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Secondary  Systems (Nonstructural Components)
are the mechanical, electrical, telecommunications, and
architectural systems as well as building contents connected
to the main supporting structural framework. These systems
are not considered as part of the load-bearing body of the
main structure; yet, they may experience considerable
seismic excitations. Tanks and chillers are examples of
industrial secondary systems on an oil platform. Fuel
piping in such facilities should remain operational in an
earthquake to prevent fire. Hospital equipment and devices
are other types of important secondary systems whose
steady and continuous operation is critical during and after
an earthquake event. The three major characteristics of these
systems are their high vulnerability, their ability to cause
damages (injuries and/or financial losses), and their ability
to hamper the overall performance of important structures.
Meanwhile, the economic losses due to damages to these
systems can significantly surpass those caused by the main
structure’s damages.

In this report, following the identification of various
parameters that affect the seismic responses of secondary
systems based on a comprehensive study of related theoretical
backgrounds and methodologies, the effect of each of the
influential parameters is quantitatively determined through
numerical modeling and analyses. For this purpose, seven
multi-story Special steel moment-resisting buildings with
4, 6, 8, 12, 16, 20, and 25 floors have been designed. The
frames have been numerically modeled and subjected to 8
Strong Ground Motions (SGMs) selected from worldwide
earthquake events. For each analysis, the frame floor response
has been monitored in order to obtain the corresponding
Floor Response Spectra (FRS). The effects of the variations
of secondary system dynamic characteristics like damping
ratio and mass, as well as the primary structure damping
ratio have been investigated. Moreover, the influence of the
primary system material nonlinearity and its shear-type or
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combined-flexural-and-shear behavior have been studied as
well as the dynamic interaction between the primary and the
secondary systems. The exact spectral responses have also
been compared to those proposed in three major seismic
design codes: The International Building Code (IBC), the
Eurocode 8, and the [ranian code of practice for seismic
resistant design of buildings (Standard No. 2800).

Results indicate that damping ratios of the primary
and the secondary systems, secondary-to-primary-system
mass ratio, dynamic interaction between the primary and
the secondary systems, nonlinear behavior of the primary
structure, and building floor rigidity are the key factors that
should be considered in the seismic analysis and design of
secondary systems. While taking them into account would
significantly help improve the accuracy of decisions, they
are often disregarded in studies and seismic design codes.
Following, a summary of the outcomes of this research
within the scope of the report assumptions will be presented.

Comparing the simplified seismic design spectral
responses proposed in the [nfernational Building Code
(IBC), the Eurocode 8, and the [ranian code of practice
for seismic resistant design of buildings to those obtained
through numerical analyses in this research revealed some
major shortcomings of these codes. The proposed codes
provisions are based upon the dominance of the fundamental
vibration mode of the primary structure, which can be
approximated by a linear distribution, in secondary system
responses. Based on this assumption, a term including a
linear distribution of floor acceleration response along
the building height is introduced to the design relations in
these codes. However, such an assumption holds true only
for secondary systems whose natural vibration periods are
close enough to that of the primary structure. Considering
the effect of higher vibration modes would change the floor
design acceleration distribution along the building height
into a modified nonlinear shape. In addition, not always does
the fundamental vibration mode of the primary structure
produce the highest spectral acceleration responses on every
floor; in many cases, resonance of the secondary system
with higher modes of the supporting structure could lead
to stronger acceleration responses. Therefore, this research
recommends that seismic design forces should be revised so
as not to depend merely on the fundamental vibration period
of the primary structure.

Keywords: Secondary system, Nonstructural component,
Nonlinear (inelastic) behavior, Dynamic interaction,
damping ratio, Floor flexibility, Seismic design code, Floor
Design Response Spectra (FDRS)
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