Simple Stresses
Simple stresses are expressed as the ratio of the applied force divided by the
resisting area or
σ = Force / Area.
It is the expression of force per unit area to structural members that are subjected
to external forces and/or induced forces. Stress is the lead to accurately describe
and predict the elastic deformation of a body.
Simple stress can be classified as normal stress, shear stress, and bearing
stress. Normal stress develops when a force is applied perpendicular to the crosssectional area of the material. If the force is going to pull the material, the stress is
said to be tensile stress and compressive stress develops when the material is
being compressed by two opposing forces. Shear stress is developed if the applied
force is parallel to the resisting area. Example is the bolt that holds the tension rod
in its anchor. Another condition of shearing is when we twist a bar along its
longitudinal axis. This type of shearing is called torsion and covered in Chapter 3.
Another type of simple stress is the bearing stress, it is the contact pressure
between two bodies.

Stress
Stress is the expression of force applied to a unit area of surface. It is measured in
psi (English unit) or in MPa (SI unit). Stress is the ratio of force over area.
stress = force / area
Simple Stresses
There are three types of simple stress namely; normal stress, shearing stress, and
bearing stress

Normal Stress
The resisting area is perpendicular to the applied force, thus normal. There are two
types of normal stresses; tensile stress and compressive stress. Tensile stress
applied to bar tends the bar to elongate while compressive stress tend to shorten
the bar.

Where; P is the applied normal load in Newton and A is the area in
The maximum stress in tension or compression occurs over a section normal to the
load.

Problem .1
A hollow steel tube with an inside diameter of 100 mm must carry a tensile load of
400 kN. Determine the outside diameter of the tube if the stress is limited to
120 MN/

Problem 2
A homogeneous 800 kg bar AB is supported at either end by a cable as shown in
Fig. P-105. Calculate the smallest area of each cable if the stress is not to exceed
90 MPa in bronze and 120 MPa in steel.

Problem 3
The homogeneous bar shown in Fig. 2 is supported by a smooth pin at C and a
cable that runs from A to B around the smooth peg at D. Find the stress in the
cable if its diameter is 0.6 inch and the bar weighs 6000 lb.

Problem 4
An aluminum rod is rigidly attached between a steel rod and a bronze rod as shown
in Fig.3. Axial loads are applied at the positions indicated. Find the maximum
value of P that will not exceed a stress in steel of 140 MPa, in aluminum of 90
MPa, or in bronze of 100 MPa.

Problem 5
The homogeneous bar ABCD shown in Fig. 5 is supported by a cable that runs
from A to B around the smooth peg at E, a vertical cable at C, and a smooth
inclined surface at D. Determine the mass of the heaviest bar that can be supported
if the stress in each cable is limited to 100 MPa. The area of the cable AB is 250
mm2 and that of the cable at C is 300 mm2

Shearing Stress
Forces parallel to the area resisting the force cause shearing stress. It differs to
tensile and compressive stresses, which are caused by forces perpendicular to the
area on which they act. Shearing stress is also known as tangential stress.

Where ;V is the resultant shearing force which passes which passes through the
centroid of the area A being sheared.

Problem.1
Find the smallest diameter bolt that can be used in the clevis shown in Fig. 1.if
P = 400 kN. The shearing strength of the bolt is 300 MPa.

Problem 2
Compute the shearing stress in the pin at B for the member supported as
shown in Fig. 2. The pin diameter is 20 mm.

Problem 3
The members of the structure in Fig. 3 weigh 200 lb/ft. Determine the smallest
diameter pin that can be used at A if the shearing stress is limited to 5000 psi.
Assume single shear.

Bearing Stress
Bearing stress is the contact pressure between the separate bodies. It differs from
compressive stress, as it is an internal stress caused by compressive forces.

Problem 1
In Fig. 1, assume that a 20-mm-diameter rivet joins the plates that are each 110
mm wide. The allowable stresses are 120 MPa for bearing in the plate material and
60 MPa for shearing of rivet. Determine
(a) the minimum thickness of each plate; and
(b) the largest average tensile stress in the plates.

Problem 2
In the clevis shown in Fig. 2 find the minimum bolt diameter and the minimum
thickness of each yoke that will support a load P = 14 kips without exceeding a
shearing stress of 12 ksi and a bearing stress of 20 ksi.

STRAIN
Simple Strain
Also known as unit deformation, strain is the ratio of the change in length caused
by the applied force, to the original length.

Where ; δ is the deformation and L is the original length, thus ε is dimensionless.
Stress-Strain Diagram
Suppose that a metal specimen be placed in tension-compression testing machine.
As the axial load is gradually increased in increments, the total elongation over the
gage length is measured at each increment of the load and this is continued until
failure of the specimen takes place. Knowing the original cross-sectional area and
length of the specimen, the normal stress σ and the strain ε can be obtained. The
graph of these quantities with the stress σ along the y-axis and the strain ε along
the x-axis is called the stress-strain diagram. The stress-strain diagram differs in
form for various materials. The diagram shown below is that for a medium carbon
structural steel. Metallic engineering materials are classified as either ductile or
brittle materials.
A ductile material is one having relatively large tensile strains up to the point of
rupture like structural steel and aluminum, whereas brittle materials has a
relatively small strain up to the point of rupture like cast iron and concrete. An
arbitrary strain of 0.05 mm/mm is frequently taken as the dividing line between
these two classes.

PROPORTIONAL LIMIT (HOOKE'S LAW)
From the origin O to the point called proportional limit, the stress-strain curve is a
straight line. This linear relation between elongation and the axial force causing
was first noticed by Sir Robert Hooke in 1678 and is called Hooke's Law that
within the proportional limit, the stress is directly proportional to strain or
∝

=

The constant of proportionality k is called the Modulus of Elasticity E or Young's
Modulus and is equal to the slope of the stress-strain diagram from O to P. Then
=

ELASTIC LIMIT
The elastic limit is the limit beyond which the material will no longer go back to its
original shape when the load is removed, or it is the maximum stress that may E
developed such that there is no permanent or residual deformation when the load is
entirely removed.
ELASTIC AND PLASTIC RANGES
The region in stress-strain diagram from O to P is called the elastic range. The
region from P to R is called the plastic range.

YIELD POINT
Yield point is the point at which the material will have an appreciable elongation
or yielding without any increase in load.
ULTIMATE STRENGTH
The maximum ordinate in the stress-strain diagram is the ultimate strength or
tensile strength.
RAPTURE STRENGTH
Rapture strength is the strength of the material at rupture. This is also known as the
breaking strength.
MODULUS OF RESILIENCE
Modulus of resilience is the work done on a unit volume of material as the force is
gradually increased from O to P, in Nm/m3. This may be calculated as the area
under the stress-strain curve from the origin O to up to the elastic limit E (the
shaded area in the figure). The resilience of the material is its ability to absorb
energy without creating a permanent distortion.
MODULUS OF TOUGHNESS
Modulus of toughness is the work done on a unit volume of material as the force is
gradually increased from O to R, in Nm/m3. This may be calculated as the area
under the entire stress-strain curve (from O to R). The toughness of a material is its
ability to absorb energy without causing it to break.
AXIAL DEFORMATION
In the linear portion of the stress-strain diagram, the tress is proportional to strain
and is given by
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To use this formula, the load must be axial, the bar must have a uniform crosssectional area, and the stress must not exceed the proportional limit. If however,
the cross- sectional area is not uniform, the axial deformation can be determined by
considering a differential length and applying integration. If however, the crosssectional area is not uniform, the axial deformation can be determined by
considering a differential length and applying integration.

where A = ty and y and t, if variable, must be expressed in terms of x. For a rod of
unit mass ρ suspended vertically from one end, the total elongation due to its own
weight is

where ρ is in kg/m3, L is the length of the rod in mm, M is the total mass of the rod
in kg, A is the cross-sectional area of the rod in mm2 , and g = 9.81 m/s2
Problem 1
A steel rod having a cross-sectional area of 300 mm2 and a length of 150 m is
suspended vertically from one end. It supports a tensile load of 20 kN at the lower
end. If the unit mass of steel is 7850 kg/m3 and E = 200 × 103 MN/m2 , find the
total elongation of the rod.

Problem 2
An aluminum bar having a cross-sectional area of 0.5 in2 carries the axial loads
applied at the positions shown in Fig. 2. Compute the total change in length of the
bar if E = 10 × 106 psi. Assume the bar is suitably braced to prevent lateral
buckling.

Problem 3
A bronze bar is fastened between a steel bar and an aluminum bar as shown in
Fig.3. Axial loads are applied at the positions indicated. Find the largest value of P
that will not exceed an overall deformation of 3.0 mm, or the following stresses:
140 MPa in the steel, 120 MPa in the bronze, and 80 MPa in the aluminum.
Assume that the assembly is suitably braced to prevent buckling. Use Est = 200
GPa, Eal = 70 GPa, and Ebr = 83 GPa.

Problem 4
The rigid bar ABC shown in Fig. 4 is hinged at A and supported by a steel rod at
B. Determine the largest load P that can be applied at C if the stress in the steel
rod is limited to 30 ksi and the vertical movement of end C must not exceed 0.10
in.

Problem 5
The rigid bar AB, attached to two vertical rods as shown in Fig. 5, is horizontal
before the load P is applied. Determine the vertical movement of P if its magnitude
is 50 kN.

Problem 6
The rigid bars AB and CD shown in Fig. 6 are supported by pins at A and
C and the two rods. Determine the maximum force P that can be applied
as shown if its vertical movement is limited to 5 mm. Neglect the weights
of all members.

Problem 7
A uniform concrete slab of total weight W is to be attached, as shown in Fig. 7, to
two rods whose lower ends are on the same level. Determine the ratio of the areas
of the rods so that the slab will remain level

Shearing Deformation
Shearing forces cause shearing deformation. An element subject to shear does not
change in length but undergoes a change in shape.

The change in angle at the corner of an original rectangular element is called the
shear strain and is expressed as
=

The ratio of the shear stress τ and the shear strain γ is called the modulus of
elasticity in shear or modulus of rigidity and is denoted as G, in MPa.
=

The relationship between the shearing deformation and the applied shearing force
is

=

=

Where; V is the shearing force acting over an area A.

Poisson's Ratio
When a bar is subjected to a tensile loading there is an increase in length of the bar
in the direction of the applied load, but there is also a decrease in a lateral
dimension perpendicular to the load. The ratio of the sidewise deformation (or
strain) to the longitudinal deformation (or strain) is called the Poisson's ratio and is
denoted by ν. For most steel, it lies in the range of 0.25 to 0.3, and 0.20 for
concrete.

where
is strain in the x-direction and
and
are the strains in the
perpendicular direction. The negative sign indicates a decrease in the
transverse dimension when
is positive.

BIAXIAL DEFORMATION
If an element is subjected simultaneously by ensile stresses, σx and σy, in the
x and y directions, the strain in the x-direction is σx / E and the strain in the y
direction is σy / E. Simultaneously, the stress in the y direction will produce a

lateral contraction on the xx direction of the amount -ν εy or -ν σy/E. The
resulting strain in the x direction will be

TRIAXIAL DEFORMATION
If an element is subjected simultaneously by three mutually perpendicular
normal stresses , , and , which are accompanied by strains , , and
, respectively,

Tensile stresses and elongation are taken as positive. Compressive stresses
and contraction are taken as negative.
Relationship Between E, G, and ν
The relationship between modulus of elasticity E, shear modulus G and
Poisson's ratio ν is:
=

2(1 + )

Bulk Modulus of Elasticity or Modulus of Volume Expansion, K
The bulk modulus of elasticity K is a measure of a resistance of a material to
change in volume without change in shape or form. It is given as

Where V is the volume and ΔV is change in volume. The ratio ΔV / V is called
volumetric strain and can be expressed as

Problem 1
A solid cylinder of diameter d carries an axial load P. Show that its change in
diameter is 4Pν / πEd.

Problem 2
A welded steel cylindrical drum made of a 10-mm plate has an internal diameter of
1.20 m. Compute the change in diameter that would be caused by an internal
pressure of 1.5 MPa. Assume that Poisson's ratio is 0.30 and E = 200 GPa.

Problem 3
A rigid block of mass M is supported by three symmetrically spaced rods as shown
in figure. Each copper rod has an area of 900 mm2; E = 120 GPa; and the
allowable stress is 70 MPa. The steel rod has an area of 1200 mm2 ; E = 200 GPa;
and the allowable stress is 140 MPa. Determine the largest mass M which can be
supported.

Problem 4
The lower ends of the three bars in Figure are at the same level before the uniform
rigid block weighing 40 kips is attached. Each steel bar has a length of 3 ft, and
area of 1.0 in.2, and E = 29 × 106 psi. For the bronze bar, the area is 1.5 in.2
and E = 12 × 106 psi. Determine
(a) the length of the bronze bar so that the load on each steel bar is twice the load
on the bronze bar, and
(b) the length of the bronze that will make the steel stress twice the bronze stress.

Problem 5
A homogeneous rod of constant cross section is attached to unyielding supports. It
carries an axial load P applied as shown in Figure. Prove that the reactions are
given by R1 = Pb/L and R2 = Pa/L.

Problem 6
A homogeneous bar with a cross sectional area of 500 mm2 is attached to rigid
supports. It carries the axial loads P1 = 25 kN and P2 = 50 kN, applied as shown in
Figure. Determine the stress in segment BC, and compute the reactions caused by
P1 and P2 acting separately. Then use the principle of superposition to compute the
reactions when both loads are applied.)

Problem 7
The composite bar in Figure is firmly attached to unyielding supports. Compute the
stress in each material caused by the application of the axial load P = 50 kips.

Problem 8
The composite bar in Figure is stress-free before the axial loads P1 and P2 are
applied. Assuming that the walls are rigid, calculate the stress in each material if
P1 =150 kN and P2 = 90 kN.

THERMAL STRESS
Temperature changes cause the body to expand or contract. The amount δT, is
given by

where α is the coefficient of thermal expansion in m/m°C, L is the length in meter,
and Ti and Tf are the initial and final temperatures, respectively in °C. For steel,
α = 11.25 × 10–6 / °C.
If temperature deformation is permitted to occur freely, no load or stress will be
induced in the structure. In some cases where temperature deformation is not
permitted, an internal stress is created. The internal stress created is termed as
thermal stress.
For a homogeneous rod mounted between unyielding supports as shown, the
thermal stress is computed as:

deformation due to temperature changes;

deformation due to equivalent axial stress;

where σ is the thermal stress in MPa and E is the modulus of elasticity of the rod in
MPa.

Problem.1
A steel rod with a cross-sectional area of 0.25 in2 is stretched between two fixed
points. The tensile load at 70°F is 1200 lb. What will be the stress at 0°F? At what
temperature will the stress be zero? Assume α = 6.5 × 10-6 in / (in·°F) and
E = 29 × 106 psi.

Problem 2
A steel rod is stretched between two rigid walls and carries a tensile load of 5000
N at 20°C. If the allowable stress is not to exceed 130 MPa at -20°C, what is the
minimum diameter of the rod? Assume α = 11.7 µm/(m·°C) and E = 200 GPa.

Problem 3
A bronze bar 3 m long with a cross sectional area of 320 mm2 is placed between
two rigid walls as shown in Figure. At a temperature of -20°C, the gap Δ = 25
mm. Find the temperature at which the compressive stress in the bar will be 35
MPa. Use α = 18.0 × 10-6 m/(m·°C) and E = 80 GPa.

Problem 4
Calculate the increase in stress for each segment of the compound bar shown in
Figure if the temperature increases by 100°F. Assume that the supports are
unyielding and that the bar is suitably braced against buckling.

Problem.8
A rigid bar of negligible weight is supported as shown in Figure. If W = 80 kN,
compute the temperature change that will cause the stress in the steel rod to be 55
MPa. Assume the coefficients of linear expansion are 11.7 µm/(m·°C) for steel and
18.9 µm / (m·°C) for bronze.

Problem 8
The composite bar shown in Figure is firmly attached to unyielding supports. An
axial force P = 50 kips is applied at 60°F. Compute the stress in each material at
120°F. Assume α = 6.5 × 10–6 in/(in·°F) for steel and 12.8 × 10–6 in/(in·°F) for
aluminum.

Problem 9
A rigid horizontal bar of negligible mass is connected to two rods as shown in
Figure. If the system is initially stress-free. Calculate the temperature change that
will cause a tensile stress of 90 MPa in the brass rod. Assume that both rods are
subjected to the change in temperature.

Torsion
Consider a bar to be rigidly attached at one end and twisted at the other end by a
torque or twisting moment T equivalent to F × d, which is applied perpendicular to
the axis of the bar, as shown in the figure. Such a bar is said to be in torsion.

TORSIONAL SHEARING STRESS, τ
For a solid or hollow circular shaft subject to a twisting moment T, the torsional
shearing stress τ at a distance ρ from the center of the shaft is

Where; J is the polar moment of inertia of the section and r is the outer radius.
For solid cylindrical shaft

ANGLE OF TWIST
The angle θ through which the bar length L will twist is

where ;
T -is the torque in N·mm,
L- is the length of shaft in mm,
G- is shear modulus in MPa,
J- is the polar moment of inertia in mm4
D and d are diameter in mm, and
r- is theradius in mm.
POWER TRANSMITTED BY THE SHAFT
A shaft rotating with a constant angular velocity ω (in radians per second) is being
acted by a twisting moment T. The power transmitted by the shaft is

Where;
T- is the torque in N·m,
f- is the number of revolutions per second,
P- is the power in watts.

Problem 1
A solid steel shaft 5 m long is stressed at 80 MPa when twisted through 4°. Using
G = 83 GPa, compute the shaft diameter. What power can be transmitted by the
shaft at 20 Hz?

Problem 2
A steel propeller shaft is to transmit 4.5 MW at 3 Hz without exceeding a shearing
stress of 50 MPa or twisting through more than 1° in a length of 26 diameters.
Compute the proper diameter if G = 83 GPa.

Problem 3
An aluminum shaft with a constant diameter of 50 mm is loaded by torques applied
to gears attached to it as shown in Figure. Using G = 28 GPa, determine the
relative angle of twist of gear D relative to gear A.

Problem 4
Determine the maximum torque that can be applied to a hollow circular steel shaft
of 100-mm outside diameter and an 80-mm inside diameter without exceeding a
shearing stress of 60 MPa or a twist of 0.5 deg/m. Use G = 83 GPa.

Problem 5
The steel shaft shown in Figure rotates at 4 Hz with 35 kW taken off at A, 20 kW
removed at B, and 55 kW applied at C. Using G = 83 GPa, find the maximum
shearing stress and the angle of rotation of gear A relative to gear C.

Problem 6
A compound shaft consisting of a steel segment and an aluminum segment is acted
upon by two torques as shown in Fig. P-316. Determine the maximum permissible
value of T subject to the following conditions: τst = 83 MPa, τal = 55 MPa, and
the angle of rotation of the free end is limited to 6°. For steel, G = 83 GPa and for
aluminum, G = 28 GPa.

Problem 7
A hollow bronze shaft of 3 in. outer diameter and 2 in. inner diameter is slipped
over a solid steel shaft 2 in. in diameter and of the same length as the hollow shaft.
The two shafts are then fastened rigidly together at their ends. For bronze,
G = 6 × 106 psi, and for steel, G = 12 × 106 psi. What torque can be applied to
the composite shaft without exceeding a shearing stress of 8000 psi in the bronze
or 12 ksi in the steel?

Problem 8
A solid aluminum shaft 2 in. in diameter is subjected to two torques as shown in
Figure. Determine the maximum shearing stress in each segment and the angle of
rotation of the free end. Use G = 4 × 106 psi.

Problem 9
The compound shaft shown in Figure is attached to rigid supports. For the bronze
segment AB, the diameter is 75 mm, τ ≤ 60 MPa, and G = 35 GPa. For the steel
segment BC, the diameter is 50 mm, τ ≤ 80 MPa, and G = 83 GPa. If a = 2 m and b
= 1.5 m, compute the maximum torque T that can be applied.

Problem 10
A torque T is applied, as shown in Figure to a solid shaft with built-in ends. Prove
that the resisting torques at the walls are T1 = Tb/L and T2 = Ta/L. How would
these values be changed if the shaft were hollow?

Problem 12
A solid steel shaft is loaded as shown in Figure. Using G = 83 GPa, determine the
required diameter of the shaft if the shearing stress is limited to 60 MPa and the
angle of rotation at the free end is not to exceed 4 deg.

Problem 13
The compound shaft shown in Figure is attached to rigid supports. For the bronze
segment AB, the maximum shearing stress is limited to 8000 psi and for the steel
segment BC, it is limited to 12 kpsi. Determine the diameters of each segment so
that each material will be simultaneously stressed to its permissible limit when a
torque T = 12 kip·ft is applied. For bronze, G = 6 × 106 psi and for steel, G = 12
× 106 psi.

DEFINITION OF A BEAM
A beam is a bar subject to forces or couples that lie in a plane containing the
longitudinal of the bar. According to determinacy, a beam may be determinate or
indeterminate.
STATICALLY DETERMINATE BEAMS
Statically determinate beams are those beams in which the reactions of the
supports may be determined by the use of the equations of static equilibrium. The
beams shown below are examples of statically determinate beams.

STATICALLY INDETERMINATE BEAMS
If the number of reactions exerted upon a beam exceeds the number of equations in
static equilibrium, the beam is said to be statically indeterminate. In order to solve
the reactions of the beam, the static equations must be supplemented by equations
based upon the elastic deformations of the beam.
The degree of indeterminacy is taken as the difference between the umber of
reactions to the number of equations in static equilibrium that can be applied. In
the case of the propped beam shown, there are three reactions R1, R2, and M and
only two equations (∑M = 0 and sum;Fv = 0) can be applied, thus the beam is
indeterminate to the first degree (3 – 2 = 1).

TYPES OF LOADING
Loads applied to the beam may consist of a concentrated load (load applied at a
point), uniform load, uniformly varying load, or an applied couple or moment.
These loads are shown in the following figures.

Shear and Moment Diagrams
Consider a simple beam shown of length L that carries a uniform load of w (N/m)
throughout its length and is held in equilibrium by reactions R1 and R2. Assume
that the beam is cut at point distance of x from he left support and the portion o
the beam to the right of C be removed. The portion removed must then be replaced
by vertical shearing force V together with a couple M to hold the left portion of
the bar in equilibrium under the C action of R1 and wx. The couple M is called
the resisting moment or moment and the force V is called the resisting shear or
shear. The sign of V and M are taken to be positive if they have the senses
indicated above.

Stresses in Beams
Forces and couples acting on the beam cause bending (flexural stresses) and
shearing stresses on any cross section of the beam and deflection perpendicular to
the longitudinal axis of the beam. If couples are applied to the ends of the beam
and no forces act on it, the bending is said to be pure bending. If forces produce the
bending the bending is called ordinary bending.
ASSUMPTIONS
In using the following formulas for flexural and shearing stresses, it is assumed
that a plane section of the beam normal to its longitudinal axis prior to loading
remains plan after the forces and couples have been applied, and that the beam is
initially straight and of uniform cross section and that the modulis of elasticity in
tension and compression are equal.

SECTION MODULUS

Economic Sections
From the flexure formula fb = My / I, it can be seen that the bending stress at the
neutral axis, where y = 0, is zero and increases linearly outwards. This means that
for a rectangular or circular section a large portion of the cross section near the
middle section is under stressed.
For steel beams or composite beams, instead of adopting the rectangular shape, the
area may be arranged so as to give more area on the outer fiber and maintaining the
same overall depth, and saving a lot of weight.

When using a wide flange or I-beam section for long beams, the compression
flanges tend to buckle horizontally sidewise. This buckling is a column effect,
which may be prevented by providing lateral support such as a floor system so that
the full allowable stresses may be used, otherwise the stress should be reduced.
The reduction of stresses for these beams will be discussed in steel design. In
selecting a structural section to be used as a beam, the resisting moment must be
equal or greater than the applied bending moment.
Unsymmetrical Beams
Flexural Stress varies directly linearly with distance from the neutral axis. Thus for
a symmetrical section such as wide flange, the compressive and tensile stresses
will be the same. This will be desirable if the material is both equally strong in
tension and compression. However, there are materials, such as cast iron, which
are strong in compression than in tension. It is therefore desirable to use a beam
with unsymmetrical cross section giving more area in the compression part making
the stronger fiber located at a greater distance from the neutral axis than the weaker
fiber. Some of these sections are shown below.

The proportioning of these sections is such that the ratio of the distance of the
neutral axis from the outermost fibers in tension and in compression is the same as
the ratio of the allowable stresses in tension and in compression. Thus, the
allowable stresses are reached simultaneously. In this section, the following
notation will be use:

Principal Stresses and Principal Planes

Machine design involves, the proper sizing of a machine member to safely
withstand the max. stress which is induced within the member when it is subjected
separately or to any combination of bending, torsional,axial or transverse loads.
In general ductile materials are weaker in shear are designed on the basis of the
max. shear stress, while brittle materials are usually designed on the basis of the
max. stress in either tension or compression.
The max. and mim. Normal stresses
The max. and min. stresses are tensile or compressive stresses can be determined
for the general case of 2-D on particle by
∴ Maximum principal (or normal) stress
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– is a stress at critical point in tension or compression normal to the cross
section
under consideration and may be due to either bending or axial loads or to a
combination of two
– is a stress at the same critical point and in a direction normal to the
– is the shear stress at the same critical point acting in the plane normal to the
yaxis (which is the xz plane) and in the plane normal to the x-axis (which is the
yz
plane). This shear stress may be due to torsion; moment, a transverse load or
to
a combination of the two.

, - are called principal stresses and occur on planes that are at 90° to each other
called principal planes, These are also planes of zero shear. For 2-D loading, the
third principal stress is zero.
The maximum shear stress at the critical point is equal to half of the greatest
difference of any two of the three principal stresses
1
−
=
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The planes of max. shear are inclined at 45° with the principal planes.

Application of Principal Stresses
There are many cases in practice, in which machine members are subjected to
combined stresses due to simultaneous action of either tensile or compressive
stresses combined with shear stresses. In many shafts such as propeller shafts, Cframes etc., there are direct tensile or compressive stresses due to the external force
and shear stress due to torsion, which acts normal to direct tensile or compressive
stresses. The shafts like crank shafts, are subjected simultaneously to torsion and
bending. In such cases, the maximum principal stresses, due to the combination of
tensile or compressive stresses
with shear stresses may be obtained.
Example 1. A hollow shaft of 40 mm outer diameter and 25 mm inner diameter is
subjected to a twisting moment of 120 N-m, simultaneously, it is subjected to an
axial thrust of 10 kN and a bending moment of 80 N-m. Calculate the maximum
compressive and shear stresses

Example 2. A shaft, as shown in Fig.(3.7), is subjected to a bending load of 3
kN, pure torque of 1000 N-m and an axial pulling force of 15 kN.
Calculate the stresses at A and B.

Fig.(3.7)
Example 3. An overhang crank with pin and shaft is shown in Fig(3.8). A
tangential load of 15 kN acts on the crank pin. Determine the maximum principal
stress and the maximum shear stress at the centre of the crankshaft bearing.

Fig.(3.8)
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