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Bapuji Institute of .m:m“:omlzm and Technology, Davangere-577004
CALENDER OF EVENTS - ODD SEMESTER: SEPTEMBER-JANUARY- 2020-21 (Tentative)

O

Even Semester

Isem I, vV Vil sem III & V sem I1I sem Il sen
PARTICULARS BE/B Tech BE/B.Tech BE/B.Tech MCA MBA M.Tech
Commencement of ODD Sem 14-12-2020 01-09-2020 01-09-2020 01-09-2020 01-09-2020 01-09-2020
Last Working Day 25-03-2021 16-01-2021 16-01-2021 16-01-2021 16-01-2021 16-01-2021
. 19-10-2020 19-10-2020 18-10-2020 15-10-2020 ._m-_o.mo.mo
1" CIE Series T . To - To To To To
24-10-2020 24-10-2020 24-10-2020 17-10-2020 24-10-2020
07-12-2020 07-12-2020 . 07-12-2020 26-11-2020 07-12-2020
2" CIE Series T, To To To To To
09-12-2020 09-12-2020 09-12-2020 - 28-11-2020 09-12-2020
11-01-2021 11-01-2021) 11-01-2021 7-01-2021 11-01-2021
3“CIE Serfes | = - To To To To To
. 13-01-2021 13-01-2021 13-01-2021 9-01-2021 13-01-2021
. : - 29-03-2021 21-01-2021 21-01-2021 08-02-2021 21-01-2021
Practical Examination Onwards # Onwards # Onwards # Onwards # T Onwards #
12-04-2021 08-02-2021 08-02-2021 21-01-2021 21-01-2021 28-01-2021
Theory Examination To To To To To To
30-04-2021 27-03-2021 27-03-2021 06-02-2021 19-02-2021 13-02-2021
_ ] 29-03-2021
Internship T S To mmene- e -
10-04-2021
Internship Viva-Voce T ——— — - — Hm.o.w.ucu_
[4) .
L 22-0220m
Professional S — - S uu-o,w.ucu_.
Training/Organization Stud o St
O..n:_ g/Organi _. ion Study . 03.04-202
SRRt O 03-05-2021 29-03-2021 12-04-2021 15-02-2021 05-04-2021 23-02-2021

# Notification regarding the ca

lendar of events relating to the conduct of Uniy

Reglstrar (Evaluation) from time to time,
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B @'3 Rapuji Institute of Engineering and Technology, Davangere - §77 004

Vision of BIET

To be a center of excellence recognized nationally and
internationally, in distinctive areas of engineering
education and research, based on a culture of

innovation and invention.

Mission of BIET

BIET contributes to the growth and development of its
students by imparting a broad based engineering
education and empowering them to be successful in
their chosen field by inculcating in them positive

approach, leadership qualities and ethical values
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VISION OF THE DEPARTMENT

To train the students to become Civil Engineers with leadership qualitics, having ability to take

up professional assignments and research with a focus on innovative approaches to cater to the

needs of the society.
MISSION OF THE DEPARTMENT

1. To provide quality education through updated curriculum and conducive teaching learning

environment for the students to excel in higher studies, competitive examinations and

professional carcer.

!J

To impart soft skills, leadership qualities and professional ethics among the graduates to
handle the projects independently with confidence.

3. To deal with the contemporary issues and to cater to the socio-economic needs.

4. To build industry-institute interaction and to establish good rapport with alumni.
PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEO 1: Core Competence: Graduates will be able to plan, analyse, design and construct

sustainable Civil Engineering Infrastructure.
PEO 2: Professional Skills: Graduates will be professional engineers with a sense of ethics,
creativity, leadership, self-confidence and independent thinking to cater to the needs of the
society.
PEO 3: Societal Needs: Graduates will be able to contribute effectively for the development
of industry and professional bodies.
PEQ 4: Cognitive Intelligence: Graduates will be able to take up competitive examinations,
higher studies and involve in research and entrepreneurship activities.

PROGRAM SPECIFIC OUTCOMES (PSOs)

Students after the completion of the Program will be able to

1. Apply the fundamental concepts, software and codal provisions in the analysis, design and
construction of sustainable civil engincering infrastructure.

2. Inculcate professional and leadership qualities, sense of ethics and confidence related to
civil engineering.

Faculty will be able to

3. Contribute to the overall development of civil engineering community through the
professional bodies and offer services to the society.
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Name of the Faculty : MER
Time / Day 8-9 9-10 10.30-11.30 | 11.30-12.30 2-3 3-4 4-5
Mon 18CV32-A 18CV35-B ISCVLET =T (1Y)
Tue 18CV32-A
Wed 18CV35-B 18CV32-A IBCVLS7 — A3 (MER + S1I)
Thu 18CV35-B IBCV32-A 18CVL57 — Bl (MER + GNS)
Fri 18CVL38 — Al (MER + CPA)
Sat 18CV32-A | |

&

Time Table Coordinator

10D

Principal
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Bapuji Educational Association ®
Bapuji Institute of Engine€ring and Technology, Davangere — 577 004
Department of Civil Engineering

Course File Check List

1. Contents
. Academic calendar of VTU, Institute and Department
. Vision, Mission statements of Institute

. Vision, Mission, PEOs, POs, PSOs statements of Department

2
3
4
S. Individual time table
6. Syllabus
7. Course Articulation Matrix [CO-PO, CO-PSO mapping]
8. Lesson plan
9. Text books / Reference books referred
10. Attendance register
11. Course material
a) Notes
b) PPT
¢) NPTEL/ Youtube Videos
12. Additioral topics taken to meet the POs.
a) Site visiis
t) Technical talks
c) Quiz
d} Group discussion
e) Blerded learning
f) Model making competition
g) Modern tocl (Computing tool) usage
13. Exam question papers |
14. Test and Assignment question papers (with scheme of evaluation)
15. Result analysis
a) Percentage CO covered / Percentage of CO addressed.
b) CO-PO and CO-PSO Attainment
¢) Percentage of students passed

16. Counselling report (Actions taken to improve Weak students / Slow learners)
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Bapuji Institute of .m:m“:omlzm and Technology, Davangere-577004
CALENDER OF EVENTS - ODD SEMESTER: SEPTEMBER-JANUARY- 2020-21 (Tentative)

O

Even Semester

Isem I, vV Vil sem III & V sem I1I sem Il sen
PARTICULARS BE/B Tech BE/B.Tech BE/B.Tech MCA MBA M.Tech
Commencement of ODD Sem 14-12-2020 01-09-2020 01-09-2020 01-09-2020 01-09-2020 01-09-2020
Last Working Day 25-03-2021 16-01-2021 16-01-2021 16-01-2021 16-01-2021 16-01-2021
. 19-10-2020 19-10-2020 18-10-2020 15-10-2020 ._m-_o.mo.mo
1" CIE Series T . To - To To To To
24-10-2020 24-10-2020 24-10-2020 17-10-2020 24-10-2020
07-12-2020 07-12-2020 . 07-12-2020 26-11-2020 07-12-2020
2" CIE Series T, To To To To To
09-12-2020 09-12-2020 09-12-2020 - 28-11-2020 09-12-2020
11-01-2021 11-01-2021) 11-01-2021 7-01-2021 11-01-2021
3“CIE Serfes | = - To To To To To
. 13-01-2021 13-01-2021 13-01-2021 9-01-2021 13-01-2021
. : - 29-03-2021 21-01-2021 21-01-2021 08-02-2021 21-01-2021
Practical Examination Onwards # Onwards # Onwards # Onwards # T Onwards #
12-04-2021 08-02-2021 08-02-2021 21-01-2021 21-01-2021 28-01-2021
Theory Examination To To To To To To
30-04-2021 27-03-2021 27-03-2021 06-02-2021 19-02-2021 13-02-2021
_ ] 29-03-2021
Internship T S To mmene- e -
10-04-2021
Internship Viva-Voce T ——— — - — Hm.o.w.ucu_
[4) .
L 22-0220m
Professional S — - S uu-o,w.ucu_.
Training/Organization Stud o St
O..n:_ g/Organi _. ion Study . 03.04-202
SRRt O 03-05-2021 29-03-2021 12-04-2021 15-02-2021 05-04-2021 23-02-2021
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Vision of BIET

To be a center of excellence recognized nationally and
internationally, in distinctive areas of engineering
education and research, based on a culture of

innovation and invention.

Mission of BIET

BIET contributes to the growth and development of its
students by imparting a broad based engineering
education and empowering them to be successful in
their chosen field by inculcating in them positive

approach, leadership qualities and ethical values
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\E\iﬁ.“@k Bapuji Institute of Engincering and Technology, Davangere — 577 004
: &‘IS ‘ Department of Civil Engineering

SR

VISION OF THE DEPARTMENT

To train the students to become Civil Engineers with leadership qualitics, having ability to take

up professional assignments and research with a focus on innovative approaches to cater to the

needs of the society.
MISSION OF THE DEPARTMENT

1. To provide quality education through updated curriculum and conducive teaching learning

environment for the students to excel in higher studies, competitive examinations and

professional carcer.

!J

To impart soft skills, leadership qualities and professional ethics among the graduates to
handle the projects independently with confidence.

3. To deal with the contemporary issues and to cater to the socio-economic needs.

4. To build industry-institute interaction and to establish good rapport with alumni.
PROGRAM EDUCATIONAL OBJECTIVES (PEOs)

PEO 1: Core Competence: Graduates will be able to plan, analyse, design and construct

sustainable Civil Engineering Infrastructure.
PEO 2: Professional Skills: Graduates will be professional engineers with a sense of ethics,
creativity, leadership, self-confidence and independent thinking to cater to the needs of the
society.
PEO 3: Societal Needs: Graduates will be able to contribute effectively for the development
of industry and professional bodies.
PEQ 4: Cognitive Intelligence: Graduates will be able to take up competitive examinations,
higher studies and involve in research and entrepreneurship activities.

PROGRAM SPECIFIC OUTCOMES (PSOs)

Students after the completion of the Program will be able to

1. Apply the fundamental concepts, software and codal provisions in the analysis, design and
construction of sustainable civil engincering infrastructure.

2. Inculcate professional and leadership qualities, sense of ethics and confidence related to
civil engineering.

Faculty will be able to

3. Contribute to the overall development of civil engineering community through the
professional bodies and offer services to the society.
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Choice Based Credit System (CBCS) and Outcome Based Education (OBE)

B. E. CIVIL ENGINEERING

I

SEMESTER - 111

STRENGTH OF MATERIALS

Course Code

T CIE Marks

Teaching Hours/Wee

SEE Marks

k (L:T:P)

Exam Hours

Credits

mﬂme Learning Objectives: This course will enable students

1. To understand the basic concepts O
structural elements.

2. To know the development of interna
dimensional structural elements.

3. To analyse and understand different internal forces and s
on structural elements.

4. To determine slope and deflections of beams.

5. To evaluate the behaviour of torsion members, columns and struts.

f the stresses and strains for different materials and strength of
| forces and resistance mechanism for one dimensional and two-

tresses induced due to representative loads

Module-1

Simple Stresses an

Stress-Strain diagrams for ferrous and non-ferrous materials, factor of safety,
circular and rectangular cross sections,
bars, Temperature stresses, Compound 8
constants and their relationship.

tress and strain. Hooke’'s law,
Elongation of tapering bars of
Elongation due to self-weight. Saint Venant’s principle, Compound
ection subjected to temperature Sresses, state of simple shear, Elastic

d Strain: Introduction, Definition and concept and of s

Module-2

Principal stresses an

Compound Stresses: Introduction,

and Max. principal stress theory.
Thin and Thick Cylinders: Introduction, Thin cylinders subjected to internal pressure; Hoop stresses.
Longitudinal stress and change in volume. Thick cylinders subjected to both internal and external pressure;
Lame’s equation, radial and hoop stress distribution.

state of stress at a point, General two dimensional stress system,
d principal planes. Mohr’s circle of stresses. Theory of failures: Max. Shear stress theory

Module-3

bending moment a

Shear Force and Bending Moment in Beams: Introduction to types of beams, supports and loadings.
Definition of bending moment and shear force, Sign conventions, relationship between load intensity,
nd shear force. Shear force and bending moment diagrams for statically determinate beams
subjected to points load, uniformly distributed loads, uniformly varying loads, couple and their combinations.

| Module-4
Bending and Shea

r Stresses in Beams: Introduction, pure bending theory, Assumptions, derivation of

bending equation, modulus of rupture, section modulus, flexural rigidity. Expression for transverse shear
stress in beams, Bending and shear stress distribution diagrams for circular, rectangular, ‘T’ and ‘T’ sections.
Shear centre (only concept).

Torsion in Circular Shaft: Introduction, pure torsion, Assumptions, derivation of torsion equation for
circular shafts, torsional rigidity and polar modulus Power transmitted by a shaft.

Module-5

Deflection of Beam
curvature equation.

for columns.

loading cases and for determinate prismatic beams subj ccted to point loads, UDL, UVL and couple.
Columns and Struts: Introduction, short and long columns. Euler’s theory; Assumptions, Derivation for
Euler’s Buckling load for different end conditions, Limitations of Euler’s theory. Rankine-Gordon's formula

s: Definition of slope, Deflection and curvatura Sign conventions, Derivation of moment-
Double integration method and Macaulay’s method: Slope and deflection for standard

——



C10I.IrSe outcomes: After studying this course, students will be able;
. To evaluate the basic concepts of the stresses and strains for different materials and strength of structural
ne dimensional and two

elements.
2 T_o eva!uate the development of internal forces and resistance mechanism for o
dimensional structural elements.
ive loads on structural elements.

3. To analyse different internal forces and stresses induced due to representat

4. To evaluate slope and deflections of beams.
5. To evaluate the behaviour of torsion members, columns and struts.

Question paper pattern:
e The question paper will have ten full questions carrying equal marks.

e Each full question will be for 20 marks.
There will be two full questions (with a maximum of four sub- questions) from each module.

question covering all the topics under a module.
question from each module.

e Each full question will have sub-

e The students will have to answer five full questions, selecting one full

Textbooks:
1. B.S. Basavarajaiah, P. Mahadevappa “Strength of Materials” in SI Units, University Press

(India) Pvt. Ltd., 3rd Edition,2010
2. Ferdinand P. Beer, E. Russell Johnston and Ir. John T. De Wolf “Mechanics of Materials”,

Tata McGraw-Hill, Third Edition, SI Units

] Reference Books:
S P. Timoshenko “Elements of Strength of Matenals” East West Press Pvt. Ltd., 5th Edition

1. D.H. Young,

(Reprint2014).
R K Bansal, “A Textbook of Strength of Materials”, 4th Edition, Laxmi Publications, 2010.

2.
3. S.S. Rattan “Strength of Materials” McGraw Hill Education (India) Pvt. Ltd., 2nd Edition (Sixth

reprint2013).
4. Vazirani, V N, Ratwani M M. and S K Duggal "Analysis of Structures Vol. I", 17th Edition, Khanna
Publishers, New Delhi.
—
QoMa = a
( o L L
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| Title & Code Strength of Materials (18CV32)
CO Statement
__1 8CV32.1 Evaluate the stresses and strains for ferrous and non-ferrous materials
I_EV3_2_2 | Evaluate the internal stresses developed in one dimensional, two dimensional
. structural elements and cylinders - . B
18CV32.3 Evaluate ﬂ:lt? bending moment, shear force in prismatic beams and
I corresponding stresses S
i 18CV32.4 | Analyse and design the circular shafts subjected to torsion
18CV32.5 | Evaluate the slope and deflection of prismatic beams
18CV32.6 | Evaluate the failure loads for the columns and struts

Course Title

Strength of Materials

CO PO1

PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | POS | PO9 | PO10 | PO11 | PO12

18CV32.1

18CV32.2

18CV32.3

18CV32.4

18CV32.5

|
|| et | |

1

1

|

L]

1

1

]

18CV32.6

BN R NN BN

Average

NN RN RN

L I I
1

CcO

PSO1

PSO2

18CV32.1

18CV32.2

18CV32.3

18CV32.4

18CV32.5

18CV32.6

Average

NN NN N NN
BN RN NN
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Third Semester B.E. Degree Examination, Jan./Feb. 2021

Strength of Materials
Max. Marks: 100

Time: 3 hrs.

Note: Answer any FIVE full questions, choosing ONE full question from each maodule.

oo

Module-1
Explain longitudinal strain and lateral strain,
State and illustrate Saint Venant's principle.
A tension test was conducted on mild steel bar

(04 Marks)
{06 Marks)
and the following data was obtained from the

test:
Diameter of the bar = 18mm
Gauge length of the bar = 82mm
Load at proportional limit = 75KN
Extension at a load of 62KN = 0.113mm
Load at failure = 82KN
Final gauge length of the bar = 106mm
Diameter of the bar at failure = 14mm
Determine the Young's modulus. proportional limit. true breaking stress.
percentage reduction in cross sectional arca.
OR
What are the elastic constants and explain them briefly.
Obtain expression for lemperature stress in a bar of unifor
contraction is prevented partially.
A weight of 390KN is supported by a short column of 250mm square in section. The column
is reinforced with 8 steel bars of cross sectional area 2500mm’. Find the stresses in steel and

%elongation and
(10 Marks)

(06 Marks)

1 cross section when expansion or
(04 Marks)

concrete if E=15E..
If stress in concrete must not exceed 4.5MN/m”, what area of steel is required in order that

column may support a load of 480KN. (10 Marks)

Module-2
Derive Lame's equation for the radial and hoop stress for thick cylinder subjected to intemal

and exlernal fluid pressure. (08 Marks)
A 2-dimensional element has the tensile stresses of 600MN/m” and compressive stress of

400MN!mi acting on two mutually perpendicular planes and two equal shear stresses of
200MN/m” on their planes. Determine

i) Resultant stress on a plane inclined at 307 wrt x-axis.

ii) The magnitude and direction of principal stresses.

iii) Magnitude and direction of maximum shear stress. (12 Marks)

OR
Obtain expression for volumetric strain in thin cylinder subjected to internal pressure in the
: d|§ 2
formof e= POl 08 Marks
- : $)
2tE{2 m (

A cast iron pipe has 200mm internal diameter and 50mm metal thickness and carries water
under a pressure of SN/mm® Calculate the maximum and minimum intensities of
circumferential stresses and sketch the distribution of circumferential stress intensity and the
intensity of radial pressure across the section. (12 Marks)

1ol 3
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.

b.

a.
b.

b.

320N/mm’. Rankine constant as

their cross section, does the Euler’s formula cease to apply?

-
=

18Cvy,

Module-3
Define shear force, bending moment and point of contraflexure. Explain how to calculate
(06 Marks)

them? , . .
Develop shear force diagram and bending moment diagrams for the beam loaded shown in
Fige. Q5(b) marking the values at salient points. Determine the position and magnitude of

maximum bending moment.

BOkN
— 1 3nkﬂ[-i£
’ [Tiibvvy vy y /ﬁcj“‘"'”
: em e
Fig. Q5(b) (14 Marks)
OR

Obtain the relationship between udl, shear force and bending moment. (06 Marks)
Construct SFD and BMD for the beam loaded shown in Fig. Q6(b). Also locate the point of

contrallexure.

15N I5EN
30k W
A c B fL3 [
M Sle— 2m —c—— 3m - S
Fig.Q6(b) (14 Marks)
Module-4
(06 Marks)

Derive torsional equation with usual notations.
A T-section of flange 120mmx12mm and overall depth 200mm with 12mm web thickness is
loaded such that at a section it has a bending moment of 20KN.m and shear force of 120KN.

Sketch the bending and shear stress distribution diagram marking the salient values.
(14 Marks)

OR
Derive Bernoulli-Euler bending equation with usual notations. (08 Marks)
A solid circular shaft has to transmit power of 1000KW at 120rpm. Find the diameter of the
shaft if the shear stress of the material is not to exceed 80N/mm’ The maximum torque is
I.25 times the mean torque. What percentage saving in material could be obtained if the
shafi is replaced by a hollow one whose internal diameter is 0.6 times the external diameter?
I'he length of the shafi. material and maximum shear stress being same. (12 Marks)

Module-5

Detine slope. deflection and elastic curve. Explain Macaulay’s method of determining slope
and deflection. (10 Marks)
Compare the crippling loads given by Euler’s and Rankine's formula for a tubular steel

column 2.5m long having outer and inner diameter as 40mm and 30mm respectively. The
column is loaded through pin joints at the ends. Take permissible compressive stress as

and E=210GPa. For what length of the column of

7500

(10 Marks)

20f3
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%
=
> OR

10 a. Differentiate between short and long column and what are the limitations of Fuler's theory,

(06 Marks)
b. Calculate slope at A and deflection at D for the overhanging beam shown in Fig 10k

Take E =200GPa and | = 50%10°mm". (14 Marks)
Lok 20k
e L A b 8 E
le2M—S1c— 9 m—fc-2m —K- 2M —>
Fig. Q10(b).
* % R K K
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Third S
rd Semester B.E, Degree Examination, Jan./Feb. 2021
Strength of Materials

Time: 3 hrs, ‘ .
L Max. Marks: 100

Note: . y ' ;
ote: Answer any FIVE full questions, choosing ONE full question from each module.

i x Dst ‘ ) ~Module-1 e
. efine: (i) Young's modulus (ii) Bulk modulus (iii) Poissofi's ratio. Derive a relationship
between them. - (10 Marks)
b. r\\-o solid eylindrical rods are connected and !oaded.asvgjfown in Fig.Q1(b). Determine:
(1) Total deformation (ii)} Deformation at point B. Eg= 200 GPa, E, = 100 GPa.

A TSmm b
{ S5oWm b .
£ : o0 kN
STEEL ok BRASS
—— W — A ww —t
Fig.Ql(b) ,-'&-’\-‘“- (10 Marks)
: O

* e . T

2 a. A compound bar made of steel plate 60 mm wide afid 10 mm thick tewhich a copper plate
anected to each other. The length of the bar is

60 mm wide and 5 mm thick are rigidly conne
0.7 m. If the temperature is raised by 80°C. Determine the Stress in each metal and the

change in length.

o~

E.c'.}.__;”:lOO GPa. ttey = ]“T:x 10°/°C (12 Marks)

Es = 200 GPa,<ds= 12 x 10°C ;]
b. Derive an expression for extension of the bar due to itg_ielfweight only having area A’ and
length L suspended from its tops, k "--_tb_". (04 Marks)
c. Write a note on thermal stresses. o) (04 Marks)
, Module-2
3 a. Atacertain point in a strained material the stress condition shown in Fig.Q3(a) exists. Find:
(i)  The normal and shear stress on the inclined plane AB
(ii) Principal stresses.and principal planes
(iii) Maximum shear stresses and their planes
)
4 110N jmwml
Lo et e————
2 (= 5
Boﬂlnm 3 ON\MM
Q
0
oVimmY>
2E torhn
120 Nimw
Fig.Q3(a) _uz Marks!
b. Derive an expressions for volumetric strain in case of a thin cylindrical shell of diameter d
subjected t0;intemal pressure P (05 Marks)
(03 Marks)

(ii) Principal planes

¢. Define: (i) Principal stresses
1 of 3
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OR )

a. A cylindrical shell is 3m long Im internal diameter and-is suhjeclled to an ml'crnal pressure
of 1 N/mm’. If thickness of the shell is 12mm,. find the c.'lrcumfc:reqtlal stress _and
longitudinal stress. Also find maximum shear stress and the changes in the dimensions of the
shell. Take E = 200 kN/mm” and jt = 0.3. . : (10 Marks)

b. A thick metallic cylindrical shell of 150 mm, internal diameter Is required to wllhstaild an
internal pressure of 8 MPa. Find the necessary thickness of cylinder. i permissible stress of
the section is 20 MPa. (10 Marks)

_ ‘Module-3
a.  Derive relation between sheapforee, bending moment and load. (06 Mark;j
b. Calculate SF and BM at salient points and draw SFD and BMD for the beam shown in

Fig.Q5(b). Wy
100 N
) Fig.Q5(b) (14 Marks)
a. Define: (i) Bending moment_;  (ii) Shear force (04 Marks)
b. Draw SFD and BMD fos beam shown in Fig.Q6(b)."
_ (’ 20kN-M
0 -l
Y ? ™ i
A9 2-5M TR i TS
N flay, _ Fig.Q6(b) (06 Marks)
c. Draw SEPand BMD for simply supported beam of length L with point load ‘P" placed at a
distance,’a’ from right supgmgaf{d ‘b’ from left support. (10 Marks)

i

A L 4 Module-4

at‘_LFﬁne: (i) Torsional Strength (i) Torsional stiffness  (iii) Torsional rigidity (06 Marks)

b. A shaft transmits 300, KW power at 120 gpm. Determine:

(i) The nec{eigqij'*ﬂiameter of solid eircular shaft.

(i) The neéessary outer diameter of hollow circular section such that the inner diameter
beiné@ &f the outer diameter. Take allowable shear stress as 70 N/mm’. (14 Marks)

N, OR

Write short notes on any.four:

Maximum principal stresstheory

Maximum shear stigss theory

Maximum principalstrain theory

Maximum strain ehergy theory

Maximum shear strain energy theory (20 Marks)

oo o

N .
N/ 20f3

D

&
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17CVICT32
Show that for

Module-5
Sll’ess_

ection

arectangular crogg ¢

maximum sMedr stress is 1.5 times average shear

£ Y," (06 Marks)
d beam of span 6 m has a Cross§ section as shown in Fig.(9(b). It carries 2
ach of 30 kN at a distance of 2m_from each support. Calgulate the bending
car stress for max;j

; imum values ofbending moment and shéam force respectively.
1agram of bending stress and shéar stress distribution acri

0% the cross section.
—— Loowmwm ——
50WMwy

A .'_aimpl} supporte
Pomt loads ¢
Stress and sh
Draw neat 4

B ?)mMW\

FigQob)  9.% (14 Marks)

OR

Derive an expression-for Euler's buckling Ic_mc! for long column with one end fixed and other
end free. .

y (08 Marks)
The cross section of a column is a hollow fectangular section with its external dimensions

i i 1 lumn is Sm long and
200 mm x 150 mm. The intemnal dimension are 150 x 100 mm. The col '
fixed at both ends. If E = 120 GPa. calculate the cmj"cal l(?ad using Euler’s foqsr;?;ixé
Compare the above load with the value obtained frorn,‘ghuhne s formula. The permi

2T ine’ ant'i - 12 Marks)
compressive stress is 500 N/mm’. The Rankine’s cqnsrgqj;_ls 1/6000. O (12 Ma
& Y ".ﬁ'.’_. .
* k ok ok Kk " {
:J'..».} i .f,;;r"ic.
b 1:‘.{""’,
%/

&
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Third S '
. e - -
mester B.E. Degree Examination, Aug./Sept.2020
Strength of Materials
Time: 3 hys,
Max. Marks: 100
Note: ; y .
_ Answer any FIVE full questions, choosing ONE full question from cacl module.
£ . ) Module-1
g B etch a l‘}*plcal stress-strain curve for a ductile material and explain briefly the salient
= features of the curve .
= b. Deri o (05 Marks)
G - Derive an expression for the deformation of a rectangular tapering bar of uniform thickness.
B c. D ; . . (05 Marks)
5 . ctcm‘nne.the value of P that will not except a maximum deformation of 2mm or a stress of
3.45; 120 M.Pa in steel. 80 MPa in Aluminium and 115 MPa in bronze (Fig.Ql(c)). Given the
g__—: following data:
22 Ap =600 mm’. Ey=0.84x10" N/mm”
= I'—I“ A, =800 mm, E,= 0.7<10° N/mm’
B A, =400 mm", E.=2.1x10° N/mm’
E o
R '
g zP Brorie = Alumint Shkeel >
25 P ) 2
s E T
Z ST T T
£z Fig.Ql(c) (10 Marks)
EE OR
2s 2 a. Derive the relationship between Young's modulus and bulk modulus. (05 Marks)
- b. A load of 270.KN is acting on a RCC column of size 200mm x 200mm. The column is
£z reinforced with 10 bars of 12mm diameter each. Determine the stress in steel and concrete.
20 E;=16.5 E. (D5 Marks)
= c. A bar of brass 25mm diameter is enclosed in a steel tube of 50mm external diameter and
g £ 25mminternal diameter. The bar and tube are both initially 1m long and rigidly fastened at
8 2 both the ends. Find the stresses in the two materials when the temperature rises from 107°C to
B& 90°C.
é =§ If the composite bar is then subjected to an axial tensile load of 60 kN. find the resulting
5 stresses given that : E; = 200x10° MPa. E, = 100<10° MPa. «. = 11.6%10"/°C.
Sz ap = 18.7x107%°C (10 Marks)
oh
E @
3 Module-2
g g 3 a. Explain the maximum shear stress theory. (05 Marks)
c z b. Explain the procedure for determining stresses in a general two dimensional stress system
= = using Mohr’s circle. (05 Marks)
e ¢. Ata point in a strained material, the state of stresses is as shown in Fig.Q3(¢). Determine the
5 principal stresses. maximum shear stress and sketch the orientation of the principal planes.
= 20 Njvor™
2
g 100 rijgom
E 20
Fig.Q_?(C} (10 Marks)

1 of3
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a.
b.

18CV32

OR
yp stress is twice the longitudinal stress. (08 Mark'nl
a thick cylinder of ifternal diameter 100mm and extemna
) what external pressuré

In a thin €y linder, show that he hot
Je internal préssure is 12 N/mm.
dial stress through

e maximum stress |1-:|'|n|'l|c(.l in
somm is 16 N/mm-. 11l

ié .I : I . . - v
lf:':]“;:t.t.zpplimi" PPlot curves showing the variation of Hoop stress and ra R Rt
Ci { i 3 ; I
the material.

Module-3
Define the terms: . ‘ )
(i) Bending Moment (i) Point of Inflexion. o (04 Marks)
Draw SFD and BMD for the cantilever becam shown 1n anL,rQi(hj,
K
Lyl {awlm
A 7
2.m ™M 2m ™
|
Fig.Q5(b) (06 Marks)

4 . rd
Draw SFD and BMD for a simply supported beam carrying two point loads of 1.2 kN at 1/3
UDL of 10 kN/m throughout span of beam is 6m.

span from either supports in addition to a
" v & (10 Marks)
OR ) _
[stablish the relationship between shear force, bending moment and load intensity.
(06 Marks)

Draw SFD and BMD for the beam shown in Fig.Q6(b). Locate maximum shear force

maximum bending moment and point of contraflexure.

M D kN
glomﬂm ¥ (200
A AB < =
{om! um ¥l wem i oamy
|2 s < kN
Fig.Q6(b) (14 Marks)
Module-4
E

; - M ; 2
Derive the simple bending equation in the form T B with usual notations.
y

(08 Marks)
A beam of | section consists of 180mm x 15mm flanges and a web of 280mm x 15Smm. It is
subjected to a bending moment of 120 kN-m and a shear force of 60 kN. Sketch the bending
stress distribution and shear stress distribution along the depth of the section. (12 Marks)

OR

Derive the torsion equation for a circular shaft subjected to pure torsion. (10 Marks)
A solid shaft of 60mm diameter is to be replaced by a hollow shaft of same length. The outer
diameter of hollow shaft is same as that of solid shaft. If the angle of twist per unit torsional
moment is the same in both cases. determine the inner diameter of hollow shaft. Take the
modulus of rigidity of hollow shaft to be three times that of solid shaft. (10 Marks)

20f3
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Derive an expressi e
N expression and deflection of a gimply supported beam carrving a
central concentrated load. '

g (08 Marks)
A SIMply supported beam of constant cross section is 10m long. It is loaded with two point
loads o.l' 100 kN and 80 kN at points Zm and 6m from the left end respectively, Calculate the
deflection under each load the maximum deflection. Take E =200 GPaand 1 = 18210" mm'.

(12 Marks)

for the slope

OR
Distinguish between long and short columns.

(04 Marks)
What are the limitations of Euler's column theory? (04 Marks)
20mm. It is
(ii) Ratio of Euler's and

A hollow cast iron column whose outside diameter is 200mm has a thickness of
4.5m long and fixed at both ends. Calculate (i) Slenderness ratio

Rankine’s critical loads. Take E = 100 GPa. a =

! and 6. = 550 N/mm°. (12 Marks)
0

* % & k¥
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Third Semester B.E. Degree Examination, Aug./Sept. 2020
Strength of Materials

Time: 3 hrs. Max. Marks: 100

Note: 1. Answer any FIVE full questions, cheosing ONE full question from cach module.

bR

2. Missing data, if any can be assumed.

Module-1
Detfine the four elastic constants. (08 Marks)
A steel rod of 30 mm in diameter is enclosed in an aluminium tube of 32 mm internal
diameter and 60 mm external diameter. Both the bars are of length 750 mm and are rigidly
connected to each other. The composite bar is subjected to an increase in temperature of
40°C. Compute the stresses in cach material due to the temperature increasc.
If the bar is also subjected to a compression of 200 kN, compute the resultant stresses. Also.
find the final deformation of the compound bar.
Material properties are : Es = 200 GPa. ag=12x10"/ C

Er=80GPa. a, =22x10"/ C (12 Marks)

OR

Sketch a typical stress strain curve for mild steel and briefly discuss the salient points on the
(06 Marks)

thickness
(08 Marks)

curve.

Derive an expression for elongation of a tapering rectangular plate of uniform
subjected to an axial load, |

A steel flat of thickness 25 mm tapers uniformly from 300 mm to 150 mm overa length off
750 mm. If the flat is subjected to an axial tension ot 300 kN, compute the elongation of the
flat. What is the % error if average area is used in calculating the extension”

E, =200 KN/mm’. Also. compute the maximum stress. (06 Marks)

Module-2

Show that the sum of the normal stresses on any two perpendicular planes in a general two

dimensional systemis (o _+0o ). (06 Marks)

A closed cylindrical steel vessel 8 m long and 3.2 m internal diameter is subjected to an
internal pressure of 5 MPa with thickness of vessel being 50 mm. Assuming [ = 200 GPa
and p = 0.3, compute hoop and longitudinal stresses, maximum shear stress and changes in
Jength, diameter and volume. (08 Marks)
Compute the maximum and minimum hoop stress and plot their variation across the pipe
thickness having an internal diameter of 500 mm and thickness 80 mm il the pipe is

subjected to an internal fluid pressure of 10 MPa, (06 Marks)

OR
Derive expressions for circumferential and longitudinal stresses in
to intemal pressure, p.
Direct stresses of magnitude 120 MPa tensile and 80 MPa compressive are acting at a point
along with a shear stress of 50 N/mm°. Compute the normal and tangential stresses on a
plane inclined at 40° anticlockwise with the plane on which 120 MPa tensile stress is acting.
Also. compute the magnitudes of principal stresses and planes. Sketch the stresses and their
planes. (14 Marks)

a thin cylinder subjected
(06 Marks)

lof2
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Module-3 -+ length. Sketch SFD and
Ty ength. S

A Cantilever beam is subjected 1o @ UDL of 20 kN/m throughout its leng 08 :\Iar'l-r.s)
BMD indicating salient values. Cantilever length = 3m. lient values (including

Lo indicating sa
Sketeh SFD and BMD for the beam shown in I_"E' 25,0%) ”;\j: }mdgmaximum SF). (15 Marks)
point of contraflexure, maximum —ve and maximum +ve BMS @

I
G derd <o it 1
| I ;
l = s s e a ety £ AL v
L [ ey a - R T Aty
‘II\ :‘——' S _< -“I{ "= l:_\_r' - '+ ﬁ .
v"“* Roc Hrim F‘g- ()5 (b)
OR

) " : " 100 kN at a
A simply supported beam of span 8§ m is carrying concentrated load of 1

2 5 z = ol e lues.
distance of 3 m from the left support. Sketch SFD and BMD indicating salient va :-05 il

Sketch SFD and BMD for the beam shown in Fig. Q6 (b) indicating sall_ent values (including
point of contraflexure, maximum —ve and maximum +ve BMS and maximum SF).

(15 Marks)
e
£ § o
Im Ly z.
Module-4 P
Show that the strength of hollow shalfls is greater than solid shaft having same material.
length and weight. (08 Marks)
Explain maximum shear stress theory of failure. (06 Marks)
A steel shaft of diameter 150 mm transmits 250 kW at 200 rpm with: T . = 1.35T . -
Compute the maximum shear stress and sketch the stress variation. (06 Marks)
OR
Lxplain maximum strain energy theory of failure. (06 Marks)

A hollow circular shaft rotates at 200 rpm transmitting a power of 600 KW. Compute the
diameters of the shaft if the external digmeter is 1.5 times the internal diameter permissible
shear stress in the material is 80 MPa and the angle of twist is 1.1° over a length of 3 m.
T = 1.35 Tiean and G = 80 GPa. Also, calculate the torque carried by a solid shaft of same
length, cross sectional area and material as that of hollow shaft with the permissible shear
stress and angle of twist being same. What is the percentage difference in torque carrying

capacities? (14 Marks)
Module-5

Derive an expression for Euler’s crippling load in a column with one end fixed and other end

free. (10 Marks)

An unsymmetrical 1 section with top flange 300x20. bottom flange 150x15 and web
thickness of 12 mm is used as a simply supported beam of span 6 m with a uniformly
distributed load of 40 kN/m over its entire length. Overall depth of beam is 400 mm.
Compute the maximum tensile and compressive stresses and sketch the bending stress
distribution. Also. compute the shear stresses at salient points and sketch the shear stress
distribution at support. (10 Marks)
OR
Derive an expression for shear stress in a beam with usual notations. (10 Marks)
A hollow rectangular column having external dimensions of 2350x375 with
thickness = 10 mm is used as a column of length 3.5 m with both ends of the column being
fixed. Compute the buckling load using both the formulae. E = 200 GPa, Rankine’s constant

are o = = and o, =320 N/mm’. Comment on the formula giving larger load. (10 Marks)
500

¥k kY of 2 % *
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3 ﬁ;l:f.iff‘r any FI' VE Jull questions, choosing ONE full question fraom each module.
- MMissing data, if any can be assumed.

o T ) ) Module-1
.h. efine the four elastic constants. (08 Marks)
: A ¢ . - . . 1o . ey 8
e steel rod of 30 mm in diameter is enclosed in an aluminium tube of 32 mm internal
.lameter and 60 mm external diameter. Both the bars are of length 750 mm and are rigidly
;32‘]..eLt.td to each other. The composite bar is subjected to an increase in temperature of
Al & ompute the stresses in cach material due to the temperature increase.
]‘f the bar is also subjected to a compression of 200 kN, compute the resultant stresses. Also.
find the final deformation of the compound bar.
Material properties are : Es = 200 GPa. ag=12x10"/ C
EA=80GPa, a, =22x10"/'C (12 Marks)

OR
a. Sketch a typical stress strain curve for mild steel and briefly discuss the salient points on the
cun_re, (06 Marks)
b. Derive an expression for clongation of a tapering rectangular plate of uniform thickness

subjected to an axial load, (08 Marks)
A steel flat of thickness 25 mm tapers uniformly from 300 mm to 150 mm over a length of

C.
750 mm. If the flat is subjected to an axial tension of 300 kN, compute the elongation of the
flat. What is the % error if average area is used in calculating the extension?
Eg =200 KN/mm>. Also. compute the maximum stress. (06 Marks)
Module-2
a. Show that'the sum of the normal stresses on any two perpendicular planes in a general two

dimensional systemis (6, +6 ). (06 Marks)

b. A closed cylindrical steel vesscl 8 m long and 3.2 m internal diameter is subjected to an
internal pressure of 5 MPa with thickness of vessel being 50 mm. Assuming [ = 200 GPa

and = 0.3, compule hoop and longitudinal stresses, maximum shear stress and changes n
Jength, diameter and volume. (D8 Marks)
¢. Compute the maximum and minimum
thickness having an internal diameter of 500 mm and thickness

subjected to an internal fluid pressure of 10 MPa.

hoop stress and plot their variation across the pipe
80 mm if the pipe 1s
(06 Marks)

OR
a. Derive expressions for circumferential and longitudinal stresses in a thin cylinder subjected
to internal pressure, p. (06 Marks)
a tensile and 80 MPa compressive are acting at a point

b. Direct stresses of magnitude 120 MPa t
along with a shear stress of 50 N/mm”.
plane inclined at 40° anticlockwise with the plane
Also. compute the magnitudes of principal stresses and planes. Sketch the str

(14 Marks)

Compute the normal and tangential stresses on a
on which 120 MPa tensile stress is acting.

planes.

|l of2
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Module-3 its length. Sketch SFD and
A Cantilever beam is subjected to a UDL of 20 th;n v, Ad ’ (05 MM,‘“’
BMD indicating salient values. Cantilever length = 3 m. dicating salient values .

Sketch SFD and BMD for the beam shown in Fig. Q5.(b) In . aximum SF). (15 Marks)
: 1 ) +ve BMS and max
point ol contraflexure. maximum —ve and maximun !
K o
: i 2 [ B rvteacves ".'-"Lajlu_lt
= ',_.._.__‘ Am _t:r_w._y = T amy :
200 Kt Fig. Q5 (b)
OR
. ; : : : 100 kN at a
A simply supported beam of span 8 m is carrying a cungen:cralelsd Ioait'i.’ olfvalueﬁ
distance of 3 m from the left support. Sketch SFD and BMD indicating salien (0" -
Sketch SED and BMD for the beam shown in Fig. Q6 (b) indicating salient values (including
pointof contraflexure. maximum —ve and maximum +ve BMS and maximum SF).
(15 Marks)
zs
lsom ) N - ¢ B
YOO O YOO,
C F5m LhplM e I L A
e Fig. Q6 (b)
Module-4 .
Show that the strength of hollow shafis is greater than solid shaft having same material,
length and weight. (08 Marks)
Explain maximum shear stress theory of failure. (06 Marks)
Ty
A steel shafi of diameter 150 mm transmits 250 kW at 200 rpm with T =135T __ .
Compute the maximum shear stress and sketch the'stress variation. (06 Marks)
OR
Explain maximum strain energy theory of failure. (06 Marks)

A hollow circular shaft rotates at 200 rpm transmitting a power of 600 KW. Compute the
diameters of the shaft if the extemal diameter is 1.5 times the internal diameter permissible
shear stress in the material is 80 MPa and the angle of twist is 1.1° over a length of 3 m.
T = 1.35 Tyean and G = 80 GPa. Also, calculate the torque carried by a solid shaft of same
length, cross sectional area and material as that of hollow shaft with the permissible shear
stress and angle of twist being same. What is the percentage difference in torque carrying
capacities”? (14 Marks)
Module-5
Derive an expression for Euler’s crippling load in a column with one end fixed and other end
free. (10 Marks)
An unsymmetrical | section with top flange 30020, bottom flange 150x15 and web
thickness of 12 mm is used as a simply supported beam of span 6 m with a uniformly
distributed load of 40 kN/m over its entire length. Overall depth of beam is 400 mm.
Compute the maximum tensile and compressive stresses and sketch the bending stress
distribution. Also, compute the shear stresses at salient points and sketch the shear stress
distribution at support, (10 Marks)
OR
Derive an expression for shear stress in a beam with usual notations. (10 Marks)
A hollow rectangular  column  having external dimensions of 250x 375 with
thickness = 10 mm is used as a column of length 3.5 m with both ends of the column being
fixed. Compute the buckling load using both the formulae. E = 200 GPa, Rankine's constant

are o = and o, =320 N/mm’. Comment on the formula giving larger load. (10 Marks)

7500
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Note: Answer any FIVE full quesfions,

choasing ONE full question fro

le-1
(04 Marks)

y (1) Poisson’s ratio
i d of diameter D1 and D, , when the

Define : (i) Modulus of Rigidit
f a uniformly tapering ro
4PL (06 Marks)

Prove that the total extension ©

rod is subjected to an axial load “P” is given by dI “EDD,’
ing of threc secti
and SOmm respec
) total extension of

(

ons of length 300mm,
tively. If the Young’s
the bar.

06 Marks)

An axial pull of 40,000 N is acting on a bar consist

250mm and 200mm and of diameters 20mm, 40mm
modulus = 2x10° N/mnt, determine (1) Stress in each section (i1

OR
(04 Marks)
to a pull of 300 kN in the
2x10° N/mm’ and
(06 Marks)
n is reinforced with 8 steel
es a load of 390 kN. If the
he stresses in concrete and

astic limit.
50mm wide and

Determine the chan

40mm thick is subjected

Explain clasticity and el
ge in volume. Take E =

A steel bar 300mm long.
direction of its length.
Poisson’s ratio = 0.25.

n 250mm x 250mm mn sectio

A reinforced short concrete colum
f steel bars is 2500 mm™. The column carri

bars. The total arca o

modulus of eiasticity for steel is 15 times that of concrete. Find t

stecl. (06 Marks)
Module-2
and a thick cylinder. Find an expression for the radial

Differentiate between thin cylinder

pressure and hoop stress at any point in casc of a thick cylinder. (10 Marks)

A rectangular bar of cross section area of 11,000 mm? is subjected to a tensile load ‘P’ as
| and shear stresses on the oblique plane BC are

shown in Fig,Q3(ﬂb), The pcrmisgb[e norma
given as 7 N/mm" and 3.5 N/mm® respectively. Determine the safe value of ‘P°. (06 Marks)

———
=

o
)
Fig.Q3(b)

OR

Dcterrning the maximum and minimum hoop stress across the section of a pipe 400mm

internal diameter and 100mm thick, when the pipe contains a fluid at a pressure of 8 N/mm’
Also sketch the radial pressure distribution and hoop stress distr ibution across the section.

(08 Marks)

At a point in a straincd material the principal tensile stresses across two perpendicular planes
| stress, shear stress and the resultant stress

are 80 N/mm’ and-40 N/mm’. Determine norma
on a plane inclinedat 20° with the major principal plane. Determine also the obliquity.
(08 Marks)

1of2
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Define (i) Shear fi i) B 1% il
efine (i) Shear force (i) Bending mor B oo i ad ‘W’ at the
Draw the SF and BM diagrams for a cantilever of length ‘L* carryng a point lo (04 Marks)
free end. i
Draw the SF and BM diagrams of a simply supported beam of length ? m(I:a'\rdryl:‘g;
uniformly distributed loads as shown in Fig.Q5(e). LS

JGK-‘J/"" - 5!0‘/\"‘"

Fig.Q5(c)

‘ OR
A horizontal beam 10mt long is carrying a uniformly distributed load of | kN/m. The beam
is supported on two supports 6 mt apart. Find the position of the supports, 50 that bending
moment on the beam is as small as possible. Also draw the SF and BM diagram. (16 Marks)

M le-4
Define the terms : (i) Neutral axis (ii) Section modulus. (04 Marks)
A hollow mild steel tube 6m long 40mm intcrnal diameter and Smm thick is used as a strut
with both ends hinged. Find the crippling load and safe load taking factor of safety as 3.
Take E = 2x10° N/mm’. (06 Marks)
The external and internal diameter of a hollow cast iron column are 50mm and 40mm
respectively. If the length of this column is 3m and both of its ends are fixed, determine the

crippling load using Rankine’s formula. Take the values of o, = 550 N/mm’ and o = .

) ‘ 1600

in Rankine’s formula, {05 Marks)
- - OR

Decfine (i) Buckling load  (i1) Slenderness ratio. (04 Marks)

A timber bcam of rectangular section of length 8m is sirply supported. The beam carries a
U.D.L. of 12 kN/m ran over the entire length and a point load of 10 kN at 3m from the left
support,jlf the depth is two times the width and the stress in the timber is not to exceed
& N/mm’, find the suitable dimensions of the section: (12 Marks)

Module-5
List the theorics of failures. (04 Marks)
A hollow shaft of external diameter 120mm transmits 300 kW power at 200 rp.m.
Determine the maximum internal diameter if the maximum stress in the shaft is not to
exceed 60 N/mm®. (06 Marks)
Determine the diameter of a solid steel shaft which will transmit 90 kW at 160 rp.m. Also
determine the length of the shaft if the twist must not exceed 1° over the entire length. The
maximum shear stress is limited to 60 N/mm’. Take the value of modulus of

rigidity = 8x10* N/mm’. (06 Marks)
OR
Derive the relation for a circular shaft when subjected to a torsion as given below:
T & (08 Marks)
J] R L .
State and explain theory of maximum principal strain theory. (08 Marks)
"TEL R
20f2
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ote: Answer any FIVE full questions, choosing ONE full question fram each module.

a
b.

oe

Module-1

State and explain Elastic constants. A, (04 Marks)

A Ear pf 20mm is tested in tension. It is observed that when a load of 40kN is applied, the
extension measured over a gauge length of 200mm is 0.12mm and contraction in diameter is

0.0036min. Find Poisson’s rétio and elastic constants'E, C, K. (12 Marks)
__, OR _
Define temperature stresses and state its importance. (06 Marks)

A composire bar is rigidly fitted at the supports A and B as shown in the Fig.Q.2(b).

Detcnmnc _thze_ rcactions at the sup_p__bﬂs’ when temperature rises by 20°C. Take

E: = 70 GN/m’, E,= 200 GN/m’, at, = 11 x 10°/°C and ots = 12 x 10°/°C. (10 Marks)
. “

¥ o= MY
k.,

— lm — 3m -—}11 .y
Fig.Q:2(b) Y

SaTh

Module-2
Define principal planes and principal stresses. <N (04 Marks)
Stresses acting ata point in a two dimensional stress systenishown in the Fig.Q_3(b), find:
1) Normaland shear stresses on.the inclined plane Y
i) Principal stresses and their planes .
i) Maximum shear stresses and their planes. "

(12 Marks)

OR
Derive expressions for hoop stress and longitudinal stress in a thin cylinder. (06 Marks)
A cylindrical thin shell 800mm diameter and 3m long is having 10mm metal thickness. The
shell is subjected to an internal pressure of 2. 5N/mm’. Determine:
1) Change in diameter
1) Change in'length
i)  Change m volume
Take E =2 x 10°N/mm’ pu = 0.3 (10 Marks)
| of 2
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Module-3

Derive the relationship between intensity of load, shear force and bending moment.
(06 Marks)
Draw shear force and bending moment diagrams for the beam shown in the Fig.Q.5(b).
[PRNE
' %
“ﬁ, am [ em P _,;“ >
/]— [ /1 |
Fig.Q.5(b)
(10 Marks)
OR

Explain:

1) Sagging bending moment
1)  Hogging bending moment
i)  Point of contra flexure. (06 Marks)

Draw shear force and bending moment diagrams for the beam shown in the Fig.Q.6(b).
Locate the points of contra flexure.

(10 Marks)

‘0"“\“1»:;4 —

€ Fa l by G > k“-
o 1 e ’1 v | A
Fig.Q.6(b)
, Module-4
What are assumptions made in bending theory? (04 Marks)
) - ; . M E . :

Derive the bending equation 1Y .. = with usual notations. (06 Marks)

¥

Prove that maximum shear stress is 1.5 times the average shear stress in rectangular section.

(06 Marks)
OR

What is effective. length of column? How it is related with end conditions of column and
explain with neatsketches. (08 Marks)

A hollow cast iron column whose outside diameter is 200mm and has a thickness of 20mm,
4.5m long.and is fixed at both ends. Evaluate Rankine’s crippling load using f. = 550N/mm".

N ) 1
TakeRankines constant —

| (08 Marks)
1600
Module-5
' , ; 6Y. .
. Derive the Torsionequation } = % = % with usual notation. (06 Marks)

A solid circular ¢haft is to be designed to transmit 440kW power at 280rpm. If the maximum
shear stress.is not to cxceed 40N/mm’ and the angle of twist is not to cxcccdj 1° per meter
length, determine the diameter of the shaft. Take modulus of rigidity 84kN/mm”, (10 Marks)

d OR
Explain: 1) Maximum pfinéipa] stress theory i) Maximum shear stress theory. (06 Marks)
A bolt is required to resist an axial tension of 25kN and a transverse shear pf 20kN, Find the
size of the bolt by using i) Maximum principal stress theory ii) Maximum shear stress
theory e = 300N/mm’ , F.S =3 (10 Marks)

* o ok E
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y ) Bapuji Educational Association ®
Bapuji Institute of Engineering and Technology, Davangere—577 004
Department of Civil Engineering

Assignment | Date | 25 [ 10 [ 20 |
Assignment
p No. 01 Maximum Marks 10
our i —
irse/Subject Title | Strength of Materials Course/Subject Code 18CV32
S
emester 11 Siheme CBCS — 18 |
Course Outcome Statements : After the successful completion of the course, the students will be |
able to Outcome Statements
I_lﬂCV.!Z.I Evaluate the stresses and strains for ferrous and non-ferrous materials - |
18CV32.2 | Evaluate the internal stresses developed in one dimensional, two dimensional structural elements and cylinders
I18CV32.3 | Evaluate the bending moment, shear force in prismatic beams and corresponding stresses
I8CV32.4 | Analyse and design the circular shafts subjected to torsion
18CV32.5 | Evaluate the slope and deflection of prismatic beams
18CV32.6 | Evaluate the failure loads for the columns and struts
Note :
? Q. ; RBT
No. Question Marks Level Cco
Module -1
Draw stress versus strain curve for mild steel specimen subjected to axial tension
indicating the salient points. Define the elastic constants. L1 COl1
2 Derive the expression for elongation of tapering circular bar due to axial load P. Use
standard notations. L2 Cco1
3 A bras bar having cross- sectional area of 1000mm’, is subjected to axial forces as
shown in fig. Find the total elongation of the bar. Take E= 1.05x10°N/mm".
A B C D
10 kN
50 kN _Gg_m - —_— L3 CcO1
20 kN
N-ﬁ-"—nl*——-—— 1m—">— 1.20m —¥
4 A compound tube consists of a steel tube 140mm internal diameter and 160mm
external diameter and an outer brass tube 160mm internal diameter and 180mm
external diameter. The two tubes are of the same length. The compound tube carries
an axial load of 900KN. find the stress and the load carried by each tube and the L3 CO1
amount it shortens. Length of each tube is 140mm. take young’s modulus for the steel
( as 2 x 10° N/"™ and for brass as 1x10° N/mm?,
5 A Steel rail is 12.6m long and is laid at a temperature of 24°% the maximum
temperature expected is 44°c
a) Estimate the minimum gap between two rails to be left so that temperature L3 Cco1
stress does not develop.
b) Calculate the thermal stress developed in the rails, if 1) No expansion joint is
prevented. 2) If a 2Zmm gap is provided for expansion.
¢) If the stress developed is 20MN/m?, what is the gap b/w the rails? Take E =
2x10°N/mm’ and a = 12x10° / °¢
6 Derive the relationship b/w Modulus of elasticity (E) and Bulk modulus (K). L3 COl1
7 A Steel flat of thickness2Smm tapers uniformly from 300mm to 150mm over a length L3 COl
of 750mm. if the flat is subjected to an axial tension of 300knN, compute the
elongation of the flat. What is the % error if average area is used in calculating the
extension?
Module -2
8 Define Thick and thin cylinders. Derive an expression for hoop stress. L4 coz
9 A thin cylindrical shell 1m in diameter &3m long has a metal thickness of 10mm. if it L4 co2
is subjected to an internal pressure of 3Mpa. Determine hoop stress, longitudinal
stress, change in length, change in diameter and change in volume. If E= 210GPa & pn
=0.3. .
10 | Derive the lame’s equations for radial and hoop stresses for thick cylinder to internal L2 |co
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Bapuji Educational Associa )

Bapuji Institute of Engineering and T_echnqlogy._ Davangere—577 004
Department of Civil Engineering

Assignment EE 25 | 10 | 5

[ )
& external fluid pressure.
= - i L2
11 A Thick cylinder of internal diameter 200mm is subjected to an internal 21!13 Co2
pressure of 40mpa. If the allowable stress in tension for the material is 120Mpa. Fin '|
the thickness required. —
Module -4
12 Derive the pure torsion equation with usual notations. L2 Co4
13 Prove that a hallow circular shaft is stronger than a solid circular shaft in torsion. i
Which have same materials, length and weight? L2 CO

14. | Determine the diameter of solid shaft which will transmit 90Kn at 160rpm, if the
shear stress in the shaft is limited to 60Mpa. Find also length of the shaft. If the twist L4 Co4
is limited to1°. Given C = 8x10*Mpa.
15 A 150mm diameter solid steel shaft is transmitting 450kw power at 90rpm. Compute
the maximum shear stress. Find the change that would occur in the shearing stress. If L4 CcO4
L the speed increased to 360rpm.

‘ Last date for submission | 30 11 2020

RBT (Revised Bloom’s Taxonomy) Levels : Cognitive Domain
L1 : Remembering L2 : Understanding L3 : Applying
L4 : Analysing L5 : Evaluating L6 : Creating
D
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Module -2 [ |
1 = : Enreesian B i
1__~ Derive aﬂ_l:i,_\presswn for two dimensional stress system. L2 co2
2 [A rectangular block of matenial is subjected to a tensile stress of 1 LON/mm® on one [ |
plane and a tensilc stress of 47 N/mm“on the right angles to the former. Each of the l L3 CcO2 |
above stress is accomplished by a shear stress of 63 N/mmand that associated with {
the former tensile stress tends to rotate the block in anticlockwise. Find 1) the \
direction and magnitude of principal stress, 2) Magnitude of the greatest Shear Stress. | | r
3 | Explain the procedure for determining stresses in a general two dimensional stress ~ L2 N coz |
system using Mohr's circle | |
4 | Explain the a) Maximum Shear stress theory. \ \ L2 l Co2 ll
b) Maximuin shear strain theory | {
_ Module -3 1 \
> Define Shear force. bending moment and point of Inflexion. LI l COS
6 | Establish the relationship between shear force, bending moment and load intensity., L2 ] Co3
sdiuo : 1 . |
7 | Draw the shcar force and bending moment for cantilever beam subjected 1o | L2 | co3 |
uniformly varving load, \
|
Draw the shear force and bending moment diagram for thg simply supported beam of ‘
length 7m carrving a uniformly distributed load as shown in fig -
10 kh/m Bl
/—\r{/\mr\c 9 B
8 A ' 'y s i
~ :
3 S —— co3
4—————3m —————>l¢——2m —>——2m g L4
, : iovs Y as show L4 | coz |
9 | Draw the shear force and bending moment diagram for the cantilever beam as shown
in fi
mn tig — 500 N 800 N
(o]
0.8 m ——m
o O.Em—"["‘—o'?m_"!‘—v_‘ |
. : L3 | CO3 |
- . - e we am as shown
10 | Draw the shear force and bending moment diagram for the cantilever bex |
in fig
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; Date | 10 | 3 T
Assignment | Date | 10 | 12 ] 2029
D —_— - : - - — 8 [ I = .
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o~ D e e e e 'E:"Lf_._"ha;:- i3 | |l
= SR Ve O FE T .
R i e s~ L (N N
— __T_-__ o I = 1.8 m it DI '; l \
T Muwe-s T
I—l—_-! _DISEIngﬂl_s'hﬁyll‘-m.“ Iong and short columns. - __[:_ L2 | COos
| 2 }l;)l::;\:i an expression for Fuler's cripplﬁrg load when both cnds of the column are __t T |
|- C
S S L2 COo6
| 13 | What arc the limitations of Euler’s column theorv? o | ' |
S | 12 | Co6 |
14 ;\\stlcul‘ bar t:n'r r_‘ciaugp]ar section 30mm<40mm pinned at both ends is hsﬁbin:.ctu:r_:i_lo_’ — 1 | .
| cola‘ uonngas:c;_n The bar is 1.75m long. Determine the buckling load and | L3 Co6 |
: .t:'_n:l-slpgu ling avial stress using Euler’s formula. Determine the minimum leneth for ' |
L - which Euler’s equation. if proportionality limit of material is 200Mpa ) | |
> .?*'\hr:illo“ CI Zc’:}mm whosc outside diameter is 200mm as a thickness of 20mm. it is | I - _T_ f
Fbsa‘ong and fixed at both ends. 1) Caleulate safe load by Rankine’s formula using L3 } CO6 .
2 C : 1 s : '
_}L;‘afl‘cgqu the ratio of Euler s and Rankine’s critical load and slenderncss ratio. ; |
¢ fe= S50N/mm-” a= 1/1600 in Rankine's formulac and E=9.4x LO*N/mm’”. | | |
Last date for submission | 30 12 2020 ‘
I B RBT (Revised Bloom’s Taxonomy) Levels : Cognitive Domain
1 L1 : Remembering B L2 : Understanding L3 _'_Appl}ing,
|L4 - Analysing L5 : Evaluating L6 : Creating
b Wvd
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Subject Title [ §
Strength of M — -
Semester I A g LAl Subject Code 18CV32 |
[ Date Scheme CBCS
Date 24/10/2020 1A No. = =
Time 9:30 -10:30 . 1
. Max. Marks 30
— Course Outcome Statements ]
18CV32.1 | Evaluate the stresses and strains for ferrous and non-ferrous materials
18CV32.2 | Evaluate the internal stresses developed in one dimensional, two dimensional structural elements and cylinders
I8CV32.3 | Evaluate the bending moment, shear force in prismatic beams and corresponding stresses
18CV32.4 | Analyse and design the circular shafts subjected to torsion "
18CV32.5 | Evaluate the slope and deflection of prismatic beams
18CV32.6 | Evaluate the failure loads for the columns and struts
NOTE: Answer any five questions. Each questions carries equal marks
. . RBT
1\?0 Questions Marks S el co
1 Draw stress versus strain curve for mild steel specimen subjected to axial tension
indicating the salient points. Define the elastic constants. 6 L1 Co1
2 Derive the expression for elongation of tapering circular bar due to axial load P. Use
standard notations. 6 L2 COl1
3 A bras bar having cross- sectional area of 1000mm?, is subjected to axial forces as
shown in fig. Find the total elongation of the bar. Take E= 1.05x10°N/mm?*.
A B C D .
. L Bl 6 L3 | co
. <+— :
20 kN
e,  im —Sfe—— 120m ——¥
4 A compound tube consists of a steel tube 140mm internal diameter and 160mm
external diameter and an outer brass tube 160mm internal diameter and 180mm
external diameter. The two tubes are of the same length. The compound tube carries
an axial load of 900KN. find the stress and the load carried by each tube and the 6 L3 Col1
amount it shortens. Length of each tube is 140mm. take young's modulus for the steel
as 2 x 105 N/"™2 and for brass as 1x10° N/mm’.
5 A Steel rail is 12.6m long and is laid at a temperature of 24°c the maximum
temperature expected is 44°c
a) Estimate the minimum gap between two rails to be left so that temperature 6 L3 Ccol
stress does not develop.
b) Calculate the thermal stress developed in the rails, if 1) No expansion joint
is prevented. 2) If a 2mm gap is provided for expansion.
c) If the stress developed is 20MN/m?, what is the gap b/w the rails? Take E =
2x10°N/mm’ and @ = 12x10° /"¢
6 Derive the relationship b/w Modulus of elasticity (E) and Bulk modulus (K). 6 L3 Co1

e
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lSltll‘f:lgth of Materials ' _Subject Code | 18CV32 |
Schem CBCS
Date 07/12/2020 IA No < 0z
3:00 -04:00 PM Max. Marks | 30

Course Outcome Statements

[ 1sCv3a |
___5_23'_2_‘1_ Evaluate the stresses and strains for ferrous and non-ferrous materials

linders

18Cv32,2 | Evaluate the internal stresses developed in one dimensional, two dimensional structural elements and

18CV32.3
—

Evaluate the bending moment, shear force in prismatic beams and corresponding stresses

18CV32.4 | Analyse and design the circular shafls subjected to torsion

— |
18CV32.5 | Evaluate the slope and deflection of prismatic beams

18CV32.6 | Evaluate the failure loads for the columns and struts

NOTE: Answer any one full question from each part.

Q. RBT
No Questions Marks Level CcO
Part -A
1a) | Derive an Expression for two dimensional stress system. 4 8 L2 co2
1b) | A rectangular block of material is subjected to a Lensile stress of1 10N/mm? on one plane
and a tensile stress of 47 N/mm?”on the right angles to the former. Each of the above stress 7 L3 Cco2
is accomplished by a shear stress of 63 N/mm?Zand that associated with the former tensile
stress tends to rotate the block in anticlockwise. Find 1) the direction and magnitude of
principal stress. 2) Magnitude of the greatest Shear Stress.
OR
2a) | Define Thick and thin cylinders. Derive an expression for hoop stress. 8 L2 CcO2
2b) | Find the thickness of metal necessary for a cylindrical shell of internal diameter 160mm
to withstand a pressure ofSN/mm?. The maximum hoop stress in the section is not to 7 L3 Cco2
exceed 35mpa.
Part- B
3a) | Derive the pure torsion equation with usual notations. 8 L2 CO4
3b) | A steel bar of rectangular section 30mm=40mm pinned at both ends is subjected to axial 7 L3 CO6
compression. The bar is 1.75m long. Determine the buckling load and corresponding axial
stress using Euler’s formula. Determine the minimum length for which Euler’s equation,
if proportionality limit of material is 200Mpa.
OR
4a) | Derive an expression for Euler’s crippling load when both ends of the column are 8 L2 CO6
hinged. !
4b) | Determine the diameter of solid shaft which will transmit 90kN at 160rpm, if the shear 7 L3 CO4

stress in the shaft is limited to 60Mpa. Find also length of the shaft. If the twist is limited

to 1°. Given C = 8x10*Mpa.
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Note : Answer alt Questions ]

Q. ] Mark | RBT

No. Question s Level

Part A
p between shear force, bending moment and load

ompletion of the course, the students will be able to
nd non-ferrous materials

ne dimensional, two dimensional structural elements
CO3

Co4

|1

CoO

1 a) | Establish the relationshi
intensity.

A Simply Supported beam of length 10m, carries the uniformly distributes

load and two point load as shown in fig. Draw SFD and BMD for the beam
and also calculate the maximum bending moment.

I SOKN 10 xrrm ]ORN

o N 10 L3 | CO3

i
F i = — '_,T
2m —de+——— am i A =
T — 10m — 5
OR
A Cantilever 1.5m long is loaded with a uniformly distributed load of 2kN/m

run over a length of 1.25m from the free end. It also carries a point load of

3kN at a distance of 0.25m from the free end. Draw SFD and BMD for the
beam shown

5 L2 | co3
' 1b)

A Cc

2 kN/m SN

E : C N
D/‘\/’\/“(ﬁ\/’\/’\/\x’\!ﬁ\/\/\ B 5 L3 | CO

L — 125 m
> 1.5m — >
2 b) | Draw SFD and BMD for the beam shown

MELANANNN
>
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10 L3 co3
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l\?;). Question Level | €O |

Part B e 1]
3 a) | List the assumptions made in theory of bending and Derive the equation of

pure bending with usual notations,

RBT (Revised Bloom’s Taxonomy) Levels - Cognitive
Domain
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Attainment
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B. E. CIVIL ENGINEERING ===
Choice Based Credit System (CBCS) and Outcome Based Education (OBE)
SEMESTER - 111

STRENGTH OF MATERIALS

Course Code 18CV32 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours | 03

Course Learning Objectives: This course will enable students

1. To understand the basic concepts of the stresses and strains for different materials and strength of
structural elements.

2. To know the development of internal forces and resistance mechanism for one dimensional and two-
dimensional structural elements.

3. To analyse and understand different internal forces and stresses induced due to representative loads
on structural elements.

4. To determine slope and deflections of beams.

5. To evaluate the behaviour of torsion members, columns and struts.

Module-1

Simple Stresses and Strain: Introduction, Definition and concept and of stress and strain. Hooke's law,
Stress-Strain diagrams for ferrous and non-ferrous materials, factor of safety, Elongation of tapering bars of
circular and rectangular cross sections, Elongation due to self-weight. Saint Venant’s principle, Compound

bars, Temperature stresses, Compound section subjected to temperature stresses, state of simple shear, Elastic
constants and their relationship.

Module-2

Compound Stresses: Introduction, state of stress at a point, General two dimensional stress system,

Principal stresses and principal planes. Mohr’s circle of stresses. Theory of failures: Max. Shear stress theory
and Max. principal stress theory.

Thin and Thick Cylinders: Introduction, Thin cylinders subjected to internal pressure; Hoop stresses,
Longitudinal stress and change in volume. Thick cylinders subjected to both internal and external pressure;
Lame’s equation, radial and hoop stress distribution.

Module-3

Shear Force and Bending Moment in Beams: Introduction to types of beams, supports and loadings.
Definition of bending moment and shear force, Sign conventions, relationship between load intensity,
bending moment and shear force. Shear force and bending moment diagrams for statically determinate beams
subjected to points load, uniformly distributed loads, uniformly varying loads, couple and their combinations.

Module-4

Bend}ng and Shear Stresses in Beams: Introduction, pure bending theory, Assumptions, derivation of
bending equation, modulus of rupture, section modulus, flexural rigidity. Expression for transverse shear

stress in beams, Bending and shear stress distribution diagrams for circular, rectangular, ‘I’, and ‘T’ sections.
Shear centre (only concept).

Torsion in Circular Shaft: Introduction, pure torsion, Assumptions, derivation of torsion equation for
circular shafts, torsional rigidity and polar modulus Power transmitted by a shaft.

| Module-5

Deflection of Beams: Definition of slope, Deflection and curvature, Sign conventions, Derivation of moment-
curvature equation. Double integration method and Macaulay’s method: Slope and deflection for standard
loading cases and for determinate prismatic beams subjected to point loads, UDL, UVL and couple.

Columns and Struts: Introduction, short and long columns, Euler’s theory; Assumptions, Derivation for

Euler’s Buckling load for different end conditions, Limitations of Euler’s theory. Rankine-Gordon’s formula
for columns.

Scanned by CamScanner



Course outcomes: After studying this course, students will be able;

s

2.

3
4,
5.

To evaluate the basic concepts of the stresses and strains for different materials and strength of structural
elements.

To evaluate the development of internal forces and resistance mechanism for one dimensional and two
dimensional structural elements.

To analyse different internal forces and stresses induced due to representative loads on structural elements.
To evaluate slope and deflections of beams.

To evaluate the behaviour of torsion members, columns and struts.

Question paper pattern:

The question paper will have ten full questions carrying equal marks.

Each full question will be for 20 marks.

There will be two full questions (with a maximum of four sub- questions) from each module.
Each full question will have sub- question covering all the topics under a module.

The students will have to answer five full questions, selecting one full question from each module.

Textbooks:

1

B.S. Basavarajaiah, P. Mahadevappa “Strength of Materials™ in SI Units, University Press
(India) Pvt. Ltd., 3rd Edition,2010

2. Ferdinand P. Beer, E. Russell Johnston and Jr. John T. De Wolf “Mechanics of Materials™,

Tata McGraw-Hill, Third Edition, SI Units
Reference Books:

1. D.H. Young, S.P. Timoshenko “Elements of Strength of Materials” East West Press Pvt. Ltd., 5th Edition
(Reprint2014).

2. R K Bansal, “A Textbook of Strength of Materials”, 4th Edition, Laxmi Publications, 2010.

3. S.S. Rattan “Strength of Materials” McGraw Hill Education (India) Pvt. Ltd., 2nd Edition (Sixth
reprint2013). '

4,

Vazirani, V N, Ratwani M M. and S K Duggal "Analysis of Structures Vol. I", 17th Edition, Khanna
Publishers, New Delhi.
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Fig. 3.15(b).
Example 3.9 At a point in a strained materiza
plane and a compressive stress of 40 N/mm* on
48 N/mm? on each of these planes. e :
i so th
Determine the planes of maximum shear stress at the point. Determing a e resultant stregq
on the planes of maximum shear stress.

\

; 2 s
| there is tensile stress of SQ N/mm* on a horizopy,
a vertical plane. There 1s also a shear stregg of

2
A 80 N/mm
M
48 N/mm?
40 N/mm?

. |

(a)

Fig 3.16

- Solution
The state of stress is as shown in Fig. 3.16(a).

Taking horizontal axis as x and vertical axis as y, we have P =—40 N/mm?, P = 80 N/mmz_and

q = 48 N/mm”.
Px— Py : 9 —40-80 4 2 | 2
9max = 2 +q = 5 +48° =76.84 N/mm

Inclination of principal stress to the plane of p_(vertical) is given by

tanze =_._2_q_
px—'py ;

Al = 2x48 r 96
-40-80 -120

20=-38.66° and 141.34°
or ©=-1933° and 70.67°

Inclination of maximum shear stress is —19.33° + 45° and 70.67 + 45°, i.e. 25.67°
and 115.67°. : :

The corresponding normal stress.is given by

PJ,+P)a PP .
F= 7t 5 c0s20' + gsin20'

-40+80 —-40-80
= : + 5 C0s 2(25.67) + 48 sin 2(25.67)

Scanned by CamScanner



nd stredov -
TS

})'r + P)’ Px =2

2 T cos2er
_Z40+80  _4p_g,

2
=420 N/mm?2

Resullant stress = m
=V(20) +76.842

n

* gsin2g:

(Since p, = q )
— 79 4 N/mmZ (Ans) max
AY
&
&
108
)
o ; i, Fig.3.16
“ierming to Fig. 3.16(b), we get e
tan -_2_0__
76.84

¢=14.59°  as shown in Fig. (Ans)

Slncll“"»\tlon to the plane of p, (e, vertical plane ) is given by

i Q=25.67+14.59 = 41,26°

107

> cos 2(25.6’7) +48sin 2(25.67)
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shown in Flg 3.13(a),

ipal plancs

] stressess ¢
Jeat 5[1655 an

Determin€
(i) The dire

(if) The magni

(iii) The magnit
et 120 N/mm?

and dicate all the above planes by 5

ction of the princl
itude of principal §
ude of maximuin sl

dits direction. In

80 Nimm?

180 N/mm?

=

(a)
Fig. 3.13
Solution
Let @be the inclination of principal plane to the plane of 180 N/mm?. Then
p, = 180 N/mm?, =120 N/mm?, g =280 N/mm?>.
29 2x80 | : '
tan 20 = = = 2.666 =
p.—p, '180-120 7 ' AT ! ;
20=69.444° and.. 69.444+180°
Le., 0=34.722°. and 124.722° (Ans)

_ptp, {p.-p 2
P1*_"—2 +\}[ 5 -“}“_*.qz

M T .

=M [180 120
2 ““2———) +80?

= 150 + 85. = .
44 = 235 44 N/mm? (tensile) (Ans)

[
7
S

||
20

h

Y

-

[

ql'llil! =
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o o Stresses and Strajng
il
(0"
-oes of maximum shearin
plan € Stresses are at 1

) |
3130) ' princip| |
i’ | . Ple planes, A these are shown in |
|

|

|

Py = 235.44N/mm?

.

6= 34.722°

Fig.3.13 |,

rample 3.7 A plane element is subjected to stresses as

. _ shown in Fig. 3.14(a). Determine principal
sresses, maximum shear stress and their planes. Sketch the planes detenni'n(ec)i P

Solution

Tiking x and y coordinate_s, as shown in Fig. 3.14(a), WC..have p. = 60 N/mm?,
3.=-40 N/mm? and g = 10 N/mm?, ' .

S o il \/[ i py] o =60;40+ \/{eo_g_m)] o

2 2

—10+50.99=60.99 N/mm* (Ans)

40 N/mm?

_ |
Y 10 Nimm? |

N, L | 60 N/mm? f
- 60 N/mm T ' ; |

» | |

10 N/mm? €

40 N/mm?
(a)

Fig. 3-14
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Stresses and Straing

compound

104

6 = 5,855

—-10-50.99 = —40.99 N/mm”° |
- -40.99 N/mm’ (Comp) (AnS)

q"‘“"_\(ﬁ J +q —50 99 N/mm (Ans)

Let Obe the 1nclmanon of principal stress to the plane of 60 N/mrrf2 Then 52

tan 26 = 2 :
it s
__2x10 1
60-(-40) 5

20=11.31° “and 191312

6=5.655° and 95.655° (Ans)

The planes of maximum shearing st ps e i
Fig. 3.14(b). g slresses are at 45° to the principal planes. These are shownin

el - A e —_
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Theories of Failure ' 1317

Engineers have been trying to predict failure loads for various structural elements so that they can
improve their designs. Most of the structural elements are in complex state of stress and it is not easy
to conduct laboratory tests on models with complex loading. The procedure followed by engineers is
to conduct uniaxial tests on specimens and get the failure condition for the material. From a few test
results they arrive at failure criteria for structural element in a complex condition. They use these
criteria for predicting failure foad in any structural element. The following five theories have been put

forth by researches:
1. Maximum principal stress theory
2.  Maximum shear stress theory
3. Maximum principal strain theory
4. Maximum strain energy theory
5. Maximum distortions energy theory

These theories of failure are briefly explained in this chapter and suitability of these thoeries for
different types of materials are mentioned.

4.1 MAXIMUM PRINCIPAL STRESS THEORY

This theory is also known as Rankine’s theory. According to it, a material in complex state of stress
fails, when the maximum principal stress in it reaches the value of stress at elastic limit in simple
tension. |

Thus, in a two-dimensional general stress condition, the failure criteria is

o i p,r+p_\r + _r—p)' -+C 2 - 5
P \"_2‘_" 5 .i P, 4.1

where p, is the stress at elastic limit in uniaxial tension test.

~ f., Yield stress.

This theory is found to be reasonably good for brittle materials.

42 MAXIMUM SHEAR STRESS THEORY

This theory is known as Coulomb’s theory as it was originally proposed by CA Coulomb. But it is
also associated with the names of J Guest and H Tresca. According to this theory, a material in
complex state of stress fails when the maximum shearing stress in it reaches the value of shearing
stress at elastic limit in uniaxial tension test. In a general two-dimensional stress system maximum
shearing stress is given by
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Theories of Failure
132

.. According to this theory, failure criterion is

In case of three-dimensional problems, maximum shear stress at a point may be taken as (p, -

P5)*, where p,is the maximum principal stress and p5 is minimum principal stress. Hence, the failyre
criterionis (p,—p;)/2=p, /2, or

(p=p3)=p. 4.2)

This theory gives better results for ductile materials with elastic limit same in tension and in
compression.

43 MAXIMUM STRAIN THEORY

This theory is also known as St. Venant’s theory. According to it, failure in a complex system occurs
when the maximum strain in it reaches

the value of the strain in uniaxial stress at elastic limit.
If p, is the maximum stress in a com

plex state and p, and p, are the stresses in other two mutually
perpendicular directions, then

—~ +
Maximum strain Cmax = L ﬂ(? £ )

Strain in ﬁniaxia] tension at elastic limit =

fl

P
E
- +
. The failure criterion is i #(;2 p3) %‘:’-

or Pi=#(py + py)=p,

(4.3)
This theory is considered to be good for materials failing with brittle fractures,

44 MAXIMUM STRAIN ENERGY THEORY

This theory is kno

Wn as Beltrami and Hajol’s [ . ial |
complex g S gh’s theory also, According to this theory, a material in
Value of Strain energy

Vhen the maximum strajn o8y per unit volume at a point reaches the
Per unit yo)
Consider gy elemen

Sstrndne o three-dimensional stress System subjected to principal stresses
lrain nergy in it jg o pPie, + :
20 TPy + = pee
Now, e 2 o
1 = —
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nence, uis ey 15 uscu vy ucsigners tor all ductile matceriais.

Example 4.1 A bolt is subjected to an axial pull of 12 kN together with a transverse shear force of
6 kN. Determine the required diameter of the bolt by using

(/) Maximum principal stress theory

(ii) Maximum strain theory

(iii) Maximum shear stress theory

Use the following data:

Elastic limit in tension = 300 N/nm?, Factor of safety = 3, Poisson’s ratio = 0.3

Solution
Let the diameter of the bolt be ‘d’. Then the direct stress

B _12x10°  48x10°
x T 2 - 2
Ad md

Shear stress at the centre of the bolt is
.4
.q = E L P

:. The principal stresses are p; = % + [ 2

24 %103

? 2
;%;—;0— 1+ 1+[

_24x10°

e (1+1.66667)
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Theories of Failure

_20371.833
d2

N AN
i ('z_) 5%

24 % 10
== (1-1.66667)

ard
B 5092.984

_12732.421
= T
(i) From maximum principal stress theory:
o _ 300
Permissible stress in tension = o 100 N/mm?
p, =100
20371.833
dZ
or, d=14273 mm (Ans)

Le., =100

(i)) Maximum strain theory:
P P
20371833 5092984
= ——5——4).3 i
d'E d“E
_ 21899.728
d*xE
According to this theory, the design condition is
' . P
“max "« Factor of safety

21899.728 _ 300
e T*xE  Ex3
d =14.799 mm

ss theory: The design condition is

or,

(iif) Maximum shear stre
Shear stress at elastic limit

€max =" Factor of safety

137
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The practical

Tneonb’b [V AR LU TR

12732421 _ 300/2
12732421 _
d? 3

s the
Hence, maximum shear stress theory govel
’ .
size is 16 mm diameter. (Ans)

design. Use at least 15.958 mm diameter bolt.

ORMULAE

es of failure are developed to predict failure criteria in a material under complex sta *

.

1. Theori . ( e
of stress in terms of test results obtained in uniaxial tests.

7. Maximum principal theory is also known as Rankine’s theory. According to this theory, failure

condition is

2 .
px+py px+p)’ 2: NI
D= ) +J[ ) ] +q pe

3. Maximum shear stress theory is known as Coulomb’s theory. In this the failure criterion is

P1—P3 = Pe

4. Maximum strain theory is known as St.Venant’s theory and in this failure criterion works out
to be _ 8

p—Up,+ py)=p,

5. Maximum strain energy theory is also known as Beltrami and Haigh’s theory. In this, failure:
criterion works out to be '

P:z (3 P; + p}z —2u(p,p, + p,p; + pip) = pf

Maxn:num d1_stoqi0n energy theory is known as Von-Mises criteria for failures. In this case
the failure criteria works out to be

1= )+, = p) +(py - p, Y =2p?

A boltisrequired to resist an axial tens;
o sio ‘
sizs of e bolEby nof 25 kN and a transverse shear of 20 kN. Find the saf¢

(/) The maximum principal stress theory
(if) The maximum shear stresg theory
(iif) The maximum distortion energy theory

The elastic limit of the material js 30 N/mm?, Poisson’s rati
: son's ratio = (.3

lld fﬂCtOl‘ 0 P e Fa N = ‘;.0,
[Ans (5 B s [ (O — f Sltbl)’ '"
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18.1. INTRODUCTION

In the last Chnl)t er, we l ] 18( a
l‘ ] - ] ] ]] 5 : ] e la e l'l]l-}l"lt 2] " i r ' i i '
5 : Vv : 101 l Ih t, lf‘.l 1€ [atlo OfthlckneBB tO lnt;e al dlame

: : 1/20, the eylindrical shell is known as thin cylinders. For
gﬂt&?&i:iﬁ;iﬁﬁﬁi \flth reasonablg accuracy that the hoop and longitudinal stresses are
B et it . ess and the radial stress is small and can be neglected. If the ratio of

erna lflmeter 1s more than 1/20, then cylindrical shell is known as thick cylinders.
The hoop stress in case of a thick cylinder will not be uniform across the thickness. Actually

the hoop stres_s will vary from a maximum value at the inner circumference to a minimum value
at the outer circumference.

18.2. STRESSES IN A THICK CYLINDRICAL SHELL
Fig. 18.1 (a) shows a thick cylinder subjected to an internal fluid pressure.

W7277/

77777007,

(a) (b)
Fig. 18.1

M.

Let r, = External radius of the cylinder,
r,= Internal radius of the cylinder, and
L = Length of cylinder.
Consider an elementary ring of the cylinder of radius x and

thickness dx as shown in Figs. 18.1(b) and 18.2.
Let p_=Radial pressure on the inner surface of the ring
x

p. + dp_= Radial pressure on the outer surface of the ring
4 G x= Hoop stress induced in the ring.
x
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