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Community expectations 
& Risk Based approach
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https://www.resorgs.org.nz/what-
do-new-zealanders-want-from-

their-buildings/, captured 
24/06/2025

Community Expectations – NZ perspective

This could apply to many 
natural hazards, such as:
• Cyclone
• Bushfire
• Flood
• Building Fire

https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/
https://www.resorgs.org.nz/what-do-new-zealanders-want-from-their-buildings/


5

Viner. D. 1991, - Extended Energy Damage Model

Space transfer 
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Hazard control 
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Risk-based approach
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(Similar – author’s opinion)
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Historical EQ design
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• 1970 - Olive View Medical Center, CA
• ‘Earthquake-proof’ hospital

• 1971 - San Fernando EQ (M6.5) Feb 9
• Building badly damaged
• No fatalities in hospital
• No services available & required evacuation

History – Structural ramifications
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• 1981 - Olive View Hospital (New)
• 1989 - Newcastle Earthquake

• AS1170.4:1993 (from AS2121:1979)

• 1994 Northridge earthquake (M6.7)
• Olive View Hospital
• Structure survived

• Collapse prevented

• No fatalities

• Failure of non-structural components

History – Non-structural ramifications
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1. Ceilings torn from walls 2. Support failure 3. Ceilings pulling walls down

4. Ceiling connections failing 5. Ceilings crushed 6. Dislodged supported services

Architectural Failures
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1. Essential Services 2. Loss of hygienic environment 3. Storage systems failing

4. Lab & Sterilisation Services 5. Lift services 6. Data storage & essential controls

Building services failures
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Why does this matter?

Community disruption
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Swiss Re Institute, 
A decade of major earthquakes: lessons for 

business, October 2019
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Australian EQ 
story
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Illustrations – 5.6ML (116) & 5ML (364)
• M6.5 Beachport SA 1896

• M6.5 Meckering 1968 (MI IX Violent)
• M5.4 Morwell 2012 felt in MEL
• M5, 5.1 & 5.3 QLD 2015 ** (SCUH)

• M6.1 NT (Sth West) 20/05/16 (*20yrs)
• M5.9 Woods Point 2021 (Mansfield/MEL)
• Adelaide 1954 – Close to Magnitude 6 

according to the Seismological Society of Australia 
https://earthquake.net.au/index.php/2024/02/29/1954-adelaide/

https://www.ga.gov.au/education/classroom-resources/hazards/natural-hazards/earthquake, 29/02/2024

Australia – Low seismic risk, not no risk

http://maps.ga.gov.au/interactive-maps/#/theme/hazards/map/earthquakehazards
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Performance Target
• Life-safety

• Egress
• Ingress
• Business 

Continuity
• Recovery for 

Critical 
Infrastructure

EQ

IL2/3

IL4(5)

NCC & AS1170.4 – Anticipated performance



16Ambiguous references to EQ design

‘ambiguous references’ are over-ridden by AS1170.4, although dangerously misunderstood:
• 'and any likely seismic loading (refer to AS1170.4)' AS1940:2017 – Storage Flammable & Combustible liquids
• ‘Acceleration Coefficient below 0.1’ AS2304:2019 – (M-Fire water storage)
• 'in a Zone A or Zone 2 location as defined in AS1170.4' AS1894:1997 (CRYO) & AS3961:2017 - LNG
• 'in areas which seismic events are likely to occur' AS2118.1:2017 – (M-F Sprinkler)
• 'in areas of seismic activity' AS2419:2017 – (M-F Hydrant)
• 'in areas with significant risk of seismic activity' AS/NZS3084:2017 – (E-Comms)
• 'seismically active region' AS2067:2016 – (E-HV & Subs)
• 'situated in a seismic environment’ AS2067:2016 – (E-HV & Subs)
• 'in areas with possible risk of earthquake' AS/NZS5149.3:2016 (M-Ref)
• 'where earthquakes are anticipated' AS/NZS5149.3:2016 (M-Ref)
• 'in areas subject to earthquake' AS/NZS4994:2018 – Temp Edge Protection

Correction of these should be: In accordance with AS1170.4 Section 8
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General advice



18AS1170.4 Section 8 – Confirmations ABCB, NCC, Guide, VBA & Dept.
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Update: AS 1170.4:2024

AS1170.4 Earthquake Actions in Australia – 2007 (R_2018) & 2024
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Architectural Components MEPF Components

‘Their Connections’
(The weakest link) a product can be 

conforming, but only if the 
installation is compliant!

AS1170.4 s8.1.4 - Safety measures & Sources of Ignition
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8.1.4(b)(xviii) Restraint Exemption Clarification
• Applying these require SED knowledge, and 

noteworthy:
• The exemptions only apply to IL2 & IL3 structures, not IL4.
• The exceptions only apply to 'individually supported services’.
• Straight run of service should remain restrained if beginning – ie no 

exemption @ changes in size, drop, etc.
• Where below threshold items are supported on a trapeze or multi-

service hanger exemption is no longer valid
• "All other components similar to those listed" - Items not 

specifically mentioned in AS1170.4 section 8.1.4 are considered to 
require restraint ….. plinths, fuel storage systems, batteries and UPS.

Update: AS 1170.4:2024

AS1170.4 Earthquake Actions in Australia – 2007 (R_2018) & 2024
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Force Calculation (8.3 Simple*)

Design Considerations

• Building Usage (IL1-4) - kp
• Geographical Location  - Z (min 0.08)
• Site Subsoil Type Ch(0)
• Building/Attachment height - ax

• Component Importance Factor - Ic
• Construction materials – ac / Rc (capacities/ductility)
• Ceiling/Pipe/Finishes Weights - Wc
• Attachment Point/Height/Plenum 

depth
• Lateral Length/Area

Structural 
Engineer

Specific 
Engineering 

Design

AS1170.4 Earthquake Actions in Australia – 2007 (R_2018) & 2024
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Inter-storey drift (ISD) – ULS, SLS, H/500

Risk-based approach
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Inter-storey drift (ISD) – ULS, SLS, H/500

Risk-based approach
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Testing – Theoretical v tested

Risk-based approach
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• Minimum clearances for services shall apply 
for Seismic Restraint of Engineering Services 
(table pictured below).

• Result: pathways may require adjustment and 
communication to other trades.



27Minimum clearances between services – Enforceable
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Compartmentation 
& Passive Fire
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• All become loadbearing – lack of capacity or by design (error).
• Are they tested for these structural or fire performance conditions?
• Earthquake – due to load/friction part of the force-resisting system?

Frameless Partitions Aerated concrete w 
metal skin

GFR concrete panel RAAC Panel

AS/NZS1170.0 – 20mm mid-span slab deflection



30AS/NZS1170.0 – 20mm mid-span slab deflection
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• No drift: either a direct fixed or a vertical slot in the top member
• Not tested for these structural or fire performance conditions.
• Earthquake – part of the force-resisting system as no ‘design inter-storey 

drift accommodation’ (AS1170.4 s8.1)

Frameless Partitions Aerated concrete w 
metal skin

GFR concrete panel RAAC Panel

AS/NZS1170.2 (Wind Actions) – Inter-storey (Storey) drift capacity
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• ‘Slotted DHT are not suitable where inter-storey drift required.’
• Commonly used for all FR external stud walls and multiple internal FR 

walls, including the latest Telescopic (FR) stud walls.
• Earthquake – now part of force-resisting system as they have no ‘design 

inter-storey drift accommodation’ (AS1170.4 s8.1)

AS/NZS1170.2 (Wind Actions) – Inter-storey (Storey) drift capacity
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• In-plane – head track smashes adjoining wall
• Out-of-plane – wall cycles tearing away and crushing in-plane wall 

and damaging FR substrate bracing the stud frame.
• Corner junctions are split from top-down and excessive noise.
• Earthquake – corner forms part of force-resisting system as no 

‘design inter-storey drift accommodation’ (AS1170.4 s8.1)

AS1170.4 (EQ Actions) – Inter-storey (Storey) drift capacity



34Unchecked innovation and deviation from tested systems



35Egress Pathways & Compartmentation penetrations



Floors…. Horizontal (plane) Separating Elements

• What are we building?
• 40mm steel reinforcement

• Hollow-core slabs

• PT slabs (vulnerabilities)

• Composite (concrete/metal deck)

• Bubble-deck slabs
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• AS1530.4 – One pass needed, (w/o limit) w minor changes.
• Tested: 3m x 3m sample
• concrete frame fixed 
• vertical joint free & filled with non-combustible material.

• Now: Unlimited innovations, multiple soffits, typologies, BMTs, heights, 
stud widths, etc. 

• Never tested: corner junctions, face loads, deflection applied, 
post drift, repaired panels/substrate(**), connections to FR 
ceilings, across movement joints, etc. (But many assessments 
made).

Why be concerned with fire-resistance?
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Active Fire Suppression
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Loss of fire suppression system

(multiple single points of failure)

Rooftop diesel generator – vibration mounts 
without lateral restraint capacity.







42

Vulnerabilities to 
earthquake actions

• Fire water supply - no continuity following EQ (pressure loss)

• Fire water storage tanks – AS2304 s4.6 EQ is generally ignored.
• Forces – design & anchoring (AS5216 – C2 Life Safety)
• Displacement/interactions – punching 

• Fire pumps – specific design:
• Anchoring/Mounts/specific design
• Connections - ‘Vibration failure’

• Distribution (piping) systems
• Restraint ’Fire suppression’ with minor exemptions.
• Clearances from services (later slide).

• Sprinklers – when integrated into substrates
• Inadequate clearance from displacing services
• Ceiling integration - Flexible hose preference
• Inadequate substrate for operational forces.
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Ignition sources & fuels



44Ignitions sources post-earthquake

Ignition of subterranean methane: unveiling a new geohazard in Japan 
following 2024 Noto Peninsula Earthquake

Damaged to façade or 
compartment

(oxygen leak within hospital)
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IL4 – Post-disaster & 
Hazardous Facilities
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Importance Level – determination challenges

NCC 2022 (& not AS/NZS 1170.0)

Guide to NCC 2022 (Online only)

https://ncc.abcb.gov.au/editions/ncc-2022/adopted/volume-one/b-structure/part-b1-structural-provisions


47Disaster Management Cycle & UN Augmented version
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Example responses
• 1st – MAKE SAFE

• Stabilise active 
processes

• Protect integrity
• 2nd - EVALUATE

• Triage
• Safely shut down 

unnecessary services.
• 3rd – PD PERFORM

• Scale/adapt
• Planned recovery

Ivanov et al, Handbook of Ripple Effects in the Supply Chain, 2019, Springer Cham 
https://doi.org/10.1007/978-3-030-14302-2

Disruption tails & revival policies
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50Intro to AS 1170.4, IL4 Special Study & IL4 Consultant

McBean suggested:
* Outlined the Purpose 
and Content.
• A Role: 

• Designated person to capture 
the Special Study 
requirements.

• Process:
• PD Operational req.
• Structural perform.
• NSE perform.
• Procurement
• Construction
• Final Report
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Primary

• Critical functions to be maintained Immediately following 
the onset (i.e.. during) of a disruptive event, and maintained 
throughout the period of disruption.

Secondary

• Essential functions to be restored and available soon after an 
event, usually to assist the broader social (operational) 
response to the event.

Tertiary

• Discretionary functions not activated under disruption 
unless sustainable replenishment services (Assisted Island 
Mode) available, or in support of critical post-disaster 
functions.

Figure 2 – Minimum Business Continuity Objective (MBCO) 
categories and definitions.

ISLAND 
MODE ASSISTED 

ISLAND 
MODE
(BCP)
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Stakeholder 
Engagement

Post-disaster functions 
(MBCOs)

Multi-hazard

Vulnerable Elements

Dangerous Elements

Performance 
Objectives

Time (Island mode)

Serviceability Events

Ultimate Limits

BCP expectations

Design Criteria

Resilience time (calcs)

Earthquake

Wind

Other events

Design Response 
(P1)

As per Design 
Criteria/limits

P2 if needed.

Roles/Responsibility

Procurement

Test Evidence (3rd party 
testing)

Updated Design (p1)

Construction 
Monitoring

Designated IL4 checks

Install certification (P3)

Install verification (P4 by 
other)

Audit and 
Documentation

Constructor to submit all 
evident

IL4 consultant to witness 
stress testing.

Inform BCP preparation

IL4 Special Study Design Process

Primary

Critical Functions – Required during event onset and period of 
disruption.

• Life Safety (facility occupant) & Dangerous Goods Safety.
• Existing Services Protection - Data, Processes and 

Equipment.
• Facility Security (physical) & Access.

Secondary

Essential Functions – Required soon after a disruption event
• Incident Control Centre (incident dependent).
• Triage & Emergency medicine
• Intensive Care
• Existing patient triage

Tertiary

Discretionary Functions – to be activated as required.
• Renal dialysis
• Maternal care
• Vaccinations
• Etc.
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Loss of 
Business 

Continuity

Loss of 
Egress

Risk to life 
safety from 

2nd Fit

Structural 
Failure

Tender 
documentation

RFI

Peer review

Emergency 
procedures

Rationing of 
resources

Threats Barriers
Loss of 
control Consequence Time

N
on-com

pliant 
O

perational Facility

No Service for 
period of time

Serviceable for 
immediate use

Threat Barrier Diagram – Emergency Facility v. Earthquake
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Bartlett, 2018

Risk Engineering Approach

Project Risk 2-3y   |   Community Risk 50y
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Fire Safety Story
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For Australians these are ‘Unknown Knowns’
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Melbourne Specific HAZUS-based estimation
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VU Risk Assessment & Human Behaviour - 
Intro to Risk Management

Lifesafety, loss of egress, loss of safety systems, 
untennable conditions, fire-following-earthquake.

Building Acts, regulations, NCC, Standards, CoP, etc.

Design, construction, verification, maintenance

NCC - Holistic design (Part A) for:
• Structural Provisions (Part B), incl. EQ, Wind, etc.
• Fire Resistance (Part C)

Earthquake – building accelerations & displacements

Untreated systems damaged, no fire safety systems, 
loss of tenability, displacement (camping). 

Low, although extremely high consequence.
• No warning.
• M6+ occur in Australia (CHCH Mw6.2)
• Our code requirements are far lower than CHCH 

(Previously 40%, now 27% of their Hazard factor).
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Viner. D. 1991, - Extended Energy Damage Model

Space transfer 
mechanism

Recipient’s 
boundary

Hazard control 
mechanism

hazard recipient

Risk-based approach

Fire
Smoke

Explosion

People
Systems
Assets

Environment

Separation of energies
Sprinklers/Fire hose
Compartmentation

Fire Response

Cues
Smoke alarms

Means of egress
Sirens or a BMS

Apps or other CommsTime
Distance

Environmental 
conditions

ASET v. RSET
Available v. Required Safe Egress Time

(Similar – author’s opinion)
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Disaster Risk = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑥𝑥 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑥𝑥 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

Decisions of Agency/Enterprise: 
• What is your risk appetite?
• What is your client’s or MP’s risk appetite?
• What are your post-disaster obligations?

• Security of Critical Infrastructure Act 2018 (SOCI Home Affairs)
• National or State Emergency Management Plan (SEMP)

• Responsibilities: Risk Reduction? Response Coordinator? Supporting Agency?

• Duty of Care to vulnerable peoples?

Disaster risk – a human-made decision
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Conclusions
1. Earthquake design of fire safety systems has been a requirement since BCA 2010.

2. Fire safety systems get specific primary mention for seismic treatment.

3. There is much more research to be done to refine the values.

4. Compartmentation & Passive Fire are highly vulnerable: ask your supplier for holistic solutions.

5. Fire Suppression: due to pressurisation, failure under medium event can lead to excessive loss.

6. Ignition sources & fuel are challenging elements to allow for: needs everyone to do their part.

7. Fire Safety Story is presently quite vulnerable to any install quality or single point of failure (active fire)

8. Post-disaster & Hazardous Facilities require an IL4 Special Study to ensure they ‘remain 

serviceable/operational for immediate use’ following a 1/500 APE earthquake.
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Jordan Bartlett
FACILITY RESILIENCE CONSULTANT

0411 12 13 19
jordan@proactivedesign.com.au 

https://aees.org.au/wp-content/uploads/2022/11/AEES-2022-Paper-Jordan-Bartlett-FRNLB-wall-system-design-considerations.pdf
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