


INTRODUCTION: 

 

The structural analysis is a mathematical process by which the response of a 

structure to specified loads is determined. This response is measured by 

determining the internal forces or stresses and displacements or deformations 

throughout the structure. 

The results of the analysis are used to verify a structure's fitness for use, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Methods of Analysis 

Methods of  Structural Analysis can be broadly classified into two 

categories, namely, the force (flexibility) methods and the displacement 

(stiffness) methods, depending on the type of unknowns (forces or 

displacements, respectively) 

 

 

In this method, redundant forces are treated as unknown. These 

are then related to corresponding displacements. 

 

 
Force or Flexibility Method 



Methods 

Classical Method 
 

• Castiglione’s 2nd theorem 

• Consistent Deformation  

• Method of Least Work 

• Three Moment Equation 

Modern Method 

 

• Matrix Flexibility Method   



Displacement or Stiffness Method of Analysis 

In this method, the rotation or the nodal displacements are treated as 

unknown. These are then related to corresponding forces 

Modern Method 

 

Classical Method 
 

• Slop Deflection Method 

• Moment Distribution Method 

• Kani’s Method 

 

• Matrix Stiffness Method   



Matrix Analysis of Structures 

Matrix analysis of a structure is a branch of structural analysis in which 
matrix algebraic is used as a tool for the analysis of structure. 

• Matrix Flexibility Method 

• Matrix Stiffness Method 

 
 Systematic - Conveniently programming. 

General - Same overall format of analytical procedure can be applied to various types of framed 

structures. For example, a computer program developed to analyze plane trusses can be 

modified with relative ease to analyze space trusses or frames. 

 

         As the analysis of large and highly redundant structures by classical methods can be  

         quite time consuming, matrix methods are commonly used. 

However, classical methods are still preferred by many engineers for analyzing smaller 

structures. 

 

  

Matrix Structural Analysis 



To study matrix methods there are some pre-requirements : 

i) Matrix Algebra - Addition, subtraction ,Multiplication & inversion of 

matrices. 

 

ii) Methods of finding out Displacements i.e. slope & deflection at any point 

in a structure, such as  

a)Unit load method or Strain energy method  

b) Moment area method etc. 

 
iii) Study of Indeterminacies – Static indeterminacy & kinematic 
indeterminacy 

 

    Continue… 
 

Matrix Structural Analysis 



MATRIX ALGEBRA 
 
A matrix is defined as a rectangular array of quantities arranged in 
rows and columns. A matrix with m rows and n columns can be 
expressed as:- 
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Moment-Area Theorem 

Theorem : The change in slope between 

any two points on the elastic curve equals 

the area of the M/EI diagram between 

these two points. 



Study of Indeterminacies  
Statically indeterminacy: 

When all the forces in a structure can be determined strictly from 

equilibrium equations, the structure is referred to as statically 

determinate. Structures having more unknown forces than available 

equilibrium equations are called statically indeterminate 

 

The degree of static indeterminacy is always defined as the 

difference between the number of unknown forces and the number 

of equilibrium equations available to solve for the unknowns. These 

extra forces are called redundant 

 
Degree of static indeterminacy (DOI) = Total number of unknown forces - 

Number of independent equations of equilibrium 

 



 

Based on Newton's laws of motion, the equilibrium equations available for a  

two-dimensional body are 

 

•  :                    the sum of the forces acting on the body equals zero. This translates to  

Σ Fx = 0: the sum of the horizontal components of the forces equals zero; 

Σ Fy = 0: the sum of the vertical components of forces equals zero; 

 

•  :                     the sum of the moments (about an arbitrary point) of all forces equals zero.  
 

Since there are four unknown forces (or 

variables) (VA, VB, VC and HA) but only three 

equilibrium equations, 

The structure is therefore classified as statically 

indeterminate to one degree. 



Study of Indeterminacies  
Kinematic Indeterminacy: 

Another form of the indeterminacy of a structure is expressed in terms of 

its degrees of freedom; this is known as the kinematic indeterminacy 

of a structure and is of particular relevance in the stiffness method of 

analysis where the unknowns are the displacements. 

 

A simple approach to calculating the kinematic indeterminacy of a 

structure is to sum the degrees of freedom of the nodes and then subtract 

those degrees of freedom that are prevented by constraints such as 

support points.  

 

It is therefore important to remember that in plane structures each node 

possess three degrees of freedom. 



Consider a propped cantilever beam shown in Fig. 
Usually, the axial rigidity of the beam is so high that the 
change in its length along axial direction may be 
neglected. The displacements at a fixed support are 
zero. Hence, for a propped cantilever beam we have to 
evaluate only rotation at B and this is known as the 
kinematic indeterminacy of the structure.  

Study of Indeterminacies  
Kinematic Indeterminacy: 



Kinematic Indeterminacy: 

The frame given in the figure (a) has three 

degrees of kinematic indeterminacy. The 

rotations D1, D2 and D3 at joints a, b and c. 

The frame given in the figure (b), joints c and d 

have a horizontal displacement D1,point c has 

horizontal displacement D1 and rotation D2. 

While point d has horizontal displacement D1 

and rotation D3. Notice that the horizontal 

displacement at point c and d are equal. The 

fixation at supports a and b prevent any 

translation or rotation. 

Study of Indeterminacies  

(a) 

(b) 


