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The Displacement Method: Slope deflection equations
                    Summary of lectures 28-30


Introduction: 


In previous sections, the analysis of redundant structures (beams and frames) has been performed using the force method and the energy-based method of least work. It has been shown that the unknown(s) are the force(s) and/or moment(s).
In the following sections, a new procedure is developed for the analysis of beams and frames with the joint displacements (deformations: linear deflections and/or angular slopes) are the main unknowns. The procedure is based on joint moment equilibrium. 

Joint moment-equilibrium depends on the number of member meeting at a joint, and is written as 


Mj = 0


Mnf )j  = 0
For the following joint (with four members) the equilibrium condition is 

MBA + MBC +  MBD + MBE = 0
                                                                                                           
[image: image1]

The following beam model is used to express the relationship between end moments, displacements and effect of loads using the fixed end moments.

[image: image2]

The FEMs are easily obtained from the basic principles of analyzing a loaded beam segment with a given load with both end fixed with the slopes being zero. Expressions are usually tabulated in give tables of FEMs. For example a beam of length L, with uniform EI, and loaded with uniform load w, the FEMs are



FEAM AB  = -w L2/12 

and  

FEAMBA  = + w L2/12, and so on for other types of loads.


The following sections give sample tabulated expressions for FEMs for typical loaded beam cases. The examples provided illustrate the main steps of solving beam problems using the slope deflection equations. 
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	If end slopes and displacements   ,  CB  are applied one at a time, the principle of superposition and the moment area theorems may be applied to compute the following relationships: 





		MAB = 4EI/L  + 2EI/L 6EI/L2 B/A


		MBA = 2EI/L  + 4EI/L 6EI/L2 





	More over with loads applied the fixed end moments (FEMs) are added to both ends A and B with the sign convention that clockwise FEMs are positive and the counter-clockwise are negative.  


		MAB = 4EI/L  + 2EI/L 6EI/L2 B/A + FEMAB


		MBA = 2EI/L  + 4EI/L 6EI/L2  + FEMBA













s.a.alghamdi

December 17, 2003
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