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CE382 

STRUCTURAL ANALYSIS II 
(Supplementary lecture notes)
Primary objective of the course 

To teach students a mixture of both classical and modern methods of structural analysis of indeterminate structures. 

 Introduction

The word structure has various meanings. It describes much of what is seen in nature. By an engineering structure we mean roughly something constructed or built. Structural analysis is the process by which the structural engineer determines the response of a structure to specified loads or actions.

Response:   

· magnitude of force development (collapse)

· magnitude of deformation (serviceability)


Structural Engineer

* The design of a structure involves many considerations, among which are 4 major objectives that must be satisfied:

1. Utility (The structure must meet the performance requirement)

2. Safety (The structure must carry loads safely)

3. Economy (The structure should be economical in material, construction, and overall costs)

4. Beauty (The structure should have a good appearance)

Therefore, the purpose of structural analysis is to determine the reactions, internal forces, such as axial, shear, bending and torsional, and deformations at any point of a given structure caused by the applied loads and forces.

Displacement Methods

The analyses of statically indeterminate structures are generally performed by force and displacement methods.

The force method is also called the method of consistent deformations and is known as the compatibility or flexibility method.

The displacement method is also called as stiffness method.

	
	Unknowns
	Equations used for solution

	Force Method
	Forces
	Compatibility and Force-displacement

	Displacement Method
	Displacements
	Equilibrium and Force-displacement


SLOPE DEFLECTION METHOD    (SDM)
· This method presented by Prof. G. A.  Maney. 
· SDM can be used to analyze statically indeterminate structures, composed of moment resisting members, such as continuous beams and frames. 

· The method is based upon the relationship that exists between the moments at the ends of a member and the displacements at its ends and also any transverse loading on the member.

· It is a displacement method for beam and rigid frame analysis. SDM uses displacements as unknowns and therefore referred to as a displacement method.

· The axial deformation of members is neglected.

· The basic unknowns are joint rotations (slopes) and joint translations (deflections) subjected to the kinematic constraint that axial deformation of any member is zero.

· Using appropriate equations of equilibrium of the joints along with the slope deflection equations for each member, we obtain a set of simultaneous equations with displacements as unknowns with the displacements evaluated and the end-moments can be computed using slope deflection equations. These equations consider deformation caused by bending moments only.
· We shall decide the sign convention for forces and displacements.

Sign Convention

1. Moment at the end of a member is considered POSITIVE when it is in the anticlockwise direction or on a joint in the clockwise direction.

Considering a beam fixed at the ends and loaded transversely as shown:

Sign convention for the end-moments;

2. Translation is considered POSITIVE when it is upward in the Y-direction.

3. Angular rotation is considered POSITIVE when it is in the anti-clockwise direction.

DEVELOPMENT OF SLOPE DEFLECTION EQUATIONS

The end-moments developed due to each of the 3 contributory effects are shown 

The fixed end moments for a specified loading or the end-moments caused by the relative translation of the member ends with ends i and j fixed against rotation can be checked from the given tables.

It is common to express end-moments in terms of rotation  (ij = (/L , that is , the angle between the chord joining I and j and the original orientation of the member axis. 

(ij  is considered positive when the chord rotates in the anticlockwise direction.

The true moment at each end of the member is the superposition of the zero rotation moments caused by transverse loading and relative translation, and the moments due to rotation of the ends of the member.

Therefore:

Fixed-end moments (FEM) :  are moments used in the solution process. Each span is considered fixed at both supports at the ends of the span, and end-moments are calculated due to the applied loads on that span.
Member end-moments : Actual moments. These moments caused by the combination of moments due to ; i-) FEM developed by the tansverse loading. ii-) the end-moments caused by the relative translation of ends of the member. iii-) moments caused by the actual rotations of the ends.
ANALYSIS OF FRAMES WITHOUT  LATERAL TRANSLATION OF JOINTS

(FRAMES WITHOUT SIDESWAY)
The analysis of frames in which the lateral translation of joints are restrained follows the same general procedure as for continuous beams. Some rigid frames are constructed that translation of joints are prevented. Some because of the symmetry of the structure and the loading about certain axis.
ANALYSIS OF FRAMES WITH  LATERAL TRANSLATION OF JOINTS

(FRAMES WITH SIDESWAY)

Sidesway is relative movement, or displacement, of the frame. A frame will undergo sidesway if its joints are not restrained against translation. One exception to this is a symmetric frame with a symmetric load.For the analysis of frames in which the translation of joints is permitted, it is necessary to consider some other equilibrium conditions in addition to the equilibrium of joints. It is based on the condition that the sum of all forces, producing and resisting sidesway, acting on the free-body of the entire frame must be ZERO.
· The axial deformation of members is neglected.

· The basic unknowns are joint rotations (slopes) and joint translations (deflections) subjected to the kinematic constraint that axial deformation of any member is zero.

· It is common to express end-moments in terms of rotation  (ij = (/L , that is , the angle between the chord joining i and j and the original orientation of the member axis. 

· (ij  is considered positive when the chord rotates in the anticlockwise direction.

Analysis 





Design* (proportioning or dimensioning)
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