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ABSTRACT
The objective of this paper is to propose a simplified method to evaluate the seismic adequacy of
existing sprinkler-piping systems in buildings under the design basis earthquake (DBE). There
are three damage states defined for the critical components of a sprinkler-piping system: (1)
failure of the ceiling caused by the impact of the sprinkler head if the resulted force applied to
the ceiling panel from the sprinkler head under DBE exceeds the ultimate strength; (2) leakage of
the threaded joint of the branch if the resulted moment on the joint under DBE exceeds the
capacity; and (3) drop-off of the piping system due to the damaged hangers if the resulted
moment of the hanger under DBE exceeds the yield strength. All the capacities of the critical
components are determined by experiments previously. In addition to the detailed analysis using
the finite element models of building and sprinkler-piping system, a simplified preliminary
evaluation method to estimate the seismic demands of the critical components of a sprinklerpiping system was proposed in this paper. Based on the proposed method, a preliminary
evaluation program was developed using evaluation sheets of Microsoft Excel software. The
conservative level and accuracy of evaluation results obtained from simplified methods are
verified by the results of detailed analysis.
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ABSTRACT
The objective of this paper is to propose a simplified method to evaluate the seismic adequacy of
existing sprinkler-pip ing systems in buildings under the design basis earthquake (DBE). There are
three damage states defined for the critical co mponents of a sprin kler-pip ing system: (1) failu re of
the ceiling caused by the impact of the sprinkler head if the resulted force applied to the c eiling
panel fro m the sprin kler head under DBE exceeds the ultimate strength; (2) leakage of the
threaded joint of the branch if the resulted moment on the joint under DBE exceeds the capacity;
and (3) drop-off of the piping system due to the damaged hangers if the resulted mo ment of the
hanger under DBE exceeds the yield strength. All the capacities of the crit ical co mponents are
determined by experiments previously. In addition to the detailed analysis using the fin ite element
models of build ing and sprinkler-p iping system, a simp lified preliminary evaluation method to
estimate the seismic demands of the critical co mponents of a sprinkler-p iping system was
proposed in this paper. Based on the proposed method, a preliminary evaluation program was
developed using evaluation sheets of Microsoft Excel software. The conservative level and
accuracy of evaluation results obtained fro m simp lified methods are verified by the results of
detailed analysis.

Introduction
In order to evaluate seismic performance of existing sprinkler-piping systems in buildings to
improve seismic performance of the fire protection sprinkler system further, seismic evaluation
by detailed numerical analysis is usually recommended to obtain more realistic seismic response
of a specified piping system. However, unless building owners are concerned with seismic
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performance of nonstructural components/systems (NSCs) on their own initiative, there are no
mandatory requirements for seismic design of NSCs at design and construction stages of new
commercial building structures in the Building Act in Taiwan. During time- limited seismic
improvement projects for existing NSCs, engineers don’t have enough time and information to
establish the detailed numerical models for both the building structure and NSCs.
Considering the position of engineers dealing with seismic evaluation of existing
sprinkler-piping systems in buildings, this paper aims to propose a simplified evaluation method
to quantify seismic capacity of sprinkler-piping systems effectively. As shown in Fig. 1, in order
to establish adequate and reasonable simplified evaluation methods, the conservative level and
accuracy of simplified evaluation results are compared with the fragility curves established from
the numerous incremental dynamic analyses (IDA, Method A) of the sprinkler-piping system
under different types of floor response spectrum [1]. Three damage states were defined for the
critical components of a sprinkler-piping system: (1) failure of the surrounded ceiling panel
caused by the impact of the sprinkler head if the resulted force applied to the ceiling panel from
the sprinkler head exceeds the ultimate strength; (2) leakage of the threaded joint of the branch if
the resulted moment on the joint exceeds the capacity; and (3) collapse of the piping system due
to the damaged hangers if the resulted moment of the hanger exceeds the yield strength. Taking a
medium-scale hospital in southern Taiwan as an example, two simplified evaluation methods,
regionally detailed evaluation method (Method B) and Preliminary evaluation method (Method
C) were proposed in this study.

Figure 1.

Research framework of this study
Regionally Detailed Evaluation Method (Method B)

In order to improve the efficiency of numerical analysis, Method B executes numerical analyses
of the main piping attached with simplified units of sprinkler-piping subsystems in sickrooms.
As shown in Fig. 2, based on the results of the unit-displacement analysis to the sprinkler-piping
subsystem, lumped mass and linear stiffness in three translation directions are used instead of
sprinkler pipelines in one sickroom.

Figure 2. The simplified numerical model proposed by Method B
Preliminary Evaluation Method (Method C)
In Method C, the seismic behavior of sprinkler-piping systems in hospitals can be estimated
according to the information obtained from visual inspection. As shown in Fig. 3, the floor
response spectrum can be defined first by AC156 [2], and hence the maximum displacement
demand of the main pipe can be determined by the fundamental frequency of the sprinkler-piping
system which is estimated from an in-situ survey of numbers and sizes of hangers. Furthermore,
based on the maximum displacement demand of the main pipe, the displacement of the sprinkler
head and the associated contact force can be estimated by an empirical function considering the
gap between the sprinkler head and ceiling panel. In the meanwhile, the rotation angle and the
associated moment demands of thread joints as well as the displacement and the associated
moment demands of hangers can be also determined from the maximum displacement demand of
the main pipe. Based on the parameters determined by component tests and detailed analyses, a
preliminary evaluation program for engineers was developed using Microsoft Excel software.

Figure 3. The evaluation procedure of Method C
Evaluation Results
Comparing results of three evaluation methods, the fundamental frequency of the piping system
in the transverse direction of the main pipe conducted by Method C (1.41 Hz) is lower than those
conducted by Method A [1] (1.62 Hz) or Method B (1.59 Hz) due to the assumption of one
lumped mass and the omission of the rotation stiffness contributed by sprinkler-piping
subsystems. Fig. 4 depicts the fragilities of three damage states under AC156 floor motions in
terms of the spectral acceleration at the fundamental period of piping (S a (Tpipe)). Comparing to the

fragility functions established by IDA of the detailed numerical model of piping system (Method
A)[1], Method C conducts the most conservative results of leakage of the one-inch threaded joint
and regional collapse of piping even though the bias of the fundamental frequency is eliminated
(i.e. green- yellow lines). The disparity is caused by the differences resulted from the evaluation
of the moment of critical components (one- inch threaded joints or hangers) in static and dynamic
analyses. In addition, due to the variation of the frequency contents of input floor motions cannot
be reflected in equivalent static evaluation, the dispersion of the fragility conducted by Method C
is much lower than others. As shown in Fig. 5, the leakage evaluation made by Method C in
terms of PGA is consistent with the damage of the specified sprinkler-piping system under the
2010 Chia-Shen earthquake (0.168g), while the suggested fragility functions from FEMA P58 [3]
are much higher than those conducted by three evaluation methods.
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Conclusions
Taking a typical sprinkler-piping system in a medium-scale hospital for example, two simplified
evaluation methods are proposed to effectively quantify the seismic capacity of sprinkler-piping
in terms of three damage states (ceiling damages, leakage, and regional collapse of piping). The
regionally detailed evaluation method (Method B) can maintain acceptable accuracy in quarter of
computing time for detailed numerical analysis (Method A). Meanwhile, conservative estimates
can be rapidly conducted by the preliminary evaluation (Method C) from in-situ observation to
provide building owner information to determine if seismic improvement is required.
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