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Influence Lines (IL's) for Beams and Trusses

Summary of lectures 7-9


Definitions: 
1. The Beam Structure: is a structure that carries load mainly by bending action. The main internal forces are the shear force V(x) and the bending moment M(x) at any cross section measured by the position coordinate x. 

2. The Truss Structure: is a structure composed mainly of two-force members. Each member can carry only a tensile force or a compressive force. Either force is refered to as normal force N. 
3. The SFD and BMD for a beam are used to study how the shear force and bending moment are changing along the span of the beam for a fixed loading. These diagrams carry no physical meaning for truss structures as only N forces are determined for each member separately.  
What is an IL diagram: 

The IL diagram is a diagram that indicates how a particular reactive force (e.g.: external reactions, or internal reactions such as V, M, N) at a selected cross section will vary as moving loads are applied to the structure (e.g.: loads on bridges as shown in Fig. 1-illustartion).
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[image: image5.bmp]This diagram is NOT the same as the SFD or the BMD for a beam structure as the loads for IL-diagrams are moving (i.e.: load position is changing). The IL diagrams for V, or M, or N are obtained for the cases when the unit load is applied at different positions measured by position coordinate x. 

What is the use of an IL diagram: 

If the IL diagram is known for a selected reactive force, it is possible to quickly (by inspection) determine the worst load position that would cause extreme (maximum or minimum) values of the force. The values on IL diagram are called the ordinates of the IL and they correspond to the effects of only a unit load. For an actual load of say P =100 kN at x = 4 m from the left support of a beam, the Vmax and Mmax  as defined by the ILs at x* are obtained by picking the ordinates from the ILs and multiplying them by the 100kN force. 
 Types of IL diagrams: 

For a selected reactive force at a given cross section measures by x, the IL diagrams is either quantitative or qualitative. The quantitative IL diagram is obtained from the basic principles of equilibrium when a unit load is applied at different values of position coordinate x. The quantitative IL diagram is easily obtained only for statically determinate cases and for simple structures. For statically indeterminate cases and other more complex geometry the IL diagram is obtained only qualitatively. The qualitative ILs are very helpful in quickly determining the general shape of the IL diagram. This will in turn tell us also quickly where the moving loads should be place for the maximum effects. Later of course the calculations has to be done to determine the ordinates of the ILs (i.e the quantitative ILs need to be computed if desired! … but the calculations are done only for simple structures and other complex structures will be studied by other methods once the qualitative ILs are used to only determine the worst load positions!).
The Principle of Superposition and Work Done (Müller Breslau Principle):
The principle of superposition is valid for structures that respond to loading effects within the linear elastic range. Any complex loading can be resolved in to a combination of simple loads. So for a beam with loads P1 and P2 applied simultaneously, can be studied with effects of P1 and P2 studied separately then added to give the total effects. This principle and invoking the principle of work done by the forces P1 and P2 (e.g. Work done = action * displacement) as shown in Fig. 1. The quantitative IL and qualitative IL are easily obtained below.

[image: image1]   
Example of a typical qualitative IL: Based on applying unit displacements in the positive direction of the forces required without violating the support conditions.
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The cases with uniform loads w(x):

For cases with uniform loads it is easily seen that the IL diagram for a concentrated unit load can also be used to determine the maximum effects. The is so because dP = w(x) dx and its contribution to the maximum effect for a reactive force is (V; M; or N) is "say for V" is


dV= w(x) dx (IL-ordinate),  then



V = ∫ [w(x) dx (IL-ordinatew(xrea under the IL-diagram loaded by w(x)
Qualitative IL-diagrams for truss members and truss reaction:

The following diagram shows a typical ILs for the internal forces in two members.


[image: image3]
Notes:

1. The ordinates for the force reactive forces By, Nab and Ncd can be easily obtained from the principle of equilibrium as the truss is statically determinate internally and externally (since: 2* NJ = r + m: 20=20!). 

2. For the maximum load effect (+ve or –ve), the loads will be placed only at the ordinate locations that will give the desired effect. For example, in Fig 2 above the maximum +ve shear force will be obtained by placing a uniform load between BC and a concentrated load just to right of B.
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Notes


L1= tan L2


Then solve for ILs' ordinatesand
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Fig. 1-illustartion:Typical application
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Fig. 2:
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Qualitative ILs for Ay and VB and MC:


Note: the ILs may have +ve and –ve ordinates  as shown below.
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Fig. 1:





Total displacements:


P1) + P2) 


P2) + P1)


It can then be easily seen that the works are equal regardless of the order of applying the loads. This means that:


 W2(P1) = W1(P2) 


 P2 P1 


Now if we assume P1 = 1, then P2 =  . This result can be utilized to draw a qualitative IL as the P2 may be thought of as a the desired quantity (V; M; or N) and the ordinates are proportional to the scaled ordinates of displacement diagram [Müller Breslau Principle] that does not violate the support conditions. The picture is more clear if  = 1 (This implies placing a unit displacement at the location for which the IL diagram is being drawn) is used and P2 = .
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