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Abstract

Australia’s National Construction Code (NCC) requires non-structural elements in new
buildings to be designed for earthquake forces, and to accommodate the design storey drift
in accordance with AS1170.4. However, as the NCC does not cover the general
requirements for upgrading existing buildings, this ambiguity for works on existing buildings is
compounded for the industry, which must attempt to decipher the seismic design
requirements for non-structural elements.

This paper will explore the origins of the definitions of systems requiring attention, present-
day advice, and illustrate similar risk-based approaches for building assessments.

Keywords: Existing building, retrofit, seismic restraint, non-structural elements, secondary
elements, risk assessment.

1. Introduction
According to the Australian Building Codes Board (2020):

‘The NCC is a performance-based code containing all Performance
Requirements for the construction of buildings.’

The National Construction Code (NCC) Volume 1 references AS1170.4 Structural design
actions, Part 4: Earthquake actions, in Australia. It has mandated the requirements for new
buildings (i.e. construction), with no exceptions or state variations following the adoption of
the 2007 version of the standard in 2010.

Currently, the NCC does not mandate, provide, or reference any guidance on structural
design requirements for seismic performance for works on existing buildings. As a result, no
guidance exists for the seismic design of non-structural elements in this scenario either.

The paper is created as a sample method for prioritising the seismic assessment of non-
structural elements during works in existing buildings, in lieu of future guidance being
produced by AEES members through involvement in Standards Australia committee
BD006-11 (i.e., AS1170.4), the AEES technical committees, and the AEES Commentary to
AS1170.4 (future updates).

2. Historic guidance

2.1. AS1170.4:1993 Section 8 Structural Alterations & Appendix E

AS1170.4:1993 was adopted by the Building Code of Australia 1990 Amendment 7; however,
it did not apply to all states and territories due to its application limitation to specific Zones.
These zones were defined by the AS2121M Seismic Zone map of Australia, which was
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carried over from the predecessor to AS1170.4, the AS2121-1979 SAA Earthquake Code
(not explored in this paper). It's worth noting that the removal of Seismic Zones and the
introduction of Hazard Factors (Z) made the seismic design of structures (and non-structural
elements) universal for all buildings covered by Volume 1 of the NCC (BCA).

AS1170.4:1993 Section 5 Requirements for Non-structural Components required non-
structural components to be designed for earthquake actions. Section 8 permitted structural
alterations to existing structures, and for guidance, referred the reader to Appendix E
Structural Alterations (informative).

Amongst the elements listed in E2 Design are many of the non-structural elements listed in
Section 5 that appear with, but are not specifically stated to have, the capacity to kill or injure
a person greatly if they were to fall from a height, overturn, displace, or whose failure could
lead to adverse outcomes.

Later editions of AS7770.4 did not include guidance on existing buildings, possibly because
AS3826 already provided such guidance. It was indicated at the 2025 AEES conference that
there was an initiative by BD006-11, in agreement with ABCB, to move the AS1170.4:1993
commentary guidance to an AEES Commentary. The author believes this was convenient for
the ABCB, as AS1170.4 was an NCC-referenced document, and removing this information
would allow state & territory certification systems to apply (only) where the NCC was not
required in full.

2.2. AS3826:1998 Strengthening of Existing Buildings for Earthquake

Australian Standard AS 3826: Strengthening of Buildings for Earthquake was published in
1998 by Standards Australia’s committee BD 76. It was developed following the publication
of AS1170.4:1993, which it relies heavily on for seismic design principles. No updates or
amendments were published. It is assumed the committee never officially reformed.

AS3826 was written to complement the 1993 version of AS7170.4. The 2007 version of
AS1170.4 introduced changes to the terminology used in force calculation, although the
design principles remained largely unchanged.

Sidenote: AS3826 followed a similar format to AS1170.4:1993 with an extensive integrated
Commentary in the Appendices, whereas AS1170:2007 provided no Commentary. The
Australian Earthquake Engineering Society (first published circa 2009) published this
Commentary as a printed document for purchase. This process change created two
outcomes:

* Benefit: greater control by experts to guide best practice without non-expert
bureaucratic oversight.

* Negative: it created an administrative control that requires readers of AS1170.4 to
know of the Commentary’s existence, go in search of it, and read it.

Fortunately, in this modern world, access to the AEES (2021) Commentary is now available
for free download via the AEES website!. A reference to the AEES Commentary has been
proposed for future amendments to AS1170.4:2024.

Unreferenced and withdrawn

The Building Code of Australia (BCA) never referenced AS3826, nor did its descendant, the
NCC. AS1170.4 appears not to have referenced AS3826, although, according to Intertek
(2025), ‘Standards referencing this Book’, AS/NZS1170.0:2002 referenced AS3826. Contrary
to this, the author could find no reference in any version or Amendment. As the NCC
references AS/NZS 1170.0, the existence of any reference by AS/NZS 1170.0 to AS3826
inadvertently lends legitimacy to AS 3826 and its applicability to modifying existing buildings.

! https://aees.org.au/product/as-1170-4-commentary-2021/
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AS3826 was formally withdrawn in June 2019; it was not replaced and was removed from
sale by Standards Australia agents. This withdrawal was not publicised, and it's assumed the
BD 76 committee was not contacted; presumably, they would have been long disbanded. For
anyone with structural engineering knowledge, the logical alternative to informing BD 76
would be members of BD006-11, who are responsible for AS71170.4, as a relevant courtesy
due to the dependence of AS3826 upon AS71170.4, or, more importantly, BD006 if AS/
NZS1170.0 truly referenced it.

This author challenged the withdrawal decision and informed BD006 members. AS3826 was
reinstated for sale (circa 2022) as a resource for use. However, it remains classified as
‘Withdrawn’, which often leads many people to believe it is no longer relevant to modern
construction design considerations.

Life safety design

AS3826 Section 2.3.4 Parts of Buildings introduces design consideration for elements other
than the main structure, which reflect many of the non-structural elements fixed to the
exterior of a building, and the major items of plant. This is a reduction from the many more
items listed for design consideration in AS1170.4:1993 Tables 5.1.5 (a) & (b).

The corresponding Appendix B (Informative) B2.3.4 expands the treatment required, with the
following two statements considered most relevant:

a. Elements other than the structure (i.e. non-structural elements) may collapse, and
where these are likely to fall onto people, they should be restrained or removed.

b. Major items of plant and equipment are connected to the main structure to ensure
that they do not

a. collapse or break.
b. allow hazardous fluids and similar to endanger the occupants of the building.

c. disrupt the function of the building.
Those not mentioned

It's worth considering that AS3826 s2.3.4 and the corresponding Commentary did not include
the many internal architectural elements, such as non-structural walls, lightweight partitions,
ceilings, access floors, and storage racks.

At the time of AS3826’'s publication, many of the learnings from the 1994 Northridge
Earthquake would have outlined the need for seismic design of internal non-structural
elements. However, damage to these elements was considered disruptive to building
function, rather than specifically affecting life safety.

Some key learnings from the 2011 Christchurch Earthquake included the excessive damage
to non-structural elements, the subsequent loss of habitation, and the associated costs of
disruption. Non-structural elements were not adequately designed for the structure's
behaviour under earthquake excitation, and it was a major industry wake-up call. However,
when upgrading a building, this does not justify the cost of replacing all existing elements to
achieve greater earthquake resilience.

Non-structural elements

AS3826 Appendix F (Informative) Section F4.2 Design of strengthening elements contained
a reference to ‘secondary elements’, which is another name for non-structural elements, and
stated:

For secondary elements... the capacity of the elements should be checked

using the appropriate coefficient for non-structural elements, as specified in

AS1170.4, and modified by the same reduction factor as the threshold load
is, to the load level specified in AS1170.4.
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The following sentence is considered quite interesting and displays the benefit balance
consideration required:

It is implied that removal of the element will remove the hazard. Due
consideration should be given to heritage values where his option may not
be appropriate.

3. Present Guidance
Why would seismic retrofit of buildings be a topic for exploration now?

Haven't we had earthquake design requirements since 2010, and are we not regularly
replacing older buildings with new ones?

Both statements are true, although there are many reasons why an older building would be
rejuvenated, such as:

* Access to demolish and replace a building
* Protection of historic buildings

* Retrofitting for Sustainability

* Carbon Neutrality through Adaptive Reuse

For all of these situations, there’s a structural engineer ready to join the design team and
save the day through innovative structural solutions. These solutions will likely result in the
engineer being featured in publications or on LinkedIn, as well as presenting at webinars and
conferences for at least one to two years. Unfortunately, seismic design of non-structural
elements is an afterthought and ‘left up to the subbies’ (subcontractors providing trade
installations).

At the time of writing this paper, the following guidance is available to the Australian
construction industry when considering modifying an existing building.

3.1.  Handbook: Upgrading Existing Buildings

The NCC has minor variations across states and territories, though its application to existing
buildings appears to vary significantly. The ABCB’s (2020) Handbook: Upgrading Existing
Buildings, Appendix D State and territory information summarises many of these variances,
although changes in legislation and localised standards are believed to have superseded this
data (since its publication).

The handbook does not provide guidance on the seismic design of non-structural elements.
However, it also appears to offer little guidance on structural retrofit, aside from the approval
process and the certifier's discretion on when to trigger upgrades.

‘60% of the time, building certifiers can’t help, won't advise, or don’t know
what process to follow anyway. It’'s a major issue in the industry’. — Seismic
Design Engineer

At the time this paper was published, the author was informed by an ABCB representative
that the handbook was marked for future updating. However, no timeline was known, and it
was not considered a priority.

3.2.  MBS-001 — specific guidance

One update since the publication of the 2020 Handbook is South Australia’s introduction of
MBS-001, Upgrading health and safety in existing buildings (May 2023). This Ministerial
Building Specification was initially published in 2019. The SA Building Act or Regulations
provide triggers for a Health and/or Safety Assessment of an existing building, as illustrated
in Table 101-1. In the author’s experience, this document is quite robust in its application and
provides clear performance outcomes for:

AEES National Conference 4



* Structural safety performance standards
* Fire safety performance standards

* Health & amenity performance standards
* Change of building classification (use)

The Structural safety performance decision-making regarding seismic retrofit for existing
buildings appears to be quite clear, with two pathways:

1. Appendix A1 — Seismic Risk Assessment of Existing Building ‘(For buildings other
than Importance Level 4 buildings)’.

2. s203.3 Detailed Seismic Assessment ‘undertaken by a professional engineer in
accordance with processes outlined in 203.9 — 203.12...

Regarding non-structural elements, MBS-001 PS2.3 states that:

Potential high seismic hazards and vulnerable building elements that could
fall and injure occupants who may be evacuating the building during an
earthquake must be identified and strengthened at the earliest opportunity
to reduce the risk of them falling appropriate to-

(a) the degree of risk to occupants;
(b) the extent of alterations being undertaken; and;

(c) the technical feasibility of undertaking upgrading or strengthening work;
and;

(d) The Importance Level of the building

The multiple references to elements ‘falling’ appear to step away from AS7770.4, which
states specific systems and the like for restraining and accommodating design storey drift,
and move towards a Work, Health and Safety approach for occupants.

3.3.  Construction Dictionary

Surprisingly, the Construction Dictionary (online, 2025), published by Standards Australia and
the ABCB, does not include the terms ‘existing building’, ‘retrofit’, or ‘strengthen’. However, a
search for ‘upgrading’ returned the word ‘rehabilitation’ as if it were a synonym.

‘Rehabilitation’ was defined as ‘extensive work intended to bring an asset up to a new
standard or to alter it for a new use’. This definition seemed quite promising, although it was
followed by an additional explanation: ‘It includes the replacement or repair of doors,
windows, ceiling and floor finishes, and building services, but not major demolition or
structural work’. Unfortunately, the definition seems counterintuitive to the meaning of the
definition through the inclusion of:

* Extensive — replacing a few of the listed items hardly conjures up images of anything
extensive.

* New standards — finishes and new materials fall far short of upgrading to new
standards.

* Alter for a new use — it is wondered if the author of this was envisaging a sitting room
being transformed into a music room, or incorporating a pool table for the gentry.

The Author questioned the accuracy and relevance of the dictionary during the writing of this
paper. The response from Standards Australia’s Customer Success was lacklustre, with
redirection to the NCC Glossary and to read (for free) the preface of the online standards. A
management review was requested (with multiple people cc’d), and the author has since
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been informed by management that the dictionary is on the agenda for more regular updating
and expansion; time will tell.

3.4. NCC Transition

At the time of writing this paper, AS1170.4:2007 (R_2018) remains the current version, as it's
referenced by the NCC 2022. The adoption of NCC 2025 and the referencing of
AS1170.4:2024 are now scheduled for May 1, 2026, dependent upon each state or territory
jurisdiction.

In the interests of relevance to present-day and future applications, this paper is written on
the assumption that the AS1170.4 (especially Section 8: Parts and Components) general
requirements remain the same for both the 2007 & 2024 versions. Noting that the component
lists in Section 8.1.4 are nearly identical to the AS1170.4:1993 Tables 5.1.5 (a) and (b). The
changes for the 2024 version were primarily to:

* Include present-day technologies being introduced to modern buildings.

* Improve understanding of the requirements (based upon misinterpretations observed
in industry).

* Reduce opportunities for cherry-picking of data (by reinforcing logic and closing
opportunistic shortcuts).

* lllustrate the professional attention required for Importance Level 4 (IL4) structures to
ensure post-disaster function is considered and delivered through the mandated 1L4
Special Study.

A future Amendment 1to AS1170.4:2024 has been proposed to the ABCB by BD006-11. The
proposal includes normative performance outcomes for existing building retrofits and, with
them, considerations for the performance of non-structural elements. Force calculations
alone are nice, but not adequate for the nuances of the many systems. The next section will
explore the author’s thoughts, experiences and considerations for practitioners assessing
non-structural elements in existing buildings under modification.

3.5. WHS, Duty of care, & Manslaughter

Building codes and standards are convenient to follow; however, they are not sufficient to
rely on in court. The legal system requires greater consideration than merely interpreting the
laws of man; it requires due diligence to ensure that a party considers the laws of nature and
recognises their personal duty of care to future occupants and any people affected by their
work.

For the author, due diligence is standing in court in a manslaughter case with your hand on
your heart, confirming you addressed any risks ‘so far as is reasonably practicable’
(SOFAIRP) as per work, health and safety laws, and best-informed practice.

4. Industry Approaches (reality)

The requirements of AS71170.4 Section 8, Parts and Components, have been slow to gain
acceptance in Australia since their adoption in 2010. For a brief history of the challenges of
establishing the requirements of Section 8 across Australia, see Bartlett (2019) and Bartlett
(2023).

Resultantly, there has been further industry resistance to the concept of adopting seismic
design requirements for non-structural elements when upgrading existing buildings, with
arguments such as:
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* The installations were compliant when they were installed, so we are replacing like
with like (overconfident builder with a design & construct contract who seemed to
have chosen the certifier for the works).

* The main plant is not treated, and no one budgeted to treat it, so why treat the rest of
the system? (Justification by the design team to downgrade to IL3 (instead of IL4) a
hospital extension (new wing), including a replacement Emergency Department at an
existing regional hospital servicing a population of approximately 130,000).

* Upstream building services have not been designed/treated, so why bother
designing/treating the elements in the upgraded area? (justification to refit multiple
floors of a metropolitan fire headquarters without consideration for seismic design of
ceilings and services).

* We only have to restrain elements that can fall on people in occupied areas and
through the egress pathways (Fire safety engineer, although this was also his opinion
of new builds as well).

Whatever the justification, ‘ignorance is bliss’ and is reflected in a lack of consideration
during:

* Business case: a simple systemic failure, and it continues even when questioned.

* Design Stages: a lack of due diligence, with a focus on staying within the inadequate
business case budget and intent.

* Construction: is opportunistic, with no changes without threat of major cost (through
variations) and time considerations.

It's in the builders' and subbies' best interest to keep the designers in the
dark and provide as little info as possible so that they can do the least
amount of work. This leads engineers and industry peers to make
assumptions that may not result in a compliant or resilient solution. —
Seismic Design Engineer

In short, without a recent earthquake and major loss of life, the industry will push back
against any retrofit and do only what it is forced to do. The lack of effective guidance
amplifies this.

5. Conclusion

The trend of modifying existing buildings is expected to grow, driven by sustainability
considerations, a lack of greenfield sites, and the rate of construction innovation. With it,
seismic assessment and retrofitting of non-structural elements are expected to become a
standard practice. In the absence of an NCC reference or specific industry guidance, society
will remain exposed to the subjectivity of the construction industry and to certifiers'
awareness and risk appetite.

AS3826 was quite well informed in its approach to non-structural elements, and the South
Australian MBS-001 builds well upon this.

This paper marks the beginning of a conversation that, in time, will hopefully be ratified into
clear guidance that engages all stakeholders.
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Appendix A - Risk management approach

The following is the authors recommendations of considerations for anyone performing
seismic assessment of non-structural elements in existing buildings.

Review existing guidance

It's worth utilising all of the following document sections to capture any gaps and suggestions

from:

Al

AS3826 Appendix B2.3.4.

AS1170.4:1993 — for Tables 5.1.5(a) & (b), especially considering the Earthquake
Coefficients (Cc2) as a further life safety risk-based tool for deciding treatments and
the Component Importance Factor (lc) for force calculations.

AS1170.4:2024 s8.1.4 (a) & (b).
AEES Commentary to AS1170.4 (2021)
MBS-001 Upgrading Health and Safety in Existing Buildings.

Risk Assessment 1: Collapse, falling and overturning elements

AS3826 nailed it: Elements other than the structure (i.e. non-structural elements) may
collapse, and where these are likely to fall onto people, they should be restrained or
removed.

External — What's mounted on the top and sides of the building?
o Appendages — as per each guidance list and treatments.

o Fagade — as per guidance, although it's worth considering the evolution of
lightweight facades, a lack of testing of these systems to meet AS/NZS4284
requirements (as the NCC does not call up the majority), and past failures of
glazed systems under earthquake excitation.

Exiting the building: Identify the paths of egress, and what may limit egress from the
building? Examples include:

o Doorways — are the door frames with adequate clearance on three sides to
allow for substrate displacement without deforming the framing and jamming
doors shut.

o Wall detailing — check door stiles for adequate vertical deflection and that door
frame opening widths are uniform at top, middle, and bottom. Door frames
under load will be susceptible to storey drift and racking, resulting in doors
jamming. A common indication of frames under load is variable width, which
renders fire doors non-compliant and necessitates replacement.

o Are there elements of high energy that could make the exit unsafe, such as:
= Kitchens
= Dangerous goods stores
= AS1170.4:2024 s8.1.4 (b) elements:
* (iii) Battery storage et al.
* (vii) Boilers et al. — explosive or harmful energies
* (ix) reciprocating or rotating equipment.

*  (xiii) machinery.
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* Internal — generally only considered to be walls and ceilings, the internal fitout world
has changed dramatically with the need for technology and Open Space offices with
expanded risks around furniture used as area-dividing devices, access floors, and
multiple suspended elements for architectural and acoustic benefits.

o Walls —

= Walls up to ceiling — often (incorrectly) rely upon ceilings for lateral
restraint. This issue persists today, particularly with aluminium profiles
featuring glazing infills — it must be rectified.

= Walls above ceiling, but not full height — inadequate head rigidity and
load pathway to soffit, the wall experiences mid-span out-of-plane
displacement and crushes ceilings or tears them from wall
connections. Beware of a lack of allowance for slab mid-span
deflection (vertical) that may see the wall in a load-bearing application
(in error) and affect door frame widths. — Risk assessment

= Full height walls — multiple full height wall systems lack:

* Drift in corner connections — damage is to be expected and
should be noted, especially if this provides fire
compartmentation (see AS71857).

* Drift in-plane due to allowance for vertical deflection only. —
Excessive damage is to be expected and should be noted.

o Ceiling — common elements to fail under earthquake excitation, it is the
author's opinion that the most common causes are the behaviours of other
elements, specifically:

= Missing gravity hangers due to work over the life of the building. —
must be rectified.

= Building Services loads:

* Gravity — ceilings traditionally allowed for a services load of
3kg/m2, although larger elements may be integrated to avoid
progressive collapse under excitation.

* No restraint to services to limit displacement and likely to
disrupt gravity hangers or transfer forces into ceiling
connections, resulting in progressive ceiling collapse — risk-
based treatments to be considered here to reduce capacity for
impact.

= Ceiling penetrations — elements suspended from the soffit and
terminating at or below the ceiling are likely to create a pendulum
effect under excitation and tear the ceiling substrate apart. Examples
include:

* Solid sprinkler droppers
* Projector mounts
* Air handling units
* Pendent Lighting

* TV screen mounts (common in health & care environments).
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Pendant lighting and other services that have primary supports passing
through a suspended ceiling or are directly supported by ceilings. Not
sufficiently supported, restrained or applying a load that is not accounted
for in the ceiling design. — Seismic Design Engineer

= Ceiling-mounted elements — there are many elements suspended
directly from ceiling members and substrates that the ceiling was
never designed for. These may include:

* Led light bars/linear frames

* Acoustic clouds

* Chandeliers and feature lighting
o Building services pathways (minor equipment)

= Often, corridors get a range of new elements introduced, and ceilings
are removed. As a result, retrofitting restraints to building services
within egress pathways is easier at this time. Retrofit should be
prioritised based upon:

* Life-safety — weight of element, fall height (kinetic energy), fall
zone, and the potential to injure occupants.

* Purpose - life-safety (such as fire suppression, smoke
extraction, emergency lighting, communications and similar.

* Potential to create an unsafe environment — examples would
be natural gas lines, other gases in a medical facility.
B2 Risk Assessment 2: Disruption & an unsafe environment

As per AS3826, Major items of plant and equipment are connected to the main structure to
ensure that they do not:

a. collapse or break.

b. allow hazardous fluids and similar substances that endanger the occupants of the
building.

c. disrupt the function of the building.
As the building service pathways, many of the systems can:

* Threaten life safety if people are within the area, this may include storage tank
rupture, heated liquids, flammable liquids, steam, flues, smoke, etc.

* Create afire or explosive environment.

® Disrupt safety system performance.
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Appendix B Alternative approach: The Energy Damage Model

The Architectural Components listed in AS1170.4 s8.1.4(a) are straightforward structures
from a physics perspective, considering load pathways, sensitivity to drift or forces, and the
associated risks of failure.

The Mechanical, Hydraulic and Electrical Components are not simply structures; they
represent a range of controls, safety measures, safety tools, stored energies, kinetic/
rotational energies, and ‘All other similar’ energies.

This section can't list every different source of risk and therefore includes item (xx) and all
other similar components. This inclusion creates a somewhat subjective scenario for
engineering logic and due diligence, but without guidance.

In the author's experience, a Consequence Value of energy informs the seismic assessment
of earthquake excitation. Can it be allowed to fail?

One such model is Viner's Energy Damage Model. It presents a method for assessing the
risk associated with an energy source and its recipient, including controls, boundary
treatments, and space transfer mechanisms.

Hazard control mechanism Recipient’s boundry

N 4

Space transfer mechanism
< >

Recipient

Figure 1 The Energy Damage Model (Viner, 2016, Figure 3.1, p. 43)

A list of common forms of energy (Table 3.2) is provided for consideration.
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Figure 2 A listing of common forms of energy (Viner 2016)

The proposed control measure strategies are similar to the outcomes of a seismic
assessment. Consider utilising the hierarchy of controls to present a range of treatments and
provide a preferred recommendation. However, the decision ultimately rests with the certifier
and the occupant (in the author’s experience).

Coming from a physics background, | love this energy damage model. |
wish more engineering standards would adopt this, especially in
construction. Fundamentally, this could be a more holistic approach,
especially in refurb work where many parameters about existing services
and the like may be unknown. — Seismic Design Engineer
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