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A building exposed to strong ground motions, depending on its structural and occupancy
type, could generate various sources of potential ignitions due to non-structural
elements:
1. Damages to building utility networks such as

gas and electricity due to structural damage
or excessive structural deformation.

2. Disruptions and damages to ignitable
nonstructural component and braced
contents and equipment due to structural
damages.

3. Overturning of flammable and ignitable
unbraced hazardous contents and
equipment due to floor accelerations
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Main sources of seismic vulnerability in fire sprinkler piping systems:

Piping joints Sway bracing systems Firestopping
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Sway bracing systems govern
the performance of sprinkler
piping systems, and they
should be designed accounting
for the performance of piping
joints and firestopping
elements.

Experimental data 
are required
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Definition of performance design parameters



SEISMIC RESPONSE OF SUSPENDED PIPING RESTRAINT
INSTALLATIONS

19

Definition of performance design parameters
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AIM OF THE PROJECT
The project aims at enhancing the resilience of Italian Healthcare and 

Hospital Facilities by improving functional adaptivity and seismic 
performance of non-structural elements 

PARTNERS
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During visual inspections in Italian strategic facilities the absence of adequate
firestopping systems has been observed.
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Firestopping systems are
subjected to relative
displacements of the structural
and non-structural elements.

It is required to design the sway
bracing systems also looking at
the target displacements of
firestopping systems.
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EXPERIMENTAL PROGRAM IN COLLABORATION WITH HILTI

Two typologies of firestop systems will be tested in both longitudinal and transverse direction using a universal 
testing machine. The loading protocol will be defined according to ASTM E3037 and FEMA 461

Archetype ID Test Wall Pipe Firestop Loading Direction N. Test

1_1 Concrete Steel pipe Type 1 Longitudinal 3

1_2 Concrete Steel pipe Type 1 Transverse 3

2_1 Concrete Steel pipe Type 2 Longitudinal 3

2_2 Concrete Steel pipe Type 2 Transverse 3

3_1 Gypsum Steel pipe Type 1 Longitudinal 3

3_2 Gypsum Steel pipe Type 1 Transverse 3

4_1 Gypsum Steel pipe Type 2 Longitudinal 3

4_2 Gypsum Steel pipe Type 2 Transverse 3

1

2

3

4
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NUMERICAL SIMULATIONS
Following the experimental tests, specific numerical parametric analyses will be performed to define 

design provisions regarding the spacing between seismic trapeze installations close to the passive fire-
resistance systems. 
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❑ The seismic performance of non-structural elements is of paramount importance in the assessment of
combined seismic-fire risk, both in terms of fire ignition probability and risk reduction.

❑ Sprinkler piping systems represent a key aspect in the risk evaluation, and they should be designed
according to performance-based seismic design procedures

❑ Experimental studies are still required to characterize the behaviour of the critical elements in sprinkler
piping systems (i.e. firestopping systems)

❑ Once the seismic performance of sprinkler piping systems will be completely characterized, this data
could be used to better investigate the post-earthquake fire risk in critical facilities.
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