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FIGURE 2.1 Example of a motor transmitting power, through shaft AB, to a power tool.
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FIGURE 2.3 Representation of a concentrated torque Q at the center point in a circular shaft.
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FIGURE 2.2 Representation of a three-dimensional torque Q by a double-headed arrow. Interpretation is 

made by the right-hand rule.
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FIGURE 2.4 Shaft subjected to concentrated torques at a number of positions along its length, and determi-

nation of internal torques in segments AB, BC, and CD using equilibrium.
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FIGURE 2.6 Example of a variably distributed torque q = f(x) over the length of shaft AB and determination, 

using equilibrium, of internally distributed torque at any position in the shaft.
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FIGURE 2.5 Example of a constantly distributed torque q = 10 k ⋅ ft/ft over the entire length of the shaft AB 

and determination, by equilibrium, of internally distributed torque at any position a distance x from end A.
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FIGURE 2.7 De�nition of shearing strain γnt as being approximately equal to the tangent of the shearing 

angle γnt.
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FIGURE 2.8 Shaft showing distortion under the in�uence of a torque Q and the de�nition of the angle of twist θ.
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FIGURE 2.9 Circular cross section of a circular shaft showing the stress distribution due to a torque T.
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FIGURE 2.10 Shaft consisting of three component parts, each having its own properties T, G, and J, showing 

that the total angle of twist is the sum of three angles of twist.
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FIGURE 2.11 Shearing stress–strain diagram for a given ductile material, de�ning the properties: modulus 

of rigidity G and the modulus of rupture τU.
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FIGURE 2.12 Diagram showing the state of pure shear in a shaft subjected to a torque Q.
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FIGURE 2.13 (a) The state of pure shear and (b) determination of normal and shearing stresses on inclined 

planes.
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FIGURE 2.14 (a) A two-material shaft subjected to a torque Pa and (b) the free-body diagram of segment AB.
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FIGURE 2.15 Analysis of stresses in a shaft subjected to the combined loads, axial force P and a torque Q.
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FIGURE 2.16 A general plane-stress condition broken down into three simple components, two uniaxial 

σx and σy, and one pure shear τ.
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FIGURE 2.17 Stress-concentration factors for torsional loads. (Adapted from the work of L.S. Jacobsen, 

Torsional stress concentrations in shafts of circular cross section and variable diameter, Trans ASME, 47, 

619–641, 1925.)
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FIGURE 2.18 Diagram showing a shaft of length L subjected to impact loading due to a weight W dropping 

through a height h.
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FIGURE 2.20 Cross section of a shaft subjected to a torque T and used to determine the total strain energy U.
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FIGURE 2.19 A shearing stress–strain diagram showing determination of the elastic strain energy u.
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FIGURE 2.22 Diagram showing that, for a shaft of a noncircular cross section, plane sections before twist-

ing do not remain plane after twisting.
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FIGURE 2.21 Diagram showing that, for a shaft of circular cross section, plane sections before twisting 

remain plane after twisting.
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FIGURE 2.24 Mathematically obtained solutions for a shaft of a rectangular cross section.
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FIGURE 2.23 Mathematically obtained solutions for a shaft of an elliptical cross section.

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual

https://testbank.online/books/9781466570719-solutions


Courtesy of CRC Press/Taylor & Francis Group

002x025.eps

z

A

y

A

x, A
a

(  3 a)/2√

τMAX = 

θ

a3

TL

KG
K

a4

= =
( )

20T

3

80

;

;

occurs at A

FIGURE 2.25 Mathematically obtained solutions for a shaft of an equilateral triangular cross section.
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FIGURE 2.26 (a,b) The two views of a distended thin membrane subjected to a pressure p used to experi-

mentally solve the torsion problem of noncircular shafts.
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FIGURE 2.27 Experimental solution of the torsion problem of a shaft having a long and thin rectangular 

cross section.
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FIGURE 2.28 Solution of the torsion problem of a shaft with a narrow circular section having a thin slit.
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FIGURE 2.29 Diagrams showing cross sections composed of narrow rectangles for which solutions can be 

obtained.
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FIGURE 2.30 (a,b) The two views of a distended thin membrane subjected to a pressure p used to experi-

mentally solve the torsion problem of thin-walled tubes of noncircular shafts.
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FIGURE 2.31 Stress–strain diagram for an elastoplastic material in which τy is the yield stress.
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FIGURE 2.32 (a) The shearing stress distribution in a circular shaft when it reaches the yield stress τy. 

(b) The stress distribution when plastic action has reached the outer layers of the circular shaft. (c) The 

stress distribution when the entire shaft is under plastic action.
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FIGURE 2.33 Diagram showing a plot of Equation 2.65.
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MECHANICS OF MATERIALS:
WITH APPLICATIONS IN EXCEL

CHAPTER 2: TORSIONAL LOADS

LECTURE 7

2.1 INTRODUCTION

2.2 INTERNAL TORQUE
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• Examples
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Lecture 7

Chapter 2. Torsional Loads
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Introduction

• This topic deals with members subjected to torsional 
loads, namely, moments (couples) about the 
centroidal axes of such members.

• These types of moments or couples are generally 
referred to as torques and the members subjected to 
torques are generally known as shafts.

• Examples of these types of members include 
propeller shafts of ships and aircraft and drive shafts 
of automobiles, power tools, and other equipment.

Chapter 2. Torsional Loads 3
Lecture 7
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Concentrated Torque

• A concentrated torque may be defined as one that 
is applied over a very small area (assumed to be a 
point) of the member on which it acts.

Chapter 2. Torsional Loads 4
Lecture 7
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Distributed Torque

• A distributed torque is applied over the length of a 
member.

Chapter 2. Torsional Loads 5
Lecture 7
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Internal Torque

• Internal torque at any location along the member is 
obtained by introducing a section at the location 
and applying equilibrium.  The figure below 
illustrates the internal torque at C, TC.

Chapter 2. Torsional Loads 6
Lecture 7
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Sign Convention

• Torque is positive, if the two-headed vector 
representing it points away from the surface on 
which it acts, and negative, if it points into this 
surface.

Chapter 2. Torsional Loads 7
Lecture 7
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Internal Torque Diagram

• An internal torque diagram is a diagram that shows, 
at a glance, how the internal torque changes from 
point to point along the length of the shaft

Chapter 2. Torsional Loads 8
Lecture 7
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Examples

Chapter 2. Torsional Loads 9
Lecture 7
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MECHANICS OF MATERIALS:
WITH APPLICATIONS IN EXCEL

CHAPTER 2: TORSIONAL LOADS

LECTURE 8

2.3 STRESSES AND DEFORMATIONS IN CIRCULAR SHAFTS
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Lecture Outline

• Introduction

• Stresses and Deformation in Circular Shafts

• Material Properties in Shear

• Stress Element

• Examples

2
Lecture 8

Chapter 2. Torsional Loads
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Introduction

• The torsion of circular shafts represents the 

simplest of all torsion problems.

• Pure torsion causes shear strain and shear stress.

Chapter 2. Torsional Loads 3
Lecture 8
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Stresses and Deformations in Circular Shafts

• Shear stress-strain relations are used to study the 

behavior of torsional shafts. Stress-Strain relations 

are governed by Hooke’s Law:

Chapter 2. Torsional Loads 4
Lecture 8

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual

https://testbank.online/books/9781466570719-solutions


Shearing Strain

• Shear strain is a distortion – it represents a change 

in the initial shape of the body.

• Distortion can best be represented by the change in 

the angle between two initially perpendicular lines

Chapter 2. Torsional Loads 5
Lecture 8
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Shearing Strain – Sign Convention

• A positive shearing strain represents a decrease in 

the 90° angle and a negative shearing strain 

represents an increase in this angle. 

• The shearing strain shown below is positive since it 

represents a decrease in the 90° angle between OA 

and OC.

Chapter 2. Torsional Loads 6
Lecture 8
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Shearing Stress and Shearing Deformation

1. Cross sections such as those at D and E are plane prior to 
twisting and remain plane after twisting of the circular shaft.

2. Straight line elements on the surface of the shaft such as line 
AB are assumed to remain straight after twisting occurs. Point 
A moves to A′ and line A′B is assumed to be straight for small 
angles θ even though its true shape is helical.

3. The material is assumed to behave elastically in order to be 
able to use Hooke’s law.

Chapter 2. Torsional Loads 7
Lecture 8

Assumptions:
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Torque to Shearing Stress Relationship

Chapter 2. Torsional Loads 8
Lecture 8
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Maximum Shearing Stress and Angle of Twist

• Maximum Shearing Stress:

• Angle of Twist:

For a shaft with multiple segments:

J= Polar Moment of Inertia of the Cross-Section

Chapter 2. Torsional Loads 9
Lecture 8
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Material Properties in Shear

Shear Stress-Strain Diagram:

Hooke’s Law applies in the

linear-elastic region O-P:

G: Shear Modulus of Elasticity

Chapter 2. Torsional Loads 10
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Stress Element

• State of pure shear in a shaft subjected to a torque Q
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Stresses on Inclined Planes

• From a state of pure shear to the determination of 

normal and shearing stresses on an inclined plane 
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Examples
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Definition

• statically indeterminate shaft is one in which the 

number of unknown quantities exceeds the number of 

available equilibrium equations.

• Situation may happen when more than one material 

are involved or there are too many torsional reactions.
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Solution Procedure

• Supplement the conditions of equilibrium with 

relations arising from the deformation 

characteristics of the shaft under consideration
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Examples
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Definitions

• Shafts are primarily used to transmit power from one 
location to another:

• P:  Transmitted power; i.e. the rate at which work is
performed by the transmission shaft

• T:  Internal torque in the transmission shaft

• : Angular speed
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Units of Power

• SI System of Units:

m·N/s = joules/s = watt (W)
or
m·kN/s = kilowatt (kW)

• US Customary System:
in·lb/s or ft·lb/s
or
horsepower (hp) where 1 hp = 550 ft·lb/s = 6600 in·lb/s
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Examples

Chapter 2. Torsional Loads 5
Lecture 10

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual

https://testbank.online/books/9781466570719-solutions


MECHANICS OF MATERIALS:
WITH APPLICATIONS IN EXCEL

CHAPTER 2:  TORSIONAL LOADS

LECTURE 11

2.6 STRESSES UNDER COMBINED LOADS

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual

https://testbank.online/books/9781466570719-solutions


Lecture Outline

• Superposition

• Hooke’s Law in two dimensions

• Examples

2
Lecture 11

Chapter 2. Torsional Loads

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual

https://testbank.online/books/9781466570719-solutions


Superposition

• Analysis of combined axial and torsional loads is most 
conveniently accomplished by using the principle of 
superposition.

• The method of superposition is equally applicable to 
any cross-sectional form as long as the material is not 
stressed beyond the elastic limit.
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Combined Axial Force and Torque

Chapter 2. Torsional Loads 4
Lecture 11

Applied Loads

Internal Loads

Mechanics of Materials With Applications in Excel 1st edition Muvdi Solutions Manual

https://testbank.online/books/9781466570719-solutions


Combined Axial Force and Torque - Srtesses
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Hooke’s Law in Two Dimensions

• Condition is referred to as a state of plane stress

• Although stresses exist on one plane only (two-
dimensions), strain components will be in three-
dimensions because of Poisson’s ratio
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Hooke’s Law in Two Dimensions

• Applying Hooke’s Law and the definition of 
Poisson’s ratio:
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Hooke’s Law in Two Dimensions

• Expressing stresses in terms of strains:
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Hooke’s Law in Two Dimensions

• Relationship between the Modulus of Elasticity and 
the Shear Modulus:
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Examples
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