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UNIT-IV: 

INTRODUCTION TO FORCE AND DISPLACEMENT METHODS OF STRUCTURAL ANALYSIS  

Since twentieth century, indeterminate structures are being widely used for its obvious merits. It may be 

recalled that, in the case of indeterminate structures either the reactions or the internal forces cannot be 

determined from equations of statics alone. In such structures, the number of reactions or the number of 

internal forces exceeds the number of static equilibrium equations. In addition to equilibrium equations, 

compatibility equations are used to evaluate the unknown reactions and internal forces in statically 

indeterminate structure. In the analysis of indeterminate structure it is necessary to satisfy the equilibrium 

equations (implying that the structure is in equilibrium) compatibility equations (requirement if for 

assuring the continuity of the structure without any breaks) and force displacement equations (the way in 

which displacement are related to forces). We have two distinct method of analysis for statically 

indeterminate structure depending upon how the above equations are satisfied:  

1. Force method of analysis  

2. Displacement method of analysis  

In the force method of analysis, primary unknown are forces. In this method compatibility equations are 

written for displacement and rotations (which are calculated by force displacement equations). Solving 

these equations, redundant forces are calculated. Once the redundant forces are calculated, the remaining 

reactions are evaluated by equations of equilibrium.  

In the displacement method of analysis, the primary unknowns are the displacements. In this method, first 

force -displacement relations are computed and subsequently equations are written satisfying the 

equilibrium conditions of the structure. After determining the unknown displacements, the other forces 

are calculated satisfying the compatibility conditions and force displacement relations The 

displacement-based method is amenable to computer programming and hence the method is being widely 

used in the modern day structural analysis.  

DIFFERENCE BETWEEN FORCE & DISPLACEMENT METHODS 

FORCE METHODS  DISPLACEMENT METHODS  

 

1. Method of consistent deformation  

2. Theorem of least work  

3. Column analogy method  

4. Flexibility matrix method  

 

 

1. Slope deflection method  

2. Moment distribution method  

3. Kani’s method  

4. Stiffness matrix method  

 

Types of indeterminacy- static indeterminacy  Types of indeterminacy- kinematic 

indeterminacy  

 

Governing equations-compatibility equations  Governing equations-equilibrium equations  

Force displacement relations- flexibility matrix  Force displacement relations- stiffness matrix  

Consider a two span continuous beam, which is statically indeterminate to second degree, as shown in Fig. 

C. Assume the flexural rigidity of this beam to be constant throughout. In this example, the support 

B is assumed to have settled by an amount as shown in the figure. b. 
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When there was no support settlement choosing reaction at Band C as the redundant, the total 

deflection of the primary structure due to applied external loading and redundant and is written as, 

          

 

 
Truss Structures  

Plane trusses, such as the one depicted in Figure , are often used in construction, particularly for roofing of 

residential and commercial buildings, and in short-span bridges. Trusses, whether two or three dimensional, 

belong to the class of skeletal structures. These structures consist of elongated structural components 

called members, connected at joints. Another important subclass of skeletal structures are frame structures 

or frameworks, which are common in reinforced concrete construction of buildings and bridges. Skeletal 

structures can be analyzed by a variety of hand-oriented methods of structural analysis taught in beginning 

Mechanics of Materials courses: the Displacement and Force methods. They can also be analyzed by the 

computer-oriented FEM. That versatility makes those structures a good choice to illustrate the transition 

from the hand-calculation methods taught in undergraduate courses, to the fully automated finite element 

analysis procedures available in commercial programs. 

The Example Truss 

 To keep hand computations manageable we will use just about the simplest structure that can be called a 

plane truss, namely the three-member truss. The idealized model of this physical truss as a pin-jointed 

assemblage of bars , In this idealization truss members carry only axial loads, have no bending resistance, 

and are connected by frictionless pins. Geometric, material and fabrication properties of the idealized truss ,  

while idealized loads and support conditions are provided . It should be noted that as a practical structure 

the example truss is not particularly useful is more common in construction. But with the example truss we 

can go over the basic DSM steps without getting mired into too many members, joints and degrees of 

freedom. 

Members, Joints, Forces and Displacements 
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The pin-jointed idealization of the example truss, pictured has three joints, which are labeled 1, 2 and 3, and 

three members, which are labeled (1), (2) and (3). Those members connect joints 1–2, 2–3, and 1–3, 

respectively. The member lengths are denoted by L(1) , L(2) and L(3) , their elastic moduli by E(1) , E(2) and 

E(3) , and their cross-sectional areas by A(1) , A(2) and A(3) . Note that an element number superscript is 

enclosed in parenthesis to avoid confusion with exponents. Both E and A are assumed to be constant along 

each member. Members are generically identified by index e (because of their close relation to finite elements, 

as explained below). This index is placed as superscript of member properties. For example, the cross-section 

area of a generic member is Ae. The member superscript is not enclosed in parentheses in this case because 

no confusion with exponents can arise. But the area of member 3 is written A(3) and not A3. Joints are 

generically identified by indices such as i, j or n. In the general FEM, the names “joint” and “member” are 

replaced by node and element, respectively. This dual nomenclature is used in the initial Chapters to stress the 

physical interpretation of the FEM. The geometry of the structure is referred to a common Cartesian 

coordinate system {x, y}, which will be called the global coordinate system. Other names for it in the literature 

are structure coordinate system and overall coordinate system.  

For the example truss its origin is at joint 1.The key ingredients of the stiffness method of analysis are the 

forces and displacements at the joints. In a idealized pin-jointed truss, externally applied forces as well as 

reactions can act only at the joints. All member axial forces can be characterized by the x and y components of 

these forces, denoted by fx and fy, respectively. The components at joint i will be identified as fxi and fyi , 

respectively. The set of all joint forces can be arranged as a 6-component column vector called f. The other key 

ingredient is the displacement field. Classical structural mechanics tells us that the displacements of the truss 

are completely defined by the displacements of the joints. This statement is a particular case of the more 

general finite element theory. The x and y displacement components will be denoted by ux and uy , 

respectively. The values of ux and uy at joint i will be called uxi and uyi . Like joint forces, they are arranged into 

a 6-component vector called u.  
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Here are the two vectors of nodal forces and nodal displacements, shown side by side: 

 

In the DSM these six displacements are the primary unknowns. They are also called the degrees of 

freedom or state variables of the system.3 How about the displacement boundary conditions, popularly 

called support conditions? This data will tell us which components of f and u are actual unknowns and 

which ones are known a priori. In pre-computer structural analysis such information was used 

immediately by the analyst to discard unnecessary variables and thus reduce the amount of hand-carried 

bookkeeping. The computer oriented philosophy is radically different: boundary conditions can wait until 

the last moment. This may seem strange, but on the computer the sheer volume of data may not be so 

important as the efficiency with which the data is organized, accessed and processed. The strategy “save 

the boundary conditions for last” will be followed here also for the hand computations. 

Breakdown Stage  

The three breakdown steps: disconnection, localization and formation of the element stiffness equations, 

are covered next. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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