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ABSTRACT: The co-ordination of activities following emergency events by civil 

defence emergency management agencies and lifeline utilities is typically undertaken 

from emergency operations centres (EOCs) or control centres.  They are part of a wider 

category of ‘structures with special post-disaster functions’.  The post-earthquake 

structural design requirements for these structures are framed by both the Civil Defence 

Emergency Management (CDEM) Act and the loading standards AS/NZS 1170 Part 0 

(general) and NZS 1170 Part 5 (earthquake).  There are several aspects to be considered 

in specifying or evaluating the post-earthquake functionality of a building or facility, 

beyond just life safety aspects.   

Many CDEM and Lifeline utility EOCs and local council buildings are located in existing 

buildings of 20 years or older in age that were designed for ‘ordinary’ usage.  In terms of 

seismic performance, many of those designed in accordance with the minimum 

requirements of loadings standards in the NZS 4203 series are likely to fall short of the 

requirements of the new earthquake loadings standard NZS 1170.5 for ‘structures with 

special post-disaster functions’, particularly with respect to Serviceability Limit State 

response.   

This paper outlines the expectations and specific requirements of both the CDEM Act and 

the relevant new earthquake loadings standards AS/NZS 1170 Part 0 and NZS 1170 Part 

5 with respect to post-disaster facilities.  Issues for practitioners are highlighted.  The 

need for additional guidance on what structures fall within the classification of ‘structures 

with special post-disaster functions’ is also noted. 

 

1 INTRODUCTION 

Recent major emergency and disaster events in New Zealand and internationally have highlighted the 

importance of emergency operations centres (EOCs) as the focal point for the co-ordination of the 

response of an organisation or community to a crisis situation.  The greater emphasis on preparedness 

across all sectors of the community introduced by the Civil Defence & Emergency Management 

(CDEM) Act 2002 has also led to an awareness of the many features that such facilities need to have 

to enable key personnel to operate effectively.   

Structural resilience is one of these features.  In the case of earthquake hazard, there are several 

aspects of structural performance that need to be specifically taken into account.  These include 

structural response, non-structural and contents damage as well as access to the site, building and key 

utility services.   
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It is apparent that Emergency Managers need to have an appreciation of these aspects beyond the 

superficial question of ‘will it stand up in a major earthquake?’.  It is also clear that in order to provide 

appropriate technical advice in this field, earthquake engineering professionals need to have a better 

appreciation of the operating context of an EOC, and the corresponding linkages back to the various 

applicable building regulatory requirements. 

Fundamental questions include: 

• What is a structure with special post-disaster functions? 

• What is an Emergency Operations Centre? 

• What are the key points of difference from a building of ordinary or normal usage? 

In seeking to answer these questions, this paper outlines the scope and typical functions of structures 

with special post-disaster functions, with emphasis on EOCs, and highlights the expectations and 

specific requirements of both the CDEM Act and the relevant new earthquake loadings standards 

AS/NZS 1170 Part 0 and NZS 1170 Part 5 (collectively AS/NZS 1170:2004) for such facilities.   

2 CHARACTERISTICS OF STRUCTURES WITH SPECIAL POST-DISASTER 

FUNCTIONS 

The list of examples of structures with special post-disaster functions (ie. Importance Level 4) from 

Table 3.2 of AS/NZS 1170 Part 0 is: 

• Buildings and facilities designated as essential 

facilities   

• Utilities required as backup for buildings and fa-

cilities of Importance Level 4 

• Buildings and facilities with special post-

disaster function 

• Designated emergency centres and ancillary fa-

cilities (emergency power, phone or radio)  

• Medical emergency or surgical facilities • Designated emergency shelters 

• Emergency service facilities such as fire, po-

lice stations and emergency vehicle garages 

• Buildings and facilities containing hazardous ma-

terials capable of causing hazardous conditions 

that extend beyond the property boundaries 

This section expands upon these examples in order to characterise the nature of post-disaster 

operations and indicate the potential breadth of structures in this category. 

2.1 Emergency Operations Centres 

An Emergency Operations Centre (or Control Centre or Co-ordination Centre) provides a venue and 

focal point from where the response to an emergency event can be controlled and co-ordinated.   

For a single organisation such as an emergency service or lifeline utility, the focus is operational 

control, and response to an emergency is undertaken in the same facility as day-to-day operations (eg. 

a Control Centre).  For a community-based organisation such as a local council, the emphasis is on co-

ordinating response across the various operations and departments of council in a crisis context.  This 

is typically undertaken from a specially set up room or facility (eg. an Emergency Operations Centre 

or EOC), noting that liaison representatives from other responding agencies (eg. the Emergency 

Services) are also involved in order to achieve co-ordination of a community-wide response. 

Similar arrangements are required at regional or CDEM group level for major events requiring co-

ordination across a wider geographical area or set of agencies (eg. a CDEM Group EOC or Emergency 

Co-ordination Centre).  At a national level, perhaps the most well-known facility of this type is the 

National Crisis Management Centre (NCMC) in the basement level of the Beehive parliamentary 

building in Wellington.  The NCMC facility provides for support to affected regions during civil 

defence emergencies, and for co-ordination of a whole-of-government response across a range of other 

crises. 
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In this paper, ‘EOC’ is used as an umbrella term to encompass each of the different operational 

arrangements and circumstances outlined above. 

2.2 Medical Facilities 

Hospitals are obvious examples of a medical facility that has a critical post-disaster function.  Hospital 

facilities comprises many different buildings, not all of which have critical functions. 

Given the de-centralisation of New Zealand’s medical services, it is felt that the community medical 

centres of Primary Health Organisations should also be considered to be in this category. 

2.3 Lifeline Utility Network Structures  

In addition to buildings that house utility control centres, operations rooms and exchanges, structures 

that support or form an essential part of Lifeline Utility networks (eg. power pylons and 

communications towers) can also be considered as structures with special post-disaster functions.  The 

extent to which ancillary components of a utility network should be regarded in this category requires 

specific consideration of the network operational arrangements, including issues of route redundancy.  

Guidance on this is outside the scope of this paper. 

Dams (eg. for power generation, water supply and stormwater retention) are a further example of 

structures whose continuing functioning is of importance to the community as a whole, and where the 

consequence of failure may be significant.  In terms of AS/NZS 1170, these are Importance Level 5 

structures, for which site-specific studies are required.  Under the Building Act 2004, dams now also 

require specific building consent. 

2.4 Other Structures 

There are various local council facilities that house key community response functions that should be 

considered under the post-disaster facilities category. 

Examples include council call centres and any community structures designated for providing shelter 

for displaced persons. 

3 LEGAL AND REGULATORY REQUIREMENTS FOR POST-DISASTER FACILITIES 

The legislative and regulatory requirements for designated emergency operations centres and major 

infrastructure facilities are framed within the CDEM Act, the Building Act and the national loadings 

standard.  The relevant requirements are briefly summarised in this section.   

3.1 CDEM Act 

The focus of the CDEM Act is on establishing the processes, protocols and powers at local, regional 

and national level in relation to planning for and responding to civil defence emergencies.  There are 

only general references to post-disaster facilities such as emergency operations centres in the Act, 

including that a CDEM Group may (s18(2)(e)): 

provide communications, equipment, accommodation, and facilities for the exercise of its 

functions and powers during an emergency. 

The CDEM plans prepared by each of the regionally-based CDEM Groups typically list the EOC 

locations for each district, city and region.  However these plans typically don’t list either the full 

catalogue of post-disaster facilities or the performance expectations or requirements of such structures.  

Consideration could be given to such a listing in future versions of these plans, or in CDEM Group 

Standard Operating Procedures. 
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The CDEM Act also defines the duties of government departments, lifeline utilities, emergency 

services and local authorities.  In the case of government departments and others (s58(a)), lifeline 

utilities (s60) and local authorities (s64(2)), the common performance requirement is expressed as that 

each entity must: 

ensure that it is able to function to the fullest possible extent, even though this may be at a 

reduced level, during and after an emergency. 

This broad requirement frames the expectation that these agencies will have appropriate emergency 

operations/ control/ co-ordination centres in place and capable of being activated at short notice.  More 

importantly, these centres need to be capable of withstanding the identified hazards affecting the 

location and region, of which earthquake is just one. 

In the case of lifeline utilities, Schedule 1 of the Act specifies the organisations to which this 

emergency functioning requirement applies (some as specific entities, others as categories of entities 

carrying on certain businesses).  This schedule (and hence s60) encompasses key players involved in 

the generation/ production, transmission and distribution of electricity, gas and petroleum products; 

telecommunications and broadcasting services; water, wastewater and stormwater services; road, rail, 

ports and airports.   

The requirement of functioning to the fullest possible extent clearly implies a special post-disaster 

function for a number of key infrastructural facilities operated by lifeline utilities.  This connection 

between the requirements of the CDEM Act and structural loading standards is however not explicitly 

stated in any existing documentation.  

3.2 Building Act 

The Building Act 2004 also makes no explicit reference to the requirements of emergency operations 

centres and major infrastructure facilities.  The relevant design provisions for structures with special 

post-disaster functions are contained within the structural loadings standard (see following sub-

section), which are cited as means of compliance with the regulations and therefore the Act. 

The process for the design of a new facility is therefore relatively straightforward in the sense that it 

follows a code process.  There are however other considerations in the Act for existing buildings that 

need to be highlighted.  For example, the requirement for an existing building to meet the provisions 

of the building code to the same extent as if it were a new building in a change of use situation 

(s115(b)(i)(A)) is noted.  The circumstances under which the creation of an EOC within an existing 

building would constitute a change of use requires consideration on a case-by-case basis.  

Given that many existing CDEM and Lifeline utility EOCs are located in existing buildings of 20 

years in age or older, there is also the question of how pro-actively they should be evaluated for their 

level of seismic performance.  Under s131 of the Act, each territorial authority has to adopt a policy on 

dangerous, earthquake-prone, and insanitary buildings which states the approach that the territorial 

authority will take in performing its functions, its priorities in performing those functions, and how the 

policy will apply to heritage buildings.  The policy needs to be in place by 31 May 2006, and will need 

to be reviewed by territorial authorities every 5 years.  Whilst it is unlikely that any EOC facility is 

housed in an earthquake-prone building as defined in s122 of the Act, it is nevertheless logical that all 

buildings which serve post-disaster functions should be evaluated as a priority, reflecting their 

community importance, irrespective of whether the territorial authority is adopting an active or passive 

approach to addressing earthquake prone buildings (DBH, 2005).  This should involve an initial 

building evaluation (eg. using the NZSEE Initial Evaluation Process (NZSEE, 2005)).  If such an 

evaluation indicates that an existing EOC is potentially earthquake-prone, then the territorial authority 

should have a detailed seismic performance assessment undertaken directly. 

The point to be emphasised here is that territorial authority policies on earthquake-prone buildings 

should explicitly state these priorities and corresponding actions. 
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3.3 National Loadings Standard 

During the preparation of the new Loadings Standard, AS/NZS 1170:2004 (SAA/NZS 2004), there 

was an attempt to more directly address the issue of appropriate performance levels for buildings of 

different occupancy classes. Critical post-disaster facilities were recognised as being required not only 

to be safe, but also to continue to provide service following a design level earthquake. The ‘safe to 

occupy’ provisions were addressed by increasing the intensity of the Ultimate Limit State (ULS) 

design event from that having an acceptable annual probability of exceedance (a.p.e.) of 1/500 

(ordinary) to 1/2,500.  This equates roughly to reducing the probability of exceedance from being 10%  

in the 50 year nominal life of the building to 2%. In so doing, the earthquake design actions imposed 

on New Zealand buildings are somewhat aligned to those in the USA and Europe. While such an 

approach does not assure safety, it is expected to markedly reduce the probability of collapse of this 

class of building as a proportion of the entire building stock. For earthquake actions, this results in 

post-disaster buildings being designed for a base shear 80% greater than their ‘ordinary’ counterparts, 

and as such is expected to constrain many undesirable dynamic characteristics of buildings such as 

high torsional sensitivity and building irregularity.  

A second requirement introduced through the loadings standard is the necessity for the components 

and elements that are essential for the building to perform its critical post-disaster function to remain 

operational following an event of a similar intensity to that at which ‘ordinary’ buildings commence to 

experience structural failure (a.p.e. of 1/500).  A suitable definition of ‘operational’ is: 

Only nominal damage to structure, non-structural elements and contents; all services within the 

building functioning 

Therefore while critical post-disaster facilities are still expected to experience damage, the damage is 

not to impinge on the ability of the facility to deliver its critical function. Thus façade damage for 

example may still occur, compromising aspects of the weather-tightness of the building, but 

communications facilities are expected to be unaffected and means of egress will continue to function. 

It is expected that the imposition of these provisions may well dictate building form and layout. 

Damage control is one (of several) recognised benefits of base isolation for example and it may be 

expected that a more widespread application of this technology may result for major centres.    

In terms of seismic performance, many of those designed as ‘ordinary’ structures in accordance with 

the minimum requirements of loadings standards in the NZS 4203 series (ie. post-1976) are likely to 

fall short of the requirements of the new earthquake loadings standard NZS 1170.5 (NZS, 2004) for 

structures with special post disaster functions, particularly with respect to Serviceability Limit State 

response.   

4 GUIDANCE FOR PRACTITIONERS 

4.1 Design of a new EOC 

Hazards 

The Building Act 2004 and Building Code set out the specific requirements for the structural design 

for new Emergency Operation Centres.  The Loadings Standard, AS/NZS 1170, sets most design 

environmental conditions to which the building will be subject, and the building’s structural elements 

should then be designed in accordance with the appropriate materials standards cited by the Building 

Code.   

EOCs are classified as Importance Level 4 in AS/NZS 1170.0, and in most cases of new building 

design a 50 year design life will be appropriate.  The principal environmental factors influencing the 

structural design for a new EOC facility will generally be wind and earthquake.  Occasionally snow 

loadings may be a governing factor also.   

While design to AS/NZS 1170 requirements will afford a good level of protection to the facility, there 
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are a number of non-codified hazards aspects that should be considered prior to choosing a site for an 

EOC in order to maximise the probability that the facility will remain operative following a 

catastrophic event.  Such considerations might include the following: 

(i) Active Earthquake Faults – the Ministry for the Environment planning guidelines (Kerr et al, 

2003) advocates that Importance Category 4 buildings should only be permitted within a fault 

avoidance zone (typically 20m either side of a fault trace) if the fault has a recurrence interval of 

greater than 20,000 years.  NZS 1170.5 includes a near-fault factor for structures in close 

proximity to designated major active faults to allow for enhanced ground shaking, noting that this 

provision principally addresses only life safety.  Specialist advice and/or site specific geological 

studies to assess risk should be sought where proximity to active faults is suspected. 

(ii) Volcanic/ Geothermal Activity – avoidance of the catastrophic widespread effects of major 

volcanic activity is not practicable in the siting of EOCs in prone regions.  EOCs should, however, 

be sited distant from known areas of geothermal activity.  Consideration might also be given to 

proximity and the effects of prevailing winds with respect to active volcanoes. 

(iii) Ground Stability – this is addressed in a round-about fashion in section 4.3, Groundwater, of 

AS/NZS1170.1.  Consideration should be given to potential for instability of the wider 

surrounding area as well as the site itself. 

(iv) Cyclone/ Tornado – the likely paths of such events cannot be predicted, but in areas known to be 

prone to such events, additional robustness of materials of construction and construction 

procedures should be a consideration in the planning process for a new EOC facility. 

(v) Fire – Building Code provisions for effects of fire deal principally with life safety and the need for 

timely building evacuation.  Additional robustness in construction materials and facilities may be 

warranted where the effects of nearby building (and other) fires, say post-earthquake, might affect 

the operational ability of the EOC. 

(vi) Tsunami/ Storm Surge – the 2004 Indian Ocean event has highlighted the devastating effect of 

these occurrences and has promoted increased awareness of the vulnerability of our coastline.   

Avoidance of sites located in areas of potential tsunami run-up or storm surge is desirable.  

Suitable criteria for this need to be established and promulgated. 

Compromise on some of the above factors may be the only realistic course in the selection of an EOC 

site for reasons such as availability, operational suitability, communications, ease of access etc.  In 

such cases the areas of perceived additional risk should be quantified as far as is practical, noting that 

comparison to the Importance Level 4 annual probability of exceedance criterion of 1/2500 would be 

useful.  Should it be considered that the benefits of the site outweigh the risks then suitable operational 

contingency measures (eg. provision of alternate EOCs) may be able to be implemented to overcome 

perceived vulnerabilities. 

The form of a new EOC facility may range from a stand-alone light timber-framed building to 

occupation of part of a multi-storey commercial complex.  It is noted that section 3.3 of AS/NZS 

1170.0 requires that buildings with multiple uses shall be assigned the highest importance level 

applicable for any of those uses, adding the comment that this may not be a widely appreciated 

provision.  For a multi-storey building containing an EOC, the demanding seismic design criteria for 

the Importance Level 4 EOC portion of the building would often prove uneconomic for the building as 

a whole.  Council offices with a co-located or incorporated EOC represent one such prime example of 

existing multi-use buildings that would typically struggle to meet this criteria. 

Human response factors and perceptions also need to be taken into account.  Damage to non-structural 

elements such as glazing, partitions, ceilings and building services can add to the level of distress 

experienced by the occupants.  Lack of confidence in the performance of a key facility in the face of 

continuing aftershocks can result from the movement of damaged elements, and can render a building 

non-occupiable even though it may be structurally acceptable.  Following the Marmara Sea earthquake 

in Turkey, telecommunication technicians were reluctant to work inside buildings in the affected area 

for fear of aftershocks (Sharpe et al, 2000).  It is the likely adverse perceptions of post-earthquake 
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structural stability of multi-storey buildings that lead to the recommendation for key post-disaster 

facilities to be in single-storey lightweight construction where practicable.   

Structural Parameters 

In determining the seismic structural design parameters for a new EOC building, in accordance with 

NZS 1170.5, the following characteristics should be noted:  

(i) Spectral Shape Factor, Ch(T) – determine site subsoil class and building period using 

established methods. 

(ii) Hazard Factor, Z – zone locations from NZS 1170.5 

(iii) Return Period Factors, Ru and Rs –  

   Ru a.p.e.     = 1/2500 ∴∴∴∴ Ru = 1.8 

   RSLS1 a.p.e. = 1/25     ∴∴∴∴ Rs = 0.25 

   RSLS2 a.p.e. = 1/500   ∴∴∴∴ Rs = 1.0 

SLS1 – structural system members and parts of structures shall not experience deformations 

that result in damage that would prevent the structure from being used as originally intended 

without repair 

SLS2 – all parts of the structure shall remain operational so that the structure performs the 

role that has resulted in it being assigned Importance Category 4 

(iv) Near-Fault Factor, Nmax(T) - amplification of design actions will apply to ULS and SLS2 for 

buildings with natural periods greater than 1.5 seconds located within 20km of a major fault 

defined in NZS 1170.5. 

(v) Structure Ductility, µ – while high levels of building ductility are desirable for whatever 

primary structural system is chosen, special attention needs to be paid to ensure the two SLS 

criteria (refer (iii) above) are met, given that NZS 1170.5 requires: 

  SLS1  1.0 < µ < 1.25;  and 

  SLS2  1.0 < µ < 2.0 

Given that the SLS2 earthquake level will be similar to that at ULS for a building of normal 

occupancy, a relatively rigid EOC building will normally result. 

The effect of both the R factors and SLS criteria will be to produce relatively rigid building structures, 

given the particular structure ductility factor/philosophy adopted, noting that this has the effect of 

reducing both primary and secondary structural damage for likely events within the design life of the 

facility. 

The adoption of well documented good practice in seismic design and structure detailing will 

generally produce a building that meets the objectives of the CDEM Act and AS/NZS 1170, and is 

beyond the scope of this paper.  The work beyond the strictly structural engineering aspects is 

however equally important, and the involvement of both the architectural and services engineering 

designers in the process of ensuring post-event building functionality is vital. 

Attention needs to be paid to the detailing of secondary building elements such that particularly 

following an SLS2 event the building will be safe to occupy, albeit not necessarily fully functional.  

These aspects will become increasingly important where a more flexible building structure results 

from adoption of limited and fully ductile design philosophies, and will include the following: 

• ensuring suitable clearances are achieved between doors and frames so that they remain oper-

able following design deformation of the building structure 

• similarly ensuring window joinery has sufficient clearance between glass and frames 



8 

• utilising robust but ductile panellised internal linings with non-stopped panel joints, such as 

MDF wallboard with expressed (negative) joints 

• avoiding tiled suspended ceilings where practical; where these must be used it is desirable that 

the tiles are of the lightweight mineral fibre type, the ceiling is seismically braced to the ap-

propriate criteria and that tiles are secured in place (traditional clipped systems are notorious 

for being non-functioning after the first service tradesman has visited the ceiling space) 

• ensuring flexible jointing of services where these pass through movement joints in the struc-

ture, and also where they exit the structure 

• ensuring appropriate movement joints are provided where non-structural partitions connect to 

primary building elements 

4.2 Evaluation of existing EOC buildings 

The technical process for evaluating an existing building with a special post-disaster function should 

follow the recommendations of the NZSEE Earthquake Risk Buildings Study Group (NZSEE, 2005), 

linking with the relevant loadings standard parameters highlighted in the preceding sections.  The non-

loadings standard hazards considerations outlined in section 4.1 should also be evaluated. 

The need for a specific seismic evaluation of existing EOC buildings is emphasised, particularly those 

designed originally for ordinary office or other usage.  As highlighted earlier, both the R factor of 1.8 

for structures with special post-disaster functions and the SLS2 requirements impose significant de-

mands on buildings, including those of relatively recent vintage. 

5 SUMMARY AND RECOMMENDED FURTHER WORK 

There are specific provisions in AS/NZS 1170 Part 0 for structures with a special post-disaster 

function, linked with those of NZS 1170 Part 5, that structural engineers need to be aware of.  Specific 

consideration (or design provision, in the case of new facilities) needs to be given to the ability to meet 

operational criteria; evaluating actual or potential EOC buildings for life safety considerations only no 

longer represents acceptable practice. 

A number of regionally-based CDEM groups have included audits of local and group EOCs within 

their current work programmes for the five year period 2005 to 2010.  Individual Lifeline Utility and 

Health sector risk and operations managers are also becoming aware of the need to undertake such 

reviews, and for these to encompass other network elements.   

It is therefore important that all participants in this process are appropriately informed and aware of 

the relevant criteria.  In particular, it is suggested that: 

• Emergency managers/ Lifeline Utility Operations Managers/ Health Facility Managers  

− Must be aware of the performance criteria that their EOC/ Operations Centres and other 

critical post-disaster facilities are required to meet under the relevant regulations, and give 

appropriate briefings to professional advisers. 

• Territorial Authorities 

− Should ensure that building consent applications involving structures with special post-

disaster functions (eg. major infrastructure facilities and designated emergency centres) 

comply fully with the requirements of AS/NZS 1170 Part 0 and NZS 1170 Part 5. 

− Should prepare a list of council and community structures with special post-disaster func-

tions in their city or district. 

− Should make explicit reference to EOCs in the establishment of their Earthquake Prone 

Building Policy, and a high level of priority to be given to their evaluation. 
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• Structural engineers  

− Must be able to recognise when a building or other structure falls under the category of 

special post-disaster function, and the significance of having such a function in a building 

with lower importance category activities. 

− Need to be able to evaluate the ability of a post-disaster function to remain operational. 

It is the view of the authors that a specific guidance note for practitioners is required to achieve a 

uniform interpretation of legislative and regulatory requirements for Importance Level 4 and 5 

structures across the provisions of the CDEM Act and structural loadings standards.  The aspects 

covered and issues raised in this paper should be covered as a minimum in such a guidance note.  This 

document could take the form of a Ministry of Civil Defence and Emergency Management Director’s 

Guideline, possibly prepared by an IPENZ-led working group (noting that the issues involved extend 

beyond seismic hazard). 

While the focus of this paper is on pre-event design and evaluation of post-disaster facilities, the need 

for facility operators to have dependable access to professional engineers following a regional-scale 

event is also noted.  NZSEE and IPENZ, with the support of the Ministry of Civil Defence and 

Emergency Management, advocate that this be achieved via Priority Response Agreements.  These are 

prior written agreements between critical facilities agencies and (for example) consulting engineers to 

carry out immediate post-event safety inspections (NZSEE, 2002).  The point of linkage is that if an 

engineer is engaged to design or assess a specialist facility, there is an opportunity for that knowledge 

and familiarity to be developed into an “on the day” dependable technical response. 
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