800:

5. Students should follow below steps for design.

a)
b)

Calculate bolt hole diameter
Calculate design shear strength and design bearing strength
The Design shear strength of Bolt is calculated by using,

£OUELY . C e
sk |—=linn.dnbtnsdsh)

Visb = ="

ymb 1.25

Ag= Nominal plane shank area of the bolt

Anp = Net shear area of bolt at threads may be taken as area corresponding to
root diameter at the thread

f, = Ultimate tensile strength of bolt

n,= Number of shear planes with threads intercepting the shear plane

ng= Number of shear planes without threads intercepting the shear plane
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The Design bearing strength of Bolt on any plane is calculated by using,
Vapb 2.5 kb.d.tp.fu

Vapb = ymb 1.25
Where, ky is smaller of [ ——; (2=) - 0.25 ;2 1.0]

In design ky, is normally taken equal to unity

e, p = End and pitch distances of fastner along bearing direction

d, = Diameter of the bolt hole

d = Nominal diameter of the bolt

fup = Ultimate tensile stress of bolt

fu = Ultimate tensile stress of plate

t, = 3 thickness of connected plates experiencing bearing stress in the same

direction
c) Calculate design strength; it is lesser of shearing and bearing strength
d) Calculate number of bolts (n) as

No. of bolts = Design Load on member / Design strength of single bolt

6. Draw neat plan showing the arrangement of bolts provided.

X. Precautions to be followed
1. Identify the type of connection from the given data.

2. Design the connection considering IS requirement

Space to Write Design
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XI. Resources used

Sr.

No.

Broad Specifications
Name of Resource Quantity Remark
Make Details

XII. Results (Summery of Design)
No. of bolts =
Arrangement of bolts =

XIII. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

NSO I S

Bolts are classified as 1) ii)

State types of bolted joints.

Write formula for net tensile stress area of bolt at threads.
State two modes of failure of bolted joints.

Define bolt value.

Define pitch distance.

Define gauge distance.

Write two disadvantages of bolted connection.

Draw typical plan and section of double bolted lap joint.

Space to Write Answers
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XIV. References / Suggestions for further Reading

;:;: Title of Book/ Website Links Author Publication
Limit State Design of Steel Dr. V. L. Shah Structures Publications,
2 Structures and Gore Veena Pune.
ISBN-13:9788190371711
IS 800:2007 General Construction
3. in Steel BIS -
Code of Practice

XV. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%
1 Design of bolted connection 30 %
2 Proper calculation 30 %
Product related:10 Marks 40%

3 Design details 5%
4 Answers to practical related questions. 25%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained

Dated sign of
Teacher

Process Related Product Related
as) (10)

Total
(25)
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II.

I11.

Iv.

VI

Practical No. 7: Draw types of welds and types of welded joints

Practical Significance

In actual practice the various elements of a steel structure like tension member,
compression member and flexural member are connected by fasteners (connectors). Many
a times, built-up sections are provided to meet the requirements of heavy loads and long
spans. Such sections also need to be connected together to act in unison as one unit. Only
properly connected and detailed members and connections can transfer the forces safely
from top to the foundation. Different types of fasteners available for making connections
are rivets, bolts, pins, welds. Today, steel structures are constructed with welding. This
practical will help to identify the type of weld and to understand the type of welded joints.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse / multidisciplinary team.
PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a. Design the connections for the given steel joints.

Practical Outcome
Draw types of welds and types of welded joints.

Competency and Practical SKkills

This practical is expected to develop the following skills for the industry identified
competency, “Proper selection of type of weld for the various situations and type of
joint.”

a. Observation skill.

b. Ability to suggest the different types of weld for various situations.

c. Ability to understand type of joints.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.
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VII.

VIII.

Minimum Theoretical Background

Weld: It is defined as when two metal parts are joined together by heating the surfaces to
the point of melting with a blowpipe, electric arc, or other means, and uniting them by
pressing, hammering, etc.

Types of welded joints

By means of welding, it is possible to make continuous, load bearing joints between the
members of a structure.

Fillet welds: Fillet welding refers to the process of joining two pieces of metal together
whether they are perpendicular or at an angle. These welds are commonly referred to as
Tee

joints which are two pieces of metal perpendicular to each other or Lap joints which are
two pieces of metal that overlap and are welded at the edges.

Butt welds: Butt welds are welds where two pieces of metal to be joined are in the same
plane and edges to be joined are touching each other. These types of welds require only
some kind of preparation and are used with thin sheet metals that can be welded with a
single pass. Common issues that can weaken a butt weld are the entrapment of slag,

excessive porosity, or cracking.

Experimental Set-up
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Wald Axis L-\rlqrh-]uﬂ“”“
Root Opening R=010 3 nii
Rz:l Fuloe I f= Ll'."ton 5 mm l ” J I I/ I l K‘ I
Groove Angle 8 - 60" . Singin Squam Greove S Bevel Groove Dexstle Bavel Groove

oseam W L hYd I a1 5

Single-W Gooow Doubin'V Gmove Singe-J Groove

tomm N i § s—— i o —
| v . —I I_ -~ | Double--Griove Single-Ul Groave Daubile-Ul Groows
Flanged Bull Jont

Flare Bewel Groonm Flam-\' Groove

Butt Weld Application of Butt weld
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IX.

XI.

XII.

Resources required

Sr. No. Particulars Specification | Quantity Remark
1 Limit State Design of Steel By Shah, 1 No Per group of 4
Structures V. L. Gore students
A3 size sketchbook and
2 Drawing tools (scale, pencil, | T Iset Per student

eraser etc.)

Procedure
1. Teacher should discuss the necessity of welds and their joints with the students.

2. Student should understand the types of welds along with their joints.

3. Students should draw types of welds and their joints in sketchbook by mentioning its

properties. (Refer point no. VIII Experimental set-up.)

Precautions to be followed

1. Understand the different types of welds and their joints neatly.

2. Sketches should be drawn with appropriate height/depth (h/d) ratio along with the font

size used for labeling.

Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.
Define size of fillet weld.

A I e e

Define throat thickness of fillet weld.

State the condition where butt welds are suitable.
State the condition where fillet welds are suitable.

State the reference codes for welding.

Write advantages of welded connections.
Write disadvantages of welded connection.

State two types of welded joints.
Write two situations where welded connections are most suitable compared to bolted

connections.

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Precision in sketchbook, neatness, cleanliness. 50 %
2 Working in team. 10 %
Product related:10 Marks 40%

3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

|
e
R T
A
D i f
Marks Obtained ated sign o
Teacher
Process Related Product Related Total
as) (10) (25)
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Practical No. 8: Draw modes of failure for bolted connections

I. Practical Significance

Often much attention is not given to the design of connections. If the necessary
connections are inadequate, the result will be a poor structure in spite of the most
efficiently designed member. Therefore the design of connections must be given due
importance. Today, steel structures are constructed with bolting. In the past couple of
decades high — strength bolts have become more popular, have replaced rivets and have
rendered them obsolete. This practical will help to understand the failure modes of bolted
connection so student will be able to design safe connection to avoid failure of the
structure.

II. Relevant Program Outcomes
PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.
PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse /multidisciplinary team
PO. 9 Communication: An ability to communicate effectively in oral and written form.

III. Relevant Course Outcomes
a. Design the connections for the given steel joints.

IV. Practical Outcome
Draw modes of failure for bolted connections.

V. Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “To understand the failure mode of bolted connection.”

a. Observation skill.
b. Ability to understand modes of failure for bolted connection.
c. Ability to design safe connection.

VI.  Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.
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VII. Minimum Theoretical Background

In actual practice the various elements of a steel structure like tension member,
compression member and flexural member are connected by fasteners (connectors)
through gusset plate. Different types of fasteners available for making connections are
rivets, bolts, pins, welds. The forces exerted by one element on another are transferred
through these fasteners, which should therefore be adequate to transmit the forces safely.
So, one should be in position to design the safe connection by considering failure modes
of connection.

Modes of failure for bolted connection: The bolted joints may fail in one of the
following modes:

(1) Shear failure mode
(2) Tensile failure mode
(3) Bearing failure mode

(1) Shear failure mode
(1.a) Shear failure of bolts: When two plates slip due to applied forces and the
maximum factored shear force in the bolt exceeds the nominal shear capacity of the
bolt; shear failure of bolt may take place. It takes place at the bolt shear plane.
(1.b) Shear failure of plate: The internal pressure of overdriven (shank length more
than the grip) plates placed at a lesser edge distance than specified causes this failure.
(2) Tensile failure mode

(2.a) Tensile failure of bolt: Bolt subjected to tension may fail at the stress area if
factored tensile force is greater than the tensile capacity of the bolt.
(2.b) Tensile failure of plate: The tensile stress in the plate at the net cross-section may
exceed the working tensile stress. Tearing failure occurs when bolts are stronger than
the plates.

(3) Bearing failure mode
(3.a) Bearing failure of bolt: The bolt may deform due to high local bearing stresses
between the bolt and the plate. Due to this, the bolt is crushed around the half
circumference.
(3.b) Bearing failure of plate: If the bolt material is of much higher strength than that
of steel plate through which the plate passes, then bearing failure of plate takes place.
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VIII. Experimental Set-up

&

Double shear

(a) Shear failure of bolt

Single shear

\
\ VA
<. ~Q< 7
|\

(b) Shear Failure of plate

Shear failure mode of bolted connection

IX. Resources required

Sr. No. Particulars Specification | Quantity Remark
1 Limit State Design of Steel By Shah, 1 No. Per group of 4
Structures V. L. Gore students
A3 size sketchbook and
2 Drawing tools (scale, pencil, | Iset Per student
eraser etc.)
X. Procedure

1. Teacher should discuss the failure modes of bolted connection with the students.

2. Student should understand the reasons and types failure modes of bolted connection. -

3. Students should draw types of plates and their failure modes in sketchbook by
mentioning its properties. (Refer point no. VIII Experimental set-up.)

XI. Precautions to be followed
1. Understand the difference between different failure modes of bolted connection.

2. Sketches should be drawn with appropriate height/depth (h/d) ratio along with the font

size used for labeling.
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XII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

State the condition when shear failure of bolt occurs.

State the condition when bearing failure of bolt occurs.

State the condition when axial tensile failure of bolt occurs.

State the condition when shear failure of plate occurs.

State the condition when bearing failure of plate occurs.

State the condition when tensile failure of plate occurs.

Explain single shear failure with neat sketch.

Explain double shear failure with neat sketch.

State the method by which tearing failure of plate can be avoided.

A N ARl o e

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Precision in sketchbook, neatness, cleanliness. 50 %
2 Working in team. 10 %
Product related:10 Marks 40%

3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

| P
e
R T
A
Dat i f
Marks Obtained ated sign o
Teacher
Process Related Product Related Total
(5) 10) (25)
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II.

II1.

Iv.

Practical No. 9: Write five IS clauses related to partial safety factors,
characteristic strengths and characteristic load and
design load from IS 456:2000

Practical Significance

IS 456-2000 is the Indian Standard Code that provides specifications for design of RCC
structures. Design requirements for special structures and systems are specified in this
code. This practical will help the students to understand salient provisions of IS 456:2000.
These provisions include general, material, workmanship, inspection, testing, general and
special design requirement for buildings and structures.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

PO. 2 Discipline knowledge: An ability to apply discipline - specific knowledge
to solve core and/or applied engineering problems.

PO. 4 Engineering tools: Apply relevant Civil technologies and tools with
an understanding of the limitations.

PO. 7 Ethics: Apply ethical principles for commitment to professional
ethics, responsibilities and norms of the practice also in the field of Civil
engineering.

PO . 8 Individual and Team Work: Function effectively as leader and team member in

diverse / multidisciplinary team.

Relevant Course Outcomes

a. Analysis and design of singly reinforced rectangular beams.
b. Design various slabs for the given edge condition.

c. Design of axially loaded short columns and footings.

Practical Outcome
Write five IS clauses related to partial safety factors, characteristic strengths, characteristic
load and design load from IS: 456-2000.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency, “Apply knowledge of specifications for buildings and structures.”

a. Know IS clauses for partial safety factors, characteristic strength, characteristic load
and design load.

b. Follow design steps as per IS 456: 2000.
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VI.  Relevant Affective domain related
a. Demonstrate working as a leader/ team member.
b. Follow ethical practices.

VII. Minimum Theoretical Background

IS 456-2000 is the Indian Standard Code that provides specifications for design of
RCC structures. Design requirements for special structures and systems are specified
in this code.

This code contains total five sections.

Section 1 — General

Section 2 — Materials, Workmanship, Inspection and Testing

Section 3 — General Design Consideration

Section 4 — Special Design Requirements for Structural Members and Systems

Section 5 — Structural Design ( Limit State Method )

In this code it has been assumed that the design of plain and reinforced cement
concrete work is entrusted to a qualified engineer and that the execution of work is
carried out under the direction of a qualified and experienced supervisor.

VIII. Resources required

Sr. No.| Particulars Specification Quantityy Remark

IS 456:2000 | Plain and Reinforced Concrete Code of | | N Per batch
Practice

IX. Procedure

1. Take a general browse through the IS code, understand it and enter the information.

2. Study each section with reference to the information asked and enter the information
extract accordingly.

3. Write Clause 36.4.1 of IS 456:— 2000 related to partial safety factors for loads.

4. Write Clause 36.4.2.1 of IS 456:— 2000 related to partial safety factors for material
strength.

5. Write Clause 36.1 of IS 456:— 2000 related to characteristic strength of materials.

6. Write Clause 36.2 of IS 456:— 2000 related to characteristic load.

7. Write Clause 36.3.1 of IS 456:— 2000 related to design strength of materials.

8. Write Clause 36.3.1 of IS 456:— 2000 related to design strength of materials.

X. Precautions to be followed
1. Careful reading for the extract of information is must.
2. Students should write precisely the clauses.
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Space to write Clauses
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XL Resources used

Sr Broad Specifications

N ’ Name of Resource Quantity Remark
0. Make Details
1
2

XII. Conclusions

XIII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

Define Characteristic strength.

Define Partial safety factor.

Write full forms of 1) HYSD ii) TMT.
Out of M 20 and M25 grade concrete, which will consume more cement?
State assumptions in limit state of collapse.

Draw stress-strain graph for concrete given in IS: 456-2000.

Draw stress-strain graph for mild steel given in 1S:456-2000.

Draw stress-strain graph for HYSD steel given in IS: 456-2000.

IS Code used for loading standards is IS

e Al o

Space to Write Answers
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XIV. References / Suggestions for further Reading

Sr.
Nl(; Title of Book/ Website Links Author Publication
IS 875:1987(Part 1 to 5)
Indian Standard Code for Loading
1. BIS -
Standards
XV. Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related:15 Marks 60%
Use of IS: 875- 1987 25 %
Precision in sketchbook, neatness, cleanliness. 30 %
Product related:10 Marks 40%
Interpretation of given clauses 5%
Answers to practical related questions. 25%
Submission of report in time. 10%
Total: 25 Marks 100%
List of Student Team Members (Roll No.)
L
2
.
A
Dated si f
Marks Obtained ated sign 0
Teacher
Process Related Product Related Total
(15) (10) 25)
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II.

I11.

Iv.

VL.

Practical No. 10: Draw cross section, strain-stress diagram for singly
reinforced section giving design parameters and constants.

Practical Significance

In actual practice all structures are designed using limit state method. The limit state of
collapse is normally the critical limit state, in limit state design. It is therefore, necessary
to begin with the analysis of a structure for ultimate loads causing collapse. Singly
reinforced section is designed using assumptions; according to limit state of collapse. This
practical will help to understand the analysis and design of beam by taking into account
design parameters and constants.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse / multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a. Analysis and design of singly reinforced rectangular beams.

Practical Outcome
Draw cross section, strain-stress diagram for singly reinforced section giving design

parameters and constants.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency, “Design of rectangular beams and precautions to be taken to avoid its
failure.”

a. Observation skill.

b. To know and understand assumptions made in limit state of collapse.

c. Ability to understand the type of section and design accordingly.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.

b. Demonstrate working as a leader / a team member.
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VII. Minimum Theoretical Background

Design for the limit state of collapse in flexure shall be based on the following

assumptions:

Plain sections normal to the axis remain plane after bending.

The maximum strain in concrete at the outermost compression fiber is taken as
0.0035 in bending.

The relationship between the compressive stress distribution in concrete may be
assumed to be rectangle, trapezoidal, parabola or any other shape which results in
prediction of strength in substantial agreement with the test results.

For design purpose, the compressive strength of concrete in the structure shall be
assumed to be 0.67 times the characteristic strength. The partial safety factor y,, = 1.5
shall be applied in addition to this.

The tensile strength of the concrete is ignored.

The stresses in the reinforcement are derived from representative stress-strain curve
for the type of steel used. For design purpose the partial safety factor y,, = 1.15 shall
be applied.

The maximum strain in the tension reinforcement in the section at failure shall not be
less than:

Where, fy = characteristic of strength of steel
Es = modulus of elasticity of steel

VIII. Experimental Set-up
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Stress block diagram of Singly Reinforced Section
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IX. Resources required

Sr. No. Particulars Specification | Quantity Remark
Limit State Theory and Design Dr. 5. R. Per group of 5
of Reinforced Concrete Karve and I No. students
Dr. V. L. Shah
A3 size sketchbook and
Drawing tools (scale, pencil, | Iset Per student
eraser etc.)

X. Procedure

1. Teacher should guide the students about stress block diagram of singly reinforced
rectangular section. _

2. Student should discuss the design parameters and constants required for the design of
singly reinforced rectangular section.

3. Students should draw stress block diagram of singly reinforced rectangular section.

4. Students should write equations for total compressive force and total tensile force.

5. Students should write equation for Neutral axis (X,).

6. Students should write Limiting (Max.) values of Neutral axis (X,) for Mild steel,

F. 415, F. 500 and write it in tabular form.

XI. Precautions to be followed

1.
2.

Draw stress block diagram of singly reinforced rectangular section.

Use IS 456: 2000 to write design parameters and constants.

XII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

1.
2.

RS

© 9

Limiting (Max.) values of Neutral axis (X,) for Mild steel is .
If section is under-reinforced strain in will reach to its

maximum value first before strain in .
For balanced section state values of strain in concrete and strain in steel.
State four assumptions in limit state of collapse.

For F. 415 and M20, calculate maximum percentage of reinforcement.

Maximum compressive stress in concrete is .

In under-reinforced section percentage of steel provided is (less or more)
than critical section.

Write formula for moment of resistance for balanced section.

Write formula for moment of resistance for under-reinforced section.
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Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Understanding and drawing stress block diagram 20%
2 Precision in writing design parameters and constants 30%
3 Precision in sketchbook, neatness, cleanliness. 10 %
Product related:10 Marks 40%
3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%
List of Student Team Members (Roll No.)
L
2
P
A
Marks Obtained Dated sign of
Teacher
Process Related Product Related Total
15) (10) (25)
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II.

I11.

IVv.

Practical No. 11: Draw stress block diagram for Under-reinforced, Over-

reinforced and Balanced section showing all details

Practical Significance
Now days, in actual practice all structures are designed using limit state method. The limit

state of collapse is normally the critical limit state, in limit state design. It is therefore,
necessary to begin with the analysis of a structure for ultimate loads causing collapse. If a
member under flexure is subjected to increasing moment, failure occurs either due to
crushing of concrete reaching its ultimate value, or due to yielding of steel as a result of
maximum tensile strain in steel reaching its yield value. The deciding criterion of the
failure is quantity of steel provided in section. This practical will help to understand the

failure of beam and precautions to be taken to avoid it so that structure will remain safe.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse /multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a. Analysis and design of singly reinforced rectangular beams.

Practical Outcome
Draw stress block diagram for Under-reinforced, Over-reinforced and Balanced section

showing all details.

Competency and Practical SKkills

This practical is expected to develop the following skills for the industry identified
competency, “Failure of rectangular beams and precautions to be taken to avoid it.”

a. Observation skill.

b. Ability to identify the different types of sections based on position of neutral axis.

(N.A.)

c. Ability to understand the failure of the section and reason behind it.
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VI.

VIIL

VIII.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.

b. Demonstrate working as a leader / a team member.

Minimum Theoretical Background

Balanced Section: A RC section in which maximum compressive strain in concrete
reaches to its ultimate value and maximum tensile strain in reinforcement reaches its yield
value simultaneously is known as Balanced section. In this case, failure occurs by yielding
of steel in tension and crushing of concrete in compression simultaneously.
Under-reinforced section: A section having steel percentage less than the critical
percentage is known as Under-reinforced section. Since steel is insufficient to balance
compression in concrete, the tensile strain in steel reaches yield value while the maximum
compressive stain in concrete is less than its ultimate crushing value. Since this failure is
initiated by yielding of steel in tension, it is known as primary tension failure. Such
sections give sufficient warning before failure.

Over-reinforced section: A section having steel percentage greater than the critical
percentage is known as Over-reinforced section. Since concrete is insufficient to balance
tension in steel, the maximum compressive stain in concrete reaches the ultimate crushing
value before the tensile strain in steel reaches the yield value. Since this failure is initiated
by compression in concrete, it is known as primary compression failure. Such section does
not give sufficient warning before failure and failure occurs suddenly by crushing of
concrete. Due to this, IS code totally forbids this type of section.

Experimental Set-up
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IX. Resources required

Sr. No. Particulars Specification | Quantity Remark

.. . Dr. S. R. Per group of 5
1 Limit State Theory and Design Karve and Dr. 1 No.

of Reinforced Concrete students

2 Drawing tools (scale, pencil, | ~ Iset Per student

V. L. Shah
A3 size sketchbook and

eraser etc.)

X. Procedure

1.

et

Teacher should guide the students about classification of sections based on position of
neutral axis. (N.A.) '
Student should discuss the reason of change in position of neutral axis.

They should discuss the effect of change in position of neutral axis.

Students should draw strain diagram for different classification of beams based on
position of neutral axis in sketchbook by mentioning its properties. (Refer point no.
VIII Experimental set-up.)

XI. Precautions to be followed

1.

2.

Draw block diagram for different sections showing variation in positions of neutral
axis.

Sketches should be drawn with appropriate height/depth (h/d) ratio along with the font
size used for labeling.

XII. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

1.
2.

Over-reinforced section is not permitted as per IS 456:2000. Justify answer.

Classify the section based on given position of neutral axis.
Depth of critical neutral axis = mm
Depth of actual neutral axis = mm

Hence, type of section =
(Teacher should provide values for depth neutral axis.)

If section is under-reinforced strain in will reach to its
maximum value first before strain in
If section is over-reinforced strain in will reach to its

maximum value first before strain in

If section is balanced, strain in concrete and strain in steel W111 reach to its maximum
value

For balanced section state Values of strain in concrete and strain in steel.

Explain primary tension failure.
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8. Explain primary compression failure.
9. In over-reinforced section percentage of steel provided is than critical
section.
Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Understanding position of N.A. in sketches. 25%
2 Precision in sketchbook, neatness, cleanliness. 30 %
3 Working in team. 5%
Product related:10 Marks 40%
Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
2
P
A
Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
(15) (10) 25)
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I1.

I11.

Iv.

VI.

Practical No. 12: Write five IS clauses related to shear reinforcement in
beams and slabs from IS 456:2000

Practical Significance

Shear failure, which in reality occurs under the combined action of shearing force and
bending moment, is characterized by very small deflection and lack of ductility. This
failure is many times sudden and without any warning. For this reason, shear failure is
considered very undesirable and is usually avoided. The IS code provisions for shear are
therefore more conservative. This practical will help the students to understand necessity
of shear reinforcement, its various forms and provisions regarding area of reinforcement
and its spacing by referring various clauses given in IS 456:2000.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 7 Ethics: Apply ethical principles for commitment to professional ethics,
responsibilities and norms of the practice also in the field of Civil engineering.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse /multidisciplinary team.

Relevant Course Outcomes
a. Design of shear reinforcement and development length for beam and slabs.

Practical Outcome
Write five IS clauses related to shear reinforcement in beams and slabs from IS 456:2000.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency, “Apply knowledge of shear reinforcement in beam and slabs.”

a. Ability to understand necessity of shear reinforcement.

b. Ability to understand various forms of shear reinforcement.

c. Ability to refer IS code clauses related to shear reinforcement.

Relevant Affective domain related
a. Demonstrate working as a leader / a team member.
b. Follow ethical practices.
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VII. Minimum Theoretical Background

Shear Reinforcement: Shear in beams is caused due to variation in bending moment
along the span. The bending stress and shear stress combine into principal tensile and
compressive stresses. When the principal tensile stress exceeds tensile strength of
concrete, very low cracks due to tension develop along the diagonal. These cracks are
called ‘Diagonal tension cracks’. The tension cracks developed due to shear is required to
be taken care of by providing reinforcement. The reinforcement provided is known as

“Shear reinforcement”.

Various forms of shear reinforcement: It can be provided in various forms as mentioned

below —

1) Vertical stirrups
2) Inclined stirrups
3) Bent-up bars

VIII. Experimental Set-up

ol
7

[

N »\

77 ////////2

Bent-up bar

Bent-up bars along with stirrups

Shear reinforcement in heam

P _d__j_ Vertical stirrups

Sv = spacing of stirrups

/" ALTERNATE BENT UP

12mm DIA smm dfaol180mm c/c
distribution steel

aidis T W i

120’mm

3.0m

%__LSO___I — 12mm dic@150mm c/c
i’/
| 230

|
| mm ‘ , . :
Shear reinforcement in slab =
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IX.

XI.

Resources required

Sr. No. Particulars Specification | Quantity Remark
Per group of 5
1 IS 456:2000 | -----me- 1 No.
students
Procedure
1. Teacher should discuss with the students importance of shear reinforcement, its
various forms and IS code provisions. '
2. Student should read clauses related to shear reinforcement detailing from IS 456:2000
and should write it.
3. Write clause 26.5.1.5 from IS 456: 2000 (Page no. 47) related to maximum spacing of
shear reinforcement.
4. Write clause 26.5.1.6 from IS 456: 2000 (Page no. 48) related to minimum shear
reinforcement.
5. Write clause 40.1 from IS 456: 2000 (Page no. 72) related to Nominal shear stress.
6. Write clause 40.2.3 from IS 456: 2000 (Page no. 72) related to Maximum shear stress.
7.  Write clause 40.4 from IS 456: 2000 (Page no. 72) related to design of shear

reinforcement.

Precautions to be followed

1.

Read carefully the IS code to extract the information related to shear reinforcement
detailing.

Space to write clauses
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XII. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

1.

2.
3.
4

State the need of shear reinforcement.
Explain diagonal cracks.
Write formulae to calculate spacing of vertical stirrups.

The cracks due to shear are . (Vertical / Horizontal / Inclined
at45°)

Spacing of stirrups shall not exceed whichever is
less.

If nominal shear stress in beam is less than design shear strength of concrete then
shear reinforcement is . (required / not required)
Minimum shear reinforcement should be provided. Justify answer.

Maximum shear stress for grade of concrete is MPa. (Teacher

should provide grade of concrete).
Characteristic strength of stirrup reinforcement shall not exceed MPa.
(250/415/500)

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Use of IS 456:2000 25%
2 Interpretation of given data and its presentation 30 %
3 Working in team. 5%
Product related:10 Marks 40%

3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
N
e
A
Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
s) (10) (25)
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II.

I11.

IVv.

VL.

Practical No. 13: Write the procedure to calculate development
length of main reinforcement in slabs and beams

Practical Significance

Provision of appropriate development length is an important aspect of safe construction
practices. Proper development length in reinforcement bars shall be provided as per the
steel grade considered in design. Otherwise in scenarios where less development length
against the required is provided the structures will be prone to encounter failure due to
slippage of joints, bonds, anchors and laps, in such cases the bars will not yield first but
the failure will happen at joints and laps prior to yielding of reinforcement bars. This
practical will help the students to understand the importance of development length and
its provision.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

PO . 2 Discipline knowledge.: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with

an understanding of the limitations.
PO. 7 Ethics: Apply ethical principles for commitment to professional ethics,
responsibilities and norms of the practice also in the field of Civil engineering.

PO .8 Individual and Team Work: Function effectively as leader and team member
diverse /multidisciplinary team.

Relevant Course Outcomes
a. Design of shear reinforcement and development length for beam and slabs.

Practical Outcome
Write the procedure to calculate development length of main reinforcement in slabs and
beams.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency, “Safe design of beam and slab by provision of development length.”

a. Ability to understand the importance of development length in RCC structures.

b. Ability to understand IS code provisions for development length for beam and slab.

c. Ability to understand the procedure to calculate development length.

Relevant Affective domain related
a. Demonstrate working as a leader / a team member.
b. Follow ethical practices.
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VII. Minimum Theoretical Background
Development length: It is defined as the length of bar required on either side of the
section to develop the required stress in steel at that section through bond.

It is calculated by using formula —

0.87 X fy X @
Ld:‘equ::‘ed = 4 % Tog

Where, ¢ = Nominal bar diameter and {pg = Design bond stress.

Purpose of providing development length: It is required to transfer the force from
surrounding concrete to the bar.

Design bond stress ({pq) for plain bars in tension i. e. for f, = 250 N/mm’.

Grade of
concrete M 15 M 20 M 25 M 30 M 35 M 40

. 2
Cpa in N/mm 1.0 1.2 1.4 1.5 1.7 1.9

Note :

1)  For deformed bars, the values of {4 given in above table shall be increased by 60%.
2) For bars in compression, the values of (4 shall be increased by 25%.

Available development length: As per clause 26.2.3.3 (Page no. 44) of IS 456:2000,
available development length is calculated by using formula —

1.3 X M,

Ldaﬁ.—a;lable = LE- v
|:.

AlwayS Ldavailable > Ldrequired-
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VIII. Experimental Set-up

Ld

Ld - Development Length
S - Spacing

Development length provision

IX.  Resources required

Sr. No. Particulars Specification | Quantity Remark
| |Limit state theory and design of] Shah and Karve | 1 No. Per group of 5
Reinforced Concrete Structures students
Per group of 5
2 IS 456: 2000 | eeeeeee 1 No.
students
X. Procedure

1. Teacher should discuss with the students regarding importance of development length
in RCC structures and IS code provisions related to it. '

2. Students should write detailed procedure to calculate bond length of main
reinforcement in beams and slabs.

XI.  Precautions to be followed
1. Read carefully the IS code to extract the information related development length of
main reinforcement in beam and slab.
2. Take precaution while considering values of (,q considering grade of steel and nature

of force in the bar.
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Space to write procedure
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XII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

1.
2.
3.

Define development length.

Enlist different factors affecting development length.

Calculate design bond stress if concrete and steel is used
which carries type of force. (Teacher should provide grade of concrete,
grade of steel and nature of force in bar.)

Calculate the development length for mm diameter bar of grade

in compression. Take grade of concrete as . (Teacher should provide
diameter of bar, grade of steel and grade of concrete.)

Calculate the development length for mm diameter bar of grade

in tension. Take grade of concrete as . (Teacher should provide diameter of
bar, grade of steel and grade of concrete.)

Write importance of development length.

Write formula to calculate development length along with terms used.

Calculate the development length of 12 mm diameter bar in tension and compression
for Fe 250 and Fe 415 grade steel. Use M 25 grade concrete.

For deformed bars, the values of (4 for plain bars in tesnsion shall be increased by
= %.

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Use of IS 456:2000 25%
2 Interpretation of given data and its presentation 30 %
3 Working in team. 5%
Product related:10 Marks 40%
3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%
List of Student Team Members (Roll No.)
L
2
T
A
Marks Obtained Dated sign of
Teacher
Process Related | Product Related Total
15) 10) (25)
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I1.

I11.

IVv.

VL.

Practical No. 14: Write four IS clauses related to each for slab, beam
and column from IS 456:2000

Practical Significance

A Framed structure is a structure consisting of framework of different members such as
beam, column and slab to resist the lateral and gravity loads. These structures are
usually used to overcome the large moments developed due to the applied loads. In framed
structures the load from the slab is transferred to columns through beams. The columns in
turn transfer the load to the foundation system. This practical will help the students to
understand the elements of framed structure with provisions of various clauses related to it
using IS 456:2000.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

PO. 2 Discipline knowledge. An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 7 Ethics: Apply ethical principles for commitment to professional ethics,
responsibilities and norms of the practice also in the field of Civil engineering.

PO. 8 Individual and Team Work: Function effectively as leader and team member
diverse /multidisciplinary team.

Relevant Course Outcomes

a.  Analysis and design of singly reinforced rectangular beams.
b.  Design various slabs for given edge condition.

c. Design of axially loaded short columns and footings.

Practical Outcome
Write four IS clauses related to each for slab, beam and column from IS 456:2000.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency, “Safe and economical design of beam, slab and column.”

a. Ability to understand IS code provisions for beam, slab and column.

Relevant Affective domain related
a. Demonstrate working as a leader / a team member.
b. Follow ethical practices.
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VII. Minimum Theoretical Background
Slab: It is a two-dimensional member supporting a transverse load and providing working
floor or a covering shelter. The loads are transferred to the supporting beams by bending
in one or both direction.
Beam: A beam is a one dimensional (normally horizontal) member which provides
support to the slab. Load transfer is affected by bending. They receive loads from slab and
transfer it to the supporting column.
Column: It is one dimensional vertical member providing a support to the beam. They
receive load from beam and it is transferred by axial compression accompanied by
bending and shear.

VIII. Experimental Set-up

Gravity 1oad

Column

Footing

@ @

Load transfer mechanism in Framed Structure
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IX.

Resources required

Sr. No. Particulars Specification | Quantity Remark

Per group of 5

000000 L 1 No.
IS 456: 2000 students

Procedure

1. Teacher should discuss with the students regarding structural elements of a RCC
structure. '

2. He / She should discuss the various IS code provisions related to beam, slab and
column.

3. Student should read clauses related to it from IS 456:2000 and should write it.

IS clauses related to slab:

1.

Write clause 22.2 (a) from IS 456: 2000 (Page no. 34) related to effective span of
simply supported beam or slab.

Write clause 22.2 (c¢) from IS 456: 2000 (Page no. 35) related to effective span of
cantilever beam or slab.

Write clause 26.3.3.(b) (1) from IS 456: 2000 (Page no. 46) related to horizontal
distance between parallel bars of slab.

Write clause 26.5.2.1 from IS 456: 2000 (Page no. 48) related to minimum
reinforcement to be provided in slab.

IS clauses related to beam:

1.
2.

Write clause 23 from IS 456: 2000 (Page no.36) related to effective depth of beam.
Write clause 23.2.1(a) from IS 456: 2000 (Page no. 37) related to basic values of
span to effective depth ratio of beam.

Write clause 26.5.1.1 from IS 456: 2000 (Page no. 46) related to minimum and
maximum tension reinforcement of beam.

Write clause 26.5.1.5 from IS 456: 2000 (Page no. 47) related to maximum spacing
of shear reinforcement.

Write clause 26.5.1.6 from IS 456: 2000 (Page no. 48) related to minimum shear
reinforcement.

IS clauses related to column:

Write clause 25.1.1 from IS 456: 2000 (Page no. 41) related to definition of column.
Write clause 25.1.2 from IS 456: 2000 (Page no. 41) related to short and slender
compression member.

Write clause 25.4 from IS 456: 2000 (Page no. 42) related to minimum eccentricity
of column.
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4.  Write clause 26.5.3.1 from IS 456: 2000 (Page no. 48) related to longitudinal
reinforcement of column.

5. Write clause 26.5.3.2 (c) from IS 456: 2000 (Page no. 49) related to pitch and
diameter of lateral ties of column.

6.  Write clause E-3 from IS 456:2000 (Page no.94) Table 28 related to effective length
of column.

XI.  Precautions to be followed
1. Read carefully the IS code to extract the information related to beam, slab and
column.

Space to write clauses
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XII.

Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

1.

Calculate maximum and minimum area of steel for given beam size.

Beam size = .

(Teacher should provide width, effective depth and overall depth of beam.)

Calculate minimum area of steel for depth of slab = mm.
(Teacher should provide overall depth of slab.)

Calculate effective length for given end condition and length of column.

End condition =

Length of column = mm. (Teacher should provide end
condition and length of column.)

Calculate effective span for a slab having span = mm, effective
depth = mm and thickness of support = mm.

(Teacher should provide values.)
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5.

Calculate minimum and maximum area of steel for column size

= mm.. (Teacher should provide size of column.)

State the column is short or slender and justify answer also when effective length of
column = mm and size of column
= mm. (Teacher should provide effective length

and size of column.).

Write formulae to calculate minimum and maximum eccentricity of column.

Write minimum and maximum percentage of steel that can be used as per
IS 456:2000.

If 20 mm diameter bars are to be used as a longitudinal steel in column, calculate
diameter of lateral ties of Fe 415 grade to be used.

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Use of IS 456:2000 25%
2 Interpretation of given data and its presentation 30 %
3 Working in team. 5%
Product related:10 Marks 40%
4 Interpretation of given data. 10%
5 Answers to practical related questions. 20%
6 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained

Dated sign of Teacher

Process Related | Product Related Total
a5) 10) (25)
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II.

I11.

Iv.

VI

Practical No. 15: Draw diagrams showing transfer of loads from one way
simply supported slab and two way simply supported
slab to the supporting beams as per IS 456:2000

Practical Significance

One-way slab, transfer of load takes place in one direction only. The total load is
supported on two opposite long sides supporting the slab. For certain ratio of longer
dimension to shorter dimension (aspect ratio), the rectangular slab bends in both
directions. The slab bends into shape of saucer. It is convenient to think of such slabs as
consisting of two sets of parallel strips, in each direction and intersecting each other. So
part of the load is carried by supports provided in both directions. This practical will help
to understand the load distribution diagram of beams for one way or two way slab as per
IS 456: 2000.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse / multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course OQutcomes
a.  Design various slabs for the given edge condition.

Practical Outcome
Draw diagrams showing transfer of loads from one way simply supported slab and two
way simply supported slab to the supporting beams as per IS 456:2000.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency, “Design of simply supported slabs and precautions to be taken to avoid its

Jailure.”

a. Observation skill.

b. To know and understand one way or two way slab load distribution.

c. Ability to draw load distribution diagram of beams for one way or two way slab as per
IS 456: 2000.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.
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VII.

VIII.

Minimum Theoretical Background
Loads on Supporting Beams: The load transferred to supporting beams depends upon
the aspect ratio L,/Ly and upon the support conditions.

a)

b)

In case of one way spanning slab, the half load of slab is distributed uniformly on the
longer beam or wall supporting it.
In the slab ABCD, load of half area is distributed uniformly per unit meter length to
the longer supporting beam AB and CD.

In case of two way spanning slab, load is transferred uniformly on all the four
supporting walls as shown in fig.
In the two way spanning slab ABCD, in which load of trapezium AEFB and trapezium
CEFD is transferred uniformly per meter length to the longer supporting beam AB and
CD respectively.
The load of 45° isosceles triangle AEC and triangle BFD is transferred uniformly per
unit meter length to shorter supporting beam AC and BD respectively.

In case of cantilever slab full load is transferred uniformly per unit meter length to the
beam at the supporting end.

Experimental Set-up

FEEEEN HT
[ feam AB and (D

[ wenlll

q d ’
Conwary slab
i i s
L] E ¥ /P
M, f
— =M
4 S,
/v v v Ny 145 5
< > < ; > < >
Beam AC and BD Beam AR and CD
we=nal/) weal leRil Ay

Twowary slab

Load Distribution of Slabs

For bending moment: The equivalent udl for

)
i)

L 1

Trapezoidal load on long span, i.e. on beam AB & CD = W, x TA [1-- E ]
Traingular load on short span, i.e. on beam AC & BD = W, x Lf [1- % ]

Mabharashtra State Board of Technical Education 93



Design of Steel and RCC Structures (22502)

IX.

XI.

XII.

where Wy = Design load

5 = Span ratio (aspect ratio) L,/Ly

For Shear force : The equivalent udl for

1)  Trapezoidal load on long span, i.e. on beam AB & CD = W4 x —

-

i1) Traingular load on short span, i.e. on beam AC & BD = Wy x Lf

Resources required

Sr. No. Particulars Specification | Quantity Remark
1 Limit State Theory and Design KZ i’vial;d 1 No. Per group of 3
of Reinforced Concrete Dr. V. L. Shah students
A3 size sketchbook and
2 Drawing tools (scale, pencil, | T Iset Per student

eraser etc.)

Procedure

1. Teacher should guide the students about load distribution diagram of beams for one
way or two way slab as per IS 456: 2000. '

2. Student should understand it’s importance in designing the beams.

3. Students should draw load distribution of all types of slabs in sketchbook. (Refer
point no. VIII Experimental set-up.)

Precautions to be followed

1. Proper care to be taken to draw diagram for load transfer from slab to supporting
beam is necessary.
2. Use IS 456: 2000 to understand it.

Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

1. Calculate load transferred by a 3 m x 4 m slab to the supporting beams on its all sides.
Ultimate design load on the slab is 18 kN/m®.
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2.

Calculate load transferred by a 7 m x 2.5 m slab to the supporting longer beams.
Ultimate design load on the slab is 14 kN/m’.

. Calculate load transferred by a cantilever slab projecting 1.2 m, to the supporting longer

beams. Ultimate design load on the slab is 8 kN/m”.

. Why width of beam is generally 230 mm?
. State formula for equivalent uniformly distributed load on longer beams; for beams

supporting two way slab.

. State formula for equivalent uniformly distributed load on shorter beams; for beams

supporting two way slab.

. State formula for equivalent uniformly distributed load on longer beams; for beams

supporting one way slab.

. State formula for equivalent uniformly distributed load on supporting beam; for beams

supporting cantilever slab.

. In case of two way slab, load transferred on all four supporting beams is

. (Same / different)

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Understanding and drawing diagram 20%
2 Precision in sketchbook, neatness, cleanliness. 30%
3 Working in team. 10 %
Product related:10 Marks 40%

3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

2
K T
A,
Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
15) (10) (25)
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II.

I1I.

Iv.

VL.

Practical No. 16: Draw the table showing details of deflected shape along

with effective length of column as per IS 456:2000

Practical Significance

There are basically two types of column which are short column and long column. These
are classified on the basis of type of failure, i.e. crushing failure and buckling failure.
Buckling is the phenomenon related to lateral displacement of column axis due axial load
applied to column. The buckling of column depends on the column end conditions,
eccentricity of loading and its initial curvature. These end restraints of column affects
effective length of column and ultimately deciding type of column as short and long
column. This practical will help to understand the deflected shape and effective length of
column for various end constraints.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse /multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Qutcomes
a. Design of axially loaded short columns and footings.

Practical Outcome
Draw the table showing details of deflected shape along with effective length of column as
per IS 456:2000.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified

competency, “Effect of end constraints on effective length of column.”
a. Observation skill.
b. Ability to identify the different end constraints and to understand their effect on
effective length of column.
c. Ability to understand the effect of end constraints on critical load carrying of
column.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.
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VII. Minimum Theoretical Background
Column: A vertical member of a structure which is used to support axial compressive
load is called as column.
Buckling: It is phenomenon in which lateral displacement of axial compression member
takes place due to increase of height or length of axial member.
Effective length: It is a length between points of zero bending moments, i.e. length
between two points of contraflexure of a buckled column. It depends upon the end
constraints as regards restraint against rotation and that against transverse displacement.

VIII. Experimental Set-up

Symbols for end restraint conditions
W Rotation fixed, translation fixed
Wl Rotation free, translation fixed

aw Rotation fixed, translation free

i Rotation free, translation free

Table showing Effectivel length of column for various end conditions
as per IS 456:2000

End condition Sketch Recommended value of
Effective length
Effectively held in position but 1
not restrained against rotation Evg
at both ends Original shape
l.o0L
L=Le
Deflected shape

i

Effectively held in position and *

restrained against rotation
at both ends

Original shape
Le |L

Deflected shape
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IX.

XI.

XII.

Resources required

Sr. No. Particulars Specification | Quantity Remark
Per group of 5
1 IS 456:2000 | ceoeee- 1 No.
students

A3 size sketchbook and

2 Drawing tools (scale, pencil, | — Iset Per student

eraser etc.)

Procedure

1.

Teacher should guide the students about various end constraints of column and its

effect on effective length of column.
Student should discuss about the deflected shape of column.

. Students should draw table showing various end conditions of column, sketch showing
deflected shape of column and recommended values of effective length of column in

sketchbook. (Refer VIII Experimental set-up.)

Precautions to be followed

1.

2.

Draw carefully the deflected shape of column considering rotation and translation for

various end restraints.
Sketches should be drawn appropriately along with the font size used for labeling.

Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

1.

For end restraint condition =

Rotation is (free / restrained) and transverse displacement is (free / restrained).
(Teacher should provide different end restraint condition.)

. Draw symbol to be used to show following end restraints.

End restraint 1 :

End restraint 2 :

(Teacher should provide two end restraints.)

. State effective length of column for given end conditions of column.

End condition 1 :

End condition 1 :

(Teacher should give two end conditions of column.)

. Define buckling of column.
. Buckling is most important in case of column. (short / long)

Mabharashtra State Board of Technical Education 99



Design of Steel and RCC Structures (22502)

6. Effective length for column having both ends fixed is than column

having both ends hinged. (less / more)
7. Calculate effective length for given end conditions and given length of column.
End condition of column =
And effective length of column = mm. (Teacher should provide

end condition and length of column.)
8. Define effective length.
9. Define buckling phenomenon.

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Understanding end restraints and deflected shape of column 25%
2 Precision in sketchbook, neatness, cleanliness. 30 %
3 Working in team. 5%
Product related:10 Marks 40%
4 Interpretation of given data. 10%
5 Answers to practical related questions. 20%
6 Submission of report in time. 10%
Total: 25 Marks 100%
List of Student Team Members (Roll No.)
L
2
K TS
SN
Dated si f
Marks Obtained ated sign o
Teacher
Process Related Product Related Total
as) (10) (25)
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II.

I11.

IVv.

Practical

No. 17: Design of a welded connection for the given data and
compare it using open software / IS code

Practical Significance
Many steel structures are made-up of various components which are connected together by

means of rivets, bolts or by welds. With the progress made in welding equipment and

electrodes, the advancing art and science of designing for welding and the increasing trust

and acceptance of welding have combined to make it powerful implement for the

expanding construction industry. In addition, the shortened production cycles made

possible by welding, have helped effect a quickening in the pace of new construction.

Welding will become increasingly important as more people acquire a greater depth of

knowledge and experience that goes with it. This practical will help to understand the

design process of welded connection.

Relevant Program Outcomes

PO. 1

PO. 2

PO. 4

PO. 7

PO. 8

Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

Discipline knowledge: An ability to apply Civil engineering knowledge to
solve broad-based Civil engineering related problems.

Engineering Tools: An ability to apply relevant civil technologies and tools
with an understanding of the limitations.

Ethics: Apply ethical principles for commitment to professional
ethics, responsibilities and norms of the practice also in the field of Civil
engineering.

Individual and Team Work: Function effectively as leader and team member
in diverse /multidisciplinary team.

Relevant Course Outcomes

a. Design the connections for the given steel joints.

Practical Outcome

Design of a welded connection for the given data and compare it using open software /

IS code.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency, “Designing the welded connection for the given condition.”

a. Ability to design the welded connection for the given condition.
b. Ability of using IS 800:2007 for design of welded connection.
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VI.  Relevant Affective domain related
a. Demonstrate working as a leader / a team member.
b. Follow ethical practices.

VII. Minimum Theoretical Background

Welded connection: When various members of steel structures are connected together by

means of welding, the connection is called “Welded connection”.

Throat thickness: It is the perpendicular distance from the root of the fillet weld to the

line joining its toes.
t= k x size of fillet weld

= 0.7 x size of fillet weld -------- (k= 0.7 for angle between fusion faces 60 to 90 degree.)

Permissible stresses in weld: The permissible stresses in weld for tension or compression
section through throat of butt weld is taken as 150 N/mm?®.

Size of weld: When size of weld is not given, it is taken with reference to following —

Type of member Siin Sinax
Plate 3 mm Thickness of plate — 1.5 mm
Angle section 3 mm % x Thickness of angle section

Effective Length: It is the length of the fillet weld for which the specified size and throat

thickness of weld exists.

VIII. Experimental Set-up

L2

Single angle connected to gusset

-.—.—.—-.1

L
X

Weld size

plate using welded connection

] Gusset Plate

-y

A
Cx
T
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IX. Resources required

Sr. No. Particulars Specification | Quantity Remark
Per group of 5
1 IS 800:2007 | -meeeee- 1 No.
students
2 Limit state design of steel Shah, Gore, 1 No. Per group of 3
structures Veena students
X. Procedure

1. Teacher should form group of 4 to 5 students.
2. Teacher should give following details required to design the welded connection to
each group.
a) Section details — Single angle / Double angle, size of angle, position of C.G.
b) Thickness of gusset plate.
c) Force —Either the load to be given for design of section or section is to be
designed for its full strength.
Full strength of section = Cross-sectional area x Permissible stress.
d) Size of weld should be given or it should be considered within the range of
maximum or minimum size of weld.
Smax = ¥ x Thickness of angle section and S, = 3 mm.
e) Welding on two sides or three sides.
3. Calculate force resisted by the weld at the lower side of angle.
4. Calculate force resisted by the weld at the upper side of angle.
5. Taking moment about top or bottom weld length and find weld length L; or L,
accordingly.
6. Draw sketch showing connection details.

XI.  Precautions to be followed
1. While designing the connection IS code provisions should be considered.
2. Precaution should be taken while taking moment to calculate weld length.

3. Calculations should be made accurately.

Space to write design
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XII. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

1.

et

State the criteria to decide size of weld for angle section when size of weld is not
given.

State the criteria to decide size of weld for plate when size of weld is not given.
Write the formula to calculate full strength of section.

Enlist two advantages and two disadvantages of welded connection over bolted
connection.

Write formula to calculate effective length of weld.

Write the relation between size of fillet weld and throat thickness.

Find out the strength of welded joint for the connection shown in fig. 1. (Teacher
should provide values of P, b, t and size of weld.)

Take P = ,b= mm,t=__  mm and size of weld = mm.

size of weld

| - F

| Platebxt

Fig. 1

Calculate size of weld for plate size b = mm and t= mm.
(Teacher should provide values of b and t.)

Calculate size of weld for angle of thickness t = mm. (Teacher should
provide thickness of angle.)

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Use of steel table. 20%
2 Process of designing the given structural component 35%
3 Working in team. 5%
Product related:10 Marks 40%

3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%

Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
2
T PP
A
Marks Obtained Dated sign of Teacher
Process Related| Product Related Total
(15) (10) (25)
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IL.

II1.

Iv.

VI.

VIIL.

Practical No. 18: Draw reinforcement detailing of dog legged stair

Practical Significance

In multistory buildings, for vertical communication between two floors staircases are used.
One of the type of staircase is dog legged staircase. It has two flights out of which one
flight goes up to mid-landing and after that second flight continues through 180 degree
turn. This practical will help to understand the reinforcement detailing of dog legged
staircase.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in

diverse /multidisciplinary team
PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a.  Design of shear reinforcement and development length for beam and slabs.
b.  Design various slabs for the given edge condition.

Practical Outcome
Draw reinforcement detailing of dog legged stair.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “Reinforcement details in stairs.”
a. Observation skill.
b. Ability to understand provision of main steel and distribution steel in waist slab and
mid-landing slab.
c. Ability to understand provision of development length in the form of extra bar.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.

Minimum Theoretical Background

Stair: It is one of the vertical mean of circulation which joins two different floors.
Dog legged staircase: Doglegged stair case is the most economical staircase. It is the
most common type of stairs arranged with two adjacent flights running parallel with a
mid landing. Where space is less, doglegged staircase is generally provided resulting
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in economical utilization of available space. In this type of staircase landing is
provided corresponding to the level at which the direction of the flight changes.
Some of the important parts of stairs are as follows -

1*' landing (Landing 1): From where step will start.

2nd Landing (Landing 2): where step will over or will start new steps.

Waist slab: The inclined slab between 1st and 2nd landing.

Main Steel: Main reinforcement will start from the bottom of 1st landing and go
through the inclined slab and will stay on top of 2nd landing. Spacing of bar
depends on structural design. Another main reinforcement starts from the top of Ist
landing and goes through the waist slab and will stay on the bottom of 2nd landing.
Distribution Steel: These bars are provided perpendicular to main steel or parallel
to width of stair.

Extra Top Bar (E1): El is extra top at 1st landing. It is extended up to one-third
to one-fourth length (L) of waist slab from the Ist landing edge.

Extra Top (E2): E2 is also extra top bar same as El. But it is placed at 2nd
landing and extended up to one-third to one-fourth length of waist slab into the
waist slab.

VIII. Experimental Set-up

12 HT@ 100 CC EXTRA Extra top {_-.E_‘.'}

Distribution Steel

Waist slab
Extra top bar (E1)

Main Steel (M)
Section of staircase

IX.  Resources required

Sr. No. Particulars Specification Quantity Remark
1 Limit State Theory and Design Dr. 8. R. Karve 1 No Per group of 3
of Reinforced Concrete and ' students
Dr. V. L. Shah
A3 size sketchbook and
2 Drawing tools (scale, pencil, | I set Per student
eraser etc.)
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X.

XI.

XII.

Procedure

1. Teacher should guide the students about structural components of staircase which are
required to be designed. _

2. Teacher should also discuss the position of main steel, distribution steel, development
length of bar, extra bar and their functions in stairs.

3. Students should draw cross section of staircase showing reinforcement detailing in

sketchbook. (Refer point no. VIII Experimental set-up.)

Precautions to be followed

1.
2.

Draw carefully the extra bar, development length of bar.
Sketch should be drawn appropriately along with the font size used for labeling.

Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

PN R WD

Define waist slab.

State need of extra bar to be provided in stairs.

State need of development length to be provided in stairs.

State the position of extra bar in stairs.

State the position of development length of bar in stairs.

Mention value of cover to be provided for waist slab.

Write the position where scissor cut is provided in case of stairs.

Main steel in case stairs is provided (parallel / perpendicular)
to span of stair.

Write the formulae to calculate span of stair.

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Understanding steel detailing in stairs 25 %
2 Precision in sketchbook, neatness, cleanliness. 30 %
3 Working in team. 5%
Product related:10 Marks 40%

4 Interpretation of given data. 10%
5 Answers to practical related questions. 20%
6 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
2
P
A
Marks Obtained Dated sign of Teacher
Process Related Product Related Total
(15) (10) (25)
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Practical No. 19: Check the given drawing as per IS 456:2000 specifications

I1.

II1.

Iv.

with respect to reinforcement detailing (Working drawing /
Blue print should be collected from the suitable site)

Practical Significance
The structural engineer plays a key role in the construction process at site. Structural

engineering is part of civil engineering concerned with the design and physical integrity of
buildings and other structures. Structural design engineer performs various roles and
responsibilities in a construction project providing technical details for the activities to be
performed at construction site related to reinforcement and dimensions of the members of
structure. This practical will help the students to correlate the obtained structural drawing
with IS specifications regarding reinforcement detailing.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse /multidisciplinary team.
PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a. Analysis and design of singly reinforced rectangular beams.

b. Design of shear reinforcement and development length for beam and slabs.
c. Design various slabs for the given edge condition.
d. Design of axially loaded short columns and footings.

Practical Outcome
Check the given drawing as per IS 456:2000 specifications with respect to reinforcement
detailing. (Working drawing / Blue print should be collected from the suitable site)

Competency and Practical SKkills
This practical is expected to develop the following skills for the industry identified
competency, “Proper execution of the activities on the site with desired performance.”
a. Observation skill.
b. Ability to understand the structural drawing.
c. Ability to correlate the collected structural drawing as per IS specifications with
respect to reinforcement detailing.

Mabharashtra State Board of Technical Education 116



Design of Steel and RCC Structures (22502)

VI.

VII.

Relevant Affective domain related
a. Follow safety practices.

b. Demonstrate working as a leader / a team member.
c. Follow ethical practices.

Minimum Theoretical Background

Site Inspection: The structural designer/technician at site inspects the actual laying of
reinforcement, checking dimensions of the members and other quality aspect with respect
to concrete works. These activities are done prior to beginning of concreting operation.

These activities are checked by technician from the structural drawing provided at site.

Role of Site Engineer: A site engineer has to perform a lot of activities on the site.
His/her role involves a lot of responsibility which includes giving sufficient advice and
supervision when there are any technical issues, or for proper management. The site
engineer should possess basic knowledge about the practical construction procedures in
site, along with the details of how they are planned, how reinforcement is placed and what
precautions should be taken for placement of steel. This idea of planning and coordination
will help him to have proper execution of the activities in the site with desired

performance.

IS Specifications: IS code provides some specifications regarding cover used for
reinforcement, bar diameter, number of bars to be used, minimum and maximum
percentage of steel, spacing of bars etc.

e.g. As per IS 456:2000 — Clause no. 26.5.3.1 (Page 48)

For longitudinal steel of column —

(1) Minimum percentage of steel = 0.8 % of gross area of column

(2) Maximum percentage of steel = 6 % of gross area of column

(3) Minimum number of bars = 4 for rectangular column and 6 for circular column

(4) Minimum diameter of bar for column = 12 mm

(5) Maximum spacing of longitudinal bars in column = 300 mm measured along the

periphery of the column.
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VIII. Experimental Set-up

—TrElCAL  ARRAMGEMENT  OF COLUMY  HARS:—

10 _BARS 12 BARS 4 BARS £ BARS B BARS

FECOLUMN  BARS
= COLUMN LINKS
M DIA. 8 ® 8 C/C
- OLUMN
=] fmeit

r[ = Da 8 @ & c/C
ek | FOOTING BARS

775 HOOK
= —

PLC SIFE
ELEVATIONAL  SECTION

("TYPICAL DETAILS OF R.C. C. COLUMN )

IX. Resources required

Sr. No. Particulars Specification | Quantity Remark
Per group of 5
1 IS 456:2000 | ceeeeee 1 No.
students
X. Procedure

1. Teacher should guide the students regarding reading of structural drawing and
IS 456:2000 provisions of reinforcement detailing. _

2. Student should discuss with batch mates to correlate the obtained structural drawing
with IS 456:2000 specifications.

XI.  Precautions to be followed
1. Take care while finding accurate clause related to the structural component (e.g. beam,
column, slab etc) from IS 456:2000.
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XII.

Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

1.

State the minimum and maximum bar diameter used for in given
structural drawing. (Teacher should provide different structural components.)

State the type of slab shown on given structural drawing.

State the spacing between bars for . (Teacher should

provide different structural components.)
State the cover used for —

(Teacher should provide different structural components.)

Compare IS specification with actual provision of reinforcement for —

(Teacher should provide different structural components.)

State the number of bars used for . (Teacher should provide the beam or
column shown on drawing.)

For column (two legged / three legged) links are used on

provided drawing.
For beam (two legged / three legged) stirrups are used on
provided drawing.

Write any two notes form provided structural drawing.

Space to Write Answers
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XIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Interpretation of given data 25%
2 Use of IS 456:2000 30 %
3 Working in team. 5%
Product related:10 Marks 40%

3 Interpretation of given data. 10%
Answers to practical related questions. 20%

5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained

Dated sign of Teacher

Process Related
as)

Product Related
(10)

Total
(25)
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II.

I11.

Iv.

VL.

VII.

Practical No. 20: Design one cantilever slab from the given data

Practical Significance

Cantilever Slab is a slab panel supported on only one edge. The edge may be wall or
beam. In case of RCC framed buildings cantilever slab is provided for projected balconies,
projected landing of staircase or chajja over windows. This practical will help the students
to identify type of slab and the procedure of design of slabs using Limit State Method
along with the knowledge of placing of reinforcement in actual practice.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

PO. 2 Discipline knowledge: An ability to apply discipline - specific knowledge to solve
core and/or applied engineering problems.

PO. 4 Engineering tools: Apply relevant Civil technologies and tools with an
understanding of the limitations.

PO. 7 Ethics: Apply ethical principles for commitment to professional ethics,
responsibilities and norms of the practice also in the field of Civil engineering.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
Diverse /multidisciplinary team.

Relevant Course Outcomes
a. Design of shear reinforcement and development length for beam and slabs.
b. Design various slabs for the given edge condition.

Practical Outcome
Design one cantilever slab from the given data.

Competency and Practical SKkills

This practical is expected to develop the following skills for the industry identified
competency, “Identify, design, laying and placing the reinforcement of cantilever slab
on the site.”

a. Follow design steps as per IS 456: 2000
b. Know IS specifications for depth and placement of steel reinforcement.

Relevant Affective domain related
a. Demonstrate working as a leader/ team member.
b. Follow ethical practices.

Minimum Theoretical Background
Cantilever slab is designed for maximum bending moment at fixed support. The depth of
slab is calculated from span to effective depth ratio as per IS: 456-2000. The area of main
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VIIIL.

IX.

reinforcement is provided to resist maximum bending moment. The area distribution steel
is calculated to resist temperature and shrinkage stresses. The reinforcement of cantilever
slab consists of mesh of main steel and distribution steel. In this mesh, main steel is laid
perpendicular to supporting beam and at the top position in slab (Due to tension developed
at top of cantilever). The distribution steel is laid perpendicular to main reinforcement and
below it. The reinforcement is laid up to the free end of cantilever with each alternate bar
bent in to spring shape (Chimta).

Resources required

Sr. No.| Particulars Specification Quantityy Remark
1 1S 456: 2000 Plain. and Reinforced concrete code of 1 No. Per batch
’ ractice
IHandbook on concrete reinforcement and
2 |SP34-1987 Detailing 1 No. Per batch

Abbreviations used

Ast  — Area of steel d — Effective depth D — Overall depth
D.L. —Dead Load F.F. - Floor Finish L — Span of beam
1 - Effective span L. L. — Live Load M.F.  —Modification Factor
M, - Ultimate moment t - Thickness of W - Factored Load
of resistance support
Procedure
1.  Collect suitable working drawing/ blue print from the site for a RCC framed
building. '
2. Study the plan and identify the type of slab.
3. Teacher shall prepare four groups for a batch of 20 students.
4.  Each group shall design at least one slab.
5. Students should identify cantilever type of slab and design the same as per

IS 456: 2000.
6.  Use following steps to design:

a.Take span of slab as projection beyond face of wall / beam (L).

b. Determine effective depth required for deflection control [ Clause 23.2.1.a]
( L/d) < (M.F. x basic value of span-depth ratio)
i.e. dreqa > L/(M.F.x7)
Dyeqd > dreqa + effective cover
Suggest suitable, practicable overall depth in multiples of 10 mm; say D.
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Hence provided effective depth d = D - effective cover

c.Calculate effective span min. of i) /= L+ d/2 and ii) / = L+ t/2
d. Determine intensity of ultimate u.d. load per m run of slab of strip of width 1m,
as
W=DL+LL+FF
Wu = y¢[ (density of rcc X D)+ LLi + FFi ] X 1X 1, y¢=1.5
=15[(25XD)+LLi+FFi] X 1X 1
e.Determine designed or factored bending moment using
M, =wy (F)/2
Determine and Check the required effective depth using, M, = My, = Ruum(bdz)
If provided ‘d’ is > required ‘d’, then ok.
If ‘d’ is <required ‘d’, then repeat design step atSr.No.6a) to 6 e) as above
f. Determination of tensile steel area ( for TOR steel ) —
a) Min. steel area in any direction = 0.12% of A,

b) A reqd to resist M, with provided‘d’ is given by

-
feck

L |
- 11—
Ag reqd = 0.5 v [1 1“!

£.6Mu

1bd

fek bd2

c¢) Assuming suitable bar diameter calculate required spacing using,

1800 xA41
Spreqd = 4zt g gd

d) Apply check for maximum spacing It should be< Lesser of (3d) or (300 mm).
Hence suggest proper spacing of selected bar diameter.
g. Assume bar diameter for distribution steel as per clause
a) Calculate area of Distribution steel — as per clause
Aps=0.15% of A,
=0.15/100 X b X D
b) Calculate spacing of distribution steel

Area of oneg bar

S = X 1000

Aps
c) Give check for spacing of distribution steel as per clause.....
It should not be more than minimum of the following two
i) 5d=
ii) 450 mm

Spacing as calculated = ----- mm < Minimum of above two = ---- mm.

Hence O.K.
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h. Check for development length Lq.
0.87 fv ¢
4tbhd

Ld:

As per Clause 26.2.1.1, page no. 43,
thd = ___ for grade concrete

[ d— frast)

Mo-087f A ronzn

Factored shear force,

Lo=d or 12 or can be considered as zero.

Hence -
1.3240
Lq calculated = 1.3[ 47, + Lo]

Thus provide development length = Ly/3 from the face of wall.

X. Precautions to be followed
1. Identify the type of slab from the given working drawing or blue print.
2. Design the identified slab considering IS requirement.
3. Use appropriate cover for reinforcement according to available environmental exposure
conditions at site.
Space to Write Design
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XI. Resources used

Sr Broad Specifications

N ’ Name of Resource Quantity | Remark
0- Make Details
1
2
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XII. Results (Summary of Design)

1.

2.
3.
4,

Overall depth (D) = mm.

Effective depth (d) = mm.

Main steel ~ mm ¢ bars of grade at mm c/c.
Dist. steel ~ mm ¢ bars of grade at mm c/c.

XIII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

1.
2.

The basic value of span to effective depth ratio for cantilever slab is .
Calculate the intensity of self-weight of mm thick slab per unit area? (Teacher
should provide thickness of slab.)

. Write the functions of distribution steel.
. State intensity of live load to be considered for passage slab in a school building.
. Alternate bars are bent up in spring (chimta) shape in a cantilever slab. Justify your

answer.

. Write situations where design of cantilever slab is must.
. State the position of main reinforcement in case of cantilever slab and give reason?
. State the reason for not taking checks for shear and development length in case of

design of cantilever slab? Justify your answer.

. Write different standard steel bar diameters available in the market to be provided as

reinforcement.
Space to Write Answers
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XIV. References / Suggestions for further Reading

;:;' Title of Book/ Website Links Author Publication
Dr. V. L. Shah t Publicati
Limit State Theory and Design of r. V. L. Sha Structures Publications,
1. Reinforced Concrete Structur and Dr. S. R. Pune.
cinioreed LONCIete Structures Karve ISBN-13:9788190371711
) Fundamentals of Reinforced N. C. Sinha and | S. Chand & Co., New Delhi
" | Concrete S. K. Roy ISBN-13:978-8121901277
) : ) : New Age Int tional,
3 Reinforced Concrete Design N. Krishna Raju oW %\?{urr;f):ila tona
Principles and Practice and R. N. Pranesh [SBN-13:9788122414608
Tata McGraw Hill
. U. Pillai
4. | Reinforced Concrete Design IS)eU daslMaelnce:Ed Publications, New Delhi
v ISBN-13: 978-0070141100

XV. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Design of slab panel 30 %
2 Proper calculation 30 %
Product related:10 Marks 40%
3 Design details 5%
Answers to practical related questions. 25%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained

Dated sign of Teacher

Process Related
as)

Product Related
(10)

Total
(25)

Mabharashtra State Board of Technical Education

131




Design of Steel and RCC Structures (22502)

II.

II1.

IVv.

VL.

Practical No. 21: Design a One Way Simply Supported Slab from the
given data

Practical Significance

One Way Slab is a slab provided over rectangular panel. It bends in only one direction i.e.
along shorter side of rectangular panel and it is supported on supports provided along
longer side of rectangular panel. This practical will help the students to identify type of
slab and the procedure of design of slabs using Limit State Method along with the
knowledge of placing of reinforcement in actual practice.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science
and engineering to solve the engineering problems.

PO. 2 Discipline knowledge: An ability to apply discipline — specific knowledge to
solve core and/or applied engineering problems.

PO. 4 Engineering tools: Apply relevant Civil technologies and tools with
an understanding of the limitations.

PO. 7 Ethics: Apply ethical  principles for commitment to professional
ethics, responsibilities and norms of the practice also in the field of Civil
engineering.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse / multidisciplinary team.

Relevant Course Outcomes
a. Design of shear reinforcement and development length for beam and slabs.
b. Design various slabs for the given edge condition.

Practical Outcome
Design a one way simply supported slab from the given data.

Competency and Practical SKkills
This practical is expected to develop the following skills for the industry identified
competency, “Identify, design, laying and placing the reinforcement of one way slab on
the site.”

a. Follow design steps as per IS 456: 2000

b. Know IS specifications for depth and placement of steel reinforcement.

Relevant Affective domain related
a. Demonstrate working as a leader/ team member.
b. Follow ethical practices.
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VII. Minimum Theoretical Background

When the aspect ratio i.e. ratio of longer span to shorter span is greater than two, the slab
is designed as spanning one way.

One way simply supported slab is designed for maximum bending moment at centre of
span. The depth of slab is calculated from span to effective depth ratio as per IS: 456-
2000. The area of main reinforcement is provided to resist maximum bending moment.
The area of distribution steel is calculated to resist temperature and shrinkage stresses. The
reinforcement of One way simply supported slab consists of mesh of main steel and
distribution steel. In this mesh, main steel is laid parallel to shorter side of rectangular
panel (shorter span) and at the bottom position in slab (Due to tension developed at bottom
of one way slab). The distribution steel is laid perpendicular to main reinforcement i.e.
parallel to longer side of rectangular panel and above it. Alternate main bars are made bent
upon cut bar system is followed. The load of One-Way slab is equally shared by
supporting beams which are parallel to longer side of rectangular panel.

VIII. Resources required

Sr.

N Particulars Specification Quantity Remark
0.
1 IS 456: 2000 Plain and Reinforced concrete code 1 No. Per batch

of practice

IHandbook on concrete

2 SP 34 - 1987 |reinforcement and Detailing 1 No. Per batch
Abbreviations Used:
Ast  — Area of steel D — Overall depth d — Effective depth
D.L. —Dead Load F.F. - Floor Finish L — Span of beam
[ - Effective span L. L. — Live Load M.F.  — Modification Factor
M, - Ultimate moment of t - Thickness of W, — Factored Load

resistance support

IX.  Procedure
1. Collect suitable working drawing/ blue print from the site for a RCC framed building.
2. Study the plan and identify the type of slab. '
3. Teacher shall prepare four groups for a batch of 20 students.
4. Each group shall design at least one slab.
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5.

Students should identify the slab type from aspect ratio and design the same as per
IS 456: 2000.
Use following steps for design:
a. Take span of slab as shorter side of panel i.e. L = Lx
b. Determine effective depth required from deflection control [ Clause 23.2.1.a]
(L/d) < (M.F. x basic value of span-depth ratio)
i.e. dreqa > Lx /( MLF. x 20)
Dreqa> dreqa 1 effective cover

Suggest suitable, practicable overall depth in multiples of 10 mm; say D
Hence provided effective depth d = D - effective cover

c. Calculate effective span min. of-
1) centre to centre distance between supports and
i) /=L+d
d. Determine intensity of ultimate u.d. load per m run of slab of strip of width 1m, as
W =DL + LL + FF
Wu = y{ (density of rcc X D)+ LLi+FFi ] X 1X 1,ys=1.5
=15[25XD)+LLi+FFi] X 1X 1
e. Determine designed or factored bending moment using
M, =w, () /8
Determine and Check the required effective depth using, My = My = Ryjim(bd?)
If provided ‘d’ is > required ‘d’ ,then ok
If ‘d’ is < required ‘d’, then repeat design step atSr.No.6 a) to 6 e) as above
f) Determination of tensile steel area ( for TOR steel ) —
1) Min. steel area in any direction = 0.12% of A,

i1) Ay reqd to resist My, with provided ‘d’ is given by

fcok I' 4.68u
Agreqd=0.5 £, [1-] L= o pazlbd

ii1) Assuming suitable bar diameter calculate required spacing using,

1000 xA1
Spreqd = m
iv) Apply check for maximum spacing [Clause no. 26.3.3.b.1]
1.e.It should be< lesser of (3d) or (300 mm)
Hence suggest proper spacing of selected bar diameter.
g) Assume bar diameter for distribution steel as per clause
Calculate area of Distribution steel —as per clause ....
Aps=0.15% of A,
=0.15/100 XbXD
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1) Calculate spacing of distribution steel

Area of one bar
S=—"7_—""X1000
Anc

i1) Give check for spacing of distribution steel as per [Clause26.3.3.b.2]
It should not be more than minimum of the following two
1)5d=
2) 450 mm
Spacing as calculated = ----- mm < Minimum of above two = ---- mm Hence
O.K.

h) Check for development length L4
0.87 fy &
Li=  4rpa
As per [Clause 26.2.1.1], page no. 43,

thd = ___ for grade concrete

(d— st

Mo - 0.87f, Aq

Fokb
Factored shear force,

WL

Lo=d or 12 & or can be considered as zero

Hence -

1.3%10
Lq calculated = 1.3[ wva T Lo]

Thus provide development length = L4/3 from the face of wall.

X. Precautions to be followed
1. Identify the type of slab from the given working drawing or blue print.
2. Design the identified slab considering IS requirement.
3. Use appropriate cover for reinforcement according to available environmental
exposure conditions at site.

List of one way slab from given working drawing/ blue print is as -
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Sr. No. Slab Notation Span

Space to Write Design

Design of slab at Sr. No.
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XI. Resources used

Sr Broad Specifications

N ’ Name of Resource Quantity | Remark
0. Make Details
1
2

XII. Results (Summery of Design)
1. Overall depth (D) = mm.

2. Effective depth (d) = mm.
3. Main steel mm ¢ bars mm c/c.
4. Dist. steel mm ¢ bars mm c/c.

XIII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

The basic value of span to effective depth ratio for One-Way slabis .

Stair slab is designed as slab.

Write the functions of main steel.

Write the available grades of reinforcing steel in the market.

Explain the terms overall depth, effective depth with sketch.

State the de-shuttering time for slab as per IS 456:2000 and compare with site
practice.

7. Draw reinforcement details for sloping slab. Indicate main and distribution bars.

AN
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8. Modification factor depends upon .
9.  Write the lowest grade of concrete used for RCC.

Space to Write Answers
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XIV. References / Suggestions for further Reading

:l; Title of Book/ Website Links Author Publication
! Limit State Theory and Design of | Dr. V. L. Shah and Structurels)lll)rl::hcatlons,
Reinforced Concrete Structures Dr. S. R. Karve ISBN-13:9788190371711
5 Fundamentals of Reinforced N. C. Sinha and S.| S. Chand & Co., New Delhi
' Concrete K. Roy ISBN-13:978-8121901277
New Age International
3 Reinforced Concrete Design N. Krishna Raju v %\‘j{urrlnle):ila rona
Principles and Practice and R. N. Pranesh ISBN-13:97881224 14608
) ) S. U. Pillai and T?ta MCGraW Hill )
4. Reinforced Concrete Design DevdasMenon Publications, New Delhi
v ISBN-13: 978-0070141100
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XV. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%
1 Design of slab panel 30 %
2 Proper calculation 30 %
Product related:10 Marks 40%

3 Design details 5%
4 Answers to practical related questions. 25%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained

Dated sign of Teacher

Process Related | Product Related Total
as) (10) (25)
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II.

II1.

Iv.

VL.

Practical No. 22: Design a two way simply supported slab
from the given data

Practical Significance

Two-Way Slab is a slab panel which bends in both directions. For any type of structure,
two way slabs are designed depending upon identification of slab by adopting certain
criteria. This practical will help the students to identify type of slab and understand the
procedure of design of slabs usingLimit State Method along with the knowledge of
placing of reinforcement in actual practice.

Relevant Program Outcomes
PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science

and engineering to solve the engineering problems.
PO. 2 Discipline knowledge: An ability to apply discipline - specific knowledge to solve
core and/or applied engineering problems.
PO. 4 Engineering tools: Apply relevant Civil technologies and tools with
an understanding of the limitations.
PO. 7 Ethics: Apply ethical principles for commitment to professional
ethics, responsibilities and norms of the practice also in the field of Civil
engineering.
PO. 8 Individual and Team Work: Function effectively as leader and team member in

diverse /multidisciplinary team.

Relevant Course Outcomes
a. Design of shear reinforcement and development length for beam and slabs.
b. Design various slabs for the given edge condition.

Practical Outcome
Design a two way simply supported slab from the given data.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “Identify, design, laying and placing the reinforcement of two way slab on
the site.”

a. Follow design steps as per IS 456: 2000

b. Know IS specifications for depth and placement of steel reinforcement.

Relevant Affective domain related
a. Demonstrate working as a leader / team member.
b. Follow ethical practices.
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VII. Minimum Theoretical Background
Identify the slab to be designed as two way slab. It depends upon aspect ratio i.e. ratio of

longer span to shorter span is less than or equal to two, the slab is designed as spanning
two way. Main reinforcement (mid span steel) is placed at bottom in both directions in the
form of mesh such that reinforcement parallel to shorter direction is laid first and then
over it reinforcement is laid parallel to longer direction is to be laid. Bent up bar or cut bar
system is followed in detailing. The load of two slab is supported by all the four supports
but not in equal proportion.

VIII. Resources required

Sr. No. | Particulars Specification Quantity) Remark
1 IS 456: 2000 Plain. and Reinforced concrete code of | | Ng. Per batch
ractice
IHandbook on concrete reinforcement
2 SP 34 - 1987 land Detailing 1 No. Per batch

Abbreviations used

Ast  — Area of steel d — Effective depth D — Overall depth

D.L. —Dead Load F.F. - Floor Finish L — Span of beam

1 - Effective span L.L. —Live Load M.F. — Modification Factor

M, - Ultimate moment of t - Thickness of support W, - Factored Load
resistance

IX.  Procedure
1. Collect suitable working drawing/ blue print from the site for a RCC framed building.
2. Study the plan and identify the type of slab on the basis of aspect ratio of longer span
and shorter span.
Teacher shall prepare four groups for a batch of 20 students.
Each group shall design at least one slab.
Students should observe the slab type and design the same as per IS 456: 2000.
Use following steps to design:
a. Write down both shorter span (Lx) and longer span (Ly)
b. Using short span, determine overall depth required for deflection control.
[ Clause 23.2.1.a]
(Ly/D) < (M.F. x basic value of span-depth ratio)
For two-way slab of shorter span upto 3.5 m and loading class up to 3 kN/m?
Mild steel, Basic value of span to overall depth ratio = 35
For Tor steel, Basic value of span to overall depth ratio = 28
1.e. Dyeqa > Lx /( MLF. x 35) or Dyeqa > Lx /( MLF. x 28)

AN AP

Mabharashtra State Board of Technical Education 144



Design of Steel and RCC Structures (22502)

dreqd> Dreqa - effective cover
Select overall depth in multiples of 10 mm; say D
Hence provided effective depth d = D - effective cover

c. Calculate effective span

[, as lesser of 1) centre to centre dist. between supports and ii)Ly + dy
lyas lesser of 1) centre to centre dist. between supports and 1)L, + d,

d. Determine intensity of ultimate ud.load per m run of slab of strip of width 1m, as
W=W=DL+LL+FF
Wu =v{ (density of rcc X D)+ LLi+ FFi | X IX 1, y¢=1.5
=15[(25XD)+LLi+FFi]X1X1
Determine aspect ratio i.e. ratio of /, to /,
Referring IS 456-2000, Table 27, Appendix D, obtain values of B.M. coefficients
ax=__  anday=
e. Determine design or factored moment using
Mux = 0x (wulx2 ) and My = o (wulx2 )
Check the required effective depth using, My = My = Ryjim(bd?)
If provided ‘dy’ is > required ‘d’ ,then ok
If ‘d’ is < required ‘d’, repeat design steps from Sr.No.2
f. Determination of tensile steel area ( for TOR steel ) —
a) Min. steel area in any direction = 0.12% of A,

b) Asx reqd to resist My, with provided ‘dy’ is given by

con _—
o 4 EMux

F
i |
Asxreqd =0.5 Fy [1-‘“! 1= Fok a;-c.'x:] bd,

Similarly calculate, Ay reqd to resist Myy with ‘d,’

F -1 e
J oK f 4.60Muy

Agy reqd = 0.5 _.‘"_ [1'*\4! 1- Ferpayal bdy

c¢) Assuming suitable bar diameter calculate required spacing using,

1000 xA41
Spreqd = m
d) Apply check for maximum spacingin both direction[Clause no. 26.3.3.b.1]
1.e.<lesser of (3d) or (300 mm)
Hence suggest proper spacing of selected bar diameter
Spacing as calculated = ----- mm < Minimum of above two = ---- mm Hence

O.K.
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X. Precautions to be followed
1. Identify the type of slab from the given working drawing or blue print.
2. Design the identified slab considering IS requirement.
3. Use appropriate cover for reinforcement according to available environmental

conditions at site.

List of two way slab from given working drawing/ blue print is as below

Sr. No. Slab Notation Span

Space to Write Design

Design of slab at Sr. No.
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XI. Resources used

Broad Specifications
Er. RN ame of Quantity Remark
0. esource Make Details
1
2
XII. Results (Summery of Design)
1. Overall depth (D) = mm.
2. Effective depth (d) = mm.
3. Main steel:
1) Along shorter span mm ¢ bars mm c/c.
i1) Along longer span mm ¢ bars mm c/c.

XIII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

PN W=

Differentiate between One way slab and Two way slab.

Stair slab is designed as slab.

Mention the different grades of steel available in the market.

State the meaning of two way restrained slab.

State the functions of reinforcement in RCC slab.

Draw reinforcement details for a loft slab. Indicate main and distribution bars.

Alternate bars are bent up in two way slab. Give reason.
In two way slab, along longer span steel and along shorter span
steel is provided. (Main / distribution)

Ne)

1

State the criteria to decide thickness of two way slab in accordance with span, live
oad and grade of steel.

Space to Write Answers
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XIV. References / Suggestions for further Reading

4. | Reinforced Concrete Design

S. U. Pillai and
DevdasMenon

Sr.
No Title of Book/ Website Links Author Publication
Limit State Theory and Design of | Dr. V. L. Shah and Structures Publications,
I Reinforced Concrete Structures Dr. S. R. Karve Pune.
T ISBN-13:9788190371711
5 Fundamentals of Reinforced N. C. Sinha and S.| S. Chand & Co., New Delhi
" | Concrete K. Roy ISBN-13:978-8121901277
Reinforced Concrete Design N. Krishna Raju New Age Interpahonal,
3. Principles and Practice and R. N. Pranesh Mumbai
o ISBN-13:9788122414608
Tata McGraw Hill

Publications, New Delhi
ISBN-13: 978-0070141100

XV.

Suggested Assessment Scheme
Performance Indicators Weightage (%)

Process related:15 Marks 60%
1 Design of slab panel 30 %
2 Proper calculation 30 %
Product related:10 Marks 40%

3 Design details 5%
Answers to practical related questions. 25%

5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
15) (10) (25)

Mabharashtra State Board of Technical Education

151




Design of Steel and RCC Structures (22502)

Practical No. 23: Design the beam/s each supporting cantilever slab,
one way simply supported slab and two way simply
supported slab from the given data

I. Practical Significance

Reinforced concrete beams are horizontal structural elements those are designed to carry
transverse loads. The load produces bending moment, shear force and torsion. Basically
beam is a flexural member and due to bending, sagging and hogging moments are
produced. This causes tension to develop in the beam material. The tension developed is
carried by steel bars provided in the beam. The load from slab is transferred to supporting
beam and then beam transfers the load to supporting column. This practical will help the
students to understand the design procedure of different types of beams considering
various IS 456:2000 specification.

II. Relevant Program Outcomes

PO. 1 Basic knowledge: Apply knowledge of basic mathematics, science and basic
engineering to solve the broad-based Civil engineering problems.

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 3 Experiments and practice: Plan to perform experiments and practices to use the
results to solve the broad-based Civil engineering problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and
tools with an understanding of the limitations.

PO 8. Individual and Team Work: Function effectively as leader and team
member in diverse /multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

III.  Relevant Course Outcomes
a. Analysis and design of singly reinforced rectangular beams.

IV.  Practical Outcome
Design the beam/s each supporting cantilever slab, one way simply supported slab and
two way simply supported slab from the given data.

V. Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “ldentify, design and reinforcement detailing of beam on site.”
a. Observation skill.
b. Ability to understand IS 456:2000 specifications for design of beams.
c. Ability to understand design procedure of beam.
d. Ability to understand reinforcement detailing for beam.
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VI.

VIIL.

VIII.

IX.

Relevant Affective domain related
a. Demonstrate working as a leader / a team member.
b. Follow ethical practices.

Minimum Theoretical Background

Singly reinforced Beam: A reinforced concrete section having an area of steel on tension
side only is known as ‘Singly reinforced beam.’ )
Design of beam: It is the procedure resulting in determination of cross-sectional
dimensions and reinforcement for a beam for the given span, grade of concrete and steel.
The main design criteria under limit state of collapse for design of beams are flexure and
shear. The design is required to be checked for bond and deflection.

Resources required

Sr. No.| Particulars Specification Quantity | Remark

1 IS 456:2000 Plain aqd Reinforced concrete code 1 No. Per batch
of practice

Handbook on concrete

2 | SP34-1987 |reinforcement and Detailing 1 No. Per batch

Abbreviations used:

Asb = Area of one bent up bar Ast = Area of steel in tension

Asv = Area of one stirrup b = Width of beam

C = Cover d = Effective depth of beam

D = Overall depth of beam H = Height of wall

1 = Span of beam Ld = Development length

Mu = Ultimate moment of resistance Vu = Factored shear force

Vuc = Factored shear force resisted by Vus = Factored shear force
concrete resisted by stirrups

Vus = Factored shear force resisted by bent up bar

v

Wu = Factored udl Xu = Actual depth of Neutral
axis

Procedure

1. Collect suitable working drawing/ blue print from the site for a RCC framed structure.
2. Study the plan and identify the types of beam. _
3. Teacher shall prepare a group of four to five students for a batch of students.

Mabharashtra State Board of Technical Education 153



Design of Steel and RCC Structures (22502)

4. Each group shall design at least one beam. Preferably teacher should assign the beam
supporting the slab which students have designed in experiment no. 20, 21 and 22.

For e,g, Students who have designed cantilever slab should design a beam supporting
cantilever slab.

5. Use following design steps while designing the beam —

(A) Flexural design of beam:

e Designation, type and support condition: From the blue print / working drawing,
write the designation of the beam as B1, B2, ..... Also write support conditions as
cantilever / simply supported beam etc.

e [Effective span (le): According to IS 456:2000- Clause 22.2, page 34
- For simply supported beam

le = Minimum of (i) and (ii)

- For cantilever beam

le =

e Load Analysis:

(a) Ultimate self-weight of beam = Wu_eir= 1.5 * Prec * b * D
(Unit weight of RCC (prec) = 25 kKN/m?, assume b and D.)

(b) Ultimate slab load (Wu.g): Depending upon whether the beam is supporting a
cantilever slab or one way simply supported slab or two-way simply supported
slab, load transfer can be calculated as shown below —

Let — q, = Total ultimate slab load in kN/m”.
- Load transfer from cantilever slab

Bl
D: Equivalent udl on beam
7k Wuslab: qu>< lx
Bl = Beam

Transfer of load from
Cantilever slab

- Load transfer from one way simply supported slab

f I f
T Bl Equivalent udl on longer beam
lellz T quX 1X
% > B4 B2 w uslab = )
Ix/2
4
B3

Bl = B3 = Longer Beam

B2 = B4 = Shorter Beam

Transfer of load from
one way simply supported slab
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- Load transfer fromtwo way simply supported slab

. Iy [
Bl Equivalent udl on longer beam
.
4N q,x 1, [ 1]
w uslab = 1 - 2
2 L 3x P J
Ix B4 B2
Equivalent udl on shorter beam
45 a1 1
-+ Woustab Ll - J
Bl =B3 = Longer Beam Where,
B2 = B4 = Shorter Beam ly
B = —
Transfer of load from Ix

two way simply supported slab

(c) Ultimate wall load: Wuyan = 1.5 * Pmasonry * b * H

(Pmasonry = Unit weight of masonry, b = Width of wall, H = Clear height of wall)
(d) Calculate total ultimate design load i.e udl
Wu = Wu-self-’_ Wu-slab 1t Wu-slab 2t Wuwall

(e) Ultimate load from secondary beams: Calculate support reaction of the

supported  secondary beam on the beam and show it in the load diagram of
the beam.

o Calculation of bending moment: Draw load diagram and bending moment diagram
of the beam. Hence calculate maximum ultimate bending moment as (Mu). If the
beam is not supporting a secondary beam, then ultimate bending moment of simply
supported beam can be calculated using formula —

e Depth required for balanced beam:
For rectangular beam effective depth for balanced section is calculated as —

° Trial depth for flexure: Provide effective depth ‘d’ such that d >dy,.

o Provision of overall depth (D): Calculate effective cover required for the bars
provided and hence calculate overall depth of beam. Round off it to next higher
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multiple of 10 or 25. Hence calculate final value of effective depth provided as‘d’
and use it in the further calculations.

) Reinforcement:
Calculate area of main steel as —

05xf, | 4.6xM |
Ast =——% x [I- Jl-——| xbxd
fy | fckXbXdJ
Check Astpin
0.85xbxd
f

y

If Astrm| < Ast . ,then Ast = Ast

min *

. Provision of bars: Assuming appropriate bar diameter () in mm, calculate number of bars.
Ast Ast
No.of bars = =
A ( T 2 \

4 —x
)
Round off value of no. of bars to next higher integer.

provided

Ast =No.ofbarsXA¢

(If bars cannot be accommodated in one layer, provide bars in two layers.)

(B) Concepts and terminology used in design of shear reinforcement in beam

. Ultimate design shear force (Vu)
w, x/
! 2
. Nominal shear force (Ty)
VLI
T v = < cmax
b x d

e Ultimate shear force resisted by concrete
- Bent-up bars not used: Calculate percentage of tension steel as

% pt = x 100

b xd
Where, Ast = Area of bars available as tension reinforcement near the support.

From Table 19 of IS 456:2000, determine value of T.. Determine ultimate shear force
resisted by concrete as
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V,.=1.xbxd

uc

Bent-up bars used:

Ast
% pt=
bxd

x 100

Where, Ast = Area of bars available as tension reinforcement near the support. Here,
while calculating Ast, Number of bars = Total number of bars — Number of bent up
bars. Hence from Table 19 of IS 456:2000, determine value of T..

Determine ultimate shear force resisted by concrete.
V.=t xbxd

Ultimate shear force for which shear reinforcement is required (V) :
V.=V -V

us u uc

° Ultimate shear force resisted by one bent-up bar (Vg):

\%
V=087 xfyx A xsinag >—=

2

Where, Ay, = Area of one bent up bar.

Ultimate shear to be resisted by vertical stirrups (Vg):
V ’: Vus - Vus

usv b

Steps for design of shear reinforcement in beam:
(a) If t,<T,

Minimum shear stirrups are sufficient. Hence provide minimum shear stirrups at
spacing of —

0.87 x fy x A, x d

0.4 xb

Where, Ag = (2 x 1 x @) / 4 for two legged stirrups of diameter @ mm.
(b) Ift,>7,

Minimum shear stirrups are not sufficient. In this case, shear reinforcement is

required to be designed.Calculate spacing of two legged stirrups as -
0.87 x fy x A xd

\%

usv

Where, Ay = (2 x T x @) / 4 for two legged stirrups of diameter @ mm.

e  Check for spacing of shear stirrups: Distance between successive stirrups shall not

be more than lesser of the two values (0.75 x d) or 300 mm. Where d = effective
depth of beam.

Mabharashtra State Board of Technical Education

157



Design of Steel and RCC Structures (22502)

(C) Check for development length: Calculate development length —

0.87 x £ x ¢

Ld=
4 >t

Take values of Tpq from Clause 26.2.1.1, page 43 of IS 456:2000.
Check whether,

1.3 xM
—“>L

d

A%

u

X. Precautions to be followed

1. Identify the type of beam according to its position from the given working drawing or
blue print.

2. Design the identified beam according to IS 456:2000 specifications.

3. Use appropriate cover for beam according to environmental conditions at site.

Space to Write Design
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XI. Resources used

Sr Broad Specifications

N ’ Name of Resource Quantity | Remark
0. Make Details
1
2

XII. Results (Summery of Design)
1. Size of beam —

b = mm and
D= mm
d= mm.

2. Main steel
Dia. of bar (0) = mm and
No. of bars = .
3. Stirrups
Dia. of stirrup= mm and
Spacing of stirrup = mm c/c.
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XIII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

1. Calculate ultimate self weight per meter of a rectangular beam of overall size —

b = mm and D = mm. (Teacher should provide

values of b and D.)

Preferably width of beam is taken as wall thickness. Justify your answer.

. Calculate effective span of beam having clear span (1) = mm, effective
depth (d) = mm and supporting wall thickness =
mm. (Teacher should provide values of I, d and wall thickness.)

4. Calculate ultimate wall load of a 230 mm thick masonry wall for a clear height of

m. (Teacher should provide height of wall.)

. Calculate ultimate shear force resisted by concrete if beam size is 230 mm x 450 mm

effective. Take span of beam as 6 m and it is reinforced with 4 bars of 20 mm

diameter. Use M20 concrete and Fe 415 steel.

State IS 456:2000 specifications regarding spacing of vertical stirrups.

. Calculate load transferred by a slab to supporting beam having dimensions (Ix) =

m and (ly) = m. Take ultimate design load on the slab
(Wud) = kN/rnz.( Teacher should provide values of Ix, ly and wy4.)
8. Calculate load transferred by a cantilever slab to the supporting beam projecting (1) =

W

9]

= o

m. Take ultimate design load on the slab (wyg) = kN/m?.

(Teacher should provide values of | and w4.)
9. The main design criteria under limit state of collapse for design of beams are
and . The design is required to be checked for

and

Space to Write Answers
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XIV. References / Suggestions for further Reading

SZ’ Title of Book/ Website Links Author Publication
Limit State Theory and Design of | Dr. V. L. Shah and Structures Publications,
I Reinforced Concrete Structures Dr. S. R. Karve Pune.
B ISBN-13:9788190371711
) Fundamentals of Reinforced N. C. Sinha and S. Chand & Co., New Delhi
" | Concrete S. K. Roy ISBN-13:978-8121901277
Reinforced Concrete Design N. Krishna Raju New Age International,
3. Principles and Practi nd R.N. Pranesh Mumbai
cipies and Fractice anc B . TTanesh 19BN-13:9788122414608
iy Tata McGraw Hill
4. | Reinforced Concrete Design h o Pt and | pyblications, New Delhi
cvdas vieno ISBN-13: 978-0070141100
XV. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 | Design of beam 30 %
2 | Calculations 25%
3 | Use of IS 456:2000 5%
Product related:10 Marks 40%
4 | Design details 5%
5 | Answers to practical related questions. 25%
6 | Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
as) (10) (25)
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Practical No. 24: Design one axially loaded short column each supporting two

II.

I11.

IVv.

given beams (corner column), three beams and four beams
from the given field situation from the given data

Practical Significance

A reinforced concrete column is a structural member designed to carry compressive loads.
The column takes load from beams and transfers it safely to the foundation.
For design purposes, the columns are classified into two categories depending upon the
slenderness ratio as short column and long (slender) column. This practical will help the
students to understand the design procedure of axially loaded short column by considering
various clauses of IS 456:2000.

Relevant Program Outcomes

PO. 1 Basic knowledge: Apply knowledge of basic mathematics, science and
basic engineering to solve the broad-based Civil engineering problems.

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to
solve broad-based Civil engineering related problems.

PO. 3 Experiments and practice: Plan to perform experiments and practices to
use the results to solve the broad-based Civil engineering problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and
tools with an understanding of the limitations.

PO 8. Individual and Team Work: Function effectively as leader and team member in
diverse /multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes
a. Design of axially loaded short columns and footings.

Practical Outcome
Design one axially loaded short column each supporting two given beams (corner
column), three beams and four beams from the given field situation from the given data.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “ldentify, design and reinforcement detailing of column on site.”

a. Observation skill.

b. Ability to understand IS 456:2000 specifications for design of column.
c. Ability to understand design procedure of column.

d. Ability to understand reinforcement detailing for column.
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VI. Relevant Affective domain related

a. Demonstrate working as a leader / a team member.

b.

Follow ethical practices.

VII. Minimum Theoretical Background

Column: In reinforced concrete construction, a compression member having its effective

length greater than three times its least lateral dimension is defined as column.

Slenderness Ratio: The ratio of effective length to the corresponding lateral dimension is

called as slenderness ratio.

Classification of column on the basis of slenderness ratio: The columns are classified

as short column or long column depending upon the slenderness ratio.

e Short column: A column is considered to be short when both of the slenderness

ratio le/D and le/b are less than 12.

e Long column: A column is considered to be long if any one or both of the ratio

le/D and le/b are greater than 12.

Reinforcement in column: Longitudinal and lateral reinforcement is provided in column.

e Longitudinal / Main reinforcement: These are the bars parallel to the

longitudinal axis of column.

e Transverse reinforcement / Links: It is provided in the form of lateral ties i.e.

links.

VIII. Resources required

Sr. No. | Particulars Specification Quantity Remark
IPlain and Reinforced concrete code
1 IS 456:2000 . 1 No. Per batch
of practice
IHandbook on concrete reinforcement
2 SP 34 - 1987 lh1nd Detailing 1 No. Per batch

Abbreviations used:

Ag
Asc

b

Cmin

L

= @ross area of column Ac = Area of concrete

= Area of steel in compression

= Shorter side of column D = Longer side of column
= Minimum eccentricity emax = Maximum eccentricity
= Unsupported length of column Le = Effective length of column
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IX.

Procedure
1.  Collect suitable working drawing/ blue print from the site for a RCC framed
structure. '
2. Study the plan and identify the type of short column based on their positions.
3. Teacher shall prepare a group of four to five students for a batch of students.
4.  Each group shall design at least one column based on their positions.
For e,g, column supporting two beams (corner column), three beams and four beams
5. Use following design steps while designing the column —

(A) Estimation of equivalent axial load on column
Column is subjected to loads that includes —

¢ Ultimate shear transferred by beams that rest on the column i.e. Vu from
experiment no. 23. (reaction of different beams supporting column).

e Self weight of column (feacher should provide suitable size).

e Ultimate self weight = 1.5(p*Volume) = 1.5 { p * (b * d * Height of column)}

e Calculate total load carried by specific column.

¢ Obtain equivalent axial load by adopting multiplication factor given below, which
depends upon position of column within structure in plan.

Interior Column Side Column Corner Column
1.1to1.15 1.25t0 1.3 14to 1.5
Increase load by 10 to 15 | Increase load by 25 to 30 | Increase load by 40 to 50 %
% %

Total load carried by specific column
= (Factored shear force from beams + Self weight of column)* Percentage by which
load is to be increased according to position of column

(B) Design of axially loaded short column

Column No. —

Equivalent ultimate axial load (Pu) = kN

Unsupported height / length of column (L) = m

Assumed % of Asc (Asc) =1% of Ag= Ag

Area of concrete (Ac) =Ag—Asc=Ag—-(__ Ag=_
Ag

(C) Calculation of Area, Ag and Asc

Size of column
Assuming column is subjected to minimum eccentricity.
Using, Pu= {(0.4* fck * Ac) + (0.67 * fy * Asc)}
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- Determine Ag required.

- Let, one side of column = b = width of wall

- Therefore, obtain other side required using, d = Ag required
b

- Suggest suitable size =b * d of column.

¢ Longitudinal Steel

- Based on required Ag and assumed % of Asc, calculate Asc required.

- Check for minimum Asc = 0.8 % of Ag

- Select combination of number and diameter of bars such that provided Asc provided
>Asc required.
(Number of bars in a column is always even, minimum bar diameter = 12 mm,
minimum number of bars for rectangular columns = 4 numbers.)

- Accordingly, suggest diameter and number of longitudinal bars.

e Transverse steel i.e. Lateral ties
1 ) Diameter of bar used for lateral ties shall be more than greater of —

- (1/4 of larger diameter of main bar ) and 5 mm
ii ) Pitch or spacing of ties shall not be more than — lesser of

- Least lateral dimension of column
- 16 * smaller diameter of main bar
- 300 mm

Hence, suggest pitch and diameter of lateral ties.
(D) Check for minimum eccentricity
Every column is designed for certain minimum eccentricity.

1) Actual e, is taken as
- L + D butsubjected to minimum 20 mm
500 30
2) Permissible minimum eccentricity is 5 % of least lateral dimension of column
i.e. permissible epin =5 %
if actual e, < Permissible en;,. Then ok.

(E) Check the column for being short

Column will be short if Le <12.
D

X. Precautions to be followed

1. Identify the type of column according to its position from the given working drawing
or blue print.

2. Design the identified column according to IS 456:2000 specifications.

3. Use specified cover for column according to environmental exposure conditions at

site.
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Space to Write Design
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XI. Resources used

Sr Broad Specifications

N ’ Name of Resource Quantity | Remark
0. Make Details
1
2

XII. Results (Summery of Design)

1.

Size of column —

b = mm and

D= mm.

Longitudinal / Main steel

Dia. of bar (0) = mm and
No. of bars =

Transverse steel

Dia. of links = mm and

Spacing of links mm c/c.

XIII. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more

such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.

1.
2.

e

Differentiate between short and long column.
Identify whether column is short or long for following data —

b= mm, D = mm and le = mm.
(Teacher should provide values of b, D and le.)

Calculate self weight of column, if dimensions of column are b = mm,
D= mm and height of column = mm.

(Teacher should provide dimensions and height of column.)

Write function of longitudinal reinforcement in column.

Write function of transverse reinforcement in column.

Write IS 456:2000 specifications for longitudinal reinforcement in column.

Write IS 456:2000 specifications for transverse reinforcement in column.

Calculate working load carrying capacity of a square column having side
(b) = mm provided with number of bars having diameter
Q)= mm. Use M20 concrete and Fe 415 steel.

(Teacher should provide side of column, number of bars and diameter of bar.)
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9. Calculate area of steel in compression for a square column of side
(b) = mm carrying an axial load of kN. Use M20 concrete
and Fe 415 steel. (Teacher should provide side of column and axial load.)

Space to Write Answers
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XIV. References / Suggestions for further Reading

;:;'. Title of Book/ Website Links Author Publication
Limit State Theory and Design of Dr. V. L. Shah Structures Publications,
L Reinforced Concrete Structures and Dr. S. R. Pune.
Karve ISBN-13:9788190371711
) Fundamentals of Reinforced N. C. Sinha and | S. Chand & Co., New Delhi
" | Concrete S. K. Roy ISBN-13:978-8121901277
3 qunforced Concretej Design :L‘ dKrIS}II\IIl.a Raju Ild[ifnbAie International,
Principles and Practice Pranesh ISBN-13:9788122414608
s Tata McGraw Hill
4. | Reinforced Concrete Design E)'eg(.i;)slll\}[fni)t;d Publications, New Delhi
ISBN-13: 978-0070141100
XV. Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Design of column 30 %
2 Calculations 25%
3 Use of IS 456:2000 5%
Product related:10 Marks 40%
3 Design details 5%
Answers to practical related questions. 25%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained

Dated sign of Teacher

Process Related
as)

Product Related
(10)

Total
(25)
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I1.

II1.

Iv.

Practical No. 25: Design footing for axially loaded short column
designed in Sr. No. 24

Practical Significance
Footing or foundation is a sub-structural component which safely transmits load carried by

column to supporting strata without exceeding its safe bearing capacity. Reinforced
concrete footings design is based on column loads, moments at base and the soil bearing
capacity. If these loads are to be properly transmitted, footings must be designed to
transfer the load to soil safely. This practical will help the students to identify type of
footing and the procedure of design of footing using Limit State Method along with the
knowledge of placing of reinforcement in actual practice.

Relevant Program Outcomes

PO. 1 Basic knowledge: An ability to apply knowledge of basic mathematics, science and
engineering to solve the engineering problems.

PO. 2 Discipline knowledge: An ability to apply discipline - specific knowledge to solve
core and / or applied engineering problems.

PO. 4 Engineering tools: Apply relevant Civil technologies and tools with
an understanding of the limitations.

PO. 7 Ethics: Apply ethical principles for commitment to professional
ethics, responsibilities and norms of the practice also in the field of Civil
engineering.

PO . 8 Individual and Team Work: Function effectively as leader and team member in

diverse /multidisciplinary team.

Relevant Course Outcomes
a. Design of axially loaded short columns and footings.

Practical Outcome
Design footing for axially loaded short column designed in Sr. no. 24.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “Identify, design, laying and placing the reinforcement of isolated column

footing on the site.”

a. Follow design steps as per IS 456: 2000
b. Know IS specifications for depth and placement of steel reinforcement.
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VL.

VIIL.

Relevant Affective domain related
a. Demonstrate working as a leader/ team member.
b. Follow ethical practices.

Minimum Theoretical Background

e Types of column footing

There are different types of column footing classified on the basis of depth of foundation,
magnitude of load, bearing capacity of soil and use of structure. The most common types
of footings used for concrete structures are Isolated footing, Combined footing, Strap
footing, Mat foundation (Raft foundation).

e Different criterion used in design of Column Footing
In the design of column footing its depth is calculated by different considerations which

are flexure, one-way shear and two-way action i.e. punching shear.

- Flexure consideration — In this consideration the critical section is at the face of
column. The depth of footing is determined to resist bending moment at this section due to
upward soil pressure acting on shaded area as shown in figure no.(a) . The greatest
bending moment is to be used in the design.

- One way shear consideration (Wide beam theory) —In this consideration the footing
acting essentially as a wide beam, with a potential diagonal crack extending in a plane
across the entire width; the critical section for this condition shall be assumed as a vertical
section located from the face of the column, pedestal or wall at a distance equal to the
effective depth of footing. The critical section is taken at a distance ‘d’ from the face of
column as shown in figure no. (b)

- Two way shear consideration (Punching shear) — In this consideration central portion
of footing is assumed to be punched in while remaining portion is assumed to be lifted
upwards due to upward soil pressure. Depth is calculated for resisting this two way shear
force. The critical section is taken at a distance ‘d/2’ around the face of column as shown
in figure no. ( ¢)
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Critical section for One wav shear

(b)

VIII. Resources required

Critical section for Two way shear

Sr.
N Particulars Specification Quantity) Remark
0.
1| IS 456: 2000 Plain and Reinforced concrete code of 1 No. | Perbatch
practice
IHandbook on concrete reinforcement and
2 | SP34-1987 Detailing 1 No. Per batch
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Abbreviations used:

Af - Area of footing d - Effective depth

D - Overall depth L - Side of footing

M, - Ultimate moment of resistance p - Upward soil pressure
P, .Design axial load W - Working load

IX. Procedure

1
2
3.
4.
5
6
a

Collect suitable working drawing/ blue print from the site for a RCC framed building.
Study the plan and identify the type of footing. '
Teacher shall divide the batch of 20 students in four groups.

Each group shall design at least one footing.

Students should identify the footing type and design the same as per IS 456: 2000.
Use following steps for design:

. Design of isolated column footing for Gr. No.

Design axial load for group P, = ----
Size of column ---------
Assumed SBC of strata = ----
Calculation of size of footing
e Factored load (kN) on column,
P,=Px¥f
e Determine required area of footing
(Considering self-weight of footing as 5% or 10% of the factored load on column)
(Lospu) . [11Pu)

Af required =

qu qu
Where, q, = 2x SBC.

e Assuming square footing, calculate side required as -
Length of one side = VAf required
Round off value of Lengthto next integer on higher side.
Suggested size of square footing ---------

Calculate actual Af
Pu

e Calculate actual upward soil pressure (p ) in kN/m’=

actual Af

Determination of depth of footing for flexure

e Refer figure (a).

e Determine ultimate bending moments in (kN.m) due to cantilever action along
both projections i.e.

M.x = 1 x shaded area x upward soil pressure x c.g. of shaded area
=1x [(L-B)/2] x p x [(L-B)/2]/2.
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M,y = 1 x shaded area x upward soil pressure x c.g. of shaded area
=1x[(L-A)/2] x p x [(L-A)/2]/2
Consider maximum bending moment value of above (Mu).
Determine required effective depth to resist larger moment as a balanced section
using,
| Mu
dreqd - \'l! Rulimsh
Considering effective cover.
Calculate Dreqd = d reqd + effective cover
Suggest suitable overall depth ‘D’ ( Depth shall be more than 150 mm)

Hence, d provided = D provided — effective cover

d. Check the depth for One way shear

Refer figure (b).

o &

Where, ks =0.5 + 5. but # 1

. = Longer side of column / Shorter side of column

1. =0.25fck

rV = rC

Convertr, in kN/m?>.

Draw plan of footing showing size of footing, size of column and mark critical
section for one way shear.

Calculate projections of footing beyond critical section for one way shear action in
both directions. Consider greater of these.

Consider 1m width of footing slab for provided ‘d’;
Shear force on shaded area, Vu =Lx[(L-B)/2 —d] xp ----------- (1)

Shear resisted by concrete

Vu=1,.(b *d) --------- (11)

Equating equation (i) and (i1), calculate ‘d’.

Depth calculated for one way shear < Depth calculated for flexure.

e. Check the depth for Two way shear

Refer figure (c).

Draw plan of footing showing size of footing, size of column and mark critical
section for two way shear.

Shear force on shaded area, Vu = {(L)* - [(A+d) (B+d)]} x p ------ (111)

Calculate, b = 2(A+d) + 2(B+d)

Shear resisted by concrete

Vu=r1.b*d) ------- (iv)

Equating equation (iii) and (iv), calculate ‘d’.

Depth calculated for two way shear < Depth calculated for flexure.

f. Find area of steel and number of bars to be provided.
Agireqd to resist M, with provided‘d’ is given by
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4.6MMu
fekbd2

fok
'_:3.'

Agreqd =0.5 [1-\;‘ 1— ] bd
Assuming suitable bar diameter calculate required spacing using,

1000 x41
Spreqd = _——

regd

¢. Development length Lq

0.87 v &

athd

L&=

X. Precautions to be followed
1. Select suitable bar diameter for footing.
2. Use appropriate cover for reinforcement according to available environmental
exposure conditions at site.

Space to Write Design

Design of footing at Sr. No.
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XI. Resources used

Sr Broad Specifications

N " | Name of Resource Quantity Remark
0. Make Details
1
2

XII. Results (Summery of Design)
Size of footing =
Overall depth D =

Effective depth d =
Steel in x-x direction mm ¢ bars @ mm c/c
Steel in y-y direction mm ¢ bars @ mm c/c

A A e
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XIII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

Enlist various types of footings.

Depth of foundation depends on the nature of

Write the situation when combined footing is used.

Write three criteria on which depth of footing is based.

State the function of footing or foundation.

State when raft foundation is provided.

Sketch the critical sections used in the design of pad footings for bending.
Sketch the critical sections used in the design of pad footings for shear.
The minimum bar diameter used for footing reinforcement is

A N ARl o e

Space to Write Answers
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XIV. References / Suggestions for further Reading

Sr. Title of B(fok/ Website Author Publication
No. Links
1 Ilsler;lilt:t)a;;;h;t% rr}é:(?d I;rrldVDI; SS hﬁh Structures Publications, Pune.
’ g T ISBN-13:9788190371711
Concrete Structures Karve
) Fundamentals of Reinforced | N. C. Sinha and S. Chand & Co., New Delhi
" | Concrete S. K. Roy ISBN-13:978-8121901277
3 Reinforced Concrete Design | N. Krishna Raju| New Age International, Mumbai
" | Principles and Practice and R. N. Pranesh ISBN-13:9788122414608
oy Tata McGraw Hill Publications,
. . S. U. Pillai and .
4. | Reinforced Concrete Design DevdasMenon New Delhi
M ISBN-13: 978-0070141100

XV. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Design of footing 30 %
2 Proper calculation 30 %
Product related:10 Marks 40%
3 Design details 5%
4 Answers to practical related questions. 25%
5 Submission of report in time. 10%
Total: 25 Marks 100%
List of Student Team Members (Roll No.)
L
2
P
A
Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
as) (10) (25)
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Practical No. 26: Draw the reinforcement details for cantilever slab,
one way simply supported slab and two way simply
supported slab designed in Sr. no. 20 to 22

L. Practical Significance
In actual practice for constructing the building, it is necessary to understand and execute

work according to details mentioned in the structural drawing. Details of structural
drawing are essential to implement the provision of size of each RCC section and
reinforcement in each RCC section. This practical will help to read and interpret structural
drawing with reference to design.

I1. Relevant Program Outcomes
PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.
PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools
with an understanding of the limitations.
PO. 8 Individual and Team Work: Function effectively as leader and team
member in diverse / multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

III. Relevant Course Qutcomes
a.  Design various slabs for the given edge condition.

IV.  Practical Outcome
Draw the reinforcement details for cantilever slab, one way simply supported slab and two
way simply supported slab designed in Sr. no. 20 to 22.

V. Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “Achieve absolute accuracy of dimensions and materials required on site.”

a. Observation skill.
b. Ability to suggest the different types of sections for various end conditions.
c. Ability to select sections based on the situation.

VI.  Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.
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VIIL

VIII.

Minimum Theoretical Background

Details of structural drawing are essential to implement the provision of size of each RCC

section and reinforcement in each RCC section. Reinforcement detailing of a slab is done

based on its support conditions. Slab may be supported on walls or beams or columns.

In cantilever slab main reinforcement is to be placed at support at top parallel to span. All

bars are to be extended to free end with alternate bar having spring.

In one way slab main reinforcement is parallel to shorter direction and distribution steel is

provided parallel to longer direction. In two way slab main reinforcement is provided

along both direction.

Experimental Set-up
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SECTION A-A
DETAILS OF TWO WAY SLAB
SLAB DETAILS
LENGTH OF BAR
REINFORCEMENT PARALLEL TO PARALLEL TO
SLAB
ID TYPE OF SLAB DEPTH SHORTER LONGER
NO. OF SPAN SPAN
SLAB SHORTER SPAN LONGER SPAN
(mm) (mm)
(mm)
S1
CANTILEVER 100 8 mm @ 200 mm C/C 8 mm @ 200 mm C/C 2110 2110
S2
ONE WAY 150 12 mm @ 150 mm C/C 8 mm @ 150 mm C/C 5186 2114
S3 TWO WAY 150 12 mm @ 150 mm C/C 8 mm @ 150 mm C/C 4222 3150
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GENERAL NOTES:-

. COMCEETE MIX TO 1:1 %2 : 3 (M-20) {UNLESS SPECIFIED}.

. @ DENOTES TOE. STEEL BARS {I5-1736}.

. # DENOTES MILD STEEL BARS GEADE 1 {IS—432}

. LAPS FOR SLABS = 60 X D, D= DIA OF BAR]

. MINCONCEETE COVEER TO SLABS =20 mm.

. THISDEG. IS TO BE READ IN CONJUCTION WITH EEVELENT ARCHITECTS DRGS.

. DO NOT SCALE THE DEAWING.

. COMCEETE MIX QUALITY, SHUTTERING, CURING IS CONTEACTOR'S RESPONSIBILTY.

. WHILE WOREKING ON SITE ABUTTING TO THE ADJACEMENT BUILDING SHATIL BE DONE
PEOPEELY BY CONTRACTOR AND FOE ANY DAMAGE DUE TO SAME WE SHALL NOT BE
HELD RESPONSIELE.

. DESHUTTERING PERIOD SHATL NOT BE LESS THAN SPECIFIED EELOW —

A) SLABS TUP TO 4.3 m SPAN = T DAYS.
B) SLABS OVEE 435 m SPAN = 14 DAYS.

. FOE. TWO WAY SLAE TORSIONAT BREINFORCEMENT EQUAL TO MAIN REINFORCEMENT AT

TOF AWND BOTTOM UF TO 1/5 SFPAN TO BEE FROVIDED IN ALL CORNEES MAREKED IN FLAN.

IX. Resources required

Sr. No. Particulars Specification |Quantity Remark
1 |Limit State Theory and Design of Dr.Shah V. L. 1 No Per 5 students
- & Dr. S. R. :
Reinforced Concrete Structures
Karve
7 | A3 size sketchbook and Drawing | = —-————— 1set Per student

tools (scale, pencil, eraser etc.)

X. Procedure
1. Teacher should give list of slab details to be drawn viz. one way, two way, cantilever.
2. Students should identify the designed slabs and should draw it in sketchbook. (Refer
point no. VII Experimental set-up.)

XI.  Precautions to be followed
1. Carefully identify suitable slab.
2. Sketches should be drawn with appropriate scale along with the font size used for

labeling.

Mabharashtra State Board of Technical Education 191



Design of Steel and RCC Structures (22502)

XII. Resources used

Sr Broad Specifications
N " | Name of Resource Quantity | Remark
0. Make Details

XIII. Conclusions

XIV. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of
minimum three questions.

Write the bar diameter of distribution steel with its spacing.
State the formula for calculation of main steel.

State cover used for two way slab.

Write thickness of cantilever slab.

Write necessity of providing schedule of slabs on drawing sheet.
State de-shuttering time for slab as per IS 456-2000.

Write thickness of one way slab.

Write the distance from support at which bars are bent up.

Write span of cantilever slab.

A SRR IR AN ol ol

Space to Write Answers
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XV. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Identify and draw slab details 25%
2 Precision in sketchbook, neatness, cleanliness. 30 %

3 Working in team. 5%
Product related:10 Marks 40%

3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

|
e
R T
A
Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
(15) (10) (25)
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II.

I11.

IVv.

VI.

VII.

Practical No. 27: Draw the reinforcement details for the beam, column
and footing designed in Sr. no. 23 to 25

Practical Significance

In actual practice for constructing the building, it is necessary to understand and execute
work according to details mentioned in the structural drawing. Detailing is very important
not only for the proper execution of the structures but for the safety of the structures.
Details of structural drawing are essential to implement the provision of size of each RCC
section and reinforcement in each RCC section. This practical will help to read and
interpret structural drawing with reference to design.

Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member in
diverse / multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

Relevant Course Outcomes

a. Analysis and design of singly reinforced rectangular beams.

b. Design of shear reinforcement and development length for beam and slabs.
c. Design of axially loaded short columns and footings.

Practical Outcome

Draw the reinforcement details for the beam, column and footing designed in Sr. no.
23 to 25.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency, “Achieve absolute accuracy of dimensions and materials required on site”
a. Observation skill.

b. Ability to suggest the different types of sections for various end conditions.

c. Ability to select sections based on the situation.

Relevant Affective domain related
a. Practice precision in drawing, neatness and cleanliness.
b. Demonstrate working as a leader / a team member.

Minimum Theoretical Background

e Detailing of reinforcements in beams and slabs plays an important role in providing
strength, durability and cost optimization. Reinforcement details of concrete beams
and slabs should specify clearly about cover to reinforcement, length of
reinforcement, curtailment of reinforcement, number and diameter of reinforcement
to be provided.
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e In column main bars and lateral ties are to be drawn neatly in plan and section.

¢ In footing, reinforcement in both directions is to be placed in the form of mesh at
bottom. Bars parallel to larger projection shall be placed below over other bars.
(Generally every bar is provided with bend of minimum 100 mm length at either ends.)
It is desirable foundation should be detailed in both plan and elevation in drawings.

.
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Sample layout of drawing sheet

GENERAL NOTES:-

» FOUNDATION UPTO HARD STRATA, MIN DEPTH OF EXCAVATION IN STRATA =300 mm.

»  CONCRETE MIXTO 1:1 %: 3 (M-20) {UNLESS SPECIFIED}.

» ODENOTES TOR STEEL BARS {IS— 1786},

» % DENOTES MILD STEEL BARS GRADE 1 {IS—432}.

»  LAPS FOR BEAMS =60 X D AND FOR COLUMNS = 50 X D, D= DIA OF BAR.

+ MINCONCRETE COVER TO FOOTING =50 mm, COLUMNS = 40 mmAND BEAMS =25mm.

« THISDRG. IS TO BE READ IN CONJUCTION WITH REVELENT ARCHITECTS DRGS.

» DO NOT SCALE THE DRAWING.

»  CONCRETE MIXQUALITY, SHUTTERING, CURING IS CONTRACTOR'S RESPONSIBILTY.

+  WHILE WORKING ON SITE ABUTTING TO THE ADJACEMENT BUILDING SHALL BE DONE
PROPERLY BY CONTRACTOR AND FOR ANY DAMAGE DUE TO SAME WE SHALL NOT BE
HELD RESPONSIELE.

«  DESHUTTERING PERIOD SHALL NOT BE LESS THAN SPECIFIED BELOW —

1) BEAMS
A) SPANNING UP TO 6 m= 14 DAYS.
E) SPANNING OVER 6 m=21 DAYS.
2) VERTICAL FACES OF COLUMNS, BEAMS AND R.C.C. WALLS = 16- 24 HOURS]
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]

|M-3'-'L‘-.—"|L::P & BOTIOM BARS OF ALL BEAMS T0 EL"|

BEWND MIN 300mm AT THE END. 1

I
FLNTH/TE |
BEAM ™,

FINISH FLOOR
=—— P.C. C. 5LAB FLOOR
RUBBLE SOLING

YIRS FILLING

COLUMN REMFORCEMENT
t— LIMF5a 8 MM
—— 40 mm CLEAR COVER ALL ROLIND

-

50 mm CLEAR COVE 3 — 300 D=525

TO FOOTING Jaut | || I3 ] i

?5 .l 350 . ?5 100 mm THICK

S

SECTION THROUGH FOOTING{C1)

.

75

-

75, 135 75

DETAILS OF COL. & FOOTING NO.(C1)

Mabharashtra State Board of Technical Education

197



Design of Steel and RCC Structures (22502)

IX. Resources required

Sr. No. Particulars Specification | Quantity Remark
. . |Dr. Shah V. L.
Limit State Theory and Design ' ai d
1 of Reinforced Concrete 1 No. Per 5 students
Dr. S. R.
Structures
Karve

A3 size sketchbook and
2 Drawing tools (scale, pencil,
eraser etc.)

1set Per student

X. Procedure
1. Teacher should give list of beam and column footing details to be drawn.
2. Students should identify the designed beams, columns, footings and should draw it in
sketchbook. (Refer point no. VIII Experimental set-up.)

XI.  Precautions to be followed
1. Select suitable scale.
2. While drawing reinforcement details show development length, extra bars properly.
3. Sketches should be drawn with appropriate scale along with the font size used for
labeling.

XII. Resources used

Sr Broad Specifications
N " | Name of Resource Quantity | Remark
0. Make Details

XIII. Conclusions

XIV. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more
such questions so as to ensure the achievement of identified CO. Write answers of

minimum three questions.
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1. Preparation of structural drawing is useful for

(analysis/design/execution) of RCC structure.

2. State the function of bent up bars in beams.

3. State the function of anchor bars in beams.

4. State the value of cover used for column.

5. Draw a typical two legged vertical stirrup and label its legs.

6. State the reason for providing a lesser spacing of shear stirrups near supports than in
the middle zone of beams.

7.  Write the percentage of steel provided for column.

Write the percentage of steel provided for beam.

Write depth of footing provided for column.

Space to Write Answers
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XV. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Draw details of beam, column, footing 25%
2 Precision in sketchbook, neatness, cleanliness. 30 %

3 Working in team. 5%
Product related:10 Marks 40%

3 Interpretation of given data. 10%
4 Answers to practical related questions. 20%
5 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
2
B
.
Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
as) (10) (25)
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Practical No. 28: Prepare a report on site visit for joints in Steel structures

L. Practical Significance
The main aim of this visit is to be familiar with industrial environment and to get

practical knowledge of Construction process. The need of steel in construction industry
is increasing due to so many reasons which should be economical, Eco-friendly, safe
and efficient. The other reason is to figure out the joint (bolted connection & welded
connection), roof truss etc. which used in steel structure. As a civil engineer how these
structures are constructed is always interesting. Students will get very clear idea about
the importance of different components of Industrial Building. It also provides students
a good opportunity to gain full awareness about industrial practices. This practical will
help the students to get the information and knowledge about the components of Steel
Structure, its connections and erection.

1L Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to solve
broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools with
an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member
in diverse / multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written
form.

III.  Relevant Course Outcomes
a. Design the connections for the given steel joints.

IV.  Practical Outcome
Prepare a report on site visit for joints in steel structures.

V. Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency, “Proper execution of the activities on the site with desired performance.”

Observation skill.

Ability to understand the joints in steel structures.

Ability to correlate the field work with the theoretical aspects of the course work.
Ability to inspect construction site.

© a0 ow

Ability to understand points of supervision for Steel construction.
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VI.  Relevant Affective domain related
a. Follow safety practices.
b. Demonstrate working as a leader / a team member.
c. Follow ethical practices.

VII. Minimum Theoretical Background

Site Visit: It is the process of inspecting the site prior to erection which assures accuracy

in implementation of structural drawing on the site.

Objectives of site visit:

1) To get an understanding how the theoretical knowledge is transferred in practice.
2) To observe the different activities, techniques carried out on site.

3) To have a feel of how condition of site really is and how safety is priority.

4) Observe complex detailing at joints of members.

Expected outcomes of site visit:

1) Teacher should divide the total number of students into groups such that each group

can be assigned a task for collection of data.
2) Prior to site visit teacher should allocate the task to be performed by each group.

3) During site visit each group will observe and note down points related to given task (a

sample list of data to be collected is given below. A teacher can add additional points

which will be beneficial from student’s point of view).

4) It is preferable to carry a three meter metallic tape by each group of students to

measure the required dimensions.

For connections:

o Identify types of sections.

e Understand properties of sections used.

e Identify type of truss and its span.

e Measure bolt diameter used.

e  Write total number of column supports.

e Identify type of roof covering.

e For inclined braces write type of section used.
e Write size of section used for it.

e Check thickness of gusset plate and write it.
e Count number of cleat angles.

e Write size of cleat angle.

e Write weld length and weld size.

e Write types of connections in Foot Bridge.

5) The teacher and students should check the connections provided for various structural

elements using blue print / working drawing available on the site.

6) Data from all groups should be combined together to prepare visit report along with

minimum four photographs.
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VIII. Resources required

Sr. No. Particulars Specification| Quantity Remark
1  [Steel structure construction site in| 1 No. Per group of 10
nearby college premises students

IX. Procedure

1. Institute shall contact the site authorities and should confirm date of visit.

2. Institute shall also prepare and deliver a letter of request to be signed by Principal of
the institute for the site authorities.

3. Student shall procure the structural drawing of the site to be visited.

4. Visit the construction site as scheduled and record your observations.

5. Institute shall issue letter of thanks to the site authorities.

X. Precautions to be followed

p—

Each student must follow the instructions given by the site engineer.

Safety precautions should be followed as per the requirement of site.

Student should wear college uniform (if any), safety shoes, cap, sun glasses and
should carry water bottles.

Take precaution while walking on formwork and below the formwork.

Special precautions must be taken for high rise structures / buildings.

Do not operate switches of any of the equipment/ machinery present at site.

Students should not rush or create nuisance while taking photographs.

No student should take selfie photograph on site.

w

© Nk

Space to Write Visit Report

Date and tImMe Of VISt ... unt ittt e e
NI OF SIE: ot

AAArESS OF STt E: ettt e

NAME OF SIEE CNEIMEET: .. .vettiett ettt ettt e e et et e e et et e e e et e e eaeenneenens
Name Of ATChItECTUIE: ....co.ti e e

Name of structural CONSUItANT: . ....oooirieet
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Type and description Of StIUCTUIE: ...ttt e e eaeens
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XI.  Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related:15 Marks 60%
1 Interpretation of given data 20%
2 Writing visit report 35%
3 Working in team. 5%
Product related:10 Marks 40%
4 Interpretation of given data. 10%
5 Answers to practical related questions. 20%
6 Submission of report in time. 10%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

L
2
B
.
Marks Obtained Dated sign of Teacher
Process Related | Product Related Total
as) (10) 25)

Mabharashtra State Board of Technical Education

209



Design of Steel and RCC Structures (22502)

Practical No. 29: Prepare a report on site visit for reinforcement
detailing for various structural elements

L. Practical Significance
The purpose of this visit is to help the students to understand the real life aspects of RCC
construction work and preventive measures to be taken at the site. Faculty can encourage
the enthusiasm of the students by arranging the site visit. This will help in clearing the
doubts of the students related to RCC construction work. It will also help the students to
correlate the field work with the theoretical aspects of the course work.

II. Relevant Program Outcomes

PO. 2 Discipline knowledge: An ability to apply Civil engineering knowledge to
solve broad-based Civil engineering related problems.

PO. 4 Engineering Tools: An ability to apply relevant civil technologies and tools
with an understanding of the limitations.

PO. 8 Individual and Team Work: Function effectively as leader and team member
in diverse /multidisciplinary team.

PO. 9 Communication: An ability to communicate effectively in oral and written form.

III.  Relevant Course Outcomes
a. Analysis and design of singly reinforced rectangular beams.
b. Design of shear reinforcement and development length for beam and slabs.
c. Design various slabs for the given edge condition.
d. Design of axially loaded short columns and footings.

IV.  Practical Outcome
Prepare a report on site visit for reinforcement detailing for various structural elements.

V. Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified

competency, “Proper execution of the activities on the site with desired performance.”
a. Observation skill.

b. Ability to understand the reinforcement detailing.

c. Ability to correlate the field work with the theoretical aspects of the course work.

d. Ability to inspect construction site.
e

Ability to understand points of supervision for RCC construction.

VI.  Relevant Affective domain related
a. Follow safety practices.
b. Demonstrate working as a leader / a team member.
c. Follow ethical practices.
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VII. Minimum Theoretical Background
Site Visit: In case of RCC site visit includes observing the reinforcement details and
check it according to structural drawing.

Objectives of site visit:

1) To get an understanding how the theoretical knowledge is transferred in practice.
2) To observe the different activities, techniques carried out on site.

3) To know extent of major construction sites and to observe safety precautions.

4) Observe the reinforcement detailing at construction site.

Expected outcomes of site visit:

1) Teacher should divide the total number of students into groups such that each group
can be assigned a task for collection of data for various structural elements like slab,
beam, column, footing etc. which can be seen on the site.

2) Prior to site visit teacher should allocate the task to be performed by each group.

3) During sit visit each group will observe and note down points related to given task (a
sample list of data to be collected is given below. A teacher can add additional points
which will be beneficial from student’s point of view.

4) It is preferable to carry a three meter metallic tape by each group of students to
measure the required dimensions.

For slab:

Grade of concrete and steel used for slab

Number of slabs

Type of slabs

Minimum and maximum dimensions of slab

Thickness of slab

Maximum and minimum diameter of bar used for slab

Cover used for slab and how it is provided

Spacing of main and distribution bars

Number of cement bags consumed for a particular area of slab

Number of slabs casted together

Material of formwork used for slab

Mix proportion used for concrete per bag of cement in terms of no. of ghamela
or pharma (wooden box)

Method of concrete mixing

List of instruments used for casting the slab i.e. for transportation, placing and
compaction of concrete along with their local terminology used on site
Method of compaction / vibration of concrete (manual / mechanical means)
Stripping time for formwork of slab

Method of curing

No. of masons / labors required for casting the slab and their rates

List of admixture used if any

Any additional precaution taken while casting

Mabharashtra State Board of Technical Education 211



Design of Steel and RCC Structures (22502)

For beam:

Grade of concrete and steel used for beam

Number of beams

Types of beams

Minimum and maximum dimensions of beam

Span of beam

Maximum and minimum diameter of bar used for reinforcement

Cover used for beam and how it is provided

Spacing of main bars / Number of bars used for a particular size of beam
Spacing of stirrups at the centre and near the support

Number of cement bags consumed for a particular number of beams
Number of beams casted together

Material of formwork used for beam

Mix proportion used for concrete per bag of cement in terms of no. of ghamela
or pharma (wooden box)

Method of concrete mixing

List of instruments used for casting the beam i.e. for transportation, placing and
compaction of concrete along with their local terminology used on site
Method of compaction / vibration of concrete (manual / mechanical means)
Stripping time for formwork of beam

Method of curing

No. of masons / labours required for casting the beam and their rates

List of admixture used if any

Any additional precaution taken while casting

For column:

Grade of concrete and steel used for column

Number of columns

Number of columns - supporting two beams, three beams and four beams
Minimum and maximum dimensions of column

Length of column

Maximum and minimum diameter of bar used for column

Cover used for column and how it is provided

Number of bars used for particular size of column and spacing of links

Number of cement bags consumed for a particular number of columns

Number of columns casted together

Material of formwork used for column

Mix proportion used for concrete per bag of cement in terms of no. of ghamela
or pharma (wooden box)

Method of concrete mixing

List of instruments used for casting the column i.e. for transportation, placing
and compaction of concrete along with their local terminology used on site
Method of compaction / vibration of concrete (manual / mechanical means)
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Stripping time for formwork of column

Method of curing

No. of masons / labours required for casting the column and their rates
List of admixture used if any

Any additional precaution taken while casting

For column footing:

Grade of concrete and steel used for footing

Number of footings

Types of footings (Isolated / combined etc.)

Minimum and maximum dimensions of footing

Depth of footing

Maximum and minimum diameter of bar used for footing

Cover used for footing and how it is provided

Spacing of main bars

Number of cement bags consumed for a particular area of footing

Number of footings casted together

Material of formwork used for footing

SBC of soil

Depth of excavation

Mix proportion used for concrete per bag of cement in terms of no. of ghamela
or pharma (wooden box)

Method of concrete mixing

List of instruments used for casting the footing i.e. for transportation, placing
and compaction of concrete along with their local terminology used on site
Method of compaction / vibration of concrete (manual / mechanical means)
Stripping time for formwork of footing

Method of curing

No. of masons / labours required for casting the footing and their rates

List of admixture used if any

Any additional precaution taken while casting

5) The teacher and students should check the reinforcement provided for various
structural elements using blue print / working drawing available on the site.

6) Data from all groups should be combined together to prepare visit report along with
minimum four photographs.
7) No selfie photograph should be attached to visit report.

VIII. Resources required

Sr. No. Particulars Specification | Quantity Remark
1 RCC construction site nearby | 1 No. Total number of
college premises students
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IX. Procedure
1. Institute shall contact the site authorities and should confirm date of visit.
2. Institute shall also prepare and deliver a letter of request to be signed by Principal of
the institute for the site authorities.
3. Student shall procure the structural drawing of the site to be visited.
4. Visit the construction site as scheduled and record your observations.
5. Institute shall issue letter of thanks to the site authorities.

X. Precautions to be followed

1. Each student must follow the instructions given by the site engineer.

2. Safety precautions should be followed as per the requirement of site.

3. Student should wear college uniform (if any), safety shoes, cap, sun glasses and
should carry water bottles.

Take precaution while walking on formwork and below the formwork.

Special precautions must be taken for high rise structures / buildings.

Do not operate switches of any of the equipment/ machinery present at site.

Students should not rush or create nuisance while taking photographs.

No student should take selfie photograph on site.

O NNk

Space to write report

Date and tIme Of VISIt: ooooiiiiiii

B SO S LS 1T 1<) TP
NamMeE Of ATCHITECIUIE: .ottt
Name of structural CONSUITANT: .. ..o. ..t e e e

Type and description Of STIUCTUIE: .........o.iitiit i e
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XI.  Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related:15 Marks 60%

1 Interpretation of given data 20 %
2 Writing visit report 35%

3 Working in team. 5%
Product related:10 Marks 40%

3 Interpretation of given data. 20%

4 Submission of report in time. 20%
Total: 25 Marks 100%

List of Student Team Members (Roll No.)

Marks Obtained

Dated sign of Teacher

Process Related
as)

Product Related
(10)

Total
(25)
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List Of Laboratory Manuals Developed by MSBTE

First Semester:

Fundamentals of ICT
English

English Work Book

Basic Science (Chemistry)
Basic Science (Physics)
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Second Semester:

Bussiness Communication Using Computers
Computer Peripherals & Hardware Maintenace
Web Page Design with HTML

Applied Science (Chemistry)

Applied Science (Physics)

Applied Machines

Basic Surveying

Applied Science (Chemistry)

Applied Science (Physics)

10 Fundamental of Electrical Engineering

11 Elements of Electronics

12 Elements of Electrical Engineering

13 Basic Electronics

14 ‘C’ programming Language

15 Basic Electronics

16 Programming in “C”

17 Fundamentals of Chemical Engineering
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Third Semester:

Applied Multimedia Techniques
Advanced Serveying

Highway Engineering

Mechanics of Structures

Building Construction

Concrete Technology

Strength Of Materials

Automobile Engines

Automobile Transmission System

10 Mechanical Operations

11 Technology Of Inorganic Chemicals

12 Object Oriented Programming Using C++
13 Data Structure Using ‘C’

14 Computer Graphics

15 Database Management System

16 Digital Techniques

17  Principles Of Database

18 Digital Techniques & Microprocessor

19  Electrical Circuits

20 Electrical & Electronic Measurment

21 Fundamental Of Power Electronics

22 Electrical Materials & Wiring Practice

23 Applied Electronics

24  Electrical Circuits & Networks

25 Electronic Measurments & Instrumentation
26 Principles Of Electronics Communication
27 Thermal Engineering

28 Engineering Matrology

29 Mechanical Engineering Materials

30 Theory Of Machines

Fourth Semester:
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Hydraulics

Geo Technical Engineering

Chemical Process Instrumentation & Control
Fluid Flow Operation

Technology Of Organic Chemicals

Java Programming

GUI Application Development Using VB.net
Microprocessor

Database Managment

10 Electric Motors And Transformers

11 Industrial Measurements

12 Digital Electronics And Microcontroller Applications
13 Linear Integrated Circuits

14 Microcontroller & Applications

15 Basic Power Electronics
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22001
22101
22101
22102
22102

22009
22013
22014
22202
22202
22203
22205
22211
22211
22212
22213
22215
22216
22218
22225
22226
22231

22024
22301
22302
22303
22304
22305
22306
22308
22309
22313
22314
22316
22317
22318
22319
22320
22321
22323
22324
22325
22326
22328
22329
22330
22333
22334
22337
22342
22343
22344

22401
22404
22407
22409
22410
22412
22034
22415
22416
22418
22420
22421
22423
22426
22427

16
17
18
19

Digital Communication Systems
Mechanical Engineering Measurments
Fluid Mechanics and Machinery
Fundamentals Of Mechatronics

FifthSemester:

©CoONOGOPWN =

Design of Steel and RCC Structures
Public Health Engineering

Heat Transfer Operation
Environmental Technology
Operating Systems

Advanced Java Programming
Software Testing

Control Systems and PLC’s
Embedded Systems

Mobile and Wireless Communication
Industrial Machines

Switchgear and Protection

Energy Conservation and Audit
Power Engineering and Refrigeration
Solid Modeling and Additive Manufacturing
Guidelines & Assessment Manual for
Micro Projects & Industrial Training

Sixth Semester:

N2 aaaa0oo~NOOORWN =
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O©oOo~NOO O

Solid Modeling

Highway Engineering

Contracts & Accounts

Design of R.C.C. Structures

Industrial Fluid Power

Design of Machine Elements
Automotive Electrical and Electronic Systems
Vehicle Systems Maintenance
Software Testing

Advanced Java Programming

Mobile Computing

System Programing

Testing & Maintenance of Electrical Equipments
Power Electronics

lllumination Engineering

Power System Operation & Control
Environmental Technology

Mass Transfer Operation

Advanced Communication System
Mobile Communication

Embedded System

Process Control System

Industrial Automation

Industrial Drives

Video Engineering

Optical Fiber & Mobile Communication
Therapeutic Equipment

Intensive Care Equipment

Medical Imaging Equipment

Pharmacy Lab Manual

FirstYear:
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Pharmaceutics - |

Pharmaceutical Chemistry - |
Pharmacognosy

Biochemistry and Clinical Pathology
Human Anatomy and Physiology

Second Year:

1
2
3
4

Pharmaceutics - Il
Pharmaceutical Chemistry - ||
Pharmacology & Toxicology
Hospital and Clinical Pharmacy

22428
22443
22445
22048

22502
22504
22510
22511
22516
22517
22518
22531
22532
22533
22523
22524
22525
22562
22053
22057

17063
17602
17603
17604
17608
17610
17617
17618
17624
17625
17632
17634
17637
17638
17639
17643
17646
17648
17656
17657
17658
17663
17664
17667
17668
17669
17671
17672
17673

0805
0806
0807
0808
0809

0811
0812
0813
0816




HEAD OFFICE

Secretary,

Maharashtra State Board of Technical Education
49, Kherwadi, Bandra (East), Mumbai - 400 051
Maharashtra (INDIA)

Tel: (022)26471255 (5 -lines)

Fax: 022 - 26473980
Email: -secretary @ msbte.com

Web -www.msbte.org.in

REGIONAL OFFICES:
MUMBAI PUNE
Deputy Secretary (T), Deputy Secretary (T),

Mumbai Sub-region,

2" Floor, Govt. Polytechnic Building,

49, Kherwadi, Bandra (East)
Mumbai - 400 051

Phone: 022-26473253 / 54
Fax: 022-26478795

Email: rotemumbai @ msbte.com

NAGPUR
Deputy Secretary (T),
M.S. Board of Technical Education

Regional Office,

Mangalwari Bazar, Sadar, Nagpur - 440 001

Phone: 0712-2564836 / 2562223
Fax: 0712-2560350

Email: rboteng@msbte.com

M.S. Board of Technical Education,
Regional Office,

412-E, Bahirat Patil Chowk,

Shivaji Nagar, Pune

Phone: 020-25656994 / 25660319
Fax: 020-25656994

Email: rotepn @ msbte.com

AURANGABAD

Deputy Secretary (T),

M.S. Board of Technical Education,
Regional Office,

Osmanpura, Aurangabad -431 001.
Phone: 0240-2334025 / 2331273
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