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Influence Lines for Statically Determinate Structures

 Introduction - What is an influence line?

 Influence lines for beams

Qualitative influence lines - Muller-Breslau Principle

 Influence lines for floor girders

 Influence lines for trusses

 Live loads for bridges

Maximum influence at a point due to a series of  

concentrated loads

Absolute maximum shear and moment
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Introduction To Influence Lines

 Influence lines describe the variation of  an analysis variable (reaction, shear 

force, bending moment, twisting moment, deflection, etc.) at a point (say at C 

in Figure 6.1)

 Why do we need the influence lines? For instance, when loads pass over a 

structure, say a bridge, one needs to know when the maximum values of  

shear/reaction/bending-moment will occur at a point so that the section may 

be designed.

 Notations: 

• Normal Forces - +ve forces cause +ve displacements in +ve directions

• Shear Forces - +ve shear forces cause clockwise rotation & - ve shear force causes anti-

clockwise rotation

• Bending Moments: +ve bending moments cause “cup holding water” deformed shape
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Influence Lines For Beams

Procedure:

(1) Allow a unit load (either 1b, 1N, 1kip, or 1 tonne) to 

move over beam from left to right

(2) Find the values of  shear force or bending moment, at 

the point under consideration, as the unit load moves 

over the beam from left to right

(3) Plot the values of  the shear force or bending moment, 

over the length of  the beam, computed for the point 

under consideration
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3.3 MOVING CONCENTRATED LOAD 
 

3.3.1 Variation of Reactions RA and RB as functions of load position 
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RA occurs only at A; RB occurs only at B

 Influence line

 for RB

1-x/10

1

Influence

line for RA

x 10-x

x 10-x

x/10 1.0

Influence Lines For Beams
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3.3.2 Variation of Shear Force at C as a function of load position

0 < x < 3 ft (unit load to the left of C)

Shear force at C is –ve, VC =-x/10

C

x 1.0

RA = 1-x/10 RB = x/10

3 ft

10 ft

A B

x/10

C

Influence Lines For Beams
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3 < x < 10 ft (unit load to the right of C)

Shear force at C is +ve = 1-x/10

Influence line for shear at C

C

x

3 ft

A

RA = 1-x/10 RB = x/10

B

C

1

1

-ve

+ve

0.3

0.7

RA = 1-x/10

Influence Lines For Beams
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3.3.3   Variation of Bending Moment at C as a function of load position

0 < x < 3.0 ft (Unit load to the left of C)

Bending moment is +ve at C

C

x

3 ft

A B

RA = 1-x/10
RA = x/10

10 ft

C

 x/10

x/10

x/10

(x/10)(7)(x/10)(7)

x/10

Influence Lines For Beams
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3 < x < 10 ft (Unit load to the right of C)

Moment at C is +ve

Influence line for bending

Moment at C

C

x ft

3 ft

A

RA = 1-x/10

10 ft

C

1-x/10

1-x/10

(1-x/10)(3)

(1-x/10)(3)

1

RA = x/10

B

 1-x/10
(1-x/10)(3)

+ve

(1-7/10)(3)=2.1 kip-ft

Influence Lines For Beams
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Unit moving load

A

B

Influence Lines For Beams
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Example 1

Construct the influence line for

a) reaction at A and B

b) shear at point C

c) bending moment at 

point C

d) shear before and after 

support B

e) moment at point B

of the beam in the figure below.

B

A

C

4 m 4 m 4 m

Influence Lines For Beams



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

SOLUTION

• Reaction at A

+ MB = 0: ,0)8(1)8(  xAy xAy
8
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Influence Lines For Beams
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A
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Influence Lines For Beams
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• Shear at C
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Influence Lines For Beams
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Influence Lines For Beams
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• Bending moment at C
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Influence Lines For Beams
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Influence Lines For Beams - Moment
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Or using equilibrium conditions:

• Reaction at A

+ MB = 0: ,0)8(1)8(  xAy xAy
8
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Influence Lines For Beams
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• Shear at C

A

C

4 m
Ay By

1

x

4 m 4 m

40  x 124  x

01  Cy VA

1 yC AV

Fy = 0:+

0 Cy VA

yC AV 

Fy = 0:+

VC

MC

xAy
8

1
1

A

C
x

4 m

124  x

VC

MC
A

C

1

x

4 m

40  x

xAy
8

1
1

Influence Lines For Beams
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Influence Lines For Beams
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• Bending moment at C
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Influence Lines For Beams – Equilibrium methods
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• Shear before support B
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Influence Lines For Beams – Equilibrium methods
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• Shear after support B
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Influence Lines For Beams – Equilibrium methods
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• Moment at support B
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Influence Lines For Beams – Equilibrium methods
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Influence Lines For Beams- Qualitative

Müller-Breslau principle states that the influence line for a function 

(reaction, shear, or moment) is to the same scale as the deflected 

shape of  the beam when the beam is acted upon by the function. 

 In order to draw the deflected shape properly, the capacity of  the 

beam to resist the applied function must be removed so the beam can 

deflect when the function is applied. 
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Influence Lines For Beams- Qualitative
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Influence Lines For Beams- Qualitative

 The proof  of  the Müller-Breslau principle 

can be established using the principle of  

virtual work. 

 Recall that work is the product of  either a 

linear displacement and force in the 

direction of  the displacement or a 

rotational displacement and moment in 

the direction of  the displacement. 

 If  the beam is given a virtual displacement 

𝛿𝑦 at the support A, then only the support 

reaction 𝐴𝑦 and the unit load do virtual 

work. Specifically, 𝐴𝑦 does positive work 

𝐴𝑦𝛿𝑦 and the unit load does negative 

work, −1𝛿𝑦′.
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Influence Lines For Beams- Virtual Work



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

Influence Lines For Beams- Qualitative



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

Influence Lines For Beams- Qualitative
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L

A

B

a

- Pinned Support

RA

RA

x

1

L

b

b

CA B

Influence Lines For Beams- Qualitative
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Influence Lines For Beams- Qualitative
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• Shear

Influence Lines For Beams- Qualitative
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Influence Lines For Beams- Qualitative
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Influence Lines For Beams- Qualitative
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• Bending Moment

Influence Lines For Beams- Qualitative
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a
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A B
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Influence Lines For Beams- Qualitative
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Influence Lines For Beams- Qualitative
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• General Shear

Influence Lines For Beams- General
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• General Shear

Influence Lines For Beams- General
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• General Bending Moment

Influence Lines For Beams- General
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Influence Lines For Beams- General
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Example 6-2

Construct the influence line for  

- the reaction at A, C and E

- the shear at D

- the moment at D

- shear before and after support C

- moment at point C

A B C D E

2 m 2 m 2 m 4 m

Hinge

Influence Lines For Beams- Qualitative



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

A
C D E

2 m 2 m 2 m 4 m

B
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x

1
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SOLUTION

Influence Lines For Beams- Qualitative
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A
C D E

2 m 2 m 2 m 4 m

B
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Influence Lines For Beams- Qualitative
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A B C D

E
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Influence Lines For Beams- Qualitative
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A B C D E

2 m 2 m 2 m 4 m

VD
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x

1

2/6

-1

1

• sE = sC

sE = 1/6
sC = 1/6  

=

-2/6

=

4/6

Influence Lines For Beams- Qualitative
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Or using equilibrium conditions:

Influence Lines For Beams- Equilibrium
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A B C

D

E

2 m 2 m 2 m 4 m

4

-1.33

MD

x

(2)(4)/6 = 1.33 

fD = qC+qE = 1

qC = 4/6

2

2/6 = qE

MD MD

Influence Lines For Beams- Virtual Work
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Or using equilibrium conditions:

Influence Lines For Beams



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

Influence Lines For Beams- Virtual Work
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Or using equilibrium conditions:

Influence Lines For Beams
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Influence Lines For Beams- Virtual Work
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Or using equilibrium conditions:

Influence Lines For Beams
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Influence Lines For Beams- Virtual Work
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Or using equilibrium conditions:

Influence Lines For Beams
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Example 6-3

Construct the influence line for  

- the reaction at A and C

- shear at D, E and F

- the moment at D, E and F

Hinge
A B CD E F

2 m 2 m 2 m 2 m2 m 2 m

Influence Lines For Beams- Virtual Work
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SOLUTION

RA

RA

x

1 1

-1

0.5

-0.5

2 m 2 m 2 m 2 m

A

B CD E

2 m 2 m

F

Influence Lines For Beams- Virtual Work
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2 m 2 m 2 m 2 m

A B
CD E

2 m 2 m

F

RC x

RC

1
0.5

1.5
2

Influence Lines For Beams- Virtual Work
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2 m 2 m 2 m 2 m

A B CD E

2 m 2 m
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Influence Lines For Beams- Virtual Work
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A B CD E

2 m 2 m 2 m 2 m2 m 2 m
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x
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=

Influence Lines For Beams- Virtual Work
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2 m 2 m 2 m 2 m

A B CD E

2 m 2 m
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VF

x

1 =

=

Influence Lines For Beams- Virtual Work
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2 m 2 m 2 m 2 m

A B CD E

2 m 2 m
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MD
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2

Influence Lines For Beams- Virtual Work
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2 m 2 m 2 m 2 m

A B CD E

2 m 2 m

F

fE = 1

ME
ME

ME

x

qC = 0.5qB = 0.5

(2)(2)/4 = 1

-2

-1

Influence Lines For Beams- Virtual Work
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2 m 2 m 2 m 2 m

A B CD E
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qF = 1

-2



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

Example 6-4

Determine the maximum reaction at support B, the maximum shear at point 

C and the maximum positive moment that can be developed 

at point C on the beam shown due to 

- a single concentrate live load of 8000 N

- a uniform live load of  3000 N/m

- a beam weight (dead load) of 1000 N/m

4 m 4 m 4 m

A BC

Influence Lines For Beams- The Use of
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0.5(12)(1.5) = 9

SOLUTION

RB

x

1

1.5

0.5

=  48000  N = 48 kN

(RB)max +  (8000)(1.5)= (1000)(9) + (3000)(9)

8000 N

1000 N/m

3000 N/m

4 m 4 m 4 m

A
BC

Influence Lines For Beams- Virtual Work
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0.5(4)(-0.5) = -1

0.5(4)(0.5) = 1

0.5(4)(-0.5) = -1

= (1000)(-2+1)

4 m 4 m 4 m

A
BC

VC

x

0.5

-0.5

1000 N/m

(VC)max +  (8000)(-0.5)

=  -11000  N = 11 kN

+ (3000)(-2)

-0.5

3000 N/m 3000 N/m
8000 N
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8000 N
3000 N/m

1000 N/m

(1/2)(4)(2) = 4

+(1/2)(8)(2) = 8

4 m 4 m 4 m

A
BC

3000 N/m

(MC)max positive =  (8000)(2)

=  44000  N•m = 44 kN•m   

+ (8-4)(1000)+ (3000)(8)

MC

x

2

-2
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