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9.8 Approximate Analysis by Response
Spectrum Superposition (

)

®The preceding section shows a general dynamic
response analysis for linear MDOF structures.

®A simpler method, involving the application of
response spectrum techniques, may be used to
evaluate the peak seismic response ( ) of
structures.

® This approach provides only an approximate
Indication of the peak response developed in linear
MDOF structure.

® Advantage of this method ( ) is that
this technique saves computer time. 2



® Response displacement is obtained by Eq. (9.38) as
n
up=>{u;} (9.75)
1=1

where {Ui} represents response displacement of
the i-th mode and is given as

Ui j= 14 140G (9.76)

where 'oTr (t) IS evaluated based on Eqg. (6.11) as

G ()= [Lug (D)e D sinap (t-r)dr (0.76)
Wp

W(t) =161 15101 + 12 1 B2l + - 8¢ 1 BcOr + - 1 JBn i

(9.38)

UM =+ [Lug (e singp (t-)dr (9.12)
wp




® Because the peak value of qi IS defined as
response displacement spectrum Sp(T,&) (refer to
Eq. (9.73), and because each mass in a normal
mode vibration reaches its maximum displacement
at the same time for any one mode, the maximum
values of response displacement of the i-th mode
are given as

{ui,max}: {ﬁ },Bl qi,max = {¢i },BiSD (9.77)

Sp(T,&)=u(t) . (9.73)

where,

u(t) = —wl g (D)e ¥ singp (t-1)dz (9.11)
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® From Eq. (9.75), the peak response displacement of
the structure \Umax s can be obtained, if the peak
value of response displacement of each mode {Ui,max}
occurs at the same time

®However generally the peak response displacement
of each mode {Ui,max} does not occur at the same
time, the sum of the maximum absolute value of each
mode {Ui,max} clearly gives the upper bound to the
total system response {Umax } which, in general,
would too much conservative.

n
{Umax J < _Zl{ui max } (9.78)
=

u}= _%{ui } (9.75)




® The error arising from an absolute superposition
of the spectral maxima can be overcome by taking
the total response as equal to the square root of
the sum of the squares of the individual modal
maxima.

®This root-mean-square (RMS) approximation (2
) yields the maximum probable seismic
response.

®\When the maximum value of each response
displacement has been obtained for each mode, the
RMS approximation is given by

, 1 . , -
{umax}z\/{ul,max }+ {uz,max }"‘"'{un,max J

n
— \/Z {Ui’maxz} (9.79) 6
|




® Similarly, the peak velocities and accelerations
(absolute accelerations) are approximately obtained

by

n

{Uabs, max }: \/ _Zl{uabs,i ,max2 } (9.80)
=

{umax}z \/_Z {Ui,maxz} (9.81)

1=1



® For seismic design, forces developed in a
structure is important. The force {P} can be
evaluated from Eqg. (9.8) by

PO =[KRu(t)}
where PLt)j+ P (D)} Py (D) (9.82)

R (1)} =[KRui (1)} (9.83)

® |In the analysis of a structure shown in Fig. 9.1,
we have only shear force induced in each spring,
however there are generally three forces; that is

v' Bending moment

v' Shear force

v' Axial force

{P}=[KJ{u} (0.8 8




®From Eq. (9.82), the peak force {Pmax | may be
evaluated by

{Pmax ) = [K RUmax | (9.84)

® Note however that the peak response force does
not necessarily occur at the same time depending
on locations and M-Q-V (moment, shear and axial
forces). Hence except very simple structure, the
peak response forces are determined directly by
Eq. (9.83).

{P(t)} =K Jju(t)] (9.82)




Example 9.8 Evaluate the peak response
displacements and accelerations of the 3
DOES structure of Example 9.5 based on the
response superposition method. Use the
computed response displacement and
absolute accelerations at Example 9.7.
assume that damping ratio is 0.05.
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® The maximum response displacements and
absolute response accelerations are computed by
LDRA-2 as

Sp(1.0s,0.05) = 0.378m
Sp(0.3575,0.05) = —0.0836m

Sp (0.2475,0.05) = —0.00223m

Sy (1.0s,0.05) =2.45m/s
Sy (0.357s,0.05) =1.39m /s
Sy (0.247s,0.05) = -0.453m/s

S A(1.0s,0.05) = —18.3m/s*
S (0.3575,0.05) = 22.6m/s°
S (0.2475,0.05) =10.5m/s°
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® The peak response displacements are

{ul,max }: H1Sp (1-0’0-05){¢1}

1.0
=1.221x0.378x<0.8

0.445 |

D

02}

10.462
0.370 (m)

0.205

{Uz,max }: P2Sp (0-357’0-05){@}

=0.349 x (—0.0836) x

0.445

1.00

—0.802] ([0.0394 |

> =<—0.0130

F (m)

—0.0292
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U3 max | = BaSp (0.247,0.05) {53}

(—0.445
= 0.134x0.0223x1.00

> = <

—0.802.

(—0.00133]
0.00299

- (m)

—0.00234

As we can see from the above results, the peak
displacements become smaller at higher modes.
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® The RMS approximation of the peak response
displacements are

S

0.452%] [0.02282 (~0.00130)%
Unay b~ 140.3622 1 +1(=0.0126)%  +40.00292° |
0.201° | |(-0.0284)?| |(—0.00234)%

(0.453] 0.452)
=:0.362, <E—p .0.362;
\02031 \02011

Exact values (Refer to Example 9.6)
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® Note in the example in the previous page, this is
a good example to show that the spectral method
provides good approximation to the exact response.

® However such a close approximation was
obtained because the structure is very simple
cantilevered shape. For more realistic structures,
the accuracy of response spectral method does not
provide such a good approximation.
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® The peak absolute response accelerations are

Uabs 1 max §= B15(1.0,0.05){g |

~1.221x(-15.1) x

1.0 |
10.802

0.445

—18.4
—-14.8
—38.20

.

{uabs,z,max }: IBZSA(O'357’O'05){¢2}
(—0.802)

=0.349 x 25.5 x <

0.445

1.00

(—8.10)
> =<3.96

J

890

16



{Uabs,S,max }: ,B3SA(O-247’O-O5){¢3}

=—-0.134x14.4 x -

—0.445

-0.802.

® The RMS approximation of the peak relative
response accelerations are

{Uabs, max } ~

20.1
=<15.4

12.2.

\.

(—18.4)2
(-14.8)°

b+ 3

0.859°
100 !'={-1.93!
155
(-8.10)2] [0.8592
3.96° L+4(-1.93)°
\8.902 \1.552

(-8.20)°

(m/s?)
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® Note that because ground acceleration is
Included in the evaluation of the absolute
acceleration, the approximation of absolute
acceleration to the exact values is generally poor.
Hence, if exact response values are required, it
has to be computed by the direct time step
analysis.
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