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1: LIFE SAFETY

This could apply to Mmany Avoid mass casualty events
Protect vulnerable persons
natura | h aZad rd S’ SuU Ch as. Ensure safety at mass gathering points
Preserve high value skills and resources
] Cyc | O N e Support immediate response activities
Maintain a perception of safety
* Bushfire
PY F | OO d 2: SOCIAL RECOVERY
. . . Ensure equitable access to essential goods and services
* Buildi ng Fire Enable effective governance
Hawve places to connect
Return sense of normalcy
Retain sense of place and cultural identity
3: ECONOMIC RECOVERY
Restore enabling services and industries
Enable people to work
Build business confidence
httpS //WWW resorgs.org.n z/what— 4: MINIMISE ENVIROMMENTAL IMPACT
do-new-zealanders-want-from- Minimise waste generation
heir-buildi / d Avoid hazardous waste or potential public health risks
their-bulldings/, capture Reduce embodied carbon
24/06/2025
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1970 - Olive View Medical Center, CA
‘Earthquake-proof’ hospital

e 1971 - San Fernando EQ (M®6.5) Feb 9

* Building badly damaged
* No fatalities in hospital
* No services available & required evacuation

think.change. History — Structural ramifications N pr%aecstii;ﬁ
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* 1981 - Olive View Hospital (New)
e 1989 - Newcastle Earthquake

AS1170.4:1993 (from AS2121:1979)

e 1994 Northridge earthquake (M®6.7)

* Olive View Hospital

e Structure survived

* Collapse prevented > \W— N g Jﬂwhﬁ%
b

* No fatalities A R i

* Failure of non-structural components
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1. Ceilings torn from walls 2. Support failure 3. Ceilings pulling walls down

; J/. | ‘.' ﬁ

6. Dislodged supported services

4. Ceiling connections failing 5. Ceilings crushed

think.change. Architectural Failures I N I pr%aecstiiélﬁ




1. Essential Services 2. Loss of hygienic environment 3. Storage systems fai

ling

o A iy 3y poiln |

5. Lift services 6. Data storage & essential controls
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Lessons learned, and solutions for business

Preparing for an earthguake before the event occurs can dramatically decrease
the level of damage and associated losses. Businesses adequately prepared with
defined plans and trained employees are better placed to restore business
operations quickly. Below is a check-list of possible pre-earthquake risk mitigation
actions for business

n Develop/train an Earthquake Emergency Response Tearn to initiate
pre- and post-earthquake recovery actions.

n Develop plans for the protection and maintenance of fire protection systems in
service.

» Develop business continuity plans for rapidly resuming operations after an
earthquake, including sourcing restoration / remediation companies/ critical
spare parts inventory.

n Establish a list of contractors to aid in earthquake preparedness and recaovery.
Place contractors on alert.

n Develop procedures for safe shutdown of utilities and operations (electricity.
gas. flammable liquids operations, etc).

n Provide anchorage, clearance, and flexibility for machinery and equipment.

» Provide bracing, clearance, and flexibility for liquid filled piping systems including
domestic water, fire protection water, other liquids and gases.

» Provide Earthquake Actuated Automatic Seismic Shutoff Valves for flammable gas
systems and flammable liquid dispensing systems.

n Retrofit structural elements to adequately resist seismic forces under the direction
of licensed engineers and contractors.

» Ensure emergency gear and equipment are ready and accessible.

» Maintain an adequate inventory of materials such as mops, brooms, squeegees,
portable generators, etc.

Swiss Re Institute,
think.chcmge. A decade of major earthquakes: lessons for
business, October 2019
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On average 100 earthquakes of magnitude 3 or more are recorded in Australia each year. Earthquakes above
magnitude 5.0, such as the destructive 1989 Newcastle earthquake, occur on average every one-to-two years. About

INDIAN 2

every ten years Australia experiences a potentially damaging earthquake of magnitude 6.0 or more such as the OCEAN
maanitude 6.5 Meckerina earthauake in October 1968.

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

Illustrations — 5.6ML (116) & 5ML (364) | couzae
 M6.5 Beachport SA 1896
* M6.5 Meckering 1968 (M1 IX Violent)

* M5.4 Morwell 2012 felt in MEL

* M5,5.1&5.3QLD 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/

change. Australia — Low seismic risk, not no risk prodaecsti'é’ﬁ
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‘ambiguous references’ are over-ridden by AS1170.4, although dangerously misunderstood:
‘and any 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 'AS2118.1:2017 — (M-F Sprinkler)
'in seismic activity' AS2419:2017 — (M-F Hydrant)

'in areas with of seismic activity' AS/NZS53084:2017 —

'seismically region' AS2067:2016 —

'situated in a seismic " AS2067:2016 —

'in areas with of earthquake' AS/NZS55149.3:2016 (M-Ref)

'where earthquakes are ' AS/NZS5149.3:2016 (M-Ref)

'in areas earthquake' AS/NZS4994:2018 — Temp Edge Protection

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

change. Ambiguous references to EQ design
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General advice

From: "Victorian Building Authority" <communications @vba.vic.gov.au>
Date: 20 July 2018 at 11:13:27 am AEST
Subject: Carbon monoxide testing, July buil

VBA MAIL

TR

ing reforms, draft plumbing regulations and much more

Important information about professional indemnity insurance

Designing celling installations for earthquake action

The VBA is aware that ceilings in buildings may not be designed to meet the requirements of AS
1170.4 — 2007 Structural design actions Part 4: Earthquake actions in Australia_

Volume One, Clause B1.2 (¢) (i) and Volume Two, Clause 3.11.3 (c) (iv) of the National
Consiruction Code require buildings to be designed to resist seismic loads calculated to AS

1170.4 - 2007 Structural design actions Part 4: Earthguake actions in Australia as appropnate.

Section & of the Standard requires ceilings to be designed to resist earthquake forces, except

where they are located within domestic structures leas than 8.5m tall and “Importance Level One”

structures. The Standard also applies to walls, partitions and other non-structural elements

Designers, contractors, installers, builders and building surveyors are reminded that the
requirements of AS 1170.4 — 2007 need to be considered when designing ceilings, walls,
partitions and other non-structural elements within a building.

VBA Website | Contact Us | eToolbox —Plumbing | eToolbox — Building |

think.change.
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IMPORTANCE LEVELS FOR HOSPITAL BUILDINGS

‘Seismic Restraint of Engineering Services PURPOSE
evels as

he purpose
defined by the BCA and AS1170.

Introduction
Desplte Australa's seemingly low selsmic risk, being n the middie of ane of the eari's larger D Seoton Table 1.2 requires a sslocion of a Biding Imporiance Leve s enie
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located in domestic Structures less than 8.5m tall and “Importance Level One” stuctures. The adopted ooty
Standard is appiicable 1o eq maunted on structures as well a< on the ground, such as Tagade, sorvices, fout and 50,00
high voltage cicult reakers, ransformers and tanks.
AS1170
The aim of this guidenete i o make designers aware of the: buidings 1L Structural Design A
« Reauement 2 esan enainering sences agalnst selic ces n aciordance win (AS1170010 1170.4). for a buiding and the
AS 11704

+ ocuiaror v i sk bracig of sginearing savices be dlocummartad i deai i e g
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Conlraclor is required to co-ordinate this work across alldisciplines; &
+ Technical Information available to assist in designing and detaling the seismic festraint of design the bulding forn s uimate stae.

engineering services.

In additon,

The following items are excluded from the scope of this guidenote:

other for other
+ The restraint of engineering services in an importance level 4 buiding as a special study is ucts, celings, walls etc. s provided. These elements are all listed in Section 8.1 of AS1170.4 and must be

required 1o be carmied oul 10 ensUre they remain serviceable for immediate use following the pi y req

design event vw mpertance level 2 structures (1 in 500 year earthquake). code. Examples of These are
+ Suspended o a BCA
+ Buiding et hetuting portable appiances. and AST170.

SERVICEABILITY POST DISASTER
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+ Anchor - A fastener instaled into concrete used to transfer selsmic forces,

+ Brace — An element of the resiraint system used to ransfer selsmic foroe from a component funciionalty and nd o o the
10 the supporing structure ‘avoidance of doubt which by
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& Design of non-structural building elements for earthquake forces

2019-03-27

- Earthquake impacts

- Earthquake Provisions for Class 2-0 buildings
- Compliance with AS 1170.4

- Earthquake Provisions for Class 1 buildings

- Want to know more?

The following provides guidance about the application of AS
1170.4 and in particular the required performance of certain non-
structural building elements (including walls and partitions;
ceilings and services) to resist earthquake forces.

Earthquake impacts
During an earthquake, the performance of non-structural building elements may significantly impact the level of risk posed to building

occupants, both directly and indirectly.

In addition to potentially causing injury through collapse, poorly or unrestrained non-structural elements can rupture pipework (which
may lead to failure of a fire sprinkler system), short electrical equipment (which may start a fire) and block exit paths.

The collapse of non-structural elements may also compromise the structural elements of a building, rendering the building un-
occupiable and resulting in significant repair costs and lost productivity.

Earthquake Provisions for Class 2-9 buildings

NCC Volume One contains a Performance Requirement (BP1.1) that requires Class 2 to 9 buildings to perform adequately under all
reasonably expected design actions, including earthquake actions. The corresponding Deemed-to-Satisfy (DTS) Provision for
earthquake actions is B1.2, which references AS 1170.4 Structural design actions - Earthquake actions in Australia

Section 3 of AS 1170.4 applies a hazard design factor to all regions of Australia. This requires earthquake loads to be considered in the
design of any building irrespective of where it is located.

Compliance with AS 1170.4

For Class 2-9 buildings, Section 8 of AS 1170.4 provides information about certain non-structural building parts and components that
would need to be designed to resist horizontal and vertical earthquake forces.

These parts and components include:
« Walls that are not part of the seismic force resisting system.
« Appendages including parapets, gables, verandahs, chimneys and the like.
- Partitions.
- Cellings.

« Mechanical and electrical components including smoke control systems, fire suppression systems, boilers, escalators, transformers
and the like.

‘Therefore, in order to comply with AS 1170.4, the design of the above parts and components must be carried out for earthquake actions.
by one of the methods provided in Section 8 (i.e. using established principles of structural dynamics, or using the general or simplified

Table B1D3b
The annual probabilities of exceedance in Table B1D3b originated from calibrations derived from experience with minor
adjustments carried out to achieve consistency.

In cyclonic areas (wind regions G and D as described in AS/NZS 1170.2) it is necessary for metal roof assemblies to be
tested in accordance with Specification 4 (See B1D3(c)(v)).

Extent of application: AS 1170.4

B1D3(c)(iv) includes earthquake actions determined in accordance with AS 1170.4. Section 8 of AS 1170.4 provides
information about certain non-structural building parts and components that would need to be designed to resist horizontal
and vertical earthquake forces.

These parts and components include:

+ walls that are not part of the seismic force restraining system;

* appendages including parapets, gables, verandahs, chimneys and the like;

* partitions;

+ ceilings; and

* mechanical and electrical components including smoke control systems, fire suppression systems, boilers, escalators,
transformers and the like.

Therefore, in order to comply with AS 1170 4, the design of the above parts and components must be carried out for
earthquake actions by one of the methods provided in Section 8.
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AS 1170.4—2007 44

SECTION 8 DESIGN OF PARTS AND
COMPONENTS

8.1 GENERAL REQUIREMENTS
8.1.1 General

Non-structural parts and components and their fastenings, as listed in Clause 8.1.4, shall be
designed for horizontal and vertical earthquake forces as defined in Clauses 8.1.2 and 8.1.3,
Al | and accommodate the design inter-storey drift.

Base isolation may be used to reduce the forces on a component. Where flexible mounting
devices (such as spring mountings) are used, they shall be fitted with restraining devices to
limit the horizontal and vertical motions, to inhibit the development of resonance in the
flexible mounting system, and to prevent overturning.

Update: AS 1170.4:2024
8.1.1 General

Non-structural parts and components and their fastenings for EDC [, EDC II and EDC IlI facilities, as
listed in Clause 8.1.4, shall:

(a) be designed for horizontal and vertical earthquake forces as defined in Clauses 8.1.2 and 8.1.3,
and

(b] accommodate the design inter-storey drift (see Clause 6.7.2].

Base isolation may be used to reduce the forces on a component. Where flexible mounting devices
(such as spring mountings) are used, they shall be fitted with restraining devices to limit the
horizontal and vertical motions, to inhibit the development of resonance in the flexible mounting
system, and to prevent overturning.

A special study shall be carried out for importance level 4 facilities to demonstrate that the relevant
parts and components will remain serviceable and operational for immediate use following the design
event associated with importance level 2 structures.

think.chqnge_ AS1170.4 Earthquake Actions in Australia — 2007 (R_2018) & 2024 N pr%aecstii;ﬁ
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Architectural Components MEPF Components

(a)  Architectural components: (b) Mechanical and electrical components:

(i)  Walls that are not part of the seismic-force-resisting system. ()  Smoke control systems.
(11) Appendages, including parapets, gables, verandas, awnings, canopies, (i)  Emergency electrical systems (including battery racks).
chimneys, roofing components (tiles, metal panels) containers and (iii) Fire and smoke detection systems.

miscellaneous components.

- - - (iv) Fire suppression systems (including sprinklers).
(111) Connections (fasteners) for wall attachments, curtain walls, exterior non- PP y gsp

loadbearing walls. (v) Life safety system components.

(iv) Partitions. (vi) Boilers, furnaces, incinerators, water heaters, and other equipment using
combustible energy sources or high-temperature energy sources, chimneys,

v Floors (including access floor systems, where the weight of the floor system
V) ( g Y & y flues, smokestacks, vents and pressure vessels.

shall be determined in accordance with Clause 6.2.2).

(vil)) Communication systems (such as cable systems motor control devices,

vi) Ceilings. . . .
(V1) & switchgear, transformers, and unit substations).

(vii) Architectural equipment including storage racks and library shelves with a (viii) Reciprocating or rotating equipment.

height over 2.0 m. (ix) Utility and service interfaces.

(x)  Anchorage of lift machinery and controllers.

xi) Lift and hoist components including structural frames providing support for
p g p g supp
guide rail brackets, guide rails and brackets, car and counterweight members.

(xiii) Machinery (manufacturing and process).

(The weakest link) a product can be (xiv) Lighting fixtures.
Conforming’ but Only if the (xv) Electrical panel boards and dimmers.
insta”ation iS Compliant! (xvi) Conveyor systems (non-personnel).

(xvii) Ducts, cabling and piping distribution systems.

think.change. AS1170.4 s8.1.4 - Safety measures & Sources of Ignition m pr%aecstii;ﬁ
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8.1.4(b)(xviii) Restraint Exemption Clarification

{xvii) Ducts, cabling and piping distribution systems. ° Applying -these require SED kn OWInge, and

{xvii1) Supports for ducts, cabling and piping distribution systems, except

individually supported services, in the following situations: n Otewo rthy:
(A) In structures classified as being in EDC L. .
» The exemptions only apply to IL2 & IL3 structures, not IL4.

(B) For gas piping less than 25 mm inside diameter.

(C) Ff:lr piping in boiler and mechanical rooms less than 32 mm inside ¢ The exceptions 0n|y app'Y to Iindi\/idua”y Supported SerViceS'-
diameter.  Straight run of service should remain restrained if beginning — ie no
(D) For all other piping less than 64 mm inside diameter. exemption @ ChangeS in Size drop etc.

(E) For all electrical conduit less than 64 mm inside diameter.

Where below threshold items are supported on a trapeze or multi-
service hanger exemption is no longer valid

(F)  For all rectangular air-handling ducts less than 0.4 m” in cross-sectional
area.

(G) For all round air-handling ducts less than 700 mm in diameter. « "All O.ther Compor)ents S|m||ar to those ”StGdu - [tems not )
(H) For all ducts and piping suspended by individual hangers 300 mm or less SpeCJﬂca”y m_entloned in AS1 1 704 section 81 4 are CODSldered to
in length. require restraint ..... plinths, fuel storage systems, batteries and UPS.
Draft
Update: AS 1170.4:2024
(A) Pipes carrying flammable or hazardous substances that have an internal diameter of 25 mm or
less;
Mechanical, hydraulic and electrical components, except for those in Importance Level 4 facilities or (B) Fire sprinkler systemsservice pipes that have an internal diameter of 50 mm or less;

those required to remain operational immediately following an earthquake, are exempted as follows: i), gl sEppsiEd disaets rRpsherE T MpaatnswEbless tEnan

(D) Individually supported components classified in items (xvii), (xviii) and (xix), not covered in
Items (A) and (B), with an operating weight less than 10 kg per metre; or

(E) Individually supported components classified in items (xvii), (xviii) and (xix), not covered in
Items (A) and (B), with an operating weight less than 30 kg per metre and vertical supports that
are loeated-less than 300 mm long from the soffit.

change. AS1170.4 Earthquake Actions in Australia — 2007 (R_2018) & 2024 Pr%agiigﬁ

change.



Force Calculation (8.3 Simple*)

Fe = [k, ZCh(0)]ax[lcac/RIW.  but > 0.05W.

Design Considerations

- Building Usage (IL1-4) - k, /\ Roof
Structural - Geographical Location - Z (min 0.08) | Leveln
Engineer « Site Subsoil Type C,(0)
 Building/Attachment height - a,
« Component Importance Factor - I, : I ,
ifi  Construction materials —a,/R, " e
- Sp.ecm.c (capacities/ductility) = . e
nglngerlng  Ceiling/Pipe/Finishes Weights - W, hx
Design « Attachment Point/Height/Plenum
depth
 Lateral Length/Area % Ground Level
LSS S
change.  AS1170.4 Earthquake Actions in Australia — 2007 (R_2018) & 2024 p’%ae‘gl';ﬁ



Opportunity - Consider Tolerance in the design/model space

Opportunities
RL of Ceiling Deflection Head acts as a slip

imove relative to lower wall
RL of Deflection Head e .

Vs
Acoustic Detailing

Vs

Passive Fire (Edge Distances)
Vs

Services passing under the
deflection head into the wall.

Interstory drift

Vs Ibracing e A b2 channel allowing upper bulkheadlo — 2
% [ .| Bulkhead

Services needing to run
below a Deflection Head
and/or entering into wall
pace - Oplio {

" HAWKINS

think.change. Risk-based approach

proactive

design

think.change.



BRACED TOP SECTION OF PARTITION
PROVIDES OUT OF PLANE RESTRAINT
TO LOWER SECTION OF PARTITION.

SLAB ABOVE

SERVICES BRACED TO FLOOR ABOVE ——p
DO NOT REQUIRE SEISMIC SEPARATION
FROM TOP SECTION OF PARTITION

MOVEMENT JOINT ABOVE CEILING,———p= = = = = = =

SERVICES THAT INTERACT WITH Sewg

CEILING REQUIRE FLEXIBLE REGIONS
TO ACCOMMODATE MOVEMENT

SERVICES ROUTED INTQ PARTITION
THROUGH EITHER SLAB BELOW OR
FROM ABOVE CEILING

PARTITION SPANS TO UNDERSIDE OF
SLAB. HEAD TRACK DETAILED TO
ACCOMMODATE IN-PLANE AND
VERTICAL DEFLECTIONS AT THIS
LOCATION

MOVEMENT JOINT AT UNDERSIDE ———p
OF SLAB. SERVICES THAT PASS

THROUGH PARTITIONS OR

INTERACT WITH THE CEILING

REQUIRE DETAILING TO

ACCOMMODATE MOVEMENT

CEILING

SERVICES ROUTED INTO PARTITION
THROUGH EITHER SLAB BELCW OR
FROM ABOVE CEILING

PARTITION BRACING
mm\

SERVICES BRACED TO FLOOR ABOVE ——p
DO NOT REQUIRE SEISMIC SEPARATION
FROM SUSPENDED CEILINGS

CEILING NOT BRACED BY PARTITION. —
RESTRAINT PROVIDED BY OTHER
STRUCTURE OR BRACED TO FLOOR

ABOVE

MOVEMENT JOINT PROVIDED AT
UNDERSIDE OF CEILING. PARTITION
HEAD TRACK DETAILED TO
ACCOMMODATE IN-PLANE AND
VERTICAL DEFLECTIONS AT THIS
LOCATION

........................

SERVICES ROUTED INTO PARTITION
THROUGH SLAB ONLY

Figure 5. Example of seismic restraint partition strategies for discussion and coordination with architects and building

think.change.

service engineers

Risk-based approach

roactive
~1 B design

think.change.




Testing — Theoretical v tested

Concept Only
Plenum Bulkhead Wall (FR*)
(Testing subject to market demand) ~ ~ =~ " "/ -----
S

think.change. Risk-based approach I m I przjf%‘jgﬁ




« 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.

Table 4: Minimum clearances (Part extract from NZS 4219:2009 Table15)

Condition being considered

Minimum clearance

Horizontal Vertical
e s soamy = " Prert | s
Unrestrained component to restrained component 150mm 50mm
Restrained component to restrained component 50mm 50mm
Penetration through structure such as walls or floor 50mm 50mm
Unrestrained services passing through the ceiling 25mm 25mm
Sprinkler heads with flexible droppers nil nil

Note: Ceiling hangers and braces are considered to be restrained components for the purpose of this

table, hence 150mm horizontal clearance is required between ceiling hangers and unrestrained

services. Where multiple services are attached by the same support (ceiling hanger from mechanical
plant supports) then this must be an engineered solution from the primary support consultant. No
hangers will be attached to any plant that can vibrate or has the potential to move.

change.

43 AS/NZS 2785:2020

Table 4.4 — Minimum clearances between ceiling and services

Minimum clearance, mm
Condition being considered |

Horizontal Vertical
For Australia
Unrestrained ceiling to unrestrained 250 25
service (see Note 2)
Unrestrained ceiling to restrained 100 25
service, or vice versa
Restrained ceiling to restrained 35 25
service
Sprinkler heads with flexible Nil Nil
droppers

NOTE1 Ceiling hangers and braces shall be assessed as restrained components,
for interpretation of this Table.

NOTE 2 The centre of mass of any service, directly suspended from above,
shall be located within 250 mm of the primary supporting structure, for it to be
considered as "restrained”.

NOTE3 Columns and other penetrations through the ceiling can be considered
as restrained “services” within this Table as required.

Dedinctive haad trach fizad 1o rosint ssivmic loads

~ Uaresiraingd Haatrainad Unsaatrainad Fira
comgonanis COMpEoneris companents TR
L= "I X i a a s m = & f 2 % T z T T =
- . ' ' . . . . '
! . o -
Maz 15 i
Wi howl
further
ahar Mg Il[ (™
Cailing —II| Fa e _."l Ty
hangar |II r | |
! %,
% 4|80 N )
S T e
..L . I - T ; y) i
ZE e £ & o
Fosilvwe liaimg b0 cadeng Iraming whirs Sahpmed cailing installad 'u.t:-u ;p:::l_;._‘m:‘
niat indepeantly svpporied akncily im accordarmce with
manulasiurer almil i ! " §
Whare service losds exceeds 3 kg/m® (e ! s ' :.:::_E:I::'FI;:'-'I:;';:;* v I
L
cailng deisghaimisil be advised and may . 0
raisne eyuipment 1o ba sndapends sty Fiaad or &liden) s —_—
supporied frem (e sbruciure connection te wall

Figure 4.3 — Minimum component clearances for services
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NOTE: ALL DIMENSIONS ARE IN MILLIMETRES {mm)

Trafalgar Head Office:

Chesler Hl\l NSW 2162
T: 1800 888 714

| I R‘ E F: 1800 201 500
E: lechmcal@tgroup com.au

W: www tfire.com.au

[tfermn Number Service type A Service type B Separation required Standard reference
1 Power Gas 25mm AND as per AS 5610 AS 3000 3.9.8.4(b)
2 Power Water 25mm AND as per AS 3500 AS 3000 3.9.8.4(b)
<] Power Comms 50mm (unless in o conduit) AND as per AS/CA S009 AS 3000 3.7.8.4(c)
4 Safety Service (i.e. fire caples) | AnY Ofher cables including other safety 50mm (unless in a condut) AS 3000 7.2.2.2.2
5 Comms Power 50mm (unless in a conduit) AS/CA S009 16.3.1(a)
6 Comms Gas Recommended 25mm ## AS/CA S00% 9.2.2(q)
7 Comms Water (Cold <60°C) 50mm {unless in a conduit) AS/CA S009 9.2.1
8 Comms Water (Hot =60°C) Recommended 25mm ## AS/CA S00% 2.2.2(q)
9 Cold water Gas 25mm AS 35005.2.2
10 Cold water Power and comms 25mm AS 3500 5.2.2
11 Potable water Non-potable water 25mm AS 3500 9.3.2.1
12 Gas Power 25mm (unless in a conduit) AS 5601 5.3.4
13 Heated water piping any other service 25mm separation AS53500.4:2021 Clause 4.3.2.2
14 Stormwater drainage any other service 100mm separation AS3500.3 Clause 6.2.46(d)
15 Sanitary drainage any other service 100mm separation AS3500.2 Clause 3.6.2
16 UPVC pipes Building element minimum émm Onnulcr[nsop;g(r:iglond filled with flexible AS2032 %g%%%‘%%?aiige{g?ﬂced in
. s minimum émm annular space and filled with flexible
17 Copper or alloy pipe Building element material AS3500.2 Clause 10.6.4 and PCA CP1.1

think.change.

Minimum clearances between services — Enforceable

proactive
design
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Compartmentation
& Passive Fire

proactive

design



——— EXAMPLE —— INTERTENANCY WALL SYSTEM INTERTENANCY WALL
side

2aled water services one

GAS PIN
_- —

Cmm——

DEFLECTION GAP 20-25MM

SCREW

INSULATION TSmm
18kg/m®

Frameless Partitions Aerated concrete w GFR concrete panel
metal skin

* 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?

think.change.

think.change. AS/NZS1170.0 — 20mm mid-span slab deflection I m I pr%a:stiié’ﬁ



think.change.

~<——— Fix boxed studs to
top/bottom tracks

Door head
trimmer from track

Boxed studs at
door/window openings

M DETAIL A: DOOR/WINDOW HEAD DETAIL

Minimum 6mm diameter

Siniakt Screw .ﬂnchur\

Fix stud inserts on 5 Huys
both sides using i
minimum 8g screws o ¢

Strengthen Deflection
Head Track by installing
a nominal 50mm stud
Insert on both sides of
jamb stud

Mote: Concrete slab
not shown for clarity

FIGURE 16a Head Track Connection HCS
Medium Duty Connection
Perspective

Design Parameters and Assumptions

Preparation of the Shelf load Tables have been based on the following assurnptions.

1. Max Stud Spacing - 600mm.
2. Top and bottom wall tracks are mechanically fixed to floor and ceiling framing.
= 3. Studs are mechanically fixed to top and bottom wall tracks. —
4. Studs and track sections are manufactured by[~ " p Building Systems.
< B Shelves are evenly distributed over 2/3 the waII height. —
6. The tables are appli
takes no responsibility for the shelf design or the attachment methods Unless specii
requested to carry out checks on particular systems.

8. The tables have been designed for a deflection Timit of wall height/480.
= 9_ Wall studs are clad both sides with 13mm plasterboard or thicker ——

10. Noggings are provided in accordance with minimum requirements as specified for wall construction.
11. Studs are to be continuous, not spliced.

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

proactive

design

think.change.



[ EXAMPLE = —— EXAMPLE — |NTERTENANCY WALL SYSTEM INTERTE NANCY WALL
- 2aled water
0 w _l
= & B
,s__ ___;‘ GAS PIN
Qo EE] s'l rg
Q L |
el N !
S LAl ' R DEFLECTION GAP 20-25MM
et beeoretet e | | Sonstaced voig Gt LT SCREW
Et k d M t |f| h g fire-rated plasterboard and \ =
This det: | fire-rated from metal flashing. This detail is - INSULATION 75mm
both sides and the installer fire-rated from both sides \ o 1ekg/m’
needs only one side access and the installer must have >
to the wall in order to build access to the both sides of ~
this detail. the wall in order to build this - _
detail. _ )
Frameless Partitions Aerated concrete w GFR concrete panel RAAC Panel
metal skin

* 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)

esign

think.change.
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Sealant, if required
to maintain acoustic,
thermal integrity

% Bindex Fire and Acoustic
Sealant o maintain integrity

Always check that the building solution you have

selected complies with the requirements of the National
Construction Code (NCC).

When fixed 8mm from Fix S5Omm from
ﬂ\obonomdn.fn;log,'h. sheet bottom

n Fix stud through slotted .
deflection head track using 10g SW'DOﬂOCﬁOO Heaod \
k screws (additional nogging Snud downuomw:d‘ f:;nSmm
100mm below is not required) e v i gl
5-10mm clearance  ~ | ) ' -
to plasterboard At all times refer to the Serviceability

'ﬁ\ Slotted DHT are
W% not suitable where

inerstorey drift required Limit State Load Tables for the appro-
FIGURE 8 Wall Head FIGURE 32 Wall Head

priate fixing dimensions on page 230
Slotted Deflection Head Track

- and ensure the Project Engineer has
Slottgd Deflection Head Track Elavation FIGURE 33 Wall Base - Lined ) ) g
Section Section signed off on your proposal.

» ‘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.

e Earthquake — now part of force-resisting system as they have no ‘design
inter-storey drift accommodation’ (AS1170.4 s8.1)

think.change.
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Ne fixings in the head +rack Floor direction
means it can move freely of movement

FIG Z46: DEFLECTION HEAD

over the wall studs under (Maintains the FRL of the wall system in which it is installed)

m-plane seismic actions

Centre for Smart Infrastructure and Digital Construction, Swinburne University of Technology

Table 4.1: High level summary of the structural behaviour of the test specimens.

100mm max. to
first fastener. Do C//sarancs {Z
not fix through plasterboar
head track

fretoin |

o]
" ot [ fill gap
L1111 Floor direction with CSR fire rated
sealant to depth of
of movement NOTE: Stopping bead orud N first layer minimum
or comice finish as ~— X
required. Do not rigicly gfﬂ' Deflection Head Track
f ice to wall fastened to ceiling at
Tuterstory Prift == = = = = B et dare lsoffit 800mm vl
used centres
- I T Gyorock fire grade
M FORCES ALONG HEAD TRACK Syprock fire 0

Floor dirgction <
of movement

Slotted DHT are
;:::t::dlffaifswivf\laar nOf SU“.GbIe Where
interstorey drift required

TInterstory +he building mevement

Drift = Hiuge point for

L Floor direction Ll

of movement

B FORCES ACROSS HEAD TRACK

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)

Specimen | SA SA2 SB-1 5B2 SC1
> Industry Industry Traxx MFS Traxx MFS Traxx MFS
System standard | standard Slotted Head | FlexiStud and 360 Fexi
(type1) (type2) Track FlexiHead Bracket

Cycle 1 /
5mm _afners® (1) Serews! (L) >
(0.17%) g No damage
Cycle —Tomers* (21~ or cracking

mm Corners* (2) Screwst (M) ﬁ?m
(0.33%) Panels* (ML~
Cycle 3 N Torners* (3)
20 mm CSE:Z\?:’ IS}] Screws' (S) Carners* (1)
(0.67%) Panels* (S) No damage
Cycle 4 Corners* (4) Corners* (4) or cracking
35 mm Screws' (S) Screws’ (5) Corners™® (2) Carners* (1)
(1.2%) Panels® (L) Panels* (S)
Cycle 5 Corners* (4) Corners* (4)
50 mm Screws! (S) Screws'’ (S) Corners* (2) Corners* (2)
(1.7%) Panels* (M) Panels’ (S)
Cycle 6
65 mm MA A Corners*® (2) Corners* (2)
(2.2%)

le7 Corners* (2)
%crr-m NA NA NA Cracking? (1) | DeTting of slot
(3.0%) Panels (1) in h[erc;(:utrrd-:k
Qrie 8 Corngrs*_r B discussion in
120 mm MA NA NA Cracking® (3) I
(4.0%) Panels' (M) | 2N 4

* “Corners’ denotes vertical cracking along the inside corners/wall junctions and/or damage/cracking to the

external corners of the specimen.

T “Serews” denotes the heads af the screws being pulled through the plasterboard (i.e. the initiation of

delimitation af plasterboard panels).

* “Panels” denates the delamination of plasterboard panels.

* “Cracking’ denotes cracking in a plasterboard sheet away from an internal or external corner.

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

proactive
desi

change.

gn



Laboratory Testing

Friction forces at head track (clamping)

= . HEAD TRACK FIXING -
-« REFER TRACK FIXINGS' TABLE

HEAD TRACK (HT)

CEILING LEVEL CEILING LEVEL

SLOTTED ANGLE CONNECTIONS

For positioning and restraining (with added screw fixings)
the top and bottom of the panels. See Table 1.2.2 for typical
intertenancy and corridor walls. See Table 1.2.3 for typical
shaft and services walls.

B Slotted galvanised steel angle for head, vertical and base
connections for H > 3300mm and/ or for 2 hour rated
systems. 75 x 50 x 1.15mm BMT.

think.change.

REFER TO WALL SPECIFICATION
, FOR STUD AND LAMINATED
/ TRACK DETAILS

NO FIXING BETWEEN
WALL STUDS

j/ fmm S LINING FIXINGS IN ACCORDANCE
( 7 WITH MANUFACTURERS

[ RE S NNGA TGS
/SC!EWED OR GLUED ACCiiPTABLE

I * * CERT-R-FIX
100mm MAX CHOE (43mm) Fastener

REFER TO BASE OR HEAD

TRACK FOR FIXING DETAILS

B LJUNCTION TRACK AND LINING: NON.FIRE RATED CONSTRUCTION

Laboratory Testing
Noise sources observed from testing:
» Wall to wall junction's summary

REFER TO BASE OR HEAD
TRACK FOR FIXING DETAILS

CERT-RFIX
CHOG (43mm) Fastener

LINING FIXINGS IN ACCORDANCE
WITH MANUFACTURERS
RECOMMENDATIONS.

SCREWED OR CLUED ACCEPTABLE

-—
REFER TO BASE GR HEAD
TRACK FOR FIXING DETAILS

I s overallcancept minimise the potential for noise s sifnpla—ifthe walls

remair, slaicriary then they cannotmeke noise”

proactive

Unchecked innovation and deviation from tested systems [l desi

think.change.
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B ' 1 j,g B
(a) FS-ONE MAX (b) CFS-BL firestop (c) CFS-BL firestop e
sealant block bidiscle (d) No fire stopper

Figure 2. Observed damage to fire door sets under lateral drift [Calayir et al., 2022]: (a—c) Permanent distortion of three
90-min fire door specimens at their failure inter-story drifts (~1.9-2.3% IDR) — note large gap openings at top corners Figure 10: Damage to penetration sealants at start (top row) and end of testing (bottom row)

and tearing near the locks

(a)
Figure 2. Voids created around penetrations in fire rated walls after: (a) the 2011 Christchurch earthquake [Abu, 2012];
(b) the 1994 Northridge Earthquake [Perry et al., 2017]

i roactive
think.change. Egress Pathways & Compartmentation penetrations 1 B design




* What are we building?
* 40mm steel reinforcement
* Hollow-core slabs
* PT slabs (vulnerabilities)

» Composite (concrete/metal deck)
» Bubble-deck slabs

Structural-Safety relnstttion

gt
SCOSS and CROSS Eﬂyf sers

SCOSS

Standing Committee on Structural Safety

Ice‘HSE

e o G B

SE{iTIE SE{{TIC
THE IMPORTANCE OF

SEISMIC ANCHORS

Y SOMPLIAES WL AS G Sk SCOSS Alert| May 2019

FAILURE OF REINFORCED AUTOCLAVED

AERATED CONCRETE (RAAC) PLANKS "
In late 2018, the Local Government Association (LGA) and the Department for Educatior
(DfE) contacted all school building owners» to draw attention to a recent failure _‘;._'

involving a flat roof constructed using Reinforced Autoclaved Aerated Concrete (RAAC)

planks. There was little warning of the sudden collapse. - T " e




* AS1530.4 — One pass needed, (w/o limit) w minor changes.
* Tested: 3m x 3m sample
e 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).

change. Why be concerned with fire-resistance? P design

ccccccc



Active Fire Suppression

proactive

design



i

T,

(a) (b)

Figure 1. Failure of a flanged joint from FEMA E-74 [2012] (a); failure of a pipe-to-tank connection from Jain et al. R(?oftop diesel generétor - Vlbratlon mounts
[2002] (b) without lateral restraint capacity.

b,

Figure 4. Failure to fire sprinkler heads Figure 7. Rupture of sprinkler head Figure 8. Suspension rod

Loss of fire suppression system proactive
O design

(multiple single points of failure) think.change.

think.change.
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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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" Damaged to facade or
prona OO compartment
(oxygen leak within hospital)

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

Figure 6. Damage observed to the electrical cabinet specimens during the shake table tests: a) Permanent bending of
one of the lateral walls of Specimen 1; b) Failure of the attachment structure of Specimen 1; c) Collapse of the lateral
walls of Specimen 2.

proactive
design

think.change.

think.chcmge. Ignitions sources post-earthquake N




IL4 — Post-disaster &
Hazardous Facilities

proactive

design



Table B1D3a: Importance Levels of buildings and structures

1 Buildings or structures presenting a low degree of hazard to life and other property in the N CC 2 02 2 ( & n Ot AS/ N ZS 1 1 70 . O)

case of failure.

2 Buildings or structures not included in Importance Level 1, 3 and 4.

3 Buildings or structures that are designed to contain a large number of people.

E:!giggiszasé;l&?é:-res that are essential to post-disaster recovery or associated with G u id e tO N CC 2 02 2 (O n I i n e O n Iy)

Importance levels
A generic description of building types has been provided to which Importance Levels have been assigned. The “Importance Level” concept is applicable to building structural safety only. More specific
Table B1D3b Design events for safety examples are provided below. The examples are not exhaustive.

Importance Level 1:
Importance Ann.u'al AnnF-aI Ann.u'al Ann-u'al - Farm buildings and farm sheds.
level probability of  probability of  probability of| probability of « Isolated minor storage facilities.
exceedance exceedance exceedance exceedance : -
) « Minor temporary facilities.
for non- for cyclonic for snow for =
L. i Importance Level 2
cyclonic wind wind earthquake ; . ; .
* Low rise residential construction
1 11100 1:200 1:100 1250 « Buildings and facilities below the limits set for Importance Level 3
2 1:500 1:500 1:150 1:500 Importance Level 3
3 111000 11000 1:200 1:1000 + Buildings and facilities where more than 300 people can congregate in one area
+ Buildings and facilities with a primary school, a secondary school or day care facilities with a capacily greater than 250
4 1:2000 1:2000 1:250 11500 e - . y . -
+ Buildings and facilities with a capacity greater than 500 for colleges or adult educational facilities.

+ Health care facilities with a capacity of 50 or more residents but not having surgery or emergency treatment facilities
+ Jails and detention facilities
+ Any occupancy with an occupant load greater than 5000
+ Power generating facilities, water treatment and waste water treatment facilities, any other public utilities not included in Importance Level 4.
» Buildings and faciliies not included in Importance Level 4 containing hazardous matenals capable of causing hazardous conditions that do not extend beyond property boundaries.
Importance Level 4:
+ Buildings and facilities designated as essential facilities.
+ Buildings and facilities with special post disaster functions.
+ Medical emergency or surgery facilities. Medical buildings essential to post-disaster recovery that contain emergency facilities and/or operating theatres.
+ Emergency service facilities: fire, rescue, police station and emergency vehicle garages.
« Utilities required as backup for buildings and facilities of Importance Level 4
+ Designated emergency shelters
+ Designated emergency centres and ancillary facilities
+ Buildings and facilities containing hazardous materials capable of causing hazardous conditions that extend beyond property boundaries

APPENDIX F

ANNUAL PROBABILITY OF EXCEEDANCE
(FOR AUSTRALIAN USE ONLY—STRUCTURES FOR WHICH
DESIGN EVENTS ARE NOT GIVEN ELSEWHERE)

(Normative)

Importance Levels must be assigned on a case-by-case basis.

tive
think.change. proacti
9 Importance Level — determination challenges - design



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

FIGURE 1: DRR COMPONENTS

DISASTER
(SLOW- AND/OR SUDDEN-
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A First Response

Preparation %

D E—

2oUBW.I0)lod

Preparation
for Recovery

Recovery

Long Term
Impact

>

Disruptive Time of
Event Full Impact

lIvanov et al, Handbook of Ripple Effects in the Supply Chain, 2019, Springer Cham

https://doi.org/10.1007/978-3-030-14302-2

change.

. >
Time

Disruption tails & revival policies

Example responses
15t — MAKE SAFE

» Stabilise active
processes

* Protect integrity
2"d - EVALUATE

* Triage

e Safely shut down
unnecessary services.

39— PD PERFORM

 Scale/adapt
* Planned recovery

proactive
design



Key Risk Management Concepts

Responsibility and Authority

The responsibility, authority and the interrelationship of personnel who perform
and verify work affecting risk management shall be defined and documented

Documentation

Each stage of the risk management process should be documented. The
documentation should include assumptions, methods, data sources and results

Data

Robust and credible data sources are required to establish a sound basis for risk

assessment and management. Data is required to either directly establish the
consequence and likelihood of identified risks or as input to a numerical model or

set of calculations that quantify risk.

think.change. I = I pr%j%gjgﬁ



AS 1170.4—2007
{Incorporating Amendment Nos 1 and 2)
Reconfirmad 2018

LO0Z—FOLLL 8Y

@\ Australion
¥ STANDARD

Structural design actions

Part 4: Earthquake actions in Australia

the design event associated with importance level 2 stroctures.

/*

STANDARDS

Accessed by SWINBURNE UNVERSITY OF TECHNOLOGY on 19 Aug 2018 {Document curency not guara rssd when prirted)

Australian Earthquake Enginesring Society
2021 Virtual Conference, Nov 25 - 25

AS1170.4 Special Study Requirements for
Importance Level 4 Buildings and Facilities

Pater McBean

pncbeamFwga. carm.au Joint Managing Director - IWEA, 80 Wean Sireel Adelside SA 5000

Abstract

The 2007 adition of AS1170.4, referenced by the MNational Constrection Cade (NCG) in 2008,
introduced a significant new design requirement to Australis. Since then, designers of
Importance Level 4 structures and facilities have been required 1o underteke a “special study”
‘o demanstrate that the strecture or facility will remain “serviceable for immediate wse” following
& moderate earthquake event. Importance Level 4 siructures and facilities generally have a
posi-dizsaster role, or they siore hazardous materials. Examples include major hospitals,
EMengency response agencies and critical infrastructure.

There is currently lithe or no guidance available to designers on how to undenake a special
study and beyond stating a performance objective. the Standard itself is silant on the specific
requirements of the study. Consequently, in practice. compliance with the requirement is highly
variable and generally poor. This is probably one of the most poorly understood design
requirements in the suite of Australian Standards regularly wsed by designers. This paper
seeks to demvstify the special atudy for designers and proposes a strategy for undertaking

procedure hes been included in the recently updated

Serviceability limit states are deemed to be satisfied under carthquake actions for gy, e sces
importance levels 1, 2 and 3 structures that are designed in accordance with this Standard
and the appropriate materials design Standards. A special study shall be carried out for
impartance level 4 structures to ensure they remain serviceable for immediate use following 8l study

#lmpaortance Level 4 #Post-Disaster

uires a "special study” to be camried out for Importance
Importance Level 4 structwres include faciliies such as
-disaster robe, or buildings that house hazardous materials
which need 1o be conteined. The special study's purpose is to demonstrate that these
structures will remain “serviceable for immedigte use” following an eanhguake event
equivalent o that which would wsually be required for the strength design of an Imporiance
Lewvel 2 structure located at the site. The general intent is to demonstrate that Imporiance Level
4 structures and faciliies can remain operational to fulfill their post-disaster role following &
moderate earthquake.

Importance Level 4 structues and faciliies must therefore be explicity designed for two

distinct earthquake events:

& Ultimate Limit State {ULS) earthquake, which considers a large, rare event, with a low
annual probebility of exceedance {i.e., long return period), for which the primary design

AEES 2028 Wirtual Corveranics, Nov 25 - 28

McBean suggested:

* Outlined the Purpose
and Content.
 ARole:

* Designated person to capture
the Special Study
requirements.

* Process:
* PD Operational req.
e Structural perform.
* NSE perform.
* Procurement
* Construction
* Final Report

proactive

think.change. Intro to AS 1170.4, IL4 Special Study & IL4 Consultant O design

think.change.




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

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

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

Hierarchy of Controls

Most
effective

Figure 2 — Minimum Business Continuity Objective (MBCO) proactive

think.change. categories and definitions. - Ll




Stakeholder Performance Design Criteria Design Response Procurement Construction Audit and
Engagement Objectives (P1) Monitoring Documentation
As per Design Test Evidence (3™ party Designated IL4 checks Constructor to submit all
Criteria/limits testing) evident
P2 if needed. Updated Design (p1) Install verification (P4 by
Roles/Responsibility other)

Post-disaster functions Time (Island mode) Resilience time (calcs)
(MBCOs)

Multi-hazard

Serviceability Events Earthquake Install certification (P3)

IL4 consultant to witness

Ultimate Limits Wind -
stress testing.

Vulnerable Elements BCP expectations Other events

Dangerous Elements Inform BCP preparation

»
» Tstand Mode
Y | s ystem, Duration, ‘Capacity basis Storage Reduncancy. Specific ystem System Documentation
v v Sevee | ang Capacty
31,000 daytank for entGenerators on u-2 configured n N+ ar 3 Establish 2 process andtiming for efueling requests
Generators Bdiesel cach permanent Building Senices - Resilknce
- : . N . \ storage Generator 3) Provision for . Briet. et maaen| o P CPona duing
Critical Functions — Required during event onset and period of — T
fcalFunct S ot :
anks (pumped upto
. o *generator-backed fillng station.
« Life Safety (facility occupant) & Dangerous Goods Safety. Technol ogy oUtage Natu ral Haza rd 43KLof Diesel “ion o Hlrsto gone the + earthasate deagn of ning stevon (unikety)
* Existing Services Protection - Data, Processes and * redundancy of filling fa cilities.
Equipment. i ili
quipment. Power Earthquake serviceability
« Facility Security (physical) & Access. Facilityload reductions: Establish aprocess and imingfor efiling equess.
) with special consideration for water quality control.
v u on (iaBMS Resil Supplyagreements with backupsupply options during
L iy e okencany ormanualintenvention) Brict aistuptions.
Storagetankssbove| unetion) =68K. The Caoling tower s hutdown switchover should be auick, so thespare Suppli
ground . 1120000, wateralsa Watertruck (max “genrator b
" | size?) access tothe
: . . " " above groundtank
Essential Functions — Required soon after a disruption event 72PD (2x60,000L sections) Noirigation load(Closed via BMS). "“[‘M"f;::;‘y“”
« Incident Control Centre (incident dependent). 120kLwater | 1Zhoursef T
* Triage & Emergency medicine P!
¢ Intensive Care seniceyard
* Existing patient triage
) efil
68 staffwith 4x multplieronthe Facilityload reductions:
mortuary for DVI
4x25,000L o (viaBMS
\ draulic Sewer Load sewer holding tanks ormanualintervention). Buiding Senices —Resilience
) ) . i X Storage ik beon 1 x24Kdayfullload) Brict
Discretionary Functions — to be activated as required. S o 2x 21K
« Renal dialysi groun increa sedfunction) = 66K pertankc Design Report
enal dialysis . o (rgay s vagms 110 Senicaagremerta with backupservics aptons curing
* Maternal care R I t down of Hydraulic 70%D disruptions tankre-
atera egular operations o
* Vaccinations storsee. - hours 3 HY-0004)
capacy “onefils, bet Supplie resilience:
* Etc. waterload = 55K 3 onc: Hydraulic e plans “genemtor-backed ton.
) (provided as a safety ifthe BMScontol | andsoon *The mechanical react * earthquake design o filing station
esn X . * Sewer storage shouldbeevacuated, and the re-establishment process *redundancyof filing faciles.
if Manual intervention s required) should be requested.
Waste - Trade waste pre-tratedand discharge
water 0 sewer. Depend on sewer storage.
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Threat Barrier Diagram — Emergency Facility v. Earthquake
Bartlett, 2018

Required Barriers
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Peer review
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_’____\:\\ International Day @ UNDRR

ZW) in Memory of the 1 Gt i i i
@) Victims of Earthquakes

Earthquakes can trigger cascading,
interconnected hazards

Meteorological and hydrological

Technological
anthropogenic causes

Infrastructure
failure

Asbestos

Road traffic
accidents

Water waste

Geological

movements Submarine
landslides

Remember. Protect. Build disaster resilience.

For Australians these are ‘Unknown Knowns’

think.change.

A WELLINGTON REGION [&]
EMERGENCY MANAGEMENT |3

r-M-,Jl:

Tips on how to stay safe and help prevent a
fire after an earthquake:

1. Make sure everyone in your household
knows what to do in a fire and how to stay
safe. Read about what to do in a fire
(FireandEmergency.nz)

N

. Identify more than one escape route out of
your home and remove any furniture or
items which could block your exit. Create a
household escape plan
(FireandEmergency.nz)

o

. Know how to turn off the power and gas for
your property and, if appropriate, your
neighbours' properties in an emergency
(powerco.co.nz|

. Have an emergency plan which includes
your evacuation route, meeting points and
places you could go to keep warm and dry if
you couldn’t go home.

~

5. Have a small fire extinguisher available and
know how to use it - but only tackle a small
fire if it is safe to do so (a small fire is no
bigger than a wastepaper bin).

o

. Practise your evacuation and emergency
plan.

~

. Request a Home Fire Safety Check from Fire
and Emergency New Zealand. Contact your
local station (FireandEmergency.nz)

o

. Know that emergency services are likely to
be stretched and may not be able to provide
assistance.

©

. Do not rely on mains water working - the
earthquake may have damaged water pipes.

Alternative Formats

Fire Following Earthquake (FFE)

After a large earthquake, there is likely to be damage
to buildings and infrastructure. This can mean there
is more opportunity for a fire to start and spread. On
rare occasions, a fire which starts following an
earthquake can develop into a serious emergency.

= USGS

science for a changing world

WREMO > Hazards > Earthquakes > Fire Following Earthquakes >

What's different about fire following an
earthquake?

Fires can happen at any time, but following an
earthquake, there are extra factors which mean
that a fire is more likely to start and can spread
more quickly. These are:

1. The earthquake causes the ground to shake
and move, which can crack gas pipes and
damage power lines, electrical wiring and
household appliances. This damage can
ignite fires.

N

. Liquefaction, where some soils, particularly
silt or sandy solls, turn into a muddy liquid,
can cause damage to pipes and buildings.
This can make firefighting efforts more
difficult.

3. Earthquake damage can block roads, which
may delay the emergency response.

~

. Water may not be readily available due to
damaged pipes.

o

. Damage to buildings can expose flammable
materials, such as insulation, which can keep)
fires burning.

)

. Debris can fall into gaps between buildings
and help a fire to spread more easily.

=

. A power outage might delay a fire starting.
However, damaged household appliances
and wiring could start a fire when the power
is switched back on.

The ShakeOut Scenario

By Lucile M. Jones, Richard Bernknopf, Dale Cox, James Goltz, Kenneth Hudnut, Dennis
Mileti, Suzanne Perry, Daniel Ponti, Keith Porter, Michael Reichle, Hope Seligson,
Kimberley Shoaf, Jerry Treiman, and Anne Wein

USGS Open File Report 2008-1150
CGS Preliminary Report 23
Version 1.0

2008

e Property damage from fire is 50% greater than property damage from shaking
because fire 1s more devastating to building contents.

Fire Following Earthquake

Southern California is unfortunately well situated for major fires to be generated following
earthquakes. The number of ignitions that will create fires large enough to call the fire department
can be extrapolated from previous earthquakes and depends upon the number of households at
different levels of seismic shaking. This leads to an estimate of 1,600 ignitions of which 1,200 will
be 0o large to be controlled by one fire engine company. In areas of dense woodframe
construction, these fires if not controlled will grew quickly 10 inyolve tens or hundreds of city
blocks. The fire risk is increased by the damage to the water distribution system and by the traffic
gridlock that will result from the ShakeOut earthquake.

The final level of fire damage is difficult to as: because it depends upon several
unpredictable factors, especially the degree to which fires spread when the fire protection services
lose water and are overwhelmed. We use the minimum value from the fire estimates at $40 billion
in damage 1o buildings and $25 billion in damage to building contents.

U.S. Department of the Interior
U.S. Geological Survey

California D o
California Geological Survey

Social Science in the ShakeOut Scenario

The ShakeOut Scenario earthquake causes damage to the built environment that then ripples
through and damages the social systems of the study region. This study has investigated the
impacts of the earthquake on emergency services, human health, the regional economy, and irade
operations from the Ports of Los Angeles and Long Beach.

roactive
~1 B design

think.change.
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EARTHQUAKE SCENARIO,
MELBOURNE

Mw 5.5, 6.0 & 7.0

Dr Valentina Koschatzky, Dr James O’ Brien, Prof Paul Somerville
Risk Frontiers
Bushfire and Natural Hazards CRC
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= Water supply: Maojor water facilities such as pumping stations and
reservaoirs may experience extensive damage with a probability of 7% (event
1), 16% (event 2) and 46% (event 3], which implies a downtime of 40 days
(FEMA, 2004). Minor damage may occur across the network, with a
downtime of 3 days (if no major system was completely damaged). In case
of liguefaction, breakage of pipes is likely to be widespread in the hot
coloured regions in Figure 11, and concerns over contamination may render
the water not suitable to drinking. This is supported by the experience in
Christchurch (Koschatzky et al., 2015).

+ Transport Roads may be blocked as a consequence of debris from fallen
buildings. Roads may also be shut where there is the potential for surrounding
building to fail during aftershocks, even if no debris has yet fallen. As a result,
and as observed in Christchurch, areas of the CBD may be cordoned off for
a minimum of 7 days following the event. This is described further in the
Adelaide Earthguake Scenario Technical Note [Koschatzky et al., 2015).

Table 3: Median total casualties by severity level and time of the day [Number of People).

Event 1 Event 2 Event 3

Severty Day  Night Day  Night  Day  Night
1 4039 4037 12,581 12,875 101,947 103,937

2 1,252 1,285 3,741 3860 31,576 31,412
3 104 93 412 381 4,631 4,190
4 197 181 779 744 8,690 8,159

6.3 Essential facilities

Essential facilities comprise hospitals, fire and police stafions, emergency operation
centres and schools - all are essential to provide support in the event of an earthgquake
(schools provide evacuation centres). Such buildings are designed to withstand higher
levels of shaking than ordinary buildings.

Melbourne Specific HAZUS-based estimation

proactive

design

think.change.



Key Terminology Key Terminology

Rk Lifesafety, loss of egress, loss of safety systems, Event
and T yntennable conditions, fire-following-earthquake. . Earthquake — building accelerations & displacements
Risk management
The ¢ o - Consequence
mana Building Acts, regulations, NCC, Standards, CoP, etc. LT' Untreated systems damaged, no fire safety systems,
RISk management process, o , o as |oss of tenability, displacement (camping).
the ta Design, construction, verification, maintenance _';r:"bab"“y

_ _ l

eve Low, although extremely high consequence.

Risk management framework (pr .
Set of . : im * No warning.
forde NCC - Holistic design (Part A) for: « M6+ occur in Australia (CHCH M. 6.2)
manai

e Structural Provisions (Part B), incl. EQ, Wind, etc.

* Our code requirements are far lower than CHCH
* Fire Resistance (Part C)

(Previously 40%, now 27% of their Hazard factor).

AL (VQB5611) Risk Assessment and Human Behaviour - ORT

. VU Risk Assessmgnt & Human Behaviour - proactive
change. Intro to Risk Management design



Ranking of 1gnition source

= Fire Incident Data Coding Guide

The general classification of form of heat of 1ignition 1s as follows:

FHI 1 Heat from fuel fired. fuel powered object

FHI2 Heat from electrical equipment arcing. overload
FHI 3 Heat from smoking material

FHI 4 Heat from open flame. spark

FHI 5 Heat from hot object

FHI 6 Heat from explosive. fireworks

FHI 7 Heat from natural source

FHI 8 Heat spreading from another fire (exposure)
FHI9 Other. unknown. etc

" },’h'lf""gls“e (VQB5611) Risk Assessment and Human Behaviour - ORT

proactive
change. design

change.



= Fire Incident Data Coding Guide*

The general classification of means of extingushment is as follows:

ME 1 Self-extinguished

ME 2 Make-shift aids (included are garden hoses. sand. rakes. shovels.
baking soda. and the like)

ME 3 Portable extinguisher

ME 4 Automatic extinguishing system

ME 5 Preconnected hose line(s) with water carried in apparatus tanks

ME 6 Preconnected hose line(s) with water from hydrant. draft.
standpipe (included are preconnected hose lines on standpipe
systems)

ME 7 Hand-laid hose line(s) with water from standpipe. hydrant, draft

ME 8 Master stream device(s) with or without hand line(s)

ME 9 Unknown. efc

(VQB5611) Risk Assessment and Human Behaviour - ORT

h proactive
change. design



Effectiveness

Effectiveness = Efficacy x Reliability

Efficacy — scale 0 to 1 (depends on objective)

1 = totally effective, 0 = totally ineffective

Reliability — scale 0 to 1 (independent of objective)

1 = always operates when required, inversely related to probability of failure

Effectiveness — scale 0 to 1 (depends on objective)

},’Aﬂg"}l"e (VQB5611) Risk Assessment and Human Behaviour - ORT

proactive
design
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Extent of Flame Damage

Extent of flame damage (EFD) is a measure of the degree of
development and spread of a fire:

EFD 1 Confined to the object of origin

EFD 2 Confined to the part of room or area of origin
EFD 3 Confined to the room of origin
EFD 4 Confined to the fire-rated compartment of origin

EFD S Confined to the floor of origin
EFD 6 Confined to the structure of origin
EFD 7 Extended beyond the structure of origin

}"Af"fg"s“e (VQB5611) Risk Assessment and Human Behaviour - ORT

think.change. F I pr%aecgii;ﬁ




= Occupant suppression

Initiating Oecupant Spainkles Fire Floor Tonal Loss
Event Suppression Systemn oo Stricthnre Bunilding Consequences
Orperation Structural (%)
[ntegrity and
Probability
Make shift aid; Portable extinguisher s100
Fire | (0.7 %P
Iguili-;:-n( Success \\\
0.7 J
P, £1,000
Failure 0.95 (D285xPy)
0.3 Success

ﬁ 0.6 310,000
Failure Success (000805 5 Fy )
040 0.8 150,000
Falure Success (0.004E x By
Q 4.7 150,000
Failure Success (000024 x Py

/

3
Fatlure

$1,000, 000
(000036 x P,

NOTE: TOTAL PROBABILITY = 1.000 x P,

L’Af\’galstulre (VQB5611) Risk Assessment and Human Behaviour - ORT
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Viner. D. 1991, - Extended Energy Damage Model

ASET  RSET

Recipient’s
Hazard co.ntrol Available v. Required Safe Egress Time P
mechanism } | (Similar — author’s opinion) K boundary

RSET ASET
Ignition Time
| T

Space transfer

_ , mechanism Cues
Separation of energies Smoke alarms
Sprinklers/Fire hose Means of egress
Compartmentation Sirens or a BMS
Fire Response - People Apps or other Comms
Fire Systems
Smok.e Assets
Explosion Environment

think.change. Risk-based approach I = I Prolasion
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« Hierarchy of Controls

effective
Physically remove
the hazard
Replace
the hazard
U = C U Isolate people from
the hazard
Administrative Change the way
Controls people work
Protect the worker with
Personal Protective Equipment
Least
effective

Expectations v Function v Budget v Solutions -

proactive
design

think.change.



Hazard x Exposure x Vulnerability

Disaster Risk = :
Capacity

Decisions of Agency/Enterprise:

 What is your risk appetite?
* What is your client’s or MP’s risk appetite?

dl.g d.g TCVS * 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?

think.change.

: roactive
think.change. Disaster risk — a human-made decision I N I P design



Key Risk Management Concepts

Risk Treatment
A process that is intended to change or create controls.

Controls

Controls are used to modify risk. The objective is to decrease the likelihood and or
consequence to effectively reduce risk to an acceptable level.

Residual risk

The remaining level of risk after risk treatments have been completed and controls
implemented.

think.change. F I pr%aecgigﬁ



Key Risk Management Concepts

Responsibility and Authority

The responsibility, authority and the interrelationship of personnel who perform
and verify work affecting risk management shall be defined and documented

Documentation

Each stage of the risk management process should be documented. The
documentation should include assumptions, methods, data sources and results

Data

Robust and credible data sources are required to establish a sound basis for risk
assessment and management. Data is required to either directly establish the
consequence and likelihood of identified risks or as input to a numerical model or

set of calculations that quantify risk.

think.change. F I pr%aecstii;ﬁ



Conclusions

1.

change.

Earthquake design of fire safety systems has been a requirement since BCA 2010.

Fire safety systems get specific primary mention for seismic treatment.

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

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

Fire Suppression: due to pressurisation, failure under medium event can lead to excessive loss.
Ignition sources & fuel are challenging elements to allow for: needs everyone to do their part.

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

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

serviceable/operational for immediate use’ following a 1/500 APE earthquake.

proactive
design

change.
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