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Seismic analysis of structurally interconnected
steel frames
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ABSTRACT

!

this paper eval uates the selsmic performance of a pair of closely spaced plane
trosl frames ilnterconne cted by a horizontal structural link to prevent pounding
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i cecipating the selsmlc energy. he frames, one three-storey, the other eight-

rarey, are individually designed according to the 1990 edition of the National
;L:;;i:ji:g Code of (Canada. A parametric study, utilizing nonlinear time-history
swvnamic analysis, 1S performed to determine the influence of the slip load for
1 tructural link when the frames are excited by artificial accelerograms
esentative of an upper bound of the potential ground motion in Vancouver.
is shown that a structural link with friction damping capabilities reduces the
ctility demands of both frames compared to a purely elastic link.

INTRODUCTION

Structural damage caused by two buildings, or different parts of the same
s

building, impacting one another during an earthquake has been observed on
numerous occasions over the past several decades. For example, during the 1972
Managua earthquake the third floor of the CGrant Hotel in downtown Managua,
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ding (Berg and Degenkolb, 1973). Also, the fourteen-storey Westward Hotel
ered damage when it pounded against its low-rise six-storey wing during the
Alaska earthquake (National Academy of Sciences, 1973). More dramatic
unding failures were observed recently in Mexico City in 1985 (EERI, 1985), and
anta Cruz during the 1989 Loma Prieta earthquake (Asteneh et al., 1989). The
em of pounding is particularly acute in many large cities located in
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pletely collapsed when hit by the roof level of an adjacent two-storey
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Although pounding may constitute one of the primary sources of structural
age during an earthquake, limited research has been conducted on the subject.
terature review reveals that the effect of pounding has been considered 1n
stigations on the response and/or collapse of particular buildings (Mahin et
1976; Wada et al., 1984: Wolf and Shrikerud, 1980). Also, some valuable
s on the problem of pounding have been obtained recently from an
tical study (Anagnostopoulos, 1988). In particular, it was shown tha; for
tures aligned in series the response of the end structures can be magnified
€ the response of the interior structures can be reduced. This result agrees

With observed damage patterns.
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Figure 1 - Structural Models for Case Study.

The absolute acceleration response spectra corresponding tO the selsmlcC
events are presented in Fig. 3.

sLfuctural Analysis

.- All structural responses were obtained from inelastic tlmi-hlstor}é diga?;;
analyses using a microcomputer version ot ‘he well -known general purpose PIog

monitor (Kannan and Powell,
Mo red in t_he structural memb.ers and -
foaeLE . gt vield were taken 1nto account by means_ O

‘Mteraction surfaces for steel members. NO viscous damplng w

-7 19153, Flexural and axial defoymations were
. rhe interaction between aXLal'forces'and
standardized yield

as considered 1n the
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INFLUENCE OF SLIP LOAD OF LINKAGE SYSTEM

The energy dissipated by the friction damped interconnection 1S simply
to the product of the slip load and the total slip travel. For very high
slip loads the energy dissipated by friction will be zero, as thgre will be no
slippage. In this situation the buildings will respond as an el.astlcally coupled
eystem. 1f the slip load is very low, large slip travels will occur but the
amount of energy dissipated by the linkage system will agaln be negligible. In

this case. the structures will approach the behaviour of the uncoupled system.
Between these extremes, there may be an intermediate value of the slip load which

would result in optimum energy dissipation and thereby minimize struc't‘:ural
response. This intermediate value is deftined as the "Optimum Slip Loa% : t}f&]n
optimum slip load study was carried out for the building pair excited by the

three earthquake records considered in this investi‘gation. A series Ef i?eli‘igéz
time-history dynamic analyses was performed for different values oL sllp

in the elastic range of the linkage system. Figure 4, presents the results of the

optimum slip load study. The results are given in terms O
coefficient C and the slip load ratio 5, which are defined as

Maximum Base Shear
Weight of Building (1]

Slip Load of Linkage System

equal

e

. Yield Load of Linkage System
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COMPARATIVE DETAILED SEISMIC RESPONSES
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