CE 227 Homework #6 Solutions Adapted from: Troy Morgan

Problem 14 - Estimation of Inelastic Design Forces and
Displacements

In thiz problem we perform a simular analysis as m Problem 13 but for the rare earthquake event
(correspending to the 2% m 30 vr PE hazard level) and a ductility demand of mw=6, or the duchlity

corresponding fo our maximum B from problem 11. The mllﬂpseprmtnhnnparfmmanue goal 13
Estﬂb]ls]:lﬁd for the structure under this rare event

From problem 11, Rmax=2} 8  Since cur building 13 in the constant velocity range, for which F=mun_ we
should uze mu=2.8 as our target ductility demand. Thiz 1= much lower than the orngmal target value of 6.

2. Using Newmark & Hall's method of develeping melastic spectra for a specified level of ductility, we
proceed to modify the elastic specira for the 247557 refum penod or 2% m 30 y1 hazard Tevel

(developed m Problem 8). Here we have: JSa,.,,=38a,., R=235/2.14=110, where
K= J2p=1=214 and Sa =8, /R=1355/28=048, where R=pu=28% Ths

corresponds to a comer peried T, = 8o,/ 8a,,,,, =044sccand T, = 02T, = 0.0%scc. The
followng nelastic acceleration spectrum i1s obtained:
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To calculate the displacement spectrum, the easiest option i1s to find the spectrum comresponding
to the above acceleration spectrum, and multiply the values by mu (=2.8). Dividing by B and multiplying
by mu 13 the equivalent to multiplying by gamma. Tz grves:
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b. For a first-mode penod of 0.79 zec, we obtamn the following spectral values: A =5, (103978
and D, . =5, ,(T,)F10.7Tm

c. To sumphfy the calculations for story forces and floor displacements, we can scale the values obtamed
m Problem 12. For the forces we have a reducton factor of S, a(2%em30)S o(30%m3I0F
03597032= 096 and for the displacements we have and amplificabon facter of
Sa,metl, 2 VeI 0N Sa et F0 W em0% )= 10.7/3.78= 283, Smce the structure 13 m the displacement
preserved range (y=1 or 5,;./=35,..), the maximum dizplacement demand 15 obtained directly from the
melastic displacement spectra. The storv forces, shears. displacements, drifts and bending moments of
the building frame for the rare event, based on the inelashic response spectrum obtammed above are
prezented below:

Story story Shear (kips)

1 1440

2 1238

3 767

I Story I Floor displacement {in) Inter-story drift (in) | Interstory drift index

1 . 3.73 3.73 0.0207 .
2 8.69 497 0.0276
3 . 13.80 5.11_ 0.0254 .

bt
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d. In thiz part we mmveshpate addiicnal methods of estimafing inelashic speciral accelerations and
dizplacementz. The results of the spectral acceleration ..., spectral displacement 5. force
reduction factor F, and displacement amplification factor v, obtamed from Miranda (statistically
derrved), Fiddel, Hidalpo and Cruz (simphfied), and Newmark & Hall methods are summanzed m

the table below:
Method Sa inelastic (g) sd inelastic (in) | Rimu) gamma(mu)
Miranda 0.52 B.89 3.27 0.85 |
Riddel, Hidalgo, and Cruz 0.61 104 2B 1
MNewmark and Hall 0.60 10.7 2B 1

Note that Miranda 1z a bit lower on forces and displacements, while Riddel, Hidalge & Cruz give
results very close to Newmark & Hall results. These differences are all less than 20%, therefore the
simplest procedure could be used to obtamn the force and displacement demand on the building
structure. The Miranda method 15 recommended since 1t provides a smooth relation for R and +, 1s
based on statistical dafa obtained from a large number of ground motions, and 1t considers soil
conditions at the buillding site.
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