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Abstract

The latest revision of AS1170.4:2024 provides new guidance on the minimum clearance
requirements between elements to meet seismic performance objectives. Interactions between
components during earthquakes, caused by inadequate clearances, can result in significant
damage due to collisions, cascading failures, and differential seismic movements between
non-structural and structural elements. Clearance requirements are important for enhancing
building functionality, minimising physical damage to components, and supporting life safety
considerations for occupants.

The rules of thumb provided in AS1170.4:2024 are a good guide for practising engineers, but
with little to no background provided on their basis, it is difficult for engineers to apply
engineering judgement. This paper outlines the origins of minimum clearance values
including a review of guidance provided in other countries such as the United States
(ASCE/SEI 7-22) and New Zealand (NZS 4219:2009). Specific design checks were
undertaken based on inputs such as component type, restrained condition, hanger length,
hanger size and seismic coefficient. Assessments were undertaken to determine if the
clearances are suitable for all cases, or if consideration of life safety, damage and operational
requirements could result in more specific and optimised approaches.

This paper reports on the findings and suggests recommendations for additional guidance on
standard clearance requirements. Potential next steps or further assessment areas are also
discussed.
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1 Introduction

The seismic restraint design of non-structural elements is an essential aspect of building
design, even in regions with low to moderate seismic risk. Non-structural components
including building services, partitions, ceilings, and equipment are susceptible to damage
during earthquakes, posing risks to life safety and the continued operation of critical facilities.
The seismic restraint design of non-structural elements has become increasingly sophisticated
as the impact of their failure in earthquakes has been recognised worldwide.

Current industry practice and building codes highlight the importance of providing adequate
seismic clearances between adjacent non-structural elements. These clearances are important
for preventing damaging interaction such as pounding, collision, or entanglement between
systems such as partitions, suspended ceilings, building services, and equipment during
seismic events. Without sufficient separation, horizontal and vertical displacement of non-
structural elements can lead to cascading failures across multiple systems, with significant
consequences for occupant safety and building functionality. (Standards New Zealand, 2009)
(American Society of Civil Engineers, 2022)

This paper investigates the horizontal clearance requirements between non-structural elements
in different countries around the world including New Zealand, Australia, United States and
specifically California Hospitals, and Japan. The purpose of researching a variety of countries
was to understand similarities or inconsistency with the approach of non-structural element
clearance requirements. For those codes that table the clearance values, it is important to
understand how the numbers have been derived, and, in many cases, it is currently unclear.

This paper also explores models for calculating specific horizontal clearances for linear
suspended building services elements for braced and unbraced conditions with specific
boundary conditions assumptions. The analysis has been compared to the code minimum
clearance requirements where possible (applicable for New Zealand and Australia, as these
codes include minimum clearance requirements). There is very little guidance written into the
codes as to the background of the values prescribed. The purpose of this comparison task was
to assess the potential of specific calculation methods to calculate clearances as well as shed
some light on the level of alignment between specific analysis and code values. Suggestions
are made for next steps and further analysis.

2 Seismic Restraint Design Codes and Clearance Requirements
Around the World

2.1 New Zealand

The principal seismic restraint design codes for non-structural elements in New Zealand

are NZS 4219:2009 ‘Seismic performance of engineering systems in buildings’ and

NZS 1170.5:2004 ‘Structural design actions — Part 5: Earthquake actions’ supported by
MBIE Practice Advisory 19 (Ministry of Business, Innovation & Employment, 2018),
SESOC Interim Guidance (Structural Engineering Society New Zealand, 2014), and the NSE
Code of Practice (Ministry of Business, Innovation & Employment, 2018), which provide
practical and industry-specific guidance. Together, these documents set out both the technical
requirements and best practices for ensuring non-structural elements remain secure and
functional during earthquakes. (Standards New Zealand, 2009) (Standards New Zealand,
2004) (Ministry of Business, Innovation & Employment, 2018)
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Seismic restraint provisions for non-structural elements in New Zealand have evolved
significantly following lessons from major events such as the 2010-2011 Canterbury
Earthquakes. The current standard, NZS 4219:2009, tables minimum requirements for the
anchorage and restraint of engineering systems within buildings and explicitly addresses the
need for seismic clearances based on predicted building drift and component flexibility.
Earlier codes provided limited guidance; however, post-Christchurch revisions have
emphasised clearances to prevent interaction-induced failures between non-structural systems
and structural frames. (Standards New Zealand, 2009)

Table 15 in NZS 4219:2009 provides guidance on minimum clearances between non-
structural elements, refer Figure 1 below.

Table 15 - Clearances

Condition being considered Minimum clearance

(mm)

Horizontal Vertical
Unrestrained component to unrestrained component 250 50
Unrestrained component to restrained component 150 50
Restrained component to restrained component 50 50
Penetration through structure (such as walls and floor) 50 50
NOTE - Ceiling hangers and braces are considered to be restrained components for the purposes
of this table.

Figure 1: Table 15 Clearances from NZS 4219:2009. (Standards New Zealand, 2009)

NZS 4219:2009 also provides guidance on specific cases where seismic restraint bracing can
be omitted due to conditions such as hanger length and pipe size. This information is
summarised in the figure below for simplicity, specific requirements are highlighted for
clarity. Where a specific case meets the requirements to omit the bracing, the unbraced
clearances shall also be achieved. (Standards New Zealand, 2009)
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Figure 2: lllustration of NZS 4219:2009 clearance requirements for unrestrained services and
maximum hanging lengths that allow bracing exemptions for non-structural elements. (Beca, 2025)

i

2.2 Australia

The primary seismic restraint design code for non-structural elements in Australia is

AS 1170.4:2024. The new AS1170.4:2024 (superseding AS1170.4:2007) is published on the
standards website, however, this hasn’t been cited in the National Construction Code (NCC).
Therefore, AS1170.4:2007 is currently the NCC minimum code requirement however, the
2024 version is considered best practice. For this paper, we will refer to the 2024 version.
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AS1170.4:2024 specifies earthquake actions and includes requirements and minimum
clearances for restraining building services, partitions, ceilings, and other non-structural
components. Additional guidance is provided by related standards such as AS/NZS 2785:2020
for suspended ceilings and industry documents from Engineers Australia, ensuring both
technical compliance and best-practice application. (Standards Australia, 2024)

With the adoption of AS1170.4:2024, Australian codes now require explicit consideration of
the relative movement between adjacent non-structural systems, refer AS1170.4:2024 Section
8. For example, where ductwork passes above or beside partitions, or where separate ceiling
grids adjoin each other, designers must ensure that enough separation exists to prevent impact
during maximum expected inter-storey drift. Table C.1 in AS1170.4:2024 provides guidance
on minimum clearances between non-structural elements, refer Figure 3 below. Project
specific analysis may be required for flexible elements or where amplified building movement
is anticipated. (Standards Australia, 2024)

Table C.1 — Minimum clearances between parts and components

Condition being considered Minimum clearance
Horizontal . Vertical
Unrestrained component to unrestrained component 150mm 25mm
Restrained component to unrestrained component 75mm ' 25mm
Restrained component to restrained component 25mm 25mm
Sprinkler heads with flexible droppers nil ’ nil

Figure 3: Table C.1 Clearances from AS1170.4:2024. (Standards Australia, 2024)

The BP18 G172 ‘Seismic Restraint of Engineering Services’ (G172) guidelines by the
Government of South Australia provides requirements and recommendations for the seismic
restraint of engineering services in buildings including recommended clearances between
non-structural elements and maximum brace spacing to accommodate expected seismic
movement and prevent damaging interactions during an earthquake. Note, that the clearances
tabled within these guidelines would now be superseded by Table C.1 in AS1170.4:2024
however, the guidance information is still applicable. (Department for Infrastructure and
Transport, Government of South Australia, 2021)

Section 8 of AS1170.4:2024 ‘Design of parts and components’ outlines critical information
for non-structural element seismic design including this guidance for specific cases where
they are exempt from the seismic design requirements. Refer to Figure 4 below for an
annotated snapshot of this commentary from the code.

Mechanical, hydraulic and electrical components, except for those in Importance Level 4 facilities or

those required to remain operational immediately fellowing an earthquake, are exempted as follows:

(A) Pipes carrying flammable or hazardous substances that have an internal diameter of 25 mm Mechanical ductwork
or less; (xvii), cable tray (xviii),

(B) Fire service pipes that have an Internal dlameter of 50 mm or less; piOCWO'k (xix)

(C) Individually supported discrete components with an operating weight less than 10 kg;

(D) Individually supported components classified in item not covered in

Items (A) and (B), with an operating welght less than 10 kg per T=TTs; oF
] r:)'v'l"f'\"!i mn

metre and vertical supports

(E) Individually supported components classified in item
Items (A) and (B), with an operating welght less than 30 kg
that are less than 300 mm long from the soffit.

per

Figure 4: Commentary from AS1170.4:2024 on the seismic design exemptions for non-structural
elements. (Standards Australia, 2024)
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For importance level 4 facilities, the above exclusion rules may not be directly applicable as
operational requirements need to be considered. While in some cases exemptions may be
appropriate, these should be confirmed as part of a project specific Special Study. For this
paper, we have not considered the applicability of these rules for higher importance level
buildings where a Special Study is required, this could be considered as part of future
research.

2.3 United States

The principal seismic restraint design requirements for non-structural elements in the United
States are set by ASCE/SEI 7-22 ‘Minimum Design Loads and Associated Criteria for
Buildings and Other Structures’, which is adopted by the International Building Code (IBC
2024) and mandates project-specific calculation of clearances and restraints for components
such as ceilings, partitions, and building services. Additional guidance is provided by FEMA
E-74 ‘Reducing the Risks of Nonstructural Earthquake Damage’ and industry best-practice
documents, supporting code compliance and practical implementation. (American Society of
Civil Engineers, 2022) (Federal Emergency Management Agency, 2012)

ASCE/SEI 7-22 Chapter 13 ‘Seismic Design Requirements for Nonstructural Components’
requires that ‘adjacent non-structural components shall be separated sufficiently to prevent
damaging contact,” but does not specify tabulated minimum values. This includes
requirements for clearances at junctions such as ceiling-to-partition connections, adjacent
piping runs, cable trays near ducts, etc. The standard explicitly states that required clearances
must be determined based on the calculated relative displacement of each component under
design-level seismic loading. The minimum separation must account for the combined
deflections of both systems under seismic loading plus construction tolerances.

Guidance documents such as FEMA E-74, provide example values for illustration only, not as
code-mandated minimums. (Federal Emergency Management Agency, 2012). Industry
practice in the US relies on project-specific calculations for these clearances.

FEMA E-74 provides the following specific guidance: ‘Where separation is required between
nonstructural components, the gap should be sufficient to accommodate the expected
movement plus construction tolerances. In practice, gaps of 1 to 1'% inches (25 to 40 mm) are
commonly used between parallel runs of piping or ductwork and between partitions and
ceilings unless analysis indicates a greater separation is needed’. (Federal Emergency
Management Agency, 2012). No specific mandated minimum values are provided, therefore
project specific calculation is required to determine adequate separation requirements based
on expected building drift and system flexibility.

2.4  California Hospitals

For California hospitals, seismic restraint design for non-structural elements is governed by
Title 24 of the California Building Code (CBC) (effective 2022-2025), which incorporates
ASCE/SEI 7-22 and includes additional requirements and enforcement by the Office of
Statewide Health Care Access and Information (HCAI, formerly OSHPD) to ensure critical
building systems remain functional after earthquakes. Project-specific engineering analysis is
required to demonstrate compliance, with further practical guidance available from HCAI
technical bulletins and other resources. (California Building Standards Commission, 2022)
(California Department of Health Care Access and Information, n.d.)

California’s OSHPD/HCALI regulations under Title 24 CBC set particularly stringent
requirements for hospitals due to their critical post-disaster function. (California Department




Sensitivity: General

of Health Care Access and Information, n.d.). Title 24 CBC Part 2, Chapter 16A and related
OSHPD/HCALI guidelines require that ‘nonstructural components and their supports shall be
designed to accommodate anticipated differential movement’. (California Building Standards
Commission, 2022). Engineering documentation must demonstrate that all essential non-
structural systems including medical gas lines, electrical tray, partitions, ceilings, and
equipment are separated from each other by sufficient clearance to accommodate their
combined seismic displacements without interference. The OSHPD OPM guidelines state that
‘a minimum clearance of 6 inches (150 mm) shall be maintained between independently
supported systems unless analysis indicates a greater separation is needed.’ (California
Department of Health Care Access and Information, 2021). California hospital projects may
also refer to the FEMA E-74 guidance clearance values however, these are not codified
minimums. (Federal Emergency Management Agency, 2012)

2.5 Japan

In Japan, seismic restraint design for non-structural elements is regulated by the Building
Standard Law and associated notifications issued by the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT), which require appropriate detailing of ceilings, partitions,
and building services to accommodate seismic movement. (Ministry of Land, Infrastructure,
Transport and Tourism, 2024). Detailed technical guidance is provided by the Architectural
Institute of Japan (AlJ) ‘Guidelines for Seismic Design of Non-Structural Members’ and
JASS 6 ‘Japanese Architectural Standard Specification for electrical/mechanical
installations’, ensuring both regulatory compliance and industry best practice. (Architectural
Institute of Japan, 2014) (Architectural Institute of Japan, n.d.)

Japan’s Building Standard Law recognises the need for separation not just from structural
members but also between adjacent non-structural systems. There are no prescribed
clearances tables within the regulatory codes. (Ministry of Land, Infrastructure, Transport and
Tourism, 2024). Japanese best practice involves calculating anticipated relative displacement
using dynamic analysis and then specifying project-specific clearances commonly starting at
20-30 mm but adjusted upward based on flexibility and seismic demand of each component.
The clearance guidelines for non-structural components in Japanese buildings originates from
engineering best practice, technical guidelines, and industry standards developed by
organisations such as the AlJ, and is reflected in collaborative research reports like those from
the US-Japan Panel on Wind and Seismic Effects (PWRI/UJNR) (Architectural Institute of
Japan, 2014). (Public Works Research Institute, n.d.)

2.6 Summary of Design Guidance on Seismic Clearances

All regulatory codes for the countries discussed above require consideration of seismic
clearances between non-structural elements whether that be by stating prescriptive minimum
values or from project specific calculations.

New Zealand and Australia include minimum clearance tables for certain non-structural
elements, particularly for penetrations and services, which can be applied for non-structural-
to-non-structural interfaces as a baseline where project-specific calculation is not required.

For United States including California Hospitals and Japan the clearances values are
calculated specifically for each project where non-structural elements are required to be
separated by at least the sum of their expected maximum lateral displacements under design-
level seismic action. These countries also have guidance documentation available for
engineering best practice.
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The typical calculation method is to determine expected displacement/drift for each element
based on its support conditions and flexibility then add tolerances such as construction
tolerance (typically ~10 mm) and thermal allowance (~5-10 mm). The sum of these will be
the total clearance required.

Implementing the clearances can be challenging in design phase particularly for congested
spaces. This highlights the importance of inter-disciplinary coordination, 3D modelling and
clash detection. Neglecting these clearances can result in direct impact damage during an
earthquake, even when each system is individually well-restrained and has been implicated in
numerous observed failures globally.

3 Horizontal Displacement Calculation Method

In this section, we discuss the method for calculating the horizontal seismic displacements for
suspended building services. The objective is to calculate horizontal movements using
established engineering methods and compare these results against code-prescribed values, as
discussed previously. This approach enables assessment of whether standard clearances are
sufficient or if project-specific adjustments may be required for specific cases.

3.1  Analysis Inputs

The various inputs for the analysis of linear suspended services to calculate the horizontal
displacement are noted below:

Braced systems:

- Component type and material: Steel pipework (note Steel pipework has been used for
this paper however, a range of different linear services and specific materials could be
used, this should be explored in future research).

- Maximum allowable support brace spacing is assumed to be 12 m

- Hanger size: M8 threaded rod, M10 threaded rod, M 12 threaded rod

- Design Acceleration: 0.1 g,0.3g,0.5g,1.0¢g

- Deflection limit: 25 mm (AS1170.4:2024) and 40 mm (NZS 4219:2009).

- Analysis model: Simply supported or two-span

Unbraced systems:

- Component weight: 10 kg/m, 30 kg/m (different service weights could be used in this
analysis if desired)

- Hanger size: M8 threaded rod, M10 threaded rod, M 12 threaded rod

- Single or double hanger

- Design Acceleration: 0.1 g,0.3g,0.5g,1.0¢g

- Deflection limit: 75 mm (based on half the allowable clearance as per AS1170.4:2004)

- Maximum hanger length is calculated based on the deflection limit (refer above)

3.2 Analysis Method - Braced Systems

To provide a common and consistent analysis approach, an analysis model was created based
on the brace spacing and clearance requirements for reticulated services in NZS 4219:20009.
Unlike many other standards, NZS 4219 provides specific values based on a known set of
parameters. For consistency, we have benchmarked our model against these known values.
Horizontal displacement of pipes under seismic loading was calculated using the model and
the results were benchmarked against the spacing and clearance requirements noted in G172,
AS1170.4:2024 and NZS 4219:2009. For each service type and size, the following procedure
was applied:
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Input Parameters:

Material properties (modulus of elasticity, allowable bending stress), geometric properties
(diameter, wall thickness, moment of inertia), and service weight per meter (including
contents) were specified for each service.

Seismic Loading:

The distributed seismic force per metre was determined by multiplying the service weight by
the seismic coefficient (C), with C values considered at 0.1, 0.3, 0.5 and 1.0 (although greater
than typically allowed by AS1170.4:2024, a C value of 1.0 g has been selected for direct
comparison with NZS 4219).

Maximum Allowable Spacing:

The maximum spacing between lateral restraints was calculated to ensure that both bending
stress and deflection limits (span/300, maximum 50 mm) were not exceeded. These limits are
noted in NZS 4219:2009 and seem reasonable, however any future work should consider the
validity of these limits. The 50 mm maximum value aligns with the braced-braced minimum
clearance requirements suggesting that if a lower limit is adopted (such as is the case in

AS 1170.4:2024) a lower maximum value should be used. We have considered a lower limit
in our analysis of 25 mm to align with AS1170.4 for braced vs braced services. Note that this
assumes each adjacent service moves out of phase and that the maximum displacements do
not occur at the same position which for a braced system is reasonable but should be reviewed
as part of future research.

Boundary Conditions:

For the braced services analysis, there are several options for boundary conditions that could
be adopted. The most basic model is a simply supported boundary condition assumption. This
assumes a typically shorter service run with lateral restraint at each end only. The ends are
restrained against translation but free to rotate with no moment transfer at supports. This
model is likely the most conservative model for analysis and possibly does not reflect analysis
models that have been used in existing codes.

SIMPLY SUPPORTED

FIXED (TRANSVERSE

/ RESTRAINT)

LINEAR SUSPENDED SERVICE RUN

[ LENGTH———>

D(MAX) - HORIZONTAL

PLAN VIEW - DIAGRAM DEFLECTION
RESTRAINT Al/ / RESTRAINT

2
-
- -C‘ _____
S K e DEFLECTED SHAPE SHOWN
"""""" AS RED DOTTED LINE
[ LENGTH—————>

PLAN VIEW - DEFLECTED SHAPE

Figure 3: Diagram of the simply supported boundary condition.
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Alternatively, a multi-span beam model could be used. These models assume that multiple
transverse restraint are installed on a run with lateral supports at a spacing of L. Both ends of
the member are restrained against translation and are partially restrained against rotation. This
boundary condition is suitable for braced systems where hangers or supports provide lateral
restraint at both ends. The quantity of supports on a run should be considered in any specific
analysis and in low seismic regions brace spacings are typically much sparser and a simply
supported model may be more appropriate. This should be considered in any future research.

TWO-SPAN SUPPORTED

FIXED (TRANSVERSE

/ RESTRAINT)

LINEAR SUSPENDED SERVICE RUN

h LENGTH BETWEEN SUPPORTS %l

D(MAX) - HORIZONTAL
PLAN VIEW - DIAGRAM DEFLECTION

RESTRAINT RESTRAINT

"""""""" DEFLECTED SHAPE SHOWN
[€—LENGTH BETWEEN SUPPORTS —>| AS RED DOTTED LINE

PLAN VIEW - DEFLECTED SHAPE

Figure 4: Diagram of the two-span supported boundary condition.

The initial benchmarking analysis identified that spacings and clearance requirements noted
in NZS 4219:2009 appear to be based on a two-span beam model (refer sections below). For
this paper, we have calculated displacements using both the simply supported and two-span

supported models.

Horizontal Displacement Calculation
The maximum horizontal displacement at midspan, was calculated using the standard beam
deflection formula for a uniformly distributed load:

Simply supported:
A - Sw L*
maxXT 384 F |
Two-span:
A oW L*
maxXT 185 E 1

Where Amax 1s the maximum deflection (mm), w is the distributed force per metre (N/m), L is
the maximum brace spacing (m), E = modulus of elasticity (N/m?), I = moment of Inertia
(m*). Refer to Table 1 and 2 for the calculated horizontal displacements.
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3.3  Analysis Method - Unbraced Systems on Short Hangers

Method:

Unbraced suspended linear services, such as pipes or ducts, may be modelled as vertical
cantilevers when assessing seismic horizontal displacement. The deflection under seismic
loading is calculated using cantilever beam theory, refer formula below:

FL3
Amax:3E1

Where Amax 1s the maximum deflection (m), F is the single acting force (N), L is the length
(m), E = modulus of elasticity (N/m?), I = moment of Inertia (m?).

In addition to the deflection of the cantilever, the service itself will also deflect horizontally
between supports. One hanger is assumed for pipework and two hangers is assumed for
ductwork and cable tray.

Boundary Conditions:

For the cantilever assumption for unbraced systems on short hangers, one end is a fixed end
(support end), and the other is a free end (unrestrained). The fixed end is assumed to have
zero displacement and zero rotation. The free end is free to move horizontally and
rotationally. No intermediate lateral restraints or bracing are present along the span.

Refer to Tables 3, 4 and 5 for the calculated horizontal displacements.

CANTILEVER

STRUCTURE ABOVE

9| HANGER LENGTH [€—

ELEVATION VIEW - DIAGRAM

FIXED STRUCTURE ABOVE

DEFLECTED SHAPE

SHOWN AS RED
DOTTED LINE _\
H FREE

N D(MAX) le—

HANGER LENGTH [&—

D(MAX) - HORIZONTAL
DEFLECTION

ELEVATION VIEW - DEFLECTED SHAPE

Figure 5: Diagram of the cantilever boundary condition.
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3.4 Analysis Method - Unbraced Systems on Long Hangers

Method:

For unbraced suspended linear services with long hangers, dynamic analysis is required to
accurately estimate the horizontal displacement. The system behaves as a single-degree-of-
freedom (SDOF) oscillator, where the mass is concentrated at the suspended service and the
hanger acts as a flexible spring.

The process for this would be to calculate the mass (m) of suspended service per support,
determine hanger stiffness (k) based on geometry and material, compute fundamental period
(T), extract spectral acceleration/displacement from code spectra and finally calculate the
maximum displacement. This can then be compared against the minimum code requirements.

In addition to the deflection of the cantilever, the service itself will also deflect horizontally
between supports.

Note, the determination of displacements of unbraced systems on long hangers will require
dynamic analysis, and has not been completed as part of this paper. This should be explored
in future research.

Boundary Conditions:

The boundary conditions for the dynamic analysis case the top connection to the structure
above is assumed to be fixed with zero horizontal displacement and zero rotation. The other
end is a free end which is free to displace horizontally and rotate. The hanger acts as a flexible
member with lateral stiffness governing the system’s fundamental period and response. For
very slender hangers, both bending flexibility and possible pendulum-like swinging must be
considered. Seismic forces are modelled as base excitation at the fixed support, causing
dynamic response in the suspended mass.

PENDULUM

STRUCTURE ABOVE

[ HANGER LENGTH —>

SERVICE

ELEVATION VIEW - DIAGRAM

SUPPORT \JL STRUCTURE ABOVE
:’ =

DEFLECTED SHAPE

SHOWN AS RED
DOTTED LINE \ S

—>| HANGER LENGT

SERVICE

FREE
le— D(MAX) %I
= D(MAX) - HORIZONTAL
DEFLECTION

ELEVATION VIEW - DEFLECTED SHAPE

Figure 6: Diagram of the pendulum boundary condition.
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4 Summary and Results

Note that the summary and results of the analysis will be focused on the content relevant for
Australia however, this data could be used for further future analysis for different countries.

4.1 Results - Braced Systems
For the braced analysis, we have assumed the following limitations:

- 12.0 m brace spacing has been used to align with NZS 4219:2009 for comparison
(strictly speaking greater than allowed by G172 guidelines).

- 40 mm and 25 mm maximum displacement have been compared, this aligns with
span/300 mm limitations noted in NZS 4219:2009 and the braced verse braced
minimum clearances in AS1170.4:2024.

- We have calculated the displacement for a steel pipe service only, however, this could
be expanded further to other services and materials.

Refer to Table 1 and 2 for the calculated horizontal displacements.

Table 1: Calculated displacements for braced steel pipes using the simply supported model.

Simply Supported Model
Design  Deflecti Steel pipes to AS1163 Grade C250 (or better)
Acceleraton 050 @100 0200
ion(g)  Limit . . . . . :
(mm) Spacing  Displacement  Spacing  Displacement  Spacing  Displacement
(m) (mm) (m) (mm) (m) (mm)
0.1 25 10.7 25.0 12.0 25.0 12.0 43
0.3 25 8.1 25.0 11.0 25.0 12.0 12.8
0.5 25 7.1 23.5 9.7 23.5 12.0 21.3
1.0 25 5.6 18.7 8.1 18.7 10.5 25.0
1.0 40 5.6 18.7 8.4 27.9 11.7 39.2
NZS 4219 Comparison
1.0 40 7.7 - 11.4 - 12.0 -

Table 2: Calculated displacements for braced steel pipes using the two-span model.

Two-span Model

Design  Deflecti Steel pipes to AS1163 Grade C250 (or better)
Accelerat o 050 @100 2200
ion(g)  Limit . . . . . :
(mm) Spacing  Displacement  Spacing  Displacement  Spacing  Displacement
(m) (mm) (m) (mm) (m) (mm)
0.1 25 12.0 15.8 12.0 4.7 12.0 1.7
0.3 25 10.2 25.0 12.0 14.2 12.0 5.1
0.5 25 9.0 25.0 12.0 23.6 12.0 8.5
1.0 25 7.6 25.0 10.2 25.0 12.0 17.1
1.0 40 7.6 253 11.4 37.9 12.0 17.1
NZS 4219 Comparison

1.0 40 7.7 - 11.4 - 12.0 -

Note, the summary tables are showing the calculated horizontal displacement only and have
not accounted for any services or construction tolerance. The displacements have been based
on infinitely stiff restraints which aligns with NZS 4219 however designers should be aware
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of this assumption and consider whether or not it is appropriate for a given installation
particularly where highly flexible restraints are being utilised.

4.2

Summary - Braced Systems

Key outcomes are noted below:

4.3

For a maximum seismic coefficient of C = 0.5 for Australia, brace spacings can be
limited by the deflection of the system.

Comparing this to the required clearances for braced, braced elements of 25 mm
(deflection limit), in some cases the 12.0 m spacing needed to be reduced.

The two-span model aligned almost identically with the NZS 4219:2009 allowable
brace spacings.

Using a two-span model, for all sizes of pipe assessed, a 9.0 m maximum allowable
spacing could be achieved with a maximum design deflection of 25 mm for the system
which is in line with G172 guideline requirements.

Smaller braced pipework or pipework of a more flexible material may require a smaller
maximum allowable brace spacing for the minimum clearances noted above to be
deemed acceptable. More analysis should be undertaken to validate this summary point.
Stiffness of the supports should be considered particularly where flexible restraints are
adopted.

Results - Unbraced Systems

For the unbraced analysis, we have assumed the following limitations:

Hanger lengths are limited based on either movement (clearances) or yielding of the
support.

We have assumed ductile grade 4.6 mild steel hanger rods for all supports.

A gravity hanger spacing of 1.2m has been assumed.

A 75 mm clearance (deflection limit) has been assumed, which is equal to half the
allowable unbraced minimum clearances in AS1170.4:2024.

Maximum hanger length is calculated based on the deflection limit (refer above).

Table 3: Calculated displacements for unbraced linear service 10kg/m (single hanger) using the

cantilever model.
Unbraced Model — 10 kg/m, Single hanger
Design Deflection Hanger Size (Steel, 250 MPa Y'S, 1.2m spacing)
Acceleration Limit MS M10 MI12
(€9) (mm)
HL1 HL2 HL1 HL2 HL1 HL2
(mm) (mm) (mm) (mm) (mm) (mm)
0.1 75 916 1067 1233 2085 1573 3603
0.3 75 635 356 855 695 1091 1201
0.5 75 536 213 721 417 920 721
1.0 75 425 107 572 208 730 360

HLI — Maximum allowable hanger length based on the deflection limit.
HL2 — Maximum allowable hanger length based on yield strength of the hanger.
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Table 4: Calculated displacements for unbraced linear service 30kg/m (single hanger) using the

cantilever model.
Unbraced Model — 30 kg/m, single hanger
Design Deflection Hanger Size (Steel, 250 MPa YS, 1.2 m spacing)
Acceleration Limit MS M10 M12

(2 (mm)

HL1 HL2 HL1 HL2 HL1 HL2

(mm) (mm) (mm) (mm) (mm) (mm)
0.1 75 635 356 855 695 1091 1201
0.3 75 440 119 593 232 756 400
0.5 75 371 71 500 139 638 240
1.0 75 295 36 397 69 506 120

HLI — Maximum allowable hanger length based on the deflection limit.
HL2 — Maximum allowable hanger length based on yield strength of the hanger.

Table 5: Calculated displacements for unbraced linear service 30kg/m (double hanger) using the

cantilever model.
Unbraced Model - 30kg/m, Double hanger
Design Deflection Hanger Size (Steel, 250MPa YS, 1.2m spacing)
Acceleration Limit MS M10 M12

(2 (mm)

HLI HL2 HLI HL2 HLI HL2

(mm) (mm) (mm) (mm) (mm) (mm)
0.1 75 800 712 1077 1390 1374 2402
0.3 75 555 237 747 463 953 801
0.5 75 468 142 630 278 804 480
1.0 75 371 71 500 139 638 240

HLI — Maximum allowable hanger length based on the deflection limit.
HL2 — Maximum allowable hanger length based on yield strength of the hanger.

Note, the summary tables are showing the calculated horizontal displacement only and have
not accounted for any services or construction tolerance.

4.4  Summary - Unbraced Systems

Key outcomes are noted below:

- For a maximum seismic coefficient of C = 0.5 for Australia, hanger lengths may be
limited by yield strength of the material rather than displacement, this should be
considered further when undertaking future detailed analysis.

- Single hangers supporting heavy weight services (up to 30kg/m) are susceptible to
yielding even when short hangers are specified, this should be considered in any specific
analysis. It is recommended that heavier linear services have two hangers rather than
single. Alternatively, it is possible to allow for the use of ductility to reduce demands,
however, careful consideration of the post-yield behaviour, cyclic fatigue, and the

ability to replace hangers is required due to the brittle failure mechanism that occurs in
threaded rods.
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5 Conclusion and Next Steps

This paper has reviewed the seismic clearance requirements for non-structural elements in
buildings around the world by drawing on international codes and standards. For Australia,
AS1170.4:2024 outlines code minimum clearance requirements between non-structural
elements. Achieving the minimum clearances is critical for mitigating damage and
minimising life safety risks during earthquakes.

Calculated displacements for typical building services generally align with current code
requirements, confirming the adequacy of prescribed values for most cases. The results have
been presented with a focus on Australia, however, these calculations could be used for other
locations or seismic regions around the world. For braced systems, from the results calculated,
it seems that the code minimum requirements for Australia do provide good general guidance
and in general tend to be in-line with the results calculated or are slightly conservative.

For unbraced systems, displacements can vary significantly based on services weight and
hanger length. In AS1170.4:2024, individually supported pipework systems (as well as
ductwork and cable tray) with a weight less than 10 kg/m are exempt from seismic restraint.
From the results calculated, we note that the hanger length should likely be considered for this
exemption of restraint, particularly for design accelerations more than 0.1 g. The other
exemption in AS1170.4:2004 is that pipework systems (as well as ductwork and cable tray)
with a weight less than 30 kg/m and hanger length less than 300 mm are exempt from seismic
restraint. Based on the calculations for a deflection limit of 75 mm the maximum hanger
lengths calculated were generally over the 300 mm length, therefore, a longer hanger length
could be considered based on the specific situation. Note, that this is based on a simplified
analysis of the system, where we have assumed the boundary end conditions. The actual end
conditions of the service (e.g. unbraced pipework connected to equipment) will affect the
displacement, and this should be considered in future research. We also assumed the hangers
remain elastic in our analysis. Ductile behaviour may be considered at the ultimate limit state
(ULS), however, doing so increases inelastic displacement thereby increasing overall
displacements.

The calculations show that project-specific factors such as service weight and hanger length
can significantly influence required clearances. This highlights the benefit of calculating
clearances on a project specific basis. This would allow the engineers to optimise the
clearances criteria to make sure we are achieving the correct clearances in critical cases and to
also make sure we are not being over conservative where reduced clearances may be able to
be accepted.

In summary, it is recommended that Australian practitioners continue to use AS1170.4:2024
as the baseline for seismic clearance design, while recognising the value of project-specific
calculations in optimising clearances for complex or atypical installations. The mandated
clearances are suitable for simplified installations where specific post-disaster performance
requirements do not need to be considered. For these projects (typically only importance level
4), the required clearances and maximum allowable unbraced lengths should be confirmed as
part of the project Special Study. A valuable next step would be to validate calculation results
through instrumented testing such as shake table experiments, helping to confirm theoretical
models and refine practical guidance based on observed real-world behaviour.

Further research should be undertaken into the dynamic behaviour of long-hanger unbraced
systems, which present unique challenges that are potentially not fully addressed by current
standards. Enhanced guidance including worked examples and decision framework would
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assist engineers in applying judgement where standard tables may not suffice. As the industry
moves towards more integrated digital design environments, improved coordination between

disciplines will be essential to ensure seismic clearances are maintained throughout all phases
of building delivery.
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