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10.5 Support Settlements (

Elastic Supports (

® Support settlement in
statically indeterminate
structures induces
forces throughout the
structure.

® Consider the
structure shown In Fig.
10.1 The compatibility
equation given as Eq.
(10.2) includes the
displacement Aq, which
Is the upward vertical
displacement at point b
for the actual structure.
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® If thee I1s a downward
settlement of Als . then

A1 =—Aqs

In such a case, R,
becomes from EqQ.
(10.2) as

Rl _ A].S = AlO
D14
® Thus, it Is clear that the
maghnitude of redundant

reaction is affected by the
support settlement

(10.10)

®Once R, has been
obtained, the final
response guantities are
evaluated by superposition
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® In a similar manner, if downward settlements of Ajs
and A, are prescribed for the structure of Fig. 10.2,
Eq. (10.8) becomes

Dy DlZ_{Rl}:{_Asl_Alo} (10.11)
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® The solution of Eq. | L g

(10.11) gives the 7?’ --------------- ;%

magnitudes of the R ozt R

redundant reactions R, and Fig. 10.2 4

R, and other quantities.




® If there are prescribed settlements for the end

supports ( ), then
and A, and A, must be interpreted as the
displacement relative to the chord connecting the
ends of the beam ( ) as
shown in Fig. 10.3.

Chord connecting supports of
primary structure
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A,and A, used in Eq. 10.8

Figure 10.3 Settlement of continuous beam. Note that upward displacements are positive.



Elastic Supports ( )

® Frequently, structures are
mounted on supports In
which the support
movement depends on the
magnitude of the reaction
force.

®The simplest
representation of this kind of
support is shown in Fig. 10.4
and it is called elastic
support in which settlement
IS a linear function of the
reaction force.
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® It is clear In this case that

Ry =ks (A1) (10.12)
where K¢ is the elastic
spring constant.

® Substituting Eq.
(10.12) into Eq. (10.2),
we obtain .

A10+D11R = _ksl (10.13
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§ i 1 I R } 15‘1
| @ Wi
{,

Fig. 10.4 Elastic support
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® From Eq. (10.13), we obtain
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® If the supports at points b and c of Fig. 10.2 (a) are
provided by elastic supports as shown in Fig. 10.5,

Ru_ysz Rb_y:Rl Rr:r
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Figure 10.5 Continuous beam on elastic supports. °



Eq. (10.8) takes the form

_Dll -I—l/ks D12
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Figure 10.5 Continuous beam on elastic supports.
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® This arrangement
would correspond to
the case in which R,
and R, are provided
by columns. Here, the
elastic constants k_,;

and kSZ would be a Figure 10.5 Continuous beam on elastic supports.

function of the
properties of the columns

® Redundant reactions can be determined by solving
Eq. (10.15), and any other response gquantities are

determined from Eq. (10.9).

D21 D22 -I-l/ks_ RZ
S = SO + S]_Rl + SZRZ

_Dll +1/kS D12 _{Rl}:{_Alo

—Agg
(10.9)

} (10.15)
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EXAMPLE 10.4

Consider the continuous beam of Example 10.2, and
determine the moment diagram for the following set

of support settlements:

Agq =-27.5mm  Ap=-47.5mm
Ac=-22mm Ay =—-10mm

A, =4, A.=4;
Rﬂ—'l‘- =R3 a 1 d
b c
R, =R, R, =R, R, =R, R, =R

I (a) )
Fig. 10.2 -



Settlement pattern

Aa = -27.5mm Ab =—-4/7.5mm
A; =—22mm Aq =-10mm
a b Original position c a
! ! 15 UI -10.0
<D7.8 ~22.5 i
_____ Vo i T .&.
/N Settled position -‘_&-
7AN A, =-7mm =-0.007 m
A, =~25mm = -0.025 m -22.0
-47.5

® The displacements of points b and c relative to the
chord connecting points a and d are needed, thus

A1 =-0.025m and A, =-0.007m 1



Structural Classification

® This structure is statically indeterminate to the
second order. (same as Example 10.2)

Compatibility equations

RET D12_{R1}:{A1—A10} (10.8)
Doy Do [[Ro Ao —Apg

Redundant reactions
In this case, A1g9=A5y=0, and thus

Dy DlZ_{Rl}:{Al} ()
' Do; Doy |[Ro Ao
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® Because A1 =-0.025m and A, =-0.00/m

substituting the appropriate displacement
quantities, Eq. (a) becomes

1[595.1 48841[R| [-0025]
El|488.1 595.1||Ry| |-—0.007

D11 DlZ_{Rl}:{Al} =
' Do1 Do [(R Ay

a b Original position c d
f 1 I -10.0
-15.0 -
=D7.8 ~22.5 A
FAE D VAN
INC Settled position -‘.=-
7A\ A, =~7mm = -0.007 m
A, =-25mm = -0.025 m -22.0
-47.5




@ 5Solving Eq. (b) for the redundant reactions, we obtain

N

( —6
R ~99.1x10
{ 1}:EH B )
R2 69.5x107° | kN -m

1[595.1 4884)[R| [-0025]
El|488.1 595.1||R,| |-—0.007
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Final moments
S=50+51R1+52Ry  (10.9)

® |In this case, M,=0 (because no load is applied to the
structure), and M; and M, are the moment diagram
ordinates given in Example 10.2.
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M, (kN - m)
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® Note that reaction forces and moments are
dependent on the flexural stiffness ( ) EL.
®For a specific case of EI=3000x10-°*m* and
E=200x10°Pa, we obtain

M(kN - m)
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