
Structural analysis

Topic Objective:

At the end of this topic student would be able to:

 Define the term structure

 Describe the structural loads

 Highlight the structure configuration

Definition/Overview:

Structure: Structure is a fundamental and sometimes intangible notion covering the recognition,

observation, nature, and stability of patterns and relationships of entities. From a child's verbal

description of a snowflake, to the detailed scientific analysis of the properties of magnetic fields,

the concept of structure is an essential foundation of nearly every mode of inquiry and discovery

in science, philosophy, and art.

Key Points:

1. Structural Loads

Structural loads are forces applied to a component of a structure or to the structure as a unit.

In structural design, assumed loads are specified in national and local design codes for types

of structures, geographic locations, and usage. In addition to the load magnitude, its

frequency of occurrence, distribution, and nature (static or dynamic) are important factors in

design. Loads cause stresses, deformations and displacements in structures. Assessment of

their effects is carried out by the methods of structural analysis. Excess load or overloading

may cause structural failure, and hence such possibility should be either considered in the

design or strictly controlled. In the Eurocodes, the term actions has a similar meaning to
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loads, but encompasses applied deformations as well as forces. The following lists the

common loading types primarily for civil infrastructure and land machinery. Structures for

aerospace (e.g. aircraft, satellites, rockets, space stations, etc...) and marine environments

(e.g. boats, submarines, etc.) have their own particular design loads and consideratio includes

dead loads but also includes forces set up by irreversible changes in a structure's constraints -

for example, loads due to settlement, the secondary effects of prestress or due to shrinkage

and creep in concrete.

2. Structure Configuration

A structure defines what a system is made of. It is a configuration of items. It is a collection

of inter-related components or services. The structure may be a hierarchy (a cascade of one-

to-many relationships) or a network featuring many-to-many relationships. Structural loads

are forces applied to a component of a structure or to the structure as a unit. In structural

design, assumed loads are specified in national and local design codes for types of structures,

geographic locations, and usage. In addition to the load magnitude, its frequency of

occurrence, distribution, and nature (static or dynamic) are important factors in design. Loads

cause stresses, deformations and displacements in structures. Assessment of their effects is

carried out by the methods of structural analysis. Excess load or overloading may cause

structural failure, and hence such possibility should be either considered in the design or

strictly controlled. In the Eurocodes, the term actions has a similar meaning to loads, but

encompasses applied deformations as well as forces.

3. Common Loading Types

The following lists the common loading types primarily for civil infrastructure and land

machinery. Structures for aerospace (e.g. aircraft, satellites, rockets, space stations, etc...) and

marine environments (e.g. boats, submarines, etc.) have their own particular design loads and

consideratio includes dead loads but also includes forces set up by irreversible changes in a
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structure's constraints - for example, loads due to settlement, the secondary effects of

prestress or due to shrinkage and creep in concrete.

3.1. Live loads

Live loads are temporary, of short duration, or moving. Examples include snow,

wind, earthquake, traffic, movements, water pressures in tanks, and occupancy loads.

For certain specialized structures, vibro-acoustic loads may be considered.

3.2. Environmental loads

o Temperature changes leading to thermal expansion cause thermal loads

o loads caused by humidity or moisture induced expansion

o Ice movements

o Water waves

o Shrinkage

3.3. Static loads

These are loads that build up gradually over time, or with negligible dynamic effects.

Since structural analysis for static loads is much simpler than for dynamic loads,

design codes usually specify statically-equivalent loads for dynamic loads caused by

wind, traffic or earthquake.

3.4. Dynamic loads
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These are loads that display significant dynamic effects. Examples include impact

loads, waves, wind gusts and strong earthquakes. Because of the complexity of

analysis, dynamic loads are normally treated using statically equivalent loads for

routine design of common structures. dynamic loads are also caused by aforce other

than gravity

3.5. Load combination

A load combination results when more than one load type acts on the structure.

Design codes usually specify a variety of load combinations together with weighting

factors for each load type in order to ensure the safety of the structure under different

probable loading scenarios.

Topic : Analysis Of Statically Determinate Structures

Topic Objective:

At the end of this topic student would be able to:

 Define the term statically determinate structures

 Describe the calculation for statically determinate structures

 Highlight the static indeterminacy

Definition/Overview:

Statically Determinate Structures: In statics, a structure is statically indeterminate when the

static equilibrium equations are not sufficient for determining the internal forces and reactions on

that structure.
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Key Points:

1. Statically Determinate Structures

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

dimensional body are:

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

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

Σ V = 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.

In the beam construction on the right, the four unknown reactions are VA, VB, VC and HA.

The equilibrium equations are:

Σ V = 0:

VA − Fv + VB + VC = 0

Σ H = 0:

HA − Fh = 0

Σ MA = 0:

Fv a − VB (a + b) - VC (a + b + c) = 0.

Since there are four unknown forces (or variables) (VA, VB, VC and HA) but only three

equilibrium equations, this system of simultaneous equations cannot be solved. The structure

is therefore classified statically indeterminate. Considerations in the material properties and
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compatibility in deformations are taken to solve statically indeterminate systems or

structures.

2. Statically determinate

If the support at B is removed, the reaction VB cannot occur, and the system becomes

statically determinate. Note that the system is completely constrained here. The solution to

the problem is

HA = Fh ,

,

VA = Fv − VC .

If, in addition, the support at A is changed to a roller support, the number of reactions are

reduced to three (without HA), but the beam can now be moved horizontally; the system

becomes unstable or partially constrained. In order to distinguish between this and the

situation when a system under equilibrium is perturbed and becomes unstable, it is preferable

to use the phrase partially constrained here. In this case, the 2 unknowns VA and VC can be

determined by resolving the vertical force equation and the moment equation simultaneously.

The solution yields the same results as previously obtained. However, it is not possible to

satisfy the horizontal force equation unless Fh = 0.

3. Static indeterminacy

A system can be statically indeterminate even though its reactions are determinate as shown

in Fig.(a) on the right. On the other hand, the system in Fig.(b) has indeterminate reactions,

and yet, the system is determinate because its member forces, and subsequently the reactions,
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can be found by statics. Thus, in general, the static indeterminacy of structural systems

depends on the internal structure as well as on the external supports.

The degree of static indeterminacy of a system is M-N where

 M is the number of unknown member forces, and optionally, reactions in the system;

 N is the number of independent, non-trivial equilibrium equations available for determining

these M unknown forces.

If M includes reaction components, then N must include equilibrium equations along these

reaction components, one for one. Thus, we may, in fact, choose to exclude reactions from

the above relation.this thing is not correct

Topic : Analysis Of Statically Determinate Trusses

Topic Objective:

At the end of this topic student would be able to:

 Define the term statically determinate trusses

 Describe the purpose of statically determinate trusses

 Highlight the importance of its calculation

Definition/Overview:

Statically Determinate Trusses: A truss that is assumed to comprise members that are

connected by means of pin joints, and which is supported at both ends by means of hinged joints

or rollers, is described as being statically determinate.
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Key Points:

1. Statically Determinate Trusses

Newton's Laws apply to the structure as a whole, as well as to each node or joint. In order for

any node that may be subject to an external load or force to remain static in space, the

following conditions must hold: the sums of all horizontal forces, all vertical forces, as well

as all moments acting about the node equal zero. Analysis of these conditions at each node

yields the magnitude of the forces in each member of the truss. These may be compression or

tension forces. Trusses that are supported at more than two positions are said to be statically

indeterminate, and the application of Newton's Laws alone is not sufficient to determine the

member forces.

In order for a truss with pin-connected members to be stable, it must be entirely composed of

triangles. In mathematical terms, we have the following necessary condition for stability:

Where, m is the total number of truss members, j is the total number of joints and r is the

number of reactions (equal to 3 generally) in a 2-dimensional structure. When m = 2j − 3, the

truss is said to be statically determinate, because the (m+3) internal member forces and

support reactions can then be completely determined by 2j equilibrium equations, once we

know the external loads and the geometry of the truss. Given a certain number of joints, this

is the minimum number of members, in the sense that if any member is taken out (or fails),

then the truss as a whole fails. While the relation (a) is necessary, it is not sufficient for

stability, which also depends on the truss geometry, support conditions and the load carrying

capacity of the members. Some structures are built with more than this minimum number of

truss members. Those structures may survive even when some of the members fail. They are
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called statically indeterminate structures, because their member forces depend on the relative

stiffness of the members, in addition to the equilibrium condition described.

2. Analysis of trusses

Because the forces in each of its two main girders are essentially planar, a truss is usually

modelled as a two-dimensional plane frame. If there are significant out-of-plane forces, the

structure must be modelled as a three-dimensional space.

The analysis of trusses often assumes that loads are applied to joints only and not at

intermediate points along the members. The weight of the members is often insignificant

compared to the applied loads and so is often omitted. If required, half of the weight of each

member may be applied to its two end joints. Provided the members are long and slender, the

moments transmitted through the joints are negligible and they can be treated as "hinges" or

'pin-joints'. Every member of the truss is then in pure compression or pure tension shear,

bending moment, and other more complex stresses are all practically zero. This makes

trusses easier to analyze. This also makes trusses physically stronger than other ways of

arranging material because nearly every material can hold a much larger load in tension and

compression than in shear, bending, torsion, or other kinds of force.

Structural analysis of trusses of any type can readily be carried out using a matrix method

such as the direct stiffness method, the flexibility method or the finite element method.

In Section 2 of this course you will cover these topics:
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Internal Loadings Developed In Structural Members

Cables And Arches

Influence Lines For Statically Determinate Structures

Topic : Internal Loadings Developed In Structural Members

Topic Objective:

At the end of this topic student would be able to:

 Define the term structural members

 Describe the importance and role of structural engineering

 Highlight the activities of structural engineering

Definition/Overview:

Structural Members: Structural Members are joined together by supports depending on the

intent of the engineer. Three types of joints most often used are pin connections, roller supports,

and fixed joints. Pin connections provide vertical and lateral support, but cannot provide a

moment reaction. A roller support can only supply a reaction of a force in one direction. A fixed

joint provides vertical, lateral as well as a moment reaction.

Key Points:

1. Structural engineering

Structural Engineering is a branch of engineering which deals with the analysis and design of

various structural systems. Although this branch of engineering has influence on various

other disciplines like mechanical or aeronautical engineering, etc., it is more commonly
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identified with civil engineering.structural engineering deals about the conception, design,

and construction of the structural systems that are needed in support of human civil

engineering

2. Structural Engineering Activities

Structural engineering is mainly involved with two activities

 Structural Analysis

 Structural Design

3. Structural Analysis

It deals with analysing a particular structural system. A structural system may vary from

simple systems (like beams, columns, slabs, etc) to more complex systems (like frames,

bridges, piers, foundations, retaining walls, etc). The objective behind analysis is to estimate

or find resultant stresses (or forces) so that these elements can be designed to withstand the

load that comes over it.

4. Analysis of Statically Determinate Structures

4.1. Idealized Structures

In reality the exact analysis of a structure can never be carried out. Idealizing a

structure is a method of conservatively simplifying the components of the structural

system, while keeping its behavior under loading the same. This is done in order to

simplify calculations. Without an idealized structure, design could take a massively

longer amount of time... and sometimes becomes impossible. It is important for a

structural engineer to develop methods to idealize a structure in order to carry out

analysis.

4.2. Supports for Coplanar Structures

Structural Members are joined together by supports depending on the intent of the

engineer. Three types of joints most often used are pin connections, roller supports,

and fixed joints. Pin connections provide vertical and lateral support, but cannot
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provide a moment reaction. A roller support can only supply a reaction of a force in

one direction. A fixed joint provides vertical, lateral as well as a moment reaction.

5. Analysis of Statically Determinate Trusses

Typically done using method of joints, or method of sections

5.1. Internal Loadings Developed in Structural Members

Internal loadings are found by "cutting" the member and applying the equations of

equilibrium.

5.2. Cables and Arches

Cables are structural elements that can only withstand loads in tension. Arches are

structural elements that withstand loads in compression.

5.3. Influence Lines for Statically Determinate Structures

Influence lines are a diagram that represents variation of a loading function at one

location on a structure. For example, a truck drives across a bridge: When the truck is

at the left side on top of the bridge, very little loading is felt at the right support. The

function represented by influence lines changes as the truck moves towards the right

end of the bridge. The loading at the right support grows as the truck nears it, until the

truck reaches the far end, where the end realizes the maximum loading. Influence

lines for statically determinate structures consist of a straight line.

6. Deflections

Deflections occur naturally in structures from various sources. Loads and temperature

changes are sources of deflections that structural engineers have to design for because they

are unavoidable. Designs must be made in order to avoid cracking of the materials used.

Fabrication or Design Errors can lead to failure of structures and should be avoided through

careful planning and analysis. Structures in most cases are built with materials that can

withstand the designed loading and only have a linear elastic response. Under these
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conditions loads may cause deflections, but when the load is removed the structure will

return to it original shape and strength. Overloading beyond the linear elastic response may

cause damage and failure of the structure. This is referred to as "plastic deformation".

7. Structural Design

Structural design is the process of selecting members of required dimensions such that they

provide adequate stability under service loads. There are two conditions that a structural

designer must keep in mind. One is "stability" and the other is "serviceability". Stability of a

structure means that it can resist the loads acting on it satisfactorily and that the structure will

not collapse immediately (that is, it provides enough time to escape to safety). Serviceability

refers to certain conditions that are required so that the structure remains serviceable. For

example, consider a bridge that can resist service loads without collapse. This is a "stable"

structure. Now assume that this bridge shows abnormal deflections. The deflections could be

such that the bridge feels bouncy and could lead to steering problems for vehicles crossing it

at high speeds. As such this may not cause the structure to collapse. So we can say that the

structure is stable, but according to serviceability criterion it is not serviceable because

people could feel afraid of using the bridge. In the design and construction of the foundation

and framing for buildings and bridges, the main materials used are concrete, steel, timber,

and masonry. Steel can further be subdivided into two subsections: hot-rolled steel and and

cold-formed steel. Cold-formed steel applies to material of approximately 1/8" or less in

thickness that is either folded or roll-formed from flat sheets into structural shapes while at

room temperature.

Topic : Cables And Arches

Topic Objective:

At the end of this topic student would be able to:

 Define the term cable and arch

 Describe the electrical cable

 Highlight the construction process of arches
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Definition/Overview:

Cable: A cable is a large fiber or metal rope, used for hauling, lifting, or towing, or an assembly

of two or more insulated electrical conductors, laid up together as an assembly. An optical cable

contains one or more optical fibers in a protective jacket that supports the fibers.

Arch: An arch is a structure that spans a space while supporting weight (e.g. a doorway in a

stone wall). Arches appeared as early as the 2nd millennium BC in Mesopotamian brick

architecture, but their systematic use started with the Ancient Romans who were the first to apply

the technique to a wide range of structures

Key Points:

1. Electrical cables

Electrical cables may be made flexible by stranding the wires. The technical issue is to

reduce the skin effect voltage drop while using with alternating currents.In this process,

smaller individual wires are twisted or braided together to produce larger wires that are more

flexible than solid wires of similar size. Bunching small wires before concentric stranding

adds the most flexibility. A thin coat of a specific material (usually tin-which improved

striping of rubber, or for low friction of moving conductors, but it could be silver, gold and

another materials and of course the wire can be bare - with no coating material) on the

individual wires. Tight lays during stranding makes the cable extensible (CBA - as in

telephone handset cords). Bundling the conductors and eliminating multi-layers ensures a

uniform bend radius across each conductor. Pulling and compressing forces balance one
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another around the high-tensile center cord that provides the necessary inner stability. As a

result the cable core remains stable even under maximum bending stress. Cables can be

securely fastened and organized, such as using cable trees with the aid of cable ties or cable

lacing. Continuous-flex or flexible cables used in moving applications within cable carriers

can be secured using strain relief devices or cable ties. Copper corrodes easily and so should

be layered with Lacquer.

2. Fire protection

In building construction, electrical cable jacket material is a potential source of fuel for a fire.

To limit the spread of fire along cable jacketing, one may use cable coating materials or one

may use cables with jacketing that is inherently fire retardant. The plastic covering on some

metal clad cables may be stripped off at installation to reduce the fuel source for accidental

fires. In Europe in particular, it is often customary to place inorganic wraps and boxes around

cables in order to safeguard the adjacent areas from the potential fire threat associated with

unprotected cable jacketing.

To provide fire protection to a cable, there are two methods:

 Insulation material is deliberately added up with fire retardant materials

 The copper conductor itself is covered with mineral insulations( MICC cables)

3. Interference protection

In applications powering sensitive electronics, keeping unwanted EMI/RFI from entering

circuits is important. This can be accomplished passively with shielding along the length of

the cable or by running the cable in an enclosure separate from any other wires which may

induct noise. It can also be actively achieved by use of a choke designed to restrict the cables'

ability to conduct certain frequencies.
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4. Arch Construction

An arch requires all of its elements to hold it together, raising the question of how an arch is

constructed. One answer is to build a frame (historically, of wood) which exactly follows the

form of the underside of the arch. This is known as a centre or centring. The voussoirs are

laid on it until the arch is complete and self-supporting. For an arch higher than head height,

scaffolding would in any case be required by the builders, so the scaffolding can be

combined with the arch support. Occasionally arches would fall down when the frame was

removed if construction or planning had been incorrect. (The A85 bridge at Dalmally,

Scotland suffered this fate on its first attempt, in the 1940s). The interior and lower line or

curve of an arch is known as the intrados. Old arches sometimes need reinforcement due to

decay of the keystones, known as bald arch. The gallery shows arch forms displayed in

roughly the order in which they were developed.

5. Technical Aspects

The arch is significant because, in theory at least, it provides a structure which eliminates

tensile stresses in spanning an open space. All the forces are resolved into compressive

stresses. This is useful because several of the available building materials such as stone, cast

iron and concrete can strongly resist compression but are very weak when tension, shear or

torsional stress is applied to them. By using the arch configuration, significant spans can be

achieved. This is because all the compressive forces hold it together in a state of equilibrium.

This even applies to frictionless surfaces. However, one downside is that an arch pushes

outward at the base, and this needs to be restrained in some way, either with heavy sides and

friction or angled cuts into bedrock or similar. This same principle holds when the force

acting on the arch is not vertical such as in spanning a doorway, but horizontal, such as in

arched retaining walls or dams. Even when using concrete, where the structure may be

monolithic, the principle of the arch is used so as to benefit from the concrete's strength in
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resisting compressive stress. Where any other form of stress is raised, it has to be resisted by

carefully placed reinforcement rods or fibres.

Topic : Influence Lines For Statically Determinate Structures

Topic Objective:

At the end of this topic student would be able to:

 Define the term influence line

 Describe the role of influence line

 Highlight the importance of influence lines for statically determinate structures

Definition/Overview:

Influence Line: An influence line for a given function, such as a reaction, axial force, shear

force, or bending moment, is a graph that shows the variation of that function at any given point

on a structure due to the application of a unit load at any point on the structure.

Key Points:

1. Influence Line

An influence line for a function differs from a shear, axial, or bending moment diagram.

Influence lines can be generated by independently applying a unit load at several points on a

structure and determining the value of the function due to this load, i.e. shear, axial, and

moment at the desired location. The calculated values for each function are then plotted

where the load was applied and then connected together to generate the influence line for the

function. For example, the influence line for the support reaction at A of the structure shown
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in Figure 1, is found by applying a unit load at several points (See Figure 2) on the structure

and determining what the resulting reaction will be at A. This can be done by solving the

support reaction YA as a function of the position of a downward acting unit load. One such

equation can be found by summing moments at Support B.

MB = 0 (Assume counter-clockwise positive moment)

-YA(L)+1(L-x) = 0

YA = (L-x)/L = 1 - (x/L)

The graph of this equation is the influence line for the support reaction at A (See Figure 3).

The graph illustrates that if the unit load was applied at A, the reaction at A would be equal

to unity. Similarly, if the unit load was applied at B, the reaction at A would be equal to 0,

and if the unit load was applied at C, the reaction at A would be equal to -e/L.

Once an understanding is gained on how these equations and the influence lines they produce

are developed, some general properties of influence lines for statically determinate

structures can be stated.

 For a statically determinate structure the influence line will consist of only straight line

segments between critical ordinate values.

 The influence line for a shear force at a given location will contain a translational discontinuity at

this location. The summation of the positive and negative shear forces at this location is equal to

unity.

 Except at an internal hinge location, the slope to the shear force influence line will be the same

on each side of the critical section since the bending moment is continuous at the critical section.

 The influence line for a bending moment will contain a unit rotational discontinuity at the point

where the bending moment is being evaluated.

 To determine the location for positioning a single concentrated load to produce maximum

magnitude for a particular function (reaction, shear, axial, or bending moment) place the load at

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

18
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



the location of the maximum ordinate to the influence line. The value for the particular function

will be equal to the magnitude of the concentrated load, multiplied by the ordinate value of the

influence line at that point.

 To determine the location for positioning a uniform load of constant intensity to produce the

maximum magnitude for a particular function, place the load along those portions of the

structure for which the ordinates to the influence line have the same algebraic sign. The value for

the particular function will be equal to the magnitude of the uniform load, multiplied by the area

under the influence diagram between the beginning and ending points of the uniform load.

There are two methods that can be used to plot an influence line for any function. In the first,

the approach described above, is to write an equation for the function being determined, e.g.,

the equation for the shear, moment, or axial force induced at a point due to the application of

a unit load at any other location on the structure. The second approach, which uses the Mller

Breslau Principle, can be utilized to draw qualitative influence lines, which are directly

proportional to the actual influence line. The following examples demonstrate how to

determine the influence lines for reactions, shear, and bending moments of beams and frames

using both methods described above.

In Section 3 of this course you will cover these topics:

Approximate Analysis Of Statically Indeterminate Structures

Deflections

Analysis Of Statically Indeterminate Structures By The Force Method

Topic : Approximate Analysis Of Statically Indeterminate Structures

Topic Objective:

At the end of this topic student would be able to:
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 Define the term statically determinate structure

 Describe the analysis of statically determinate structure

 Highlight the calculations for the analysis

Definition/Overview:

Statically Determinate Structures: In statics, a structure is statically indeterminate when the

static equilibrium equations are not sufficient for determining the internal forces and reactions on

that structure.

Key Points:

1. Statically Determinate Structures

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

dimensional body are:

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

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

Σ V = 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.

In the beam construction on the right, the four unknown reactions are VA, VB, VC and HA.

The equilibrium equations are:

Σ V = 0:
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VA − Fv + VB + VC = 0

Σ H = 0:

HA − Fh = 0

Σ MA = 0:

Fv a − VB (a + b) - VC (a + b + c) = 0.

Since there are four unknown forces (or variables) (VA, VB, VC and HA) but only three

equilibrium equations, this system of simultaneous equations cannot be solved. The structure

is therefore classified statically indeterminate. Considerations in the material properties and

compatibility in deformations are taken to solve statically indeterminate systems or

structures.

2. Statically determinate

If the support at B is removed, the reaction VB cannot occur, and the system becomes

statically determinate. Note that the system is completely constrained here. The solution to

the problem is

HA = Fh ,

,

VA = Fv − VC .

If, in addition, the support at A is changed to a roller support, the number of reactions are

reduced to three (without HA), but the beam can now be moved horizontally; the system

becomes unstable or partially constrained. In order to distinguish between this and the

situation when a system under equilibrium is perturbed and becomes unstable, it is preferable

to use the phrase partially constrained here. In this case, the 2 unknowns VA and VC can be

determined by resolving the vertical force equation and the moment equation simultaneously.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

21
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



The solution yields the same results as previously obtained. However, it is not possible to

satisfy the horizontal force equation unless Fh = 0.

3. Static indeterminacy

A system can be statically indeterminate even though its reactions are determinate as shown

in Fig.(a) on the right. On the other hand, the system in Fig.(b) has indeterminate reactions,

and yet, the system is determinate because its member forces, and subsequently the reactions,

can be found by statics. Thus, in general, the static indeterminacy of structural systems

depends on the internal structure as well as on the external supports.

The degree of static indeterminacy of a system is M-N where

 M is the number of unknown member forces, and optionally, reactions in the system;

 N is the number of independent, non-trivial equilibrium equations available for determining

these M unknown forces.

If M includes reaction components, then N must include equilibrium equations along these

reaction components, one for one. Thus, we may, in fact, choose to exclude reactions from

the above relation.this thing is not correct

Topic : Deflections

Topic Objective:

At the end of this topic student would be able to:

 Define the term deflection
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 Describe the calculation for deflection

Definition/Overview:

Deflection: In engineering mechanics, deflection is a term that is used to describe the degree to

which a structural element is displaced under a load. The deflection of a member under a load is

directly related to the slope of the deflected shape of the member under that load and can be

calculated by integrating the function that mathematically describes the slope of the member

under that load.

Key Points:

1. Deflection

Deflection can be calculated by standard formulae (will only give the deflection of common

beam configurations and load cases at discrete locations), or by methods such as "virtual

work", "direct integration", "Castigliano's method", "Macaulay's method" or the "direct

stiffness method" amongst others. (See structural analysis textbooks for procedure.) An

example of the use of deflection in this context is in building construction. Architects and

engineers select materials for various applications. The beams used for frame work are

selected on the basis of deflection, amongst other factors.

The elastic deflection f and angle of deflection φ (in radians) in the example image, a

(weightless) cantilever beam, can be calculated (at the free end) using :

fB = FL3 / (3EI)

φB = FL2 / (2EI)
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where,

F = force acting on the tip of the beam

L = length of the beam (span)

E = modulus of elasticity

I = area moment of inertia

The deflection at any point along the span can be calculated using the above-mentioned

methods. From this formula it follows that the span L is the most determinating factor; if the

span doubles, the deflection increases 2 = 8 fold. Building codes determine the maximum

deflection, usually as a fraction of the span e.g. 1/400 or 1/600. Either the strength limit state

(allowable stress) or the serviceability limit state (deflection considerations amongst others)

may govern the minimum dimensions of the member required.

The deflection must be considered for the purpose of the structure. When designing a steel

frame to hold a glazed panel, one allows only minimal deflection to prevent fracture of the

glass. The deflective shape of a beam can be represented by the moment diagram, integrated.

The deflections are connected with the local and regional undulations of the geoid and also

with gravity anomalies for they are functionals of the gravity field and its inhomogeneities.

VDs are usually determined astronomically. The true zenith is observed astronomically with

respect to the stars, and the ellipsoidal zenith (theoretical vertical) by geodetic network

computation, which always takes place on a reference ellipsoid. Additionally, the very local

variations of the VD can be computed from gravimetric survey data and by means of digital

terrain models (DTM), using a theory originally developed by Vening-Meinesz.

VDs are used in astro-geodetic levelling, a geoid determination technique. As a vertical

deflection describes the difference between the geoidal and ellipsoidal normals, it represents

the horizontal gradient of the undulations of the geoid, i.e. the separation between geoid and

reference ellipsoid. Given a starting value for the geoid undulation at one point, determining

geoid undulations for an area becomes a matter for simple integration. In practice, the
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deflections are observed at special points with spacings of 20 or 50 kilometers. The

densification is done by a combination of DTM models and areal gravimetry. Precise VD

observations have accuracies of 0.2" (on high mountains 0.5"), calculated values of about

12". The maximal VD of Central Europe seems to be a point near of the Groglockner (3798

m), the highest peak of the Austrian Alps. The approx. values are ξ = +50" and η = -30". In

the Himalaya region, very asymmetric peaks may have VDs up to 100" (0.03). In the rather

flat area between Vienna and Hungary the values are less than 15", but scatter by 10" for

irregular rock densities in the subsurface.

Topic : Analysis Of Statically Indeterminate Structures By The Force Method

Topic Objective:

At the end of this topic student would be able to:

 Define the term statically indeterminate structures by the force method

 Describe the determination of the degree of indeterminacy

 Highlight necessary diagrams for the analysis

Definition/Overview:

Statically Indeterminate Structures by the Force Method: The method of consistent

deformations, or sometimes referred to as the force or flexibility method, is one of the several

techniques available to analyze indeterminate structures. The following is the procedure that

describes the concept of this method for analyzing externally indeterminate structures with single

or double degrees of indeterminacy.
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Key Points:

1. Statically Indeterminate Structures by the Force Method

 determine the degree of indeterminacy

Determine the degree of indeterminacy of a given structure. This can be accomplished by

calculating the number of unknown reactions, r, minus the number of static equilibrium

equations, e. For example, considering the frame shown below (Fig.1), the number of

unknown external reactions, r, equals 5, (XA, YA, MA, XB, and YB). The number of static

equilibrium equations, e, equals 3, ( Fx = 0, Fy = 0 and M = 0). Therefore, the number of

degree of indeterminacy, n, is calculated as:

n = r - e

= 5 - 3

= 2

In the frame shown in Fig. 2, there is another equation of statics that can be written at the

hinge h. In other words, the fact that the moment at h = zero for either part of the structure on

the right or the left side of the hinge h can be used. This equation is referred to as equation of

condition, ec. In this case, the number of unknown reactions is r = 6, the number of equations

of statics is e = 3, and the number of equations of condition ec = 1. The degree of

indeterminacy, n, is calculated as:

n = r - (e + ec)

= 6 - (3 + 1)

= 2

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

26
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 select redundants

Select a number of the support reactions equal to the degree of indeterminacy as

redundants. The choice of the redundants will vary since any of the unknown reactions

can be utilized as a redundant. In the example shown in Fig. 1, the X and Y reactions at

Support B can be selected as redundants. Another alternative is to select the X reaction at

B and the moment at A as redundants. The later choice was selected and utilized through

the remainder of this procedure.

 remove restraints at the redundants

Remove the support reactions (restraints) corresponding to the selected redundants from

the indeterminate structure to obtain a primary determinate structure, or sometimes

referred to as a released structure. This determinate system must represent a stable and

admissible system.

 sketch deflected shape

Sketch the deflected shape of the primary determinate structure under the applied loads,

and label the deformations at the removed restraints, (see Fig. 3).

 calculate deformations at redundants
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Calculate the deformations corresponding to the redundants, i.e., the rotation at Support

A, A0, and the translation, B0, at Support B. This can be accomplished as follows;

using the virtual work method,

 Draw the moment diagram, M0, for the primary structure under the applied loads, (see Fig.

4(a)(i)). The method of superposition can also be utilized when drawing the M0 diagram, (see

Fig. 4(a)(ii). This will simplify the integration needed to calculate the deformation A0 and B0.

 Apply a unit load at the location of the first redundant. In this case, apply a unit moment, MA = 1

ft-k at Support A. Sketch the deflected shape, label the deformation at the removed restraints and

draw the moment diagram of the primary structure when subjected to this load, see Fig. 4(b).

 Calculate the rotation, A0, at Support A using the following equation:

 Apply a unit load at the location of the next redundant. i.e., apply a unit force, XB = 1 k at

Support B. Sketch the deflected shape, label the deformation at the removed restraints and draw

the moment diagram of the primary structure when subjected to this load, see Fig. 4(c).
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 Calculate the translation, B0, at Support B using the following equation:

 Calculate the deformations of the primary structure when subjected to the redundant MA, see

Fig. 4(b), or the redundant XB, see Fig. 4(c). This is accomplished by using the following

relationships:

In Section 4 of this course you will cover these topics:

Displacement Method Of Analysis: Slope-Deflection Equations

Displacement Method Of Analysis: Moment Distribution

Analysis Of Beams And Frames Consisting Of Nonprismatic Members

Topic Objective:

At the end of this topic student would be able to:
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 Define the term slope deflection

 Describe the displacement method of analysis

 Highlight the slope deflection equations

Definition/Overview:

Slope Deflection: The slope deflection method is a structural analysis method for beams and

frames introduced in 1915 by George A. Maney. The slope deflection method was widely used

for more than a decade until the moment distribution method was developed.

Key Points:

1. Slope Deflection

By forming slope deflection equations and applying joint and shear equilibrium conditions,

the rotation angles (or the slope angles) are calculated. Substutituting them back into the

slope deflection equations, member end moments are readily determined.

2. Slope deflection equations

The slope deflection equations express the member end moments in terms of rotations angles.

The slope deflection equations of member ab of flexural rigidity EIab and length Lab are:

Where, θa, θb are the slope angles of ends a and b respectively, Δ is the relative lateral

displacement of ends a and b. The absence of cross-sectional area of the member in these
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equations implies that the slope deflection method neglects the effect of shear and axial

deformations.

The slope deflection equations can also be written using the stiffness factor and

the chord rotation :

2.1. Derivation of slope deflection equations

When a simple beam of length Lab and flexural rigidity EIab is loaded at each end with

clockwise moments Mab and Mba, member end rotations occur in the same direction.

These rotation angles can be calculated using the unit dummy force method or the

moment-area theorem.

Topic : Displacement Method Of Analysis: Moment Distribution

Topic Objective:

At the end of this topic student would be able to:

 Define the term moment distribution

 Describe the displacement method of analysis

 Highlight the important calculations for the anlaysis
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Definition/Overview:

Moment Distribution: The moment distribution method (not to be confused with moment

redistribution) is a structural analysis method for statically indeterminate beams and frames

developed by Hardy Cross. It was published in 1930 in an ASCE journal. The method only

accounts for flexural effects and ignores axial and shear effects. From the 1930s until when

computers began to be widely used in the design and analysis of structures, the moment

distribution method was the most widely used method in practice.

Key Points:

1. Moment Distribution

In the moment distribution method, every joint of the structure to be analyzed is fixed so as

to develop the fixed-end moments. Then each fixed joint is sequentially released and the

fixed-end moments (which by the time of release are not in equilibrium) are distributed to

adjacent members until equilibrium is achieved. The moment distribution method in

mathematical terms can be demonstrated as the process of solving a set of simultaneous

equations by means of iteration. The moment distribution method falls into the category of

displacement method of structural analysis.

2. Implementation

In order to apply the moment distribution method to analyse a structure, the following things

must be considered.
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2.1. Fixed end moments

Fixed end moments are the moments produced at member ends by external loads

when the joints are fixed.

2.2. Flexural stiffness

The flexural stiffness (EI/L) of a member is represented as the product of the modulus

of elasticity (E) and the second moment of area (I) divided by the length (L) of the

member. What is needed in the moment distribution method is not the exact value but

the ratio of flexural stiffness of all members.

2.3. Distribution factors

Distribution factors can be defined as the proportions of the unbalanced moments

carried by each of the members.

2.4. Carryover factors

Unbalanced moments are carried over to the other end of the member when the joint

is released. The ratio of the carried-over moment at the other end to the fixed-end

moment of the initial end is the carryover factor.

2.5. Sign convention

Any moment acting clockwise is considered to be positive. This differs from the usual

engineer's sign convention, which employs a Cartesian coordinate system with
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positive x-axis to the right and positive y-axis up, resulting in positive moment about

the z-axis being counterclockwise.

2.6. Framed structures

Framed structures with or without sidesway can be analysed using the moment

distribution method.

Example

The statically indeterminate beam shown in the figure is to be analysed.

 Members AB, BC, CD have the same length .

 Flexural rigidities are EI, 2EI, EI respectively.

 Concentrated load of magnitude acts at a distance from the support A.

 Uniform load of intensity acts on BC.

 Member CD is loaded at its midspan with a concentrated load of magnitude .

In the following calcuations, counterclockwise moments are positive.

Fixed-end moments

Distribution factors
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[Table 1: Moment Distribution]

Moment distribution

Joint A Joint B JointC JointD

Distrib.

Factors
0 1 0.2727 0.7273 0.6667 0.3333 10

Fixed-

end

moments

14.700 -6.300 8.333 -8.333 12.500 -12.500

Step 1 -14.700 → -7.350

Step 2 1.450 3.867 → 1.934

Step 3 -2.034 ← -4.067 -2.034 → -1.017

Step 4 0.555 1.479 → 0.739

Step 5 -0.246 ← -0.493 -0.246 → -0.123

Step 6 0.067 0.179 → 0.090

Step 7 -0.030 ← -0.060 -0.030 → -0.015

Step 8 0.008 0.022 → 0.011

Step 9 -0.004 ← -0.007 -0.004 → -0.002

Step 10 0.001 0.003

Sum of

moments
0 -11.569 11.569 -10.186 10.186 -13.657
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Numbers in grey are balaced moments; arrows ( → / ← ) represent the carry-over of moment

from one end to the other end of a member.

Result

 Moments at joints determined by the moment distribution method

The conventional engineers sign convention is used here, i.e. positive moments cause

elongation at the bottom part of a beam member.

For comparison purposes, the following are the results generated using a matrix method.

Note that in the analysis above, the iterative process was carried to >0.01 precision. The fact

that the matrix analysis results and the moment distribution analysis results match to 0.001

precision is mere coincidence.

 Moments at joints determined by the matrix method

The complete shear and bending moment diagrams are as shown. Note that the moment

distribution method only determines the moments at the joints. Developing complete bending

moment diagrams require additional calculations using the determined joint moments and

internal section equilibrium.

 SFD and BMD
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Topic : Analysis Of Beams And Frames Consisting Of Nonprismatic Members

Topic Objective:

At the end of this topic student would be able to:

 Define the term Ion Beam Analysis

 Describe the process of analysis

 Highlight necessary diagrams for the presentation of analysis

Definition/Overview:

Ion Beam Analysis: Ion beam analysis ("IBA") is an important family of modern analytical

techniques involving the use of MeV ion beams to probe the composition and obtain elemental

depth profiles in the near-surface layer of solids.

Key Points:

1. Ion Beam Analysis

All IBA methods are highly sensitive and allow the detection of elements in the sub-

monolayer range. The depth resolution is typically in the range of a few nanometers to a few

ten nanometers. Atomic depth resolution can be achieved, but requires special equipment.

The analyzed depth ranges from a few ten nanometers to a few ten micrometers. IBA
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methods are always quantitative with an accuracy of a few percent. Channeling allows to

determine the depth profile of damage in single crystals.

 RBS: Rutherford backscattering is sensitive to heavy elements in a light matrix

 ERD: Elastic recoil detection is sensitive to light elements in a heavy matrix

 PIXE: Particle induced X-ray emission gives the trace and minor elemental composition

 NRA: Nuclear reaction analysis is sensitive to particular isotopes

 Channelling: The fast ion beam can be aligned accurately with major axes of single crystals;

then the strings of atoms "shadow" each other and the backscattering yield falls dramatically.

Any atoms off their lattice sites will give visible extra scattering. Thus damage to the crystal is

visible, and point defects (interstitials) can even be distinguished from dislocations.

The quantitative evaluation of IBA methods requires the use of specialized simulation and

data analysis software. SIMNRA and DataFurnace are popular programs for the analysis of

RBS, ERD and NRA, while GUPIX is popular for PIXE. IBA is an area of active research.

There are some types of beam structures as shown in figure 1.

If beam elements of "simple beam" structures are subject to lateral load only, this type of

beam structure shows linear behaviour. "Simple beam" structures can be analyzed easily.

When beam elements in a beam structure are subject to lateral load and axial load, the

structure shows non-linear behaviour. The examples of the non-linear beam problems are

beam columns, Elastica and arch strucures. Analytical method is applicable only to idealized

structures such as uniform cross section beam column. You need to use non-linear finite

element analysis to solve non-linear beam structures in real world.

In Section 5 of this course you will cover these topics:

Truss Analysis Using The Stiffness Method

Beam Analysis Using The Stiffness Method
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Plane Frame Analysis Using The Stiffness Method

Topic : Truss Analysis Using The Stiffness Method

Topic Objective:

At the end of this topic student would be able to:

 Define the term truss

 Describe the diagrams for truss structures

 Highlight the method of joints

Definition/Overview:

Truss: A truss is a structure made of two force members all pin connected to each other.

Key Points:

1. Truss

A truss is a structure made of two force members all pin connected to each other.

2. The method of joints
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This method uses the free-body-diagram of joints in the structure to determine the forces in

each member. For example, in the above structure we have 5 joints each having a free body

diagram as follows

Note how Newtons third law controls how one introduces on the joints A and on the

joint B. For each joint one can write two equations ( ). The moment

equation is trivially satisfied since all forces on a joint pass trough the joint. For example, for

the above truss we have 5 joints, therefore we can write 10 equations of equilibrium (two for

each joint). In the above example there are seven unknown member forces (FAB, FBC, FCD,

FED, FEC, FBE, FAE) plus three unknown support reactions (A, Dx, Dy), giving a total of 10

unknowns to solve for using the 10 equations obtained from equilibrium.

3. The method of sections

This method uses free-body-diagrams of sections of the truss to obtain unknown forces. For

example, if one needs only to find the force in BC, it is possible to do this by only writing

two equations. First, draw the free body diagram of the full truss and solve for the reaction at

A by taking moments about D. Next draw the free body diagram of the section shown and

take moments about E to find the force in BC.

In the method of sections one can write three equations for each free-body-diagram (two

components of force and one moment equation).

4. Things to consider:
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 Zero force members: Some members in a truss cannot carry load. These members are called

zero force members. Examples of zero force members are the colored members (AB, BC, and

DG) in the following truss.

If you sum the forces in the y-direction in the left free-body-diagram, you will see that FAB

must be zero since it is not balanced by another force. Then if you sum forces in the y-

direction you will find that FBC must also be zero. If you sum the forces in the y direction in

the right free-body-diagram, you will see that FDG must be zero since it is not balanced by

another force.

 A redundant joint: Sometimes a joint is redundant. For example, in the following free-body-

diagram the load is directly transmitted from each member to the one opposite it without any

interaction.

By summing forces along the y-direction one will get F2=F4, and by summing forces along

the Y-direction one will get F1=F3.

 Redundant members: Sometimes a structure contains one or more redundant members. These

members must be removed from the truss, otherwise one will have an insufficient number of

equations to solve for the unknown member forces. Slender members are not very useful in

compression since they buckle and, as a result, lose their load carrying capability. For example,

in the following truss one of the two members AC or BD is redundant. To solve the problem, we

remove member BD which will go into compression as a result of the applied loading (i.e., the

diagonal AC will have to increase in length and the diagonal BD will have to decease in length

for the structure to bend to the right). If we did not remove this member we would have 9

unknowns (five member loads and four support reactions) and only 8 equations (two for each

joint).
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 Mechanisms: Sometimes there is too much freedom in a structure. For example, the following

structure cannot carry any load since it will collapse under the load.

 Curved members: Remember that the two forces acting on a two-force-member are along the

line connecting the two points on which the loads are applied.

Topic : Beam Analysis Using The Stiffness Method

Topic Objective:

At the end of this topic student would be able to:

 Define the term structural analysis

 Describe the member stiffness relations

 Highlight the system stiffness relations

Definition/Overview:

Structural Analysis: As one of the methods of structural analysis, the direct stiffness method

(DSM), also known as the displacement method or matrix stiffness method, is particularly suited

for computer-automated analysis of complex structures including the statically indeterminate

type. It is a matrix method that makes use of the members' stiffness relations for computing

member forces and displacements in structures. The direct stiffness method is the most common
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implementation of the finite element method (FEM). In applying the method, the system must be

modeled as a set of simpler, idealized elements interconnected at the nodes. The material

stiffness properties of these elements are then, through matrix mathematics, compiled into a

single matrix equation which governs the behaviour of the entire idealized structure. The

structures unknown displacements and forces can then be determined by solving this equation.

The direct stiffness method forms the basis for most commercial and free source finite element

software.

The direct stiffness method originated in the field of aerospace. Researchers looked at various

approaches for analysis of complex airplane frames. These included elasticity theory, energy

principles in structural mechanics, flexibility method and matrix stiffness method. It was through

analysis of these methods that the direct stiffness method emerged as an efficient method ideally

suited for computer implementation.

Key Points:

1. Member stiffness relations

A typical member stiffness relation has the following general form:

Where,

m = member number m.

= vector of member's characteristic forces, which are unknown internal forces.

= member stiffness matrix which characterises the member's resistance against

deformations.

= vector of member's characteristic displacements or deformations.
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= vector of member's characteristic forces caused by external effects (such as

known forces and temperature changes) applied to the member while ).

If are member deformations rather than absolute displacements, then are

independent member forces, and in such case (1) can be inverted to yield the so-called

member flexibility matrix, which is used in the flexibility method.

2. System stiffness relation

For a system with many members interconnected at points called nodes, the members'

stiffness relations such as Eq.(1) can be integrated by making use of the following

observations:

 The member deformations can be expressed in terms of system nodal displacements r in

order to ensure compatibility between members. This implies that r will be the primary

unknowns.

 The member forces help to the keep the nodes in equilibrium under the nodal forces R. This

implies that the right-hand-side of (1) will be integrated into the right-hand-side of the following

nodal equilibrium equations for the entire system:

Where,

= vector of nodal forces, representing external forces applied to the system's nodes.

= system stiffness matrix, which is established by assembling the members' stiffness

matrices .

= vector of system's nodal displacements that can define all possible deformed

configurations of the system subject to arbitrary nodal forces R.
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= vector of equivalent nodal forces, representing all external effects other than the

nodal forces which are already included in the preceding nodal force vector R. This

vector is established by assembling the members' .

3. Solution

The system stiffness matrix K is square since the vectors R and r have the same size. In

addition, it is symmetric because is symmetric. Once the supports' constraints are

accounted for in (2), the nodal displacements are found by solving the system of linear

equations (2), symbolically:

Subsequently, the members' characteristic forces may be found from Eq.(1) where can be

found from r by compatibility consideration.

4. The direct stiffness method

It is common to have Eq.(1) in a form where and are, respectively, the member-

end displacements and forces matching in direction with r and R. In such case, and can

be obtained by direct summation of the members' matrices and . The method is

then known as the direct stiffness method.

Example

Breakdown: The first step when using the direct stiffness method is to identify the individual

elements which make up the structure.
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Once the elements are identified, the structure is disconnected at the nodes, the points which

connect the different elements together.

Each element is then analyzed individually to develop member stiffness equations. The forces

and displacements are related through the element stiffness matrix which depends on the

geometry and properties of the element.

A truss element can only transmit forces in compression or tension. This means that in two

dimensions, each node has two degrees of freedom (DOF): horizontal and vertical displacement.

The resulting equation contains a four by four stiffness matrix.

A frame element is able to withstand bending moments in addition to compression and tension.

This results in three degrees of freedom: horizontal displacement, vertical displacement and in-

plane rotation. The stiffness matrix in this case is six by six.

Other elements such as plates and shells can also be incorporated into the direct stiffness method

and similar equations must be developed.

Assembly

Once the individual element stiffness relations have been developed they must be assembled into

the original structure. The first step in this process is to convert the stiffness relations for the

individual elements into a global system for the entire structure. In the case of a truss element,

the global form of the stiffness method depends on the angle of the element with respect to the

global coordinate system (This system is usually the traditional Cartesian coordinate system).

After developing the element stiffness matrix in the global coordinate system, they must be

merged into a single master or global stiffness matrix. When merging these matrices together
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there are two rules that must be followed: compatibility of displacements and force equilibrium

at each node. These rules are upheld by relating the element nodal displacements to the global

nodal displacements.

The global displacement and force vectors each contain one entry for each degree of freedom in

the structure. The element stiffness matrices are merged together by augmenting or expanding

each matrix in conformation to the global displacement and load vectors.

Finally, the global stiffness matrix is constructed by adding the individual expanded element

matrices together.

Solution

Once the global stiffness matrix, displacement vector and force vector have been constructed, the

system can be expressed as a single matrix equation.

After inserting the known value for each degree of freedom, the master stiffness equation is

complete and ready to be evaluated. There are several different methods available for evaluating

a matrix equation including but not limited to Cholesky decomposition and the brute force

evaluation of systems of equations. If a structure isnt properly restrained, the application of a

force will cause it to move rigidly and additional support conditions must be added.

The method described in this section is meant as an overview of the direct stiffness method.

Additional sources should be consulted for more details on the process as well as the

assumptions about material properties inherent in the process.

Applications

The direct stiffness method was developed specifically to effectively and easily implement into

computer software to evaluate complicated structures that contain a large number of elements.

Today, nearly every finite element solver available is based on the direct stiffness method. While

each program utilizes the same process, many have been streamlined to reduce computation time

and reduce the required memory. In order to achieve this, shortcuts have been developed.
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One of the largest areas to utilize the direct stiffness method is the field of structural analysis

where this method has been incorporated into modeling software. The software allows users to

model a structure and, after the user defines the material properties of the elements, the program

automatically generates element and global stiffness relationships. When various loading

conditions are applied the software evaluates the structure and generates the deflections for the

user.

Topic : Plane Frame Analysis Using The Stiffness Method

Topic Objective:

At the end of this topic student would be able to:

 Define the term frame analysis

 Describe the frame analysis for social movements

 Highlight the process of frame alignment

Definition/Overview:

Frame Analysis: Frame analysis is a multi-disciplinary social science research method used to

analyze how people understand situations and activities. The concept is generally attributed to

the work of Erving Goffman and his 1974 book Frame analysis: An essay on the organization of

experience and has been developed in social movement theory, policy studies and elsewhere.

Key Points:

1. Frame analysis

Framing theory and frame analysis is a broad theoretical approach that has been used in

communication studies, news, politics, and social movements among other applications.

"Framing is the process by which a communication source, such as a news organization,

defines and constructs a political issue or public controversy"
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2. Frame analysis for social movements

Framing has been utilized to explain the process of social movements. Movements are

carriers of beliefs and ideologies. In addition, they are part of the process of constructing

meaning for participants and opposers. Mass movements are said to be successful when the

frames projected align with the frames of participants to produce resonance between the two

parties. This is a process known as frame alignment.

3. Frame alignment a process to explain social movement theory

Snow and Benford (1988) say that frame alignment is an important element in social

mobilization or movement. They argue that when individual frames become linked in

congruency and complementariness, that "frame alignment" occurs, producing "frame

resonance", which is key to the process of a group transitioning from one frame to another

(although not all framing efforts are successful). The conditions that affect or constrain

framing efforts are:

 "The robustness, completeness, and thoroughness of the framing effort". Snow and Benford

(1988) identify three core framing tasks and the degree to which these tasks are attended to will

determine participant mobilization. The three tasks are:

o diagnostic framing for the identification of a problem and assignment of blame,

o prognostic framing to suggest solutions, strategies, and tactics to a problem, and

o motivational framing that serves as a call to arms or rationale for action.

 The relationship between the proposed frame and the larger belief system; centrality the frame

cannot be of low hierarchical significance and salience within the larger belief system. Its range

and interrelatedness if the frame is linked to only one core belief or value that, in itself, is of

limited range within the larger belief system, the frame has a high degree of being discounted.

 Relevance of the frame to the realities of the participants; a frame must be relevant to

participants and inform them. Relevancy can be constrained by empirical credibility or

testability, it relates to participant experience, and has narrative fidelity, that is, it fits in with

existing cultural myths and narrations.

 Cycles of protest; the point at which the frame emerges on the timeline of the current era and

existing preoccupations with social change. Framing efforts may be affected by previous frames.
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Snow and Benford (1988) propose that once proper frames are constructed as described

above, large-scale changes in society such as those necessary for social movement can be

achieved through frame alignment.

4. Four types of frame alignment

There are four types, which include frame bridging, frame amplification, frame extension and

frame transformation. Frame bridging is the "linkage of two or more ideologically congruent

but structurally unconnected frames regarding a particular issue or problem". It involves the

linkage of a movement to "unmobilized [sic] sentiment pools or public opinion preference

clusters of people who share similar views or grievances but who lack an organizational base.

Frame amplification refers to "the clarification and invigoration of an interpretive frame that

bears on a particular issue, problem, or set of events". This interpretive frame usually

involves the invigorating of values or beliefs. Frame extensions are a movement's effort to

incorporate participants by extending the boundaries of the proposed frame to include or

encompass the views, interests, or sentiments of targeted groups. Frame transformation is a

process required when the proposed frames "may not resonate with, and on occasion may

even appear antithetical to, conventional lifestyles or rituals and extant interpretive frames".

When this happens, new values, new meanings and understandings are required in order to

secure participants and support. Goffman calls this "keying" where "activities, events, and

biographies that are already meaningful from the standpoint of some primary framework

transpose in terms of another framework" such that they are seen differently. There are two

types of frame transformation:

 Domain-specific transformations such as the attempt to alter the status of groups of people, and

 Global interpretive frame transformation where the scope of change is quite radical as in a

change of world views, total conversions of thought, or uprooting of all that is familiar (e.g.

moving from communism to market capitalism; religious conversion, etc.).
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