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Introduction

 For a coplanar structure there are at most three equilibrium 

equations for each part, so that if  there is a total of  n parts and r 

force and moment reaction components, we have

 This indeterminacy may arise as a result of:-

• Added supports 

• Added members

• General form of  the structure (e.g. RC)
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Introduction

Advantages

 The maximum stress and deflection 

of  an indeterminate structure are 

generally smaller than those of  its 

statically determinate 

 Tendency to redistribute its load to 

its redundant supports in cases 

where faulty design or overloading 

occurs

 statically indeterminate structures 

can support a loading with thinner 

members and with increased 

stability compared to their statically 

determinate counterparts

4

Disadvantages

 Costly to fabricate joints for statically 

indeterminate.

 Because redundant support reactions, 

Great care to prevent differential 

displacement of  the supports.

 any deformation, such as that caused 

by relative support displacement, or 

changes in member lengths caused by 

temperature or fabrication errors, will 

introduce additional stresses in the 

structure, which must be considered 

when designing indeterminate 

structures.
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Introduction

 Satisfy equilibrium, compatibility, and force-displacement

• Equilibrium:- The reactive forces hold the structure at rest.

• Compatibility:- structure fit together without breaks or overlaps

• Force-displacement:- Structure carries the Load without excessive 

displacements

 For a statically indeterminate structure, they are the force or 

flexibility method, and the displacement or stiffness method.
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Slope Deflection Method

All structures must satisfy equilibrium, load-displacement, and 

compatibility of  displacements requirements in order to ensure their 

safety. 

 The displacement method works opposite to the force method. It 

first requires satisfying equilibrium equations for the structure. To do 

this the unknown displacements are written in terms of  the loads by 

using the load-displacement relations, then these equations are 

solved for the displacements.

 The compatibility equations using the load-displacement relations 

determine the unknowns. 
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Slope Deflection Method – Degree of Freedom

 The displacements are 

referred to as the 

degrees of  freedom for 

the structure. They 

become the unknowns.

 specifying the 

kinematic 

indeterminacy or the 

number of  

unconstrained degrees 

of  freedom for the 

structure is a necessary 

first step when applying 

a displacement method 

of  analysis.

 It identifies the number 

of  unknowns
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 This beam is kinematic indeterminate to 

the first degree, one angular displacement 

𝜃𝐴.

 This beam is kinematic indeterminate to 

the fourth degree. Thus three angular 

displacemebts 𝜃𝐴, 𝜃𝐵, 𝜃𝐶 and the 

displacement ∆𝐶.

 This frame is kinematic indeterminate to 

the three degree. Thus three angular 

displacements 𝜃𝐵, 𝜃𝐶 and the equal 

displacement at B and C ∆𝐶=∆𝐵.
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Slope Deflection Method – THE EQUATION

 The slope deflection method is not as involving as the force methods especially with higher 

degrees of  indeterminate. It requires less work

 Consider a span AB of  a continuous beam, loaded with some loads and a constant EI. We need 

to relate 𝑀𝐴𝐵 and 𝑀𝐵𝐴 (internal end moments) to the degrees of  freedom 𝜃𝐴 and 𝜃𝐵 and linear 

displacement ∆𝐵.
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 This beam is kinematic indeterminate to the 

Third degree. Thus three rotations 𝜃𝐴, 𝜃𝐵, and 

the displacement ∆𝐵.
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Slope Deflection Method – Angular Displacement at A, 𝜽𝑨
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Slope Deflection Method – Angular Displacement at B, 𝜽𝑩
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Angular Displacement at B, 𝜽𝑩

Linear Displacement at B, ∆𝑩
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Slope Deflection Method – THE EQUATIONS

 FIXED END MOMENT:- In general, however, the linear or angular displacements of  the 

nodes are caused by loadings acting on the span of  the member, not by moments acting at its 

nodes.

 In order to develop the slope-deflection equations, we must transform these span loadings into 

equivalent moments acting at the nodes and then use the load-displacement relationships just 

derived. 
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 Since we require the slope at each 

end to be zero 

 This moment is called fixed end moment, +ve at A and –ve at B
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Slope Deflection Method – Fixed End Moments

 For convenience in solving problems, fixed-end moments have been 

calculated for other loadings and are tabulated on the inside back 

cover of  the book. Assuming these FEMs have been determined for 

a specific problem, we have
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Fixed end moments
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Fixed end moments
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Slope Deflection Method – THE EQUATIONS

 By Superposition, we will add the Moments together
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 We combine the above 2 equations. 

Referring to one end of  the span as the 

near end (N) and the other end as the 

far end (F). We get the general slope-

deflection equation.
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Slope Deflection Method – THE EQUATIONS

 The general slope-deflection equation when used for the solution 

of  problems, is applied twice for each member span (AB); that is, 

application is from A to B and from B to A for span AB in below.
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Slope Deflection Method – THE EQUATIONS

When the end support is a pin or a roller, 

the moment at the roller or pin must be 

zero; 

 The angular displacement 𝜃𝐵 at this 

support does not have to be determined, 

17

Dennixtostorium
Pencil

Dennixtostorium
Pencil

Dennixtostorium
Pencil

Dennixtostorium
Pencil



CEE  3222: THEORY OF STRUCTURESMr. MWABA MSc, B.Eng., R.Eng., PEIZ, 

Slope Deflection Method – Beam analysis procedure
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Example 1

Draw the shear and moment diagrams for the beam shown in Figure 

below. EI is constant
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Solution 1

 Two spans considered and since 

no span has a roller or pin at the 

end, the equations will be applied 

twice.

 Using the FEM formulae 

provided, we solve
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Solution 1
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Example 2

Draw the shear and moment diagrams for the beam shown in Figure 

below. EI is constant
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Solution 2

 Two spans considered and because of  a 

roller at C, we apply the second equation 

for span BC.
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Solution 2
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Example 3

Determine the internal moments at the supports of  the beam shown 

in the figure. The roller support at C is pushed downward 0.1 𝑓𝑡 by 

the force P. Take 𝐸 = 29(103) 𝑘𝑠𝑖, 𝐼 = 1500 𝑖𝑛4
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Solution 3
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Solution 3
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Slope Deflection Method – Frame analysis

28

 A frame will not sidesway, or be

displaced to the left or right,

provided it is properly restrained.

 Also, no sidesway will occur in an

unrestrained frame provided it is

symmetric with respect to both

loading and geometry.

 For both cases the term 𝜓 = 0,

since bending does not cause the

joints to have a linear

displacement.

 The procedure for analysis is as

outlined for beams
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Slope Deflection Method – Frame analysis

29

 A frame will sidesway, or be displaced to the

side, when it or the loading acting on it is non

symmetric.

 Eg P causes unequal moments 𝑀𝐵𝐶 (tend to

display to joint B to the right) and 𝑀𝐶𝐵 (tend to

display to joint C to the left) .

 The term 𝜓 = Δ/𝐿.

 we must write force equilibrium equations in

order to obtain the complete solution. The

unknowns in these equations, however, must

only involve the internal moments acting at

the ends of the columns, since the slope

deflection equations involve these moments.
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Example 4

Determine the moments at each joint of  the frame shown in the 

figure below. EI is constant.
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Solution 4
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Solution 4
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Example 5

Determine the internal moments at each joint of  the frame shown in 

the figure below. The moment of  inertia for each member is given in 

the figure. Take 𝐸 = 29(103) 𝑘𝑠𝑖.
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Solution 5
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Solution 5
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Example 6

Determine the moments at each joint of  the frame shown in the 

figure below. EI is constant. 
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Solution 6
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Solution 6
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Example 7

Determine the moments at each joint of  the frame shown in the 

figure below. EI is constant for each member.
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Solution 7
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Solution 7
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