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pounding Incidents. - Investigations 1nto past earthquake damage have shown
+hat collisions between adjacent buildings durlng earthquakes have been one of
rhe causes OrI SEVeLC structural damage. This collision, commonly called

structural pounding’ occurs during an earthquake when, due to their different
dynamic ~haracteristics, adjacent buildings vibrate out of phase and there 1s
-neufficient separation distance between them.

Many incidents of seismic pounding have been reported to date. Pounding of
sdjacent buildings has made damage worse, and/or caused total collapse of the
huildings The earthquake that struck Mexico City in 1985 has revealed the fact
chat pounding was present in over 40% of 330 collapsed or severely damaged
buildings surveyed, and 1n 158 of all cases it led to collapse (Rosenblueth and
Meli 1986) This earthquake illustrated the significant seismic hazard of
pounding by having the largest number of buildings damaged by 1ts effect during
a single earthquake (Bertero 1986). The writers have surveyed the damage due UO
pounding in the b5an Francisco Bay area durilng +he recent 1989 Loma Prieta
Earthquake (Kasai and Maison 1991). Significant pounding was observe§Fat sites
wver 90 km from the epicenter thus indicating the possible catastrophic damage
that may occur during future earthquake having closer epicenters. .

code Provisions Regarding Pounding. - Past aseismic codes did not gV
definite guidelines to preclude pounding. RBecause of this and due tO economlc

requirements, there are many

I“f.
considerations including maxlimum land usage

® g

buildings world-wide which are already built in contact ol extremely close to one
another that will suffer pounding damage in future earthquakes. The 1990*Un1farm
Building Code (UBC) based on the 1988 provisions by the Structural Englneers
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ng responses of MDOF system are calculated as

Follows (Kasal et al. 1990):
u } = ofu, . :
{ l z\ I’Lﬁ'} : -.1r}d {Ll } ~ 6{I'an} 4 J.f{lifai (1)

in which {(u ] and (u') = the peak negative and positive displacement Vectoxs
respectiV917; (Upp ) and {u,.)] = the peak displacement Vvectors obtained from
~ommonly uSed'multlmode response spectrum analysis of the no-pounding,system;mmi
rhe fixed spring system, respectively. The separation ratio p is defined as the
-atio of the at-rest separation distance divided by the peak displacement of the
rmwpounding system'at the corresponding story level. The a and 7y are obtained
from simple equatlons consisting of the kinetic energies as approximately
computed Uuslng rhe first modal participation factor and earthquake pseudo-
velocity spectra (Kasai et al. 1990). Estimatlons of the other peak pounding
responses cuch as drifts, shears, and OIM's can be made in a similar manner.
Theoretical Predictions and SLAM Analysis Results. - The theory was verified
by more than 500 case studies (Kasai and Patel 1990) comparing the theoretical
results to those from SI.AM analyses. Figs. 5(a) and (b) illustrate the good
accuracy of the theory for predicting MDOF pounding system peak response for
various separations 1n a mid-height pounding case and a top pounding case,
respectively. Note that vertical location of pounding significantly influences
the distribution of story peak responses through the height of the building, and
rhat the shears remain almost the same with the separation ratio from U to 213

BUILDING APPURTENANCES UNDER POUNDING

+s observed damage tO building
building parapets,

Building Appurtenance Damage. - The write
appurtenances such as electrical and mechanical equipments, ; :
and curtain walls which was caused by pounding of buildings during l.oma Prieta

earthquake (Kasal and Maison 1991). ASs discussed earlier (Fig. 2(b)),'the'pedk
floor accelerations can be more than 10 times those from the no-pounding case.

It was also found that a rigid adjacent building case gives the results simélzz

to those from a relatively heavy flexible adjacent building case (e.B-
3(c)). The following crudies consider the

and 3-mass building cases in Fig.

rigid adjacent building case (Kasai et al. 1990). £1

Floor Acceleration Response Spectra for Pounding Case. - The 00X

acceleration response spectra (FARS) at the top pounding level of the 15-St%r{

building are shown in Fig. 6. They indicate that pounding 18 especiallylharm u
This effect

for equipment or secondary systemshaving,éhort periods (<1.0 sec).
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Fig. 9 Example building, 15th Street, Oakland City center.
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