CE 227 Homework #6 Solutions Adapted from: Troy Morgan

Problem 13 - Estimation of Elastic Design Forces and
Displacements

In thiz problem we examine the demands on our bwlding structure subjected to the frequent event,
corresponding to the 30% m 30 yr discuzzed m problem 11. Since one of the performance goals
established 1= for the structure to remain m the elastic range of response under thiz event, we can directly
uze the elashc spectrum obtained m Problem 11 to compute the force and displacement demand For a
first-mode pencd of 0.79 sec, we obtain the following spectral values: A,=5.T, =3%)=0.62g and
D=5/T, .=3%F3.78 m.

1
- Sa(gh
om
aF k
4 K.
0 |. — G (S0P A
aa
[ = |
R
a e —

0 —— —

a L0 1
Tish

a5

o Bd {in)

T /

¥ - ‘-_,-'

5

20

1= e T (SR Tlrp i)

1

g /
o M
A

L1l 151
Tish

a. Computation of demand forces and displacements for the frequent event:
1. The story shears are obtained as follows (obtained for one frame. not the entire bulding):
Story forces: _.l'_’,-ﬂrf, . 5- ]",ﬂﬂ,whﬂre:

'aHJ,.I.WI,n"E { 0] [2.525 i} ] 2T
m=f 0 om,Jf2 0 |={ 0 23525 0 |,g=|63,[}=129
0 0 m 2 |0 0 2590 | |
Thi= grves story shears:
story story Shear (Kips)
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2. 1230
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1L The expected floor displacements and inter-story dnfts are obtzmed as follows (for one frame or

the enfire building)-

Vo My =M iy = ﬁrlnl'- E‘.I = ""'.'lll'r'ﬂ'-

Thi= grves:

story ' Floor displacement (in) | Inter-story drift (in) | Interstory drift index
1 1.32 1.32 0.0073
2 3.07 1.76 0.0058
3 4 88 1.80 0.0100
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k. Discussion of results:

1. A typical upper-bound value of 0.25% rad iz establizshed for the protechon of partihons. With a
maximum dnft demand of 1.0% estimated for the bmlding for the frequent event (which 1z 4
times that lmut), we can clearly expect damage to displacement-zensiiive nonstructural
components 1n the bmlding under the frequent earthquake event.
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Recogmzing that the first-mode penied of the structure liez n the constant velocity range, we can
observe that displacements are linearly related to the pemod. Thus, a reduction of 10% m the
displacement demand and inter-story dnfts corresponds to a reduction of 10% m the speciral
displacement and findamental peniod. Since we have S, = T = M /K | a reduchon of 21% m the
mass of an increaze of 21% m shffness will produce the dezired effect.

From fable 1-6 of FEMA 356, we have a damping coefficient for the constant velocity range B,
of 0.3 and 1.0 for 2% and 3% effective vizcous damping in the stmctural system, respectively.
The zpectral values have the following relation (when mass and stiffness are fixed values):

5,25 =8, areduction of 10% in the spectral values implies an increaze of 11% in the
damping coefficient B, and effective wizcous damping B, (8 =08x1.11 =083, which
corresponds to a viscous damping § = 3x0.011 = 3.35% ).

A reduction m accelerahion 13 directly proportional to the spectral acceleration Simce m the
constant velocity range 5 <5 _ /7, where S ___. 1= a constant, a reduction of 10% m the

e ma

spectral acceleration values would require an increase in the mass and a reduction in the stiffness.
Note that an imcrease in mass will result in an increaze mn the story forces and shears, despite a

decrease in acceleration values (V, = M8, = M 228, /T =5 MK
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