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Example 21. Please prove that the surface area of a sphere is A=4R2 and the volume is V=4/3R3



Stress Concept
Based on the force and moment acting at a specified point O on the sectioned area of the body, (Fig.a)
represents the resultant effects of the actual distribution of loading acting over the sectioned area,
Fig.b. Considering the sectioned area to be subdivided into small areas, such as DA (Fig.b). As we
reduce DA to a smaller and smaller size, we must make two assumptions regarding the properties of
the material. We will consider the material to be continuous, that is, to consist of a continuum or
uniform distribution of matter having no voids. A typical finite yet very small force DF acting on DA is
shown in Fig. a. This force, like all the others, will have a unique direction, but for further discussion
we will replace it by its three components, namely, DFx DFy and DFz . As DA approaches zero, so do DF
and its components; however, the quotient of the force and area will, in general, approach a finite
limit. This quotient is called stress, and as noted, it describes the intensity of the internal force
acting on a specific plane (area) passing through a point (Hibbeler, 2010).



Normal Stress
The intensity of the force acting normal to DA is defined as the normal stress, (s). Since DFz is normal 
to the area then;

If the normal force or stress “pulls”, it is referred to as tensile stress, whereas if it “pushes” on it is called
compressive stress.

Shear Stress
The intensity of force acting tangent to DA is called the shear stress, (t). Here we have shear stress 
components,

General State of Stress

If we “cut out” a cubic volume element of material that represents the state 
of stress acting around the chosen point in the body. This state of stress is 
then characterized by three components acting on each face of the element.



Average Normal Stress in an Axially Loaded Bar
In this section we will determine the average stress distribution acting on the cross-sectional area of an
axially loaded bar (Fig.a). This bar is prismatic since all cross sections are the same throughout its length.
When the load “P” is applied to the bar through the centroid of its cross-sectional area, then the bar will
deform uniformly throughout the central region of its length (Fig. b) provided the material of the bar is
both homogeneous and isotropic. Homogeneous material has the same physical and mechanical
properties throughout its volume, and isotropic material has these same properties in all directions.
Many engineering materials may be approximated as being both homogeneous and isotropic as assumed
here.

(Hibbeler, 2010)



Average Normal Stress Distribution
If we pass a section through the bar, and separate it into two parts, then equilibrium requires the
resultant normal force at the section to be P, (Fig. c.) Due to the uniform deformation of the material, it is
necessary that the cross section be subjected to a constant normal stress distribution (Fig. d)

As a result, each small area DA on the cross section is subjected to a force ,and the sum of these forces
“F=sDA” acting over the entire cross-sectional area must be equivalent to the internal resultant force P at
the section.

(Hibbeler, 2010)


