Method of Superposition

150 kN P = 150 kN

20 kN/m
w = 20 kN/m

e——— L =8m

Principle of Superposition:

Deformations of beams subjected to Procedure is facilitated by tables of
combinations of loadings may be solutions for common types of
obtained as the linear combination of the loadings and supports.
deformations from the individual
loadings See Appendix D, Page A28
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Sample Problem 9.7

, C + + For the beam and loading shown,
A B determine the slope and deflection at
point B.
I"— 1./2 1./2
SOLUTION:

Superpose the deformations due to Loading | and Loading Il as shown.
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Sample Problem 9.7

Loading 1

A s Loading |
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Loading I
wL3 wL4
0,),, = ——— -
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Loading 11

In beam segment CB, the bending moment is zero and
the elastic curve is a straight line.

A4 L3
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Sample Problem 9.7

Loading 1 Loading 11
A w A
I‘_:Cm'% EERREERRERE I c
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P g —L(fp)

Combine the two solutions,

L3 WL3 7WL3

05 =O0s)r+ Os )=~ 11+ e % T asEl
74 4 4

wL 7wL 41wL

vp=0s)+ U= g+ S S YY)
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Application of Superposition to Statically Indeterminate Beams

Method of superposition may be appliedto  Determine the beam deformation without
determine the reactions at the supports of the redundant support.
statically indeterminate beams.

Treat the redundant reaction as an unknown
load which, together with the other loads,

Designate one of the reactions as must produce deformations compatible
redundant and eliminate or modify the with the original supports.
support.
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Sample Problem 9.8

EEEERIEIIEER

A BE—_—SS o I

For the uniform beam and loading shown,
determine the reaction at each support and the

LOC N—— slope at end A.
~ 21./3 4>l<*l_,/3 —>=

- G -
SOLUTION:

Release the “redundant” support at B, and find deformation.

Apply reaction at B as an unknown load to force zero displacement at B.

w
\

w
A A 17 1Y 1Y 119 A B &
H {c N K ic -+
. 1& 8
l Rh’ ‘ : Rl; l
~—— 2L/3—>|=<L/3— ~——2L/3 L/3—

~—— 9L/3——>}<L/3—




Sample Problem 9.8

+

Distributed Loading:

B _ AtpointB, x=2L
I*— 2L/3 . 4 3

(vp), = ——— (%L) —2L(§L) +L3(§L)

24FE1
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Sample Problem 9.8

For a=%L and b =~

2

08)y = 3EIL(§ )(%)

Ry

2

i =0.01646




Sample Problem 9.8
1111 ﬁr EERE EEEEREEERE

A . C

1
+

B B
| RI;‘ ‘ RI»‘
~——2L/3——>{=~L/3— ~——2L/3 L/i3— ~—— 2L/3———{=L/3

For compatibility with original supports, y, =0

wL* Rpl’
0=03p), +(p)p = ‘0'0”32ﬁ + 0.01646%

Rp = 0.688wL 1

From statics,

R, =0271wL ! Re =0.0413wL 1
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Sample Problem 9.8
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I yp =0 | (04). (YB)

Slope at end A,

3 3
64), =-———=-0.04167—
Od==20p; £l
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