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Introduction to Structural Analysis 



Summary of lectures 1-3



· Relation of this course to a previous course on mechanics of structures: This course is a continuation of the study of mechanics of deformable bodies but the analysis of internal forces and change of geometry (deformations) for both statically determinate and indeterminate structures form are emphasized in this course. 

· Other titles for this course: Basics of Structural Analysis. 
· Categories/Classifications of Structures: Rigid structures (bodies) and deformable structures are classified according to the geometrical form and the magnitude of deformations they allow under action of applied forces (loads). In reality all structures are essentially deformable and the analysis of a body as rigid body (i.e. negligible deformations is only an approximation and simplification of physical reality.
· Reason to Study this Course: to be able to determine all external and internal forces in a given structure and to also determine the ensuing deformations.
· Tools of Mechanics: Knowing that actions (applied loads) will result in reactions (external and internal) the main tools to solve problems in structural analysis are:
· The FBD.

· The Applications of equations of Equilibrium.

· The Method of sections to study the Internal Forces.

· Utilization of the classical tools of structural analysis to study the change of geometry of the structure.

· Classification of Structural Forms:
Structural forms may be classified as one dimensional two dimensional or three dimensional. Examples: include beams (s one/two/three dimensional structures), trusses (as 2D or 3D structures), and frames (as 2D or 3D structures). The classification will depend on the geometry and the type of load applied onto the structure. Typical typical examples of structural forms are shown in Fig. 1.
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· Other Classification of Structures:
1. Indeterminacy: Structural forms under loads are also classified as determinate or indeterminate form a statics point of view. This will depend on the difference number of unknown forces (internal or external) that are to be determined and the available equations of static equilibrium. If the difference is greater than zero the structure is statically indeterminate and the degree of indeterminacy is the value of the difference. If the difference is zero the structure is determinate and all forces can be determined from applying only the equations of equilibrium. It is also noted that a structure mat be externally determinate but it is internally indeterminate.
2. Stability: Structural forms under loads are stable or unstable depending on the geometrical rigid body motions it allows. Structures must be supported properly for stability considerations. 

· Structural Loads: 

Force and moments on structures are also referred to as loads. Loads may be any combination of concentrated and/or distributed forces. Also loads are termed as dead load (DL) or live loads (LL). The DL are usually fixed in magnitude and position while the LL are variable in magnitude and position. This course will address problems with both DL and LL under static conditions only.
Guidelines for computing structural loads for Civil and Architectural engineering problems have been documented based on statistical studies of building and bridge loadings. It should also be noted that self weight is considered a DL and form an important part of the load on a given structure and should not be neglected. The total load (say: self weight F= V) may be considered a distributed load and classified as:
1. Line loading (force/unit length): w= F/L (where: L is the loaded length)
2. Pressure loading (force/unit area): p= F/A (where: A = B*L is the loaded area).

An example: With reference to Fig.2 below, for a body of weight density and volume V and resting over an area A, the resulting pressure load is p= p= F/A= VF= h if the volume of the body is V= A*h. I however the contact pressure area is small and a linear load is more appropriate to described the load, then the line load for the problem studied here is w= F/L=VL= A*hL=  B*L*hL = B*h
· Internal Forces: the forces acting on cross section of a loaded body are called internal forces (generally: three forces and three moments). For this course emphasis will be only on beams, frames and trusses in 2D in the loaded in the xy-plane. The forces will be only normal force (N tensile or compressive), shear force (V), and bending and/or torsion moments (e.g.:Mz or Mx for a beam element). A positive sign convention (as shown in Fig. 3) must be used to compare the changes in internal force in a meaningful sense. 
The concentrated load model and the positive sign convention directions of internal forces on a beam cross section:


[image: image1]
The forces on the right hand (RH)-face are equal in magnitudes and opposite in directions to those on the LH-face.

The positive sign convention: for internal forces a meaningful comparison of the magnitudes and directions of internal forces at different cross section of the structure (e.g. a beam, a frame, or a truss) is facilitated by using one unified description of the positive directions of internal forces as shown in Fig. 3 above.
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