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Chapter 1 Stresses and Strains «1-

Chapter 1 Stresses and Strains

After completing this chapter, students will be able to

(a) Understand the concepts of strength, rigidity, and stability, and the
assumptions of continuity, homogenization, and isotropy.

(b) Understand the concept of internal forces, and use the method of sections
to determine internal force components of a member subjected to external loads.

(c) Understand the concepts of normal, shearing, and bearing stresses,
and determine these stresses at any point within a member.

(d) Understand the concepts of normal and shearing strains, and determine

these strains at any point within a member.

1.1 What Is Mechanics of Materials

Mechanics of materials is a branch of deformable body mechanics that studies

(1) Strength, i e. , the ability of members to support a specified load without
experiencing excessive stresses,

(2) Rigidity, i. e. , the ability of members to support a specified load without
undergoing unacceptable deformations.

(3) Stability, i.e. , the ability of members to support a specified axial
compressive load without causing a sudden lateral deflection.

In mechanics of materials, members will no longer be assumed to be perfectly
rigid as was considered in theoretical mechanics. The deformation analysis of
various members under a variety of loads will be one of the important tasks in

the study of mechanics of materials,
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1.2 Basic Assumptions of Materials

Any material dealt with in mechanics of materials is assumed to be

(1> Continuous, 1. e. , the material consists of a continuous distribution of
matter without voids.

(2) Homogeneous, 1. €. , the material possesses the same mechanical properties
at all points in the matter.

(3) Isotropic, i. e. , the material has the same mechanical properties in all
directions at any one point of the matter. If a material does not posses any kind
of symmetry of mechanical properties, it is called anisotropic (or aeolotropic).

Composite materials are typical examples of anisotropic materials.

1.3 External Forces

Any external force applied to a body can be classified as either a surface
force or a body force,

1. Surface Force

An external force that is applied to the surface of a body is called a surface
force.

If the surface force is distributed over a finite area of the body, it is said to
be a distributed load on a surface (Fig. 1. 1a). If the surface force is applied
along a narrow area, this force is defined as a distributed load along a line
(Fig. 1. 1b). If the area subjected to a surface force is very small, compared
with the surface area of the body, then this surface force can be regarded as a
concentrated load (Fig. 1. 1c).

2. Body Force

An external force that is applied to every point within a body is called a
body force. A gravitational force is an excellent example of the body force since

it acts upon each of particles forming the body.
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{b) Distributed load along line

F

(a) Distributed load on surface (¢) Concentrated load

Fig.1.1

1.4 Internal Forces

When various external loads are applied to a member, then the corresponding
distributed internal forces will be developed at any point within the member.
The distributed internal forces on any section within the member can be determined
by using the method of sections.

We imagine to use a plane IT (Fig. 1. 2a), to be passed through the member
where the distributed internal forces are to be determined. For determination of the
distributed internal forces on the cut plane, the portion of the member to the
right of the cut plane is removed, and it is replaced by the distributed internal
forces acting on the left portion (Fig. 1. 2b).

Distributed
internal
forces

(a) F »

Fig. 1.2

For equilibrium of the remaining portion of the member, the distributed
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internal forces can be determined by using the equations of static equilibrium,
Although the exact distribution of internal forces may be unknown, we can use
the equations of static equilibrium to relate the applied external loads to the
resultant force R and the resultant couple M, about point O on the cut plane,
which are caused by the distributed internal forces (Fig. 1. 3a).

Generally speaking. the resultant force R and the resultant couple M, have
arbitrary directions, neither perpendicular nor parallel to the cut plane. However,
we can resolve the resultant force and couple into six components, respectively

along the =, y, and z axes (Fig. 1. 3b).

Fig.1.3

1. Normal Force

The normal component, along the x direction, of the resultant force is
called the normal force (axial force), N. It is developed when the external
loads tend to pull or push the two segments of the member.

2, Shearing Force

The tangential components, respectively along the y and z directions, of
the resultant force are regarded as the shearing forces, denoted by V,and V_,
which are developed when the external loads tend to cause the two segments of
the member to slide over one another.

3. Twisting Moment

The normal component, rotating about the x axis, of the resultant couple is
called the twisting moment (torque, or torsional moment), T, and developed when
the external loads tend to twist one segment of the member with respect to the

other.
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4, Bending Moment
The tangential components of the resultant couple tend to bend the member
about the y and z axes, respectively. These two components, M, and M, , rotating

about the y and z axes respectively, are called the bending moments.

Example 1.1
Consider a member AB, which is fixed at the left end and subjected to three external loads,
Fy, I,y and M,, at the {ree end (Fig. E1. 1a). Determine internal force components on the

midsection C of the member.

Solution
Using the method of sections, the member AB is sectioned at the midsection C into two parts, AC
and BC (Figs. El. 1b and El. 1¢). Considering the equilibrium of portion BC, we have

DIF.=0:F, —N=0
ZFy :O: Fz _V: 0]
D (M), =0:M—T=0
1
20 M), =0: By () +M =0
Solving these equations for the internal force components, then we obtain
1

N=F,, V=F,, T=M,, M=—7F21
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1.5 Stresses

The distributed internal forces are developed at any point within the member
subjected to external loads. To define the stress at a given point P of the
section (Fig. 1. 4a), we consider a small area AA containing P and assume that
the resultant force is AF on the area AA. In general, the force AF has a unique
direction at a given point on the section and can be resolved into three components
AN, AV, and AV, respectively along the x, y, and z axes (Fig. 1. 4b), AN is
the normal component perpendicular to the area AA. AV, and AV. are the two

tangential components within the area AA,

Fig.1.4
1. Normal Stress
The intensity of the normal force, the normal force per unit area, acting normal
to the area is defined as the normal stress, denoted by ¢. The normal stress at the

given point P on the section of the member (Fig. 1. 5), can be expressed as

F A 2

1

Fig.1.5



