Structural Mechanics I

CE 203.03.032
Summary of lectures 1-3: Introduction and Normal Stress
Engineering Mechanics: is concerned with the studies of rigid and deformable bodies (structures). As an engineering structure is built to serve a specified purpose, it is expected to sustain some action (loads) and it must do so successfully. The various branches of engineering mechanics will provide the tools to assess the suitability of a structure to sustain loads/forces.

Branches of Engineering Mechanics: 1) Statics of rigid bodies; 2) Dynamics of rigid bodies; 3) Statics of deformable bodies; 4) Dynamics of deformable bodies.

Structural Mechanics I: is sometimes called solid mechanics, strength of materials, statics of deformable bodies, or mechanics of structures.

Key Tools for Analysis of Structures: 1) FBD; 2) Equations of equilibrium; 3) Method of sections.

Internal Forces: There are three basic types of internal forces. They are: 1) normal force; 2) shear force; and 3) bending moment. Each force must be defined by a magnitude and direction. For example, a normal force may be compressive or tensile as the sign of the magnitude will indicate according to the requirements of equations of equilibrium. A general internal force Fint which is a vector may be expressed in terms of its three cartesian components as:



Fint = Fint, x i + Fint, y j + Fint, z k
The x-component is normal to the cross section, and the y- and z-components are tangent to the cross section.

Stress Definition and Types: The stress is defined at a point as the intensity of an internal effect.  There are three basic types of stress. The basic stresses are: 1) normal stress ( ; 2) shear stress ( ; and 3) bearing stress (b.

Normal Stress (: If the internal effect is only a normal force Fint, x, the normal force is called N = Fint, x. Then the magnitude and variation of normal stress depends on the magnitude and the point of application of force N. Every area dA of the cross section carries a small normal force dN such that under conditions, the normal force N is given as
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Uniform Normal Stress (c: Under some specified conditions the normal stress is essentially of the same magnitude at every point in the cross section area A. Then with ((A) = (c Equation (1) gives N = (cA and the average normal stress is defined as



(c = N/A.








… (2)

Conditions for Uniform Normal Stress: Equation (2) is valid if: 1) Area on which N acts is small; 2) point of application on N is far from where the stress is computed; 3) the force N acts at the centroid of the area. The last condition is verified by using the following condition of moments:
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;   then   N y* = 
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Then from Equation (2), it is seen that y* = 
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and similar result is obtained for z*.

The expressions of y* and z* indicate that N must act at the centroid of the cross section.
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