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ABSTRACT 
 
The aim of the research was to evaluate the availability of resources for post-disaster 

reconstruction of the Wellington State Highways. The methodology used in the research 

was a combination of literature review, three workshops/conferences and 15 interviews. 

A benchmark of the resources required for reinstatement of the state highways was also 

established via a resource estimation method uniquely designed to integrate the level of 

damage to the state highway. The results indicated that post-disaster reconstruction of the 

Wellington state highway is likely to be constrained by the limitations on seven key 

(construction) resources in New Zealand: aggregates, reinforcing bars and merchant steel 

products; cement and concrete; fuel; asphalt pavers; human resources and funding for 

state highway reconstruction. But availability of resources will influenced by five factors 

under the constraints of a significant disaster which includes prioritisation of works, 

ability to pool resources, lead times of procurement, existing contractual relationships 

and transportation into and around the disaster zone.   
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CHAPTER 1 

INTRODUCTION 
 

1.1 GENERAL  

The increased occurrences of natural disasters over the years have led to greater 

awareness of their impacts and the need to be prepared. New Zealand has encountered 

tsunamis and earthquakes over the years; even recently several floods including 

Wanganui, Matata and Bay of Plenty (between 2004 and 2005), have occurred. Because 

of the islands’ geographical location, it is potentially vulnerable to environmental risks, 

with its long fault lines and oceanic surroundings. Disaster preparedness has become a 

focus in New Zealand, with several organisations including the MCDEM and the CDEM 

Groups, involved in research and development.  

 

Post-disaster reconstruction represents a primary issue for disaster preparedness. The 

important question is whether New Zealand’s construction industry can return the 

damaged infrastructure to its previous state. The constraints of the massive construction 

boom currently experienced in New Zealand have led to several considerations of the 

implication of inadequate resources on disaster reconstruction. Successful reconstruction 

will ultimately depend on the level of resources available to execute the necessary 

activities, with the availability of finances as important as materials, plant and labour. 

Availability of these four categories of resources is also governed by the policies and 

strategies put in place by the authorities to deal with the reconstruction phase.  

 

Geological and seismological data have revealed possible occurrence of major 

earthquakes in several areas including Wellington, Hawke’s Bay and Canterbury (Page, 

2003). Statistically, the Wellington fault earthquake has a high probability of occurrence: 

20-25% in the next fifty years (White, 1997); but more importantly, due to its relatively 

high population density and large infrastructure, its impact on the city, is likely to be 
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unparalleled with any other disaster in New Zealand. This event effectively sets a 

benchmark for adequate planning and forms the basis of this investigation.   

 

The state highway network forms the core of the transportation system in New Zealand 

which is also highly vulnerable to disasters. The importance of the Wellington State 

Highway network in a post-earthquake situation is encompassed in providing access for 

the recovery of other lifelines. Mobilising resources maybe one issue to recovery, but 

getting resources into a disaster area, delivers a logistical dilemma to the availability of 

resources. It will be important to restore the state highways, to allow access to the 

desolate areas. Identifying and planning for resource restrictions to reconstruction, is a 

fundamental step to disaster preparedness.  

 

This report evaluates the availability of resources for state highway reconstruction after a 

Wellington fault earthquake, based on the current status of the construction industry, 

disaster response policies and planned interventions by the controlling authorities. Both 

qualitative and quantitative methods are used to evaluate the supply and availability of 

construction resources - materials, plant and equipment, labour and funding. 

 

1.2 BACKGROUND 

For most countries experiencing natural disasters focus has been on recovery and 

resilience (Pelling, 2003). Within this context, New Zealand has been relatively advanced 

in its approach to post-disaster situations; with the MCDEM being particularly active in 

this regard. The (New Zealand) Foundation of Research Science & Technology (FRST) 

has been among the leading research financer for New Zealand currently funding, 

amongst other projects, research to enhance the resilience of organisations in New 

Zealand. The research programme, termed Resilient Organisations, (funded by the 

FRST), is aimed at preparing the New Zealand community to recover economic 

competitiveness, in the aftermath of hazardous events (Resorg 2005). This “parent 

research” (Resilient Organisation) has been focused on mitigating difficulties associated 
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with logistics and the recovery process after a major disaster, with three main criteria 

guiding the research (Resorg 2005): 

(1) organisational planning for hazard events; 

(2) prioritisation and deployment of physical and human resources for recovery; 

(3) legal and contractual frameworks 

New Zealand’s Civil Defence Emergency Management Act (2002), suggests that all 

lifelines, including the roading network should be able to function effectively during and 

after an emergency. To meet this demand, it is essential that the governing body of the 

road network have a comprehensive framework identifying, evaluating and managing 

risks to the network (Seville & Metcalfe, 2004).  

Encapsulating this requirement, and objective two (2) above (of Resilient Organisation), 

this research aimed at investigating the availability of resources for state highway 

reconstruction after a major natural disaster. Aspects of transportation logistics for getting 

resources into the disaster zone were also addressed, as part of availability. Resources 

within the context of reconstruction and for the purpose of this research are confined to 

human, financial (cash flow), plant and equipment and materials. 

 
Studies have targeted future skills availability and requirements in New Zealand, which 

has significant implications to the topical issue of post-disaster reconstruction.  These 

studies provide a baseline for existing human resource assessment within the construction 

industry, and particularly the industry’s capacity. Independent studies conducted by Page 

(2004) and Lobo (2006) depended heavily on information from Statistics New Zealand. 

The data available from Statistics New Zealand reflects an agglomeration of human 

resources within the various sectors (roading, building etc.); there is no individual 

breakdown of human resources or available skill in any one sector. These reports were 

also oriented within the building sector, with very little references to the roading industry. 

The general trend emanating from these projects is a lack of requisite skills in the 

construction industry and regressions suggest that these trends will continue as future 

construction workloads are expected to grow significantly. White (1997) produced 

financially oriented paper (compared to Page and Lobo) identifying the opportunistic 

impacts that are likely to inflate construction costs and therefore should be a primary 
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consideration in estimating reconstruction costs. White concluded that there is likely to be 

upward pressure in prices into some goods and services, including construction costs and 

thus the need to respond in some order of priority to offset the expected overwhelming 

demand.  

 

Research conducted by Rotimi et al (2005), Seville and Metcalfe (2005) and Zuo (2005), 

all had a singular pronouncement with respect to resources  in a  post disaster situation, 

which reflected the incapacity of the construction industry. However, the term 

“resources” in these reports was seemingly used to describe human resources and skill 

needs, rather than the holistic view of other construction necessities. In light of disaster 

preparedness it is essential that all level of resources be evaluated to ensure that they are 

available and accessible for an efficient and fast reconstruction process 

 

Gregory et al (1995) and Page (2003) presented similar studies, which looked holistically 

at the capability of the construction industry to undertake reconstruction within all 

sectors. Gregory et al (1995) compiled works by Hopkins D. (1995) and Lanigan T. 

(1995). Hopkins undertook an assessment of resource requirements while Lanigan 

assessed resource availability by utilizing Hopkins work as a benchmark for resources 

required for reconstruction of Wellington. This study concluded that New Zealand’s 

resources could adequately undertake reconstruction following a Wellington fault 

earthquake. (Page 2003), utilised three scenarios of possible earthquakes, with estimated 

damages based on works conducted by EQC. Page combined various base workloads to 

quantitatively assess the resource capability of the construction industry. The 

agglomeration of all sectors (housing, roading, bridging, water distribution etc.) in these 

projects effectively meant that the effects of existing policies and plans established by 

individual controlling authorities on resource mobilisation were generalised, even though 

each authority possesses individual plans for reconstruction. The changes in the 

construction industry since 1995 means that there has been need for renewal of 

information on resource availability.  

Evaluating resource availability for reconstruction within individual sectors, captures the 

individual authority’s plans which gives an idea of the support systems (such as MOUs, 
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contracts etc.) that will facilitate the recovery of the entity.  This research provides an 

evaluation of resource availability within the roading sector, in this case the state 

highway network, encompassing the policies and plans of Transit NZ. 

 

1.3 OBJECTIVES OF INVESTIGATION 

The main objective of the research was: to evaluate the availability of resources for 

roading reconstruction after a major natural disaster in New Zealand. “Resource” 

identified in this objective, is the generic term for the four forms of project resources: 

funding, materials, labour and machinery. The investigation aimed to address the issue of 

resource availability, which has been a constant issue of debate, on the back of a dynamic 

construction boom within the industry. Within the concept of disaster preparedness, it is 

essential to establish and plan for critical resources likely to impose significant issues of 

procurement.  

 

In order to achieve this main objective, the following sub-objectives were proposed: 

(1)  To establish a disaster scenario and model its effects on resource availability in a 

metropolitan (Wellington) region in New Zealand. 

The scenario established the basis for estimating the level of resources which 

would be required for post disaster reconstruction of the state highways and also 

to examine the impacts on resource supply. The scenario conceptualised was 

based on a Wellington fault earthquake, which has a good statistical possibility of 

occurrence and likely to have enormous impacts on Wellington’s infrastructure. 

Exercise Capital Quake 2006 (further elaborated in Section 3.3.3) formed an 

integral part of developing this scenario. The simulation (Capital quake 2006) 

presented a fair indication of what can be expected immediately after a 

Wellington earthquake, which forms the transition to reconstruction.  

The emphasis of this research on the state highway, justified the development of a 

new scenario (as opposed to that of Capital Quake) to ensure that the damages to 

the state highways were examined in detail. 



Resource Availability for Roading Reconstruction:  
A Wellington Earthquake Scenario 

 

Introduction 13

(2) To identify individual vulnerable resources within the construction industry: 

With the rapidly changing construction industry (in New Zealand) and many 

construction policies, it was essential to look at resource availability in both a 

qualitative manner, via the industries’ experiences; and quantatively to ascertain 

production capabilities of the manufacturing industry for the main construction 

materials.  This objective therefore looked at the present resource availability and 

identified “high demanding resources”, which were likely to pose difficulties 

during post-disaster reconstruction of Wellington state highways. While physical 

construction resources formed the main focus of this objective, existing financial 

policies for post-disaster construction were also investigated.  

 

(3) To identify solutions to vulnerable resources and means of getting these into the 

disaster zone. 

Identifying relevant solutions to challenges of resource availability established in 

sub-objective 2 was the major focus of this sub-objective. The emphasis of the 

solutions took into account, guiding principles such as sustainability, economic-

feasibility, logistics and availability; drawing on international and local 

experiences in New Zealand. 

 

(4) To establish the major factors affecting the availability of resources for post-

disaster reconstruction. 

Production or output of resources is a common contributor to resource availability 

for construction. Several other factors are likely to destabilize resource 

availability in a disaster scenario primarily due to existing policies, the status of 

the construction environment and disaster impacts, which were best evaluated 

qualitatively. This objective was therefore aimed at determining the major factors 

likely to affect resource availability by focusing on various sectors of the 

construction industry and their ability to respond to a disaster.  
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1.4 STRUCTURE OF REPORT 

This report is presented in eight chapters; each chapter further sectionalized to address 

specific topics of the research. The report is organised in a systematic and chronological 

manner. Chapters 2 and 3 represent detailed reviews of literature related to the research.  

Chapter 2 identifies some of the basic concepts of disaster management and those 

adopted in New Zealand, while Chapter 3 deals primarily with the nature of New 

Zealand’s construction industry and trends on resource production and availability. 

Chapter 4 sets out the methodological approach used to accomplish the sub-objectives 

which ultimately led to the completion of the main objective. Chapter 5 conceptualises 

the effects of a Wellington fault earthquake to establish a benchmark for establishing 

resource requirements and identifying some of the physical constraints likely to be 

experienced post-disaster. The results of the investigation are presented in Chapter 6, 

followed by a general discussion and research conclusions and recommendations in 

Chapters 7 and 8 respectively. 
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CHAPTER 2 

CONCEPTS OF DISASTER MANAGEMENT  
 

 

2.1 INTRODUCTION 

Disaster preparedness is a difficult task due to the spontaneous nature of disaster events 

and requires an integrated approach of agencies and structures in the examination of 

vulnerability in specific places. Several important theories exist on disaster management 

and preparedness which provides an ideal platform to understand the process of post-

disaster reconstruction. Planning for post-disaster reconstruction is an important aspect 

within the concept of disaster preparedness and relative to the topical issue (of 

reconstruction resources), involves predicting the level of damages and the resource 

requirements for reinstatement.   

 

This chapter presents a review of literature on general concepts in disaster management 

and approaches adopted in New Zealand. A review of various methods used globally in 

estimating losses in disasters and resource requirements forms the main focus of this 

chapter. 

 

2.2 DISASTERS 

Pelling (2003), quoting from the Webster’s New World Dictionary describes disaster, as a 

great or sudden misfortune that results in the loss of life, property, etc., or that is ruinous 

to an undertaking. Gustin J.F. (2004) classified disasters into two (2) categories: 

(1)  Natural Disasters: Includes floods, earthquakes, hurricanes, earthquake  

tornados, etc., which are due to some natural 

phenomenon; or 

(2)  Technological disasters or    Includes terrorism and other forms of crime, such as 
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       human engineered: industrial sabotage and occurrences resulting from 

human error etc. 

 

Disasters of any kind can result in a loss of life and property; crippling companies and 

institutions (Gustin J.F. 2004). Godschalk et al describes a natural disaster as the 

resultant of a natural hazard (e.g. volcanic eruption, earthquake, land slide) occurring in 

developed areas, damaging life and property. Financial, structural, and human losses 

associated with a natural disaster are the result of human vulnerability, which reflects a 

lack of appropriate emergency management. The level of loss depends on the capacity of 

the population to support or resist the disaster: their resilience (Wikipedia 2006).  

These definitions lead to the fact that disasters only occur when hazards coincide with 

vulnerability. A natural hazard will never result in a natural disaster in areas without 

vulnerability, such as strong earthquakes occurring in uninhabited areas will not result in 

a disaster. Thus, the main intent of disaster management is to reduce the vulnerability of 

the community and its environment. 

 

The term vulnerability has now taken on great importance and has become a priority on 

the international agenda. World Bank (2001) defines vulnerability as the probability of a 

community, exposed to a natural hazard, given the degree of fragility of its elements 

(infrastructure, housing, productive activities, degree of organization, warning systems, 

political and institutional development), suffering human and material damages. The 

magnitude of such damages is, in turn, related to the degree of vulnerability. McEntire 

(2001) described vulnerability as the “human product of any physical exposure to a 

disaster that results in some degree of loss, combined with the human capacity to 

withstand, prepare for and recover from that event. It describes the relative degree of 

risk, susceptibility, resistance and resilience to a hazard event or disaster” (Dalziell and 

McManus, 2004). These definitions indicate that vulnerability is not necessarily a 

function of the magnitude of a disaster but rather on the community’s level of resistance 

to the hazard, coupled with its ability to recover after the event.  
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There is no one given behaviour or pattern in the effects and scale of the damages caused 

by different disasters. Rather, the resulting pattern is determined by a combination of 

factors including (White, 1997):  

• the size of the economy and its situation before the event; 

• the structure of production, the nature and scale of the phenomenon; 

• the moment (time and duration) at which the disaster takes place; 

• the degree of social organization and participation; 

• political and institutional capacity; and  

• the way in which the government, society and the international community face 

the problem.  

However, as a general rule, smaller and less developed countries suffer significantly 

greater damages (White, 1997). Under-developed communities with little resources to 

resist a disaster are likely to become vulnerable. A good statistic to illustrate the effects of 

resilience of developed communities is the fact that 95% of the deaths due to natural 

disasters in 1998, occurred in developing countries. Additionally, these disaster events 

imposed a great impediment to populations, welfare and development prospects in these 

countries. In contrast, in developed countries the effects on economic activities and 

populations were marginal (World Bank, 2001). 

 

Confronting disasters in a systematic and coherent fashion, in their causes, and in 

prevention, mitigation, reconstruction and transformation to reduce vulnerability should 

be an explicit objective of development strategies. It is evident that communities require 

the economic and general resource capacity to resist hazards. It is the main reason why 

some countries are more vulnerable to disasters than others. New Zealand is no exception 

to high vulnerability to disasters, due to its geological formation, discussed in the 

following section. 

2.2.1 New Zealand’s natural disaster vulnerability 

Seville & Metcalfe (2004) categorized the main hazards that are likely to affect the 

roading industry in New Zealand, which is tabulated in Table A1 of appendix 1.  
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As previously stated, New Zealand is vulnerable to several aspects of natural disasters 

including storms, flooding, volcanoes and earthquakes. In accordance with White (1997), 

earthquakes are likely to pose the greatest danger in New Zealand, due to their size, 

likelihood and level of damages. New Zealand’s earthquake history is however 

concentrated around the fact that the North and South Islands lie on the boundary of the 

Australian and Pacific tectonic plates. Over the past 150 years, New Zealand has 

experienced nineteen earthquakes with intensities greater than 7 on the Richter scale. 

Fortunately, in the last fifty years only three events were experienced, and occurred away 

from major urban area, resulting in relatively modest damages (White, 1997). The 

geological location of New Zealand also explains its volcanic history. The frequency of 

major volcanic activities is much less than that of earthquakes. Eruptions as recent as 

1997 and 1997 of Mount Ruapehu provided timely reminders of the fact that none of the 

volcanoes in the northern half of the north island are extinct (White, 1997).  

 

The World Health Organization’s Emergency Events Database (EM-DAT), provides a 

substantial information system for use in humanitarian action at national and international 

levels. The initiative is aimed to rationalize decision making for disaster preparedness, as 

well as providing an objective base for vulnerability assessment and priority setting.  The 

EM-DAT classifies New Zealand (natural) disaster events into eight categories, as 

indicated in Table 1 below.  New Zealand’s infrastructure has been most vulnerable to 

flooding, with thirty-three floods recorded for the time period. Earthquakes have 

presented the greatest impacts, accounting for an average of forty-seven million, five 

hundred and thirty-four thousand dollars (US$47,534) per event for five events. This 

represents the intensity of the effect of earthquakes on New Zealand.  
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  # of 
Events Killed Injured Homeless Affected Total 

Affected 
Damage 

US$ 
Earthquake  5 277 39 0 18,300 18,339 237,669 

ave. per 
event  55 8 0 3,660 3,668 47,534 

Epidemic  2 6,700 0 0 1 1 0 
ave. per 

event  3,350 0 0 1 1 0 

Extreme 
Temperature  1 0 0 0 0 0 200,000 

ave. per 
event  0 0 0 0 0 200,000 

Flood  33 31 0 400 26,787 27,187 433,300 
ave. per 

event  1 0 12 812 824 13,130 

Slides  1 0 0 0 600 600 2,466 
ave. per 

event  0 0 0 600 600 2,466 

Volcano  2 150 0 0 70 70 0 
ave. per 

event  75 0 0 35 35 0 

Wild Fires  1 0 0 0 130 130 0 
ave. per 

event  0 0 0 130 130 0 

Wind Storm  9 62 0 0 3,240 3,240 64,500 
ave. per 

event  7 0 0 360 360 7,167 
  
Table 1: Disaster events in New Zealand since 1918 to 2005 
(Source:"EM-DAT: The OFDA/CRED International Disaster Database, www.em-dat.net - Université 
catholique de Louvain - Brussels – Belgium) 
 

The Wellington Fault last ruptured between 300 and 500 years ago, resulting in an 

earthquake having a magnitude of approximately 7.6 on the Richter Scale. This fault has 

produced large earthquakes, with a return period of 500 to 700 years. The Wairarapa 

Fault last major rupture was in 1855, generating an earthquake of magnitude of about 8.2 

on the Richter Scale (GNS 2006). This fault has a recurrence interval of 1150–1200 years 

(GNS 2006). The Ohariu Fault has a recurrence interval of 1500 – 5000 years and was 

last ruptured about 1100–1200 years ago (GNS 2006). Similarly, the Wairau Fault last 

ruptured more than 800 years ago and has a recurrence interval of 1000–2300 years (GNS 

2006); while the Shepherds Gully Fault last ruptured about 1200 years ago and has a 
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recurrence interval of 2500–5000 years. Compared to other faults in the Wellington 

region, the Wellington Fault has the greatest probability of rupturing (GNS 2006). 

In accordance with White (1997), a “Wellington-based” earthquake of this nature (7-8 on 

the Richter Scale) would prove to be a realistic baseline for disaster planning. A 20 to 25 

percent probability  exist for a major earthquake, with an intensity ranging between 7 and 

8 on the Richter scale, occurring with in the next fifty (50) years along the Wellington 

fault (White, 1997).  To further support this scenario, the Greater Wellington Regional 

Council has based their emergency management planning on “a large, shallow earthquake 

along the Wellington fault” with a magnitude of 7.4 (on the Richter Scale). A scenario 

based on this event was therefore conceptualized to establish a benchmark, for evaluating 

resource requirements and understanding the implications of such an earthquake on 

resource availability constraints. 

 

Due to the relatively high occurrences of natural hazards in New Zealand, there has been 

a collaborative effort in ensuring that vulnerabilities are minimized through research and 

development. The following section presents a review of some of the advancement in 

disaster management in New Zealand. 

2.2.2 Disaster Management in New Zealand 

Chances of survival following a disaster event are greatly increased when people, 

governmental and non-governmental organizations, emergency services and businesses, 

prepare survival plans and assemble survival gear beforehand (Pelling, 2003). Sufficient 

preparation is a function of the location and the disasters that are likely to occur in the 

area (Pelling, 2003). Advances in disaster management in New Zealand are significantly 

hinged on these principles, which reflect the focus of disaster preparedness. 

 

The New Zealand’s National Civil Defence Emergency Management Plan (NCDEMP), 

has been prepared on the basis of the famous “4R’s principle” of disaster management: 

reduction, readiness, response and recovery (MCDEM, 2005). These approaches are 

described in the NCDEMP as the basis for developing the plan.  The MCDEM(2005) 

describes reduction as the first stage in the management process and involves identifying 
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and analyzing long term risks to human life and property from hazards (natural or non-

natural). The MCDEM further stated that the process involves taking steps to eliminate 

these risks if practicable and if not, reducing the magnitude of their impacts and the 

frequency of their occurrence.  

 

Readiness inevitably involves developing operational systems and capabilities before a 

hazard event. This approach includes self help and response programmes for emergency 

services, lifeline utilities, and other agencies (MCDEM 2005).  

 

Response represents the third stage in the strategies identified by MCDEM and is 

described as actions taken immediately before, during, or directly after an emergency 

event to save life and property and to help communities’ recovery (MCDEM 2005). 

 

The final step in the MCDEM’s approach would then focus on recovery of the affected 

communities. Recovery reflects the coordinated efforts and processes used to bring about 

the immediate, medium and long term holistic regeneration of a community following a 

civil defence emergency.  

 

Reconstruction of the state highways following a major earthquake will commence 

during the response stage and gradually lead into the recovery stage, where restoration 

would be completed. Resource for reconstruction can be expected to be in greatest 

demand at the response stage; but its availability will increase as recovery progresses.  

The scope of this research is based primarily on recovery, which is covered in Section 2.3 

below. 

 

2.3 RECOVERY  
 
The emphasis of this investigation is primarily based on recovery through the process of 

reconstruction.  Recovery is the generic term used to describe coordinated efforts and 

processes to effect the “immediate, medium and long term holistic regeneration of a 

community following a disaster” (MCDEM, 2005). This process (recovery) will therefore 
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span activities which occur immediately after the initial response to the event where the 

assisted community reaches a state of self-sustainability without the presence of external 

assistance (Sullivan, 2003). The recovery framework as such, encompasses the 

community along with four environments: social, economical, natural and built 

(MCDEM, 2005).  

 

The focus of this research (on state highway reconstruction) meant that only the built 

environment and economic environments needed to be considered, since: 

(1) The state highway and all other infrastructure represents sections of the built 

environment; and 

(2) Disaster and post-disaster events have economic implications including economic 

inflations. 

 

2.3.1 The Built Environment 

The built environment deals with the recovery of infrastructure, including the repair, 

relocation or reconstruction of the following attributes MCDEM (2005): 

(1) Residential Housing: The return of normalcy to affected persons is priority 

and therefore the assessment and repair of homes is critical. 

(2) Commercial/Industrial Property: Economic competitiveness and 

sustainability within an affected area is a function of early reinstatement 

and continuation of business. 

(3) Rural Farmland: Rural infrastructural needs must be planned for, as much 

as those of urban needs. 

(4) Public Buildings & Assets: Priorities should be given to important public 

buildings and facilities. Certain elements of the built environment 

including landmark sites and important community areas have social value 

and may be important to the recovery process. 

(5) Lifeline Utilities: It is important that essential utility services and transport 

and communication links, along with their supporting structures be 

restored efficiently.  
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Restoration of the physical environment should be executed strategically, to encompass 

long term sustainable measures which may prevent or reduce the effects of future hazard 

events (Pelling 2003). State highway reconstruction will rely on other lifelines and 

entities to facilitate resources, particularly through alternative means of transportation. 

Additionally, restoring the state highways with state of the art designs (sustainable 

measures) could ultimately lead to increase resource requirements in a constrained 

(disaster) environment, which is directly linked to increased funding requirements. 

2.3.2 Economic Environment 

The economic environment as described by the MCDEM (2005) consists of four 

elements, which are listed as follows: 

(1) Individuals Needs: During disaster recovery, individuals represent both the 

demand and supply side of economic management, during disaster 

recovery. Individual needs reflect basic necessities as maintaining 

livelihood, such as employment security, payment of salaries and wages, 

debt servicing etc. On the demand side, individuals contribute to local 

economic sustainability via there purchasing behaviour and general 

consumption. 

(2) Businesses: The main goal of disaster recovery should be prompt 

restoration of trading conditions. Individual businesses may also require 

direct assistance in order to recover.  

(3) Infrastructure: Restoration of infrastructure is a crucial requirement for 

the community’s recovery to competitiveness. Businesses dependence on 

infrastructure is diverse and spans basic utilities, telecommunication and 

access to transport. Prioritization of infrastructural recovery may depend 

on the economic characteristics and dependencies of disaster affected 

areas.  

(4) Central Government: Central government has the important role of 

evaluating the economic impacts of disasters and monitoring the recovery 

process; only intervening when the process is significantly impeded. 

Appropriate local agencies should provide assistance as required by 
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soliciting the necessary support and ensuring co-ordination with other 

relief efforts.  

 
As part of the “infrastructure” element, the state highway is an integral aspect of New 

Zealand’s inter-regional transportation network. It is therefore important that the state 

highways can be recovered at the earliest possible time to enable the Wellington region to 

return to economic competitiveness following a major earthquake. This can only be 

achieved by ensuring that the resources required for recovery are available. 

 
Successful recovery after disasters or even pre-disaster planning through activities like 

project impact relies on collaboration and partnership among everyone involved in 

building disaster-resistant communities (Schwab et al, 1998).  The process’s effectiveness 

is heavily dependent on the extent of planning invested and the level of contingencies 

provided in preparing for the disaster. The nature of the process (recovery) requires the 

participation of all stakeholders, including the community. Community needs can only be 

identified via consultation and communication with the various sectoral organizations. 

This ensures that stakeholders understand the process and the level of commitment 

required. Within this regard, MCDEM (Focus on Recovery, 2005) recognizes that 

organizations involved in the recovery process must acknowledge the level of 

commitment to resource (both material and human) and the provision of business as usual 

services during the medium and long term recovery process. 

 

The MCDEM’s Focus on Recovery (2005) specifies that the recovery process should 

constitute the following activities: 

• Reducing the intensity of the effects of the disaster. It is important that recovery 

be effective to ensure that further damages or even fatality does not increase e.g., 

the spread of water-borne diseases after a flood event can be minimized by 

restoration of the normal, high quality service; 

•  Restoration of the socio-economic, physical and emotional well being of 

communities or individuals; 

• Adaptation for future needs with respect to the social, economic, natural and built 

environments; and 
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• Minimizing the exposure to future hazards and associated risks. 

 

These activities should be attained within the least possible time frame and will require 

that recovery activities begin directly after the impact of an event and that it is executed 

in parallel to response activities (MCDEM’s Focus on Recovery, 2005). This signals the 

need to ensure that adequate plans are put in place to meet the resource requirements and 

to identify any associated difficulties to be anticipated. 

 

Brunsdon and Smith (2004) proposed a five stage process for recovery in the advent of a 

disaster situation, which is presented in figure 2 below.  

 

 
Figure 1: Stages of the recovery process.   
(Source: Brunsdon  & Smith,2004) 

 
Rotimi, Zuo, et al (2006) described the five stages as follows: 

• Impact assessment forms the initial stage in the recovery process which requires 

obtaining knowledge by data collection of the impact of the disaster event on the 

environment. The main output of the impact assessment is to ascertain a basis for 

reinstatement activities. The process must be subjected to reviews and updating to 

take account of new information at later stages. Issues of human resource 

availability are likely to be exacerbated at this stage, particularly with the number 
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of engineers that will be required for the assessment and also getting them into the 

disaster area.  

• The restoration proposal represents the stage at which decisions are made to 

determine if damaged structures should be repaired, replaced or simply 

abandoned. These proposals, which illustrate the recovery efforts established from 

the impact assessment, are presented to funding organizations for considerations. 

The restoration proposal of the state highway network would be facilitated by the 

network consultant; the main issue is if the organisation would have the capacity 

to execute the level of works anticipated. Pre-disaster analysis of resource 

requirements is likely to aid in this process, as it is easier to adjust plans compared 

to creating new ones, which is an area targeted in this report. 

• Funding arrangements after a disaster event in New Zealand can be effected 

through two factors. Affected parties may seek funding from private insurance 

companies and from the government. However, secondary funding may be 

solicited from charitable organizations and donor agencies. From the perspective 

of the state highways, it will be necessary to establish a framework for funding 

reconstruction, and to establish the availability of funds. 

• The regulatory process allows for designs and regulatory approvals of 

reconstruction works for damaged facilities. Knowledge acquired on vulnerable 

designs and building practices (to hazard) should be incorporated to allow more 

sustainable and resilient infrastructure and facilities for future disasters. However, 

this stage may provide critical constraints for early recovery, since the processing 

of resource consents in New Zealand is long and difficult. The regulatory process 

associated with the state highways in Wellington is unlikely to have a significant 

impact on the recovery/reconstruction process. Resource consents would only be 

required if a new state highway alignment became necessary.  

•  Physical construction/reconstruction as the name implies is the stage of the 

recovery process where every physical aspect of the community returns to 

normalcy. While it is difficult to return to the status of the community before the 

event, every effort should be attributed to restore competitiveness of the affected 

community. Physical reconstruction of the community will depend entirely on the 
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availability of resources – materials, plant and equipment, human resources and 

funds.  

 

These five stages in the recovery are essential for a sustainable and effective process after 

a disaster and are particularly applicable to the New Zealand environment. However, with 

a high level of suffering expected after any major natural disaster, the recovery stage 

must be synchronized, efficient and fast-tracked to allow a return to normalcy, as quickly 

as possible. In order to achieve this, pre-disaster analysis of resource needs should be 

robust, taking into account the resource requirements of each stage. 

 

2.4 RECONSTRUCTION 

Reconstruction encompasses the medium and long term regeneration components of the 

recovery process. Brunsdon and Smith (2004) described reconstruction as the recovery 

process where every aspect of the community and its environment, including natural, 

built, social and economic environments are returned to its previous state. It is essential 

that communities have a systematic approach to ensure that post-disaster reconstruction, 

as well as new construction, is done on safe ground and is built to withstand those forces 

of nature, which it is exposed to. Thus, a key theme which is as important as community 

recovery is the need to create a community which has greater resistance to future 

disasters (Schwab et al, 1998). Essentially, community leaders and planners need to 

educate their constituents on how informed decisions and choices can affect the 

rebuilding process and yield a safer, more sustainable community (Schwab et al, 1998).   

The process of reconstruction rarely happens without a plan, yet few cities prepare such a 

plan before an earthquake; even though many are forced to implement a plan to guide 

their reconstruction process after a damaging event (Gregory, New Zealand Earthquake 

Commission. et al. 1995). There are good reasons for a lack of pre-event planning, the 

most obvious being the fact that the exact nature of the damage is difficult to predict. 

Even in today’s modern age with sophisticated mapping, modeling and risk analysis 

techniques at our disposal, there is a significant probabilistic element in the damage 

pattern (Gregory, New Zealand Earthquake Commission. et al. 1995).  Several factors 
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may influence the distribution of damage in an event, including the following (Gregory, 

1995): 

• size and location of the specific event; 

• unmapped geologic features and soil conditions; and 

• differences in construction quality. 

 

As a result of such factors, plans developed before the event occurs, must be modified to 

take account of these influences. However, Gregory et al (1995) justified pre-event 

planning of reconstruction by explaining that modification of an existing plan that sets 

out the general construction strategy would be much simpler than creating an entirely 

new one under such conditions where time is of the essence.  

Reconstruction presents two (2) major opportunities after a disaster (Gregory, New 

Zealand Earthquake Commission. et al. 1995): 

(1) It allows the possibility of hazard mitigation through both locational and 

structural adjustments, which increases the city’s ability to withstand future 

disasters. This however, will only be effective if there is a well developed plan to 

guide the reconstruction; otherwise, the process (reconstruction) is likely to 

replicate the same mistakes of the past. 

 
(2) The other window of opportunity which reconstruction presents is the possibility 

of making general improvements in urban design and urban form. 

The difficulty of integrating replacement construction with existing urban fabric must be 

perceived as an important factor in reconstruction planning. Gregory et al (1995) noted 

that an earthquake concentrated on the area will not eradicate all of its development. 

However, greater difficulties are likely to be experienced planning for reconstruction in 

an infill situation compared to developmental projects on ‘virgin’ land (Gregory, 1995).  

 

Infrastructural recovery after a major event, involves an entirely different approach from 

the regular system associated with developmental construction (Zon, 2005). Zuo et al, 

2005 stated that without a comprehensive reconstruction procurement framework, 

recovery after a natural disaster, such as in the aftermath of a flood or an earthquake, is 
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likely to be significantly hampered. Identifying the funding agent for reconstruction of 

the damaged structure at an early stage will provide the momentum required to allow fast 

recovery.  

 

Various articles have been published by the MCDEM addressing this issue of post-

disaster recovery, including “Focus on Recovery”, “Preparing a Recovery Plan (2002)”, 

and the “National CDEM Strategy”. New Zealand’s National CDEM Strategy has been 

developed on the basis of the CDEM environment, established by the CDEM Act. The 

objective of this plan was to establish “the framework and responsibilities for disaster 

and emergency recovery operations and the principles and existing policies for post-

disaster activity (2005b)”. However, this plan does not adequately address the main issue 

of the reconstruction procurement process or related contractual arrangements (Zuo  et al, 

2005). The plan rather focuses on the routine aspects of recovery activities and the 

resilience of the whole community. Some issues associated with financial matters and 

insurance arrangements are however addressed. Zuo et al 2005, also stated that there is a 

general lack of understanding on how exactly construction works will be procured; how 

reconstruction will be facilitated and who, within the construction industry, will be 

involved in the procuring and constructing or rather reconstruction stages of 

infrastructure. From the perspective of disaster preparedness, it is essential to identify the 

resources that are available within various agencies and to establish a framework for 

reconstruction.   

 

In the reconstruction stage, the most important asset for fast and efficient execution will 

be the availability of resources and the ability to get these resources into the disaster 

zone. Page (2004) revealed that New Zealand’s construction industry would be severely 

stretched in the advent of a major disaster event. More specifically, New Zealand could 

only cope effectively with a medium sized disaster, taking into account an average base 

work load; however, a large scale disaster coinciding with a high base work load, may 

require as much as 180,000 additional construction workers (Page, 2004). This latter 

estimate was based on the assumption of an event resulting in ten billion dollars of 

damages in the Wellington area and a base work load of seven percent (7%) above the 
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levels in 2004. This issue of the inadequacy of resources in New Zealand was also 

identified by the MCDEM in the National Civil Defence Emergency Management Plan 

2006.  

 

Availability of resources, coupled with inaccessibility to disaster areas will pose the 

greatest threat to recovery and reconstruction. Zon (2005) identified that supply of 

materials and other resources would, logically, be much more difficult to attain in post-

disaster situations, as opposed to normal construction projects, especially when roads are 

damaged and inaccessible. As such, the roading network becomes extremely important 

and early re-commissioning to allow access should provide for an efficient and quick 

reconstruction process. The following section looks at the general concept of construction 

resources. 

2.4.1 Resources in Reconstruction  

In project management terminology, resources are required to carry out the project tasks . 

The Project Management Body of Knowledge (PMBOK) describes resources to include: 

 human resources (specific disciplines either individually or in crews or teams); 

 equipment; 

 services, supplies, commodities, materials; and 

 budgets or funds. 

 
From a construction or reconstruction prospective, this represents human resources, 

construction equipment and plant, funding and materials required for realizing the 

project. 

 

Estimating the level of resources required for executing a construction project generally 

requires a thorough investigation, which represents part of the life cycle analysis. In a 

developmental project, resource availability, planning and allocation are identified at the 

feasibility stage (Wilkinson and Scofield 2003).  However, this initiative may not be 

applicable in a reconstruction project, due to the time-bound nature of the activities and 

also due to the critical nature of extended blockages to access.  
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Common management techniques can be used to maximize on available resources as 

identified in the following situation (Le Masurier, 2006):  

• Infrastructural designs could be based on resources which are available in the 

aftermath of a disaster event. This was particularly the case in Alaska where 

individuals including farmers with useful items of construction plants were 

approached by the Department of Transportation and invited to work on recovery 

projects. While it may be difficult in a disaster scenario to invest the time to 

evaluate economical, engineered solutions, it is essential to have a pre-event 

(generalised) inclination of the level of resources required for recovery. 

• Milestone bonuses can be a motivation for earlier completion of works and may 

compensate for a lack of resources. This inadvertently can be used to move 

resources from one project to another by completing the initial project within a 

short time frame. In the aftermath of the Northridge earthquake, USA, bonuses 

were used as means of incentives to contractors, for early completion of works. 

These bonuses offered by CALTRANS (the road –controlling body in the USA) 

revealed the seriousness and commitment to expediting the reconstruction 

activities. Contractors were rewarded for their efforts in using more expensive 

methods and taking financial risks for expediting reconstruction. 

 

One important aspect of resource scarcity identified by Lobo (2006) is the “balancing 

act”, which represents a method to allow consumers to obtain goods and services during 

scarcity primarily through importation. The main principles of the ‘balancing act’ are as 

follows (Lobo, 2006): 

(1)  the price of a good adjusts appropriately to ensure that the demand of the good is 

in correlation to its supply. Effectively, if the demand of a good or service is 

greater than the supply, then the price will rise proportionately; 

(2) New Zealand’s manufacturing industry is so oriented, that producers will try to 

supply their products at the lowest possible cost. Thus, if capital cost rises, 

producers will be more labour intensive than capital to allow stabilization of 

prices; 
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(3) there is zero profit to New Zealand producers at equilibrium production. Thus, 

producers will simply, just break even; and 

(4) consumers will diverge towards cheaper purchases that are cheaper. 

 

Like Lobo (2006), Rotimi (2005) and Seville (2004), all indicated resource shortages in 

New Zealand, primarily within the human resource department. These issues would 

inevitably be of primary concern in post-disaster reconstruction, if the activities are to be 

expedited in an efficient and fast way. 

2.4.2 Estimating resources for reconstruction 

Even before the resource requirements for reconstruction can be planed for, it is 

important to assess the risks and damages that can be associated with a particular disaster. 

The New Zealand’s CDEM ACT encourages organizations to develop a consistent 

framework for evaluating all types of hazards, with the aim of being able to prioritize the 

risks posed by each. This inherently induces difficulties for assessing risks across 

distributed networks including the road network since hazards occur at various locations, 

on various geographic scales, at different time scales with varying rates (Seville & 

Metcalfe, 2004). Seville & Metcalf (2004) also identified that one of the main difficulties 

associated with assessing the risks to a network, such as the highway network, is that 

damage to one section of the network is not statistically independent on other sections of 

the network. Natural hazard events can result in damage to a number of roads 

simultaneously and this means that an evaluation of the potential damage should 

incorporate damage on the surrounding network. Gregory G. et al (1995) further 

explained that most of this variation can be explained by differences in underlying soil 

conditions or construction quality variations, but even taking these factors into account, a 

significant amount of damages still remains unexplained. Thus, even some of the best 

models are incapable of predicting the exact pattern of damage. However, while it is not 

impossible to plan for reconstruction before the event occurs, it must be accepted that this 

level of uncertainty makes the process much more difficult. The key point, in line with 

Gregory G. et al (1995), is that reconstruction plans cannot be taken as blueprint for 

reconstruction, but should at least establish guiding principles.  
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Estimating the resources required for post-disaster reconstruction gives a good indication 

of the quantity or level of resources that must be made available if reconstruction is to be 

successful. Over the years, several models have been developed to approximate the 

infrastructural damages that can be expected after a major disaster event. This has been 

adequately summarised by OPUS International Consultants (2005), in their Earthquake 

Risk Assessment Study as follows: 

 

(1) Rojahn  and Sharpe, (1985). Earthquake Damage Evaluation Data for California, 
ATC-13. 

 
As early as the mid-1980s, the US Federal Emergency Management Agency 

(FEMA) established a comprehensive programme to estimate the economic 

impacts of a major California earthquake. The programme included estimates of 

damages to all types of facilities, the associated losses and casualties. However, 

due to a lack of earthquake damage and loss data in the literature, FEMA and 

Applied Technology Council (ATC) agreed that the best way to develop the 

required data was by utilising the experience and judgement of seasoned 

earthquake engineers. This led to the establishment of a panel of senior level 

specialists in earthquake engineering to develop consensus damage and loss 

estimates. The probability of damage to a range of structure types was estimated 

by the panel. The standard damage descriptions used and the associated “damage 

factors” are shown in Table 2. The damage factor (also commonly known as 

damage ratio) is the ratio of the cost of repairing the damage to cost of replacing 

the structure. 
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Table 2: ATC-13 Damage States and Damage Factors. (Source: OPUS International 
Consultants, Earthquake Risk Assessment Study: Part 1, Wellington, 2005.) 

 
This information led to the creation of damage probability matrices, which made 

it possible to estimate the probability of a structure to be displaced into a 

particular damage state for a given Modified Mercalli Intensity (MMI), that is, 

ground shaking intensity and to estimate the expected dollar loss by multiplying 

the damage factors for the structure by the estimated replacement value. Estimates 

of the repair times for given damage states, and number of casualties for given 

damage states and occupancy rates were also predicted. 

The data produced by this project remains the most comprehensive source of 

damage data, and form the basis of many subsequent loss studies and 

methodologies. 

 

(2) FEMA (2001). Earthquake loss estimation methodology, HAZUS99 

Hazus, a U.S. FEMA built software, provides damage models for a full range of 

building types and other infrastructure. In HAZUS, damage models are in the 

form of lognormal “fragility curves” that relate the probability of being in, or 

exceeding, a damage state for a given earthquake demand parameter (e.g., 

response spectrum displacement, PGA), as indicated in figure 3 below. 

  



Resource Availability for Roading Reconstruction:  
A Wellington Earthquake Scenario 

 

Review of Literature 35

 
Figure 2 - Example HAZUS Fragility Curves for Reinforced Concrete Framed Buildings 
(Source: OPUS International Consultants, Earthquake Risk Assessment Study: Part 1, Wellington, 
2005.) 

 

Figure 3 illustrates an example of building fragility curves, identifying the four 

damage states used in the HAZUS methodology. These were established by 

analysing the earthquake response of model building types. Descriptions of 

structural and non-structural damage states are provided for the entire model 

building types in HAZUS, for example, “slight Structural Damage” implies, 

flexural or shear type hairline cracks in some beams and columns near joints or 

within joints. The estimated damage (i.e., damage state for model building type 

for a given level of ground shaking) is used in conjunction with other models that 

are provided in the methodology to estimate: 

(a) Casualties due to structural damage, including fatalities; 

(b) Monetary losses due to building damage (i.e. cost of repairing or replacing 

damaged buildings and their contents); 

(c) Monetary losses resulting from building damage and closure (e.g., losses 

due to business interruption); 

(d) Social impacts (e.g., loss of shelter); and 

(e) Other economic and social impacts. 
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The building damage predictions may also be used to study expected damage 

patterns in a given region for different scenario earthquakes (e.g., to identify the 

most vulnerable building types, or the areas expected to have the most damaged 

buildings). 

 

(3) Northridge Earthquake Losses 

Studies have been carried out by Mary Comerio and others on loss ratios from the 

Northridge California earthquake (1994) in the USA. Some of these results may 

be of relevance to risk assessment for buildings in Christchurch. These studies 

also considered contents losses, and are based on insurance claims. In considering 

these results for New Zealand, care should be taken to recognise differences in 

insurance industry and the types of buildings. 

 

(4) Dowrick, et al. Various 

Several investigations were conducted by Dowrick and company, involving the 

analysis of insurance claim records for the 1931 Hawkes Bay, 1942 Wairarapa, 

1986 Inangahua and 1987 Edgecumbe earthquakes in New Zealand. The data was 

used to calculate the “damage ratio” as a function of MM intensity for a range of 

building types and ground conditions. The damage ratio has thus been defined as 

the cost of damage divided by the replacement value of the building. The data 

from these studies provide the most robust empirically derived information from 

New Zealand data, as opposed to expert opinion (e.g. ATC-13) or theoretically 

(e.g. HAZUS) derived damage or loss models. The main disadvantage however is 

that the range of building types covered by the data is limited. 

 

(5) Works Consultancy Services (1995). Earthquake Risk Assessment Studies 

Damage and losses to buildings assessments in the Wellington Region, and 

estimated deaths and injuries, for selected earthquake scenarios, was assessed by 

Opus International Consultants (Works Consultancy Services, 1995). The 

methodology used was based on the state-of-the-art at that time, including the 

forerunner HAZUS (NIBS, 1994). Valuation Roll Number (VRN) areas were 
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used to build the geographic models for the studies. The analyses were done with 

spreadsheets rather than GIS and the building damage models were produced 

specifically for the New Zealand construction types, based on data from Dowrick, 

ATC-13 and other sources. The number of buildings, their floor areas and 

construction types were supplied by Quotable Value (QV) New Zealand 

(Valuation New Zealand) while replacement costs were calculated from 

construction cost rates. The results of these studies have been adopted 

extensively, particularly for earthquake preparedness planning. One limitation 

with the methodology was that it produced nominally “mean” estimates of 

damage and losses, with only a general indication given of the likely variation 

from the mean in any particular event, due to uncertainty. 

 

Drawing on the works by Dowrick et al, Hopkins C.D completed an assessment of the 

potential damages on the Wellington City in the advent of a major earthquake (Gregory, 

New Zealand Earthquake Commission. et al. 1995). Hopkins compiled an inventory of 

the infrastructure within the city, established replacement costs through collaboration 

with organisations, and then applied a damage ratio for each category of infrastructure to 

estimate the total costs of reinstatement (Gregory, New Zealand Earthquake Commission. 

et al. 1995). The damage ratios were devised from various sources, including Dowrick 

and Applied Technology Council and included the roading and bridging sectors. The 

assessment was based on the assumption that the city would be re-established in the same 

manner as before. Hopkins utilized the damage ratio method, due to its high correlation in 

New Zealand and simplistic approach. Hopkins’ (1995) method was analogous of a 

“work breakdown structure”; this approach was based on obtaining a replacement value 

of the infrastructure and applying a damage ratio, to determine the reinstatement cost. 

This reinstatement cost was successively broken down into components based on 

engineering experience and empirical percentages established by Rawlinsons (1995). 

 

These theories covered in this section are important in the preparation of post-disaster 

reconstruction plans since they can be used to estimate resource requirements for disaster 
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reconstruction. The methods are empirical and should not be used in rigid plans, where 

resource estimates are benchmarked.  

2.5 CONCLUSION 

This chapter covered a detailed review of concepts on disaster management, with 

particular emphasis on preparedness in New Zealand. Several methodologies were 

identified which could be used to estimate the damages associated with a particular 

hazard and the resource needs for post-disaster reconstruction. The state highways are 

one such infrastructure where reconstruction is likely to commence at the response and 

progress through recovery. the Pre-disaster estimation of resource requirements is 

extremely important in assessing whether the construction industry can effectively 

provide the necessary resources in a disaster scenario. Notwithstanding the implications 

of the concepts discussed in this chapter, mobilisation of resources for (post disaster) 

state highway reinstatement will depend heavily on New Zealand’s construction industry, 

the transportation sector and the manufacturing industry (in case of material supplies), 

which are covered in Chapter 3.  
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CHAPTER 3 

NEW ZEALAND’S CONSTRUCTION INDUSTRYAND 
RESOUCES 

 

3.1 INTRODUCTION 
 
The main benchmark in establishing plans for reconstruction is linked to the performance 

of the construction industry. It is important to understand the framework of this industry 

before a genuine assessment can be made of its available resources to execute post-

disaster reconstruction. Production and manufacturing, transportation and importation, all 

play an integral part in the construction industry’s ability to mobilise resources. Existing 

trends of resource mobilisation gives a good indication of what can be expected in a 

disaster scenario.  

 

This chapter presents a review of literature on New Zealand’s construction industry, with 

great emphasis on the state highway (roading) sector and construction resources in 

relation to production, manufacturing and transportation; with the aim of establishing 

related trends in construction materials, plant and equipment, human resources and 

funding. 

 

3.2 TRANSIT NEW ZEALAND 
 
Transit New Zealand is a Crown entity empowered under the Transit New Zealand 

(TNZ) Act 1989, with the main responsibility of preparing a state highway programme 

and controlling the state highway system. TNZ was formed by the merger of the former 

National Roads Board and Urban Transport Council (Transit New Zealand. 2003). As a 

Crown entity, the organization’s responsibilities include managing and supervising of the 

highway system’s planning, design, construction, operation and assets. The Act requires 

that Transit outsource the development and delivery of all asset improvement and asset 
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management projects (Transit New Zealand. 2003). It is also responsible for the 

management, maintenance, and further development of the state highway network and 

reports to the Transit New Zealand Authority. This is an independent authority appointed 

by the government which operates much like a company board, directing overall policy 

and funding allocation. Local government and Transit New Zealand work closely 

together. Local government is responsible for undertaking transport studies into the future 

transport needs of local communities and prepares regional land transport strategies. 

Transit advises and provides financial assistance to local government to execute these 

functions (Transit New Zealand. 1993). The roading infrastructure is vital to New 

Zealand’s national economy support and development and thus, significant investments 

have been made within the sector. Transit now has the responsibility for implementing 

over $500M of asset management and asset improvement projects on the state highway 

network annually (Transit New Zealand. 1993). 

 
An important aspect to gearing up the construction industry used by Transit NZ is the 

publication of an annual 10-year State Highway Plan and Forecast, detailing planned 

state highway maintenance and capital improvements (www.transit.govt.nz). Transit's 

programme of work for the current year and planned works for the following nine years 

encapsulates the purpose of the forecast. Olsen (2004) identified the importance of 

certainty about future work programmes so that contractors could have the confidence to 

invest in people and plant and equipment that would be needed. The 10-year state 

highway plan is now recognised as a benchmark by contractors to resource requirements 

in the construction industry, which signals the level of investment required in the 

industry.  Appendix A1 illustrates three schedules from the 10-year state highway plan 

(2006).  
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3.3 TRENDS IN NEW ZEALAND’S CONSTRUCTION 
RESOURCES 

This section covers a review on existing trends on materials, plant and equipment, human 

resources and funding investments in New Zealand.  

3.3.1 Construction material  

Transit New Zealand’s span of authority includes all components of the state highway  

network, which means that significant material resources are required for the construction 

of roads and bridges and reconstruction and maintenance works (Transit New Zealand. 

1993). These physical resources include soil, rock and gravel, oil-based products such as 

bitumen, cement and steel. Transit relies on a number of suppliers for these materials and 

suppliers are required to comply with the Resource Management Act, when the materials 

are quarried. The use of recycled material such as gravel for road base has been a major 

development for the organisation (Transit New Zealand. 1993).  

 

Buffering of resources provides the one significant means of having materials when 

required, and could prove critical in reconstruction activities. This technique has been 

utilized in developed countries and was recently identified by Le Masurier (2006), in the 

United States of America, where large infrastructure owners make it a priority to 

stockpile key materials (which are difficult to source), even temporary bailey bridges, in 

preparation for disaster.  

 

Several types of important materials may require long lead times to acquire (such as 

bitumen, meters etc.) and requires careful planning to overcome the potential for delays 

in the reconstruction process.  This section covers a review of literature on some of the 

principal construction materials in New Zealand which are aggregates, cement and 

concrete, steel and fuel.  

3.3.1.1 Aggregates 

Mineral aggregates form one of the main components of the New Zealand road 

construction industry. “Aggregate is defined as any hard, inert, construction material 



Resource Availability for Roading Reconstruction:  
A Wellington Earthquake Scenario 

 

Review of Literature 42

such as sand, gravel, crushed stone, shells or other materials used for mixing in various-

sized fragments with a cement or bituminous material to form concrete or mortar, or 

used alone for railway ballast, road building or other construction” (Christie T. et al, 

2001). Aggregates are used in large quantities for building construction and roads. Over 

4,000 tonnes of aggregates can be utilised in the construction of one kilometre of 

standard highway pavement; while a new six lane motorway may require in excess of 

20,000 tonnes for the same distance (www.aqa.org.nz). In road construction, it is used to 

separate the natural soil foundation of the road from the tyres of transport vehicles; while 

in concrete work it is used as a main ingredient to the overall strength of the material. Its 

use is therefore significant within the roading industry and remains in major demand in 

New Zealand. 

 

New Zealand is well endowed with a variety of materials through which aggregates can 

be processed, including river gravels, glacial moraine deposits, volcanic ejects and  hard 

igneous and sedimentary rocks. Existing rock types in New Zealand are categorized into 

three main types: acid to basic volcanic rocks, metamorphosed “greywacke”; and 

sedimentary and chemically bound limestone. Currently, there are in excess of 600 

aggregate-mining operations throughout New Zealand (excluding other minerals such as 

clays, pumice and limestone). Traditionally, the quarry industry has been described as a 

heavy industry, with high capital investment requirements and running costs. Issues of 

land ownership, environmental considerations and physical restrictions on the size and 

quality of the deposit imposed by the RMA, imposes difficulties in its procurement 

(www.aqa.org.nz). Transport costs are a major factor in the economics of supply due to 

the low value per tonne, and resulted in sources required to be close to its demand 

(Statistics NZ, 2000). Rural-residential living has subsequently led to issues of reverse 

sensitivity with quarries. As aggregate become depleted within a specific geographic 

location, manufacturers have been pressured to move further out of the market zone 

which has led to significant increases in transportation costs (www.aqa.org.nz). 

 

Aggregates specifications required by Transit New Zealand for state highway 

construction are documented in TNZ M4 for base course and TNZ M6 (2001) for sealing 
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chips. The most important rock types for high quality aggregate are greywacke sandstone, 

greywacke gravels, basalt and andesite (Christie T. et al, 2001). Geographical areas 

lacking in such rocks, commonly utilise limestone or other rock types. The specifications 

currently being used by the roading authority generally do not identify a particular type of 

rock for aggregate, but rather specifies the required engineering properties of the 

materials (TNZ M/4). From the perspective of sustainable reconstruction, alternative 

aggregate supply should be in accordance with TNZ M/4 specifications. 

 

In New Zealand, the quantity of quality rock available varies from region to region and in 

some instances such as Auckland, there is significant difficulties accessing local supplies, 

due to mineral exhaustion within the existing quarries (Christie T. et al, 2001). There are 

no detailed stock estimates of aggregates in New Zealand but it is generally perceived 

that there are extensive deposits of greywacke and volcanic rocks to meet future demands 

(Statistics NZ, 2000). Construction and maintenance of roads is the major consumer of all 

aggregates produced in New Zealand, followed by the building industry (Statistics NZ, 

2000). A small number of major companies supply most of the aggregates produced in 

New Zealand; but many smaller operators also contribute to the country's supply 

(Christie T. et al, 2001). Several quarries exist in New Zealand; their locations are 

indicated by Figure A1 of the appendix 1. The major quarries in Wellington are Dry 

Creek, Belmont, Horokiwi and Kiwi Point, even though at present there has been 

considerable dependence on quarries at Plimmerton and Waikanae on the west coast of 

the Wellington Region. Closure of the Owhiro Bay quarry, a major source of aggregate 

on the south coast in the 1990's, has resulted in additional burden on the existing quarries. 

Projections indicate that these quarries will be unable to meet the demands in the near 

future (Christie T. et al, 2001). Good quality, low cost greywacke aggregate is available 

from the alluvia gravel, forming the present-day floodplains and adjacent river terraces 

mainly from the Wanganui, Whangaehu and Turakina rivers; and high grade aggregates 

is accessible from the Rangitikei River (Christie T. et al, 2001). 

 

Productivity of aggregate for roading construction in Wellington between 2000 and 2006 

is illustrated in Figure 3 below.  
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Figure 3: Wellington Roading 
Aggregate Production.  
(Amalgamated from Ministry of 
Economics and Development: 
www.crownminerals.govt.nz 
/minerals) 
 

Based on, the average production from the Wellington quarries is 800,000 tonnes per 

annum. For the corresponding period, the total quantity of aggregates produced in New 

Zealand is illustrated in Figure 4, which gives an average production of 21 Mega tonnes 

per annum.  

 

 
 
 
 

 
 

 
Figure 4: Total production of 

aggregates for roading construction.  

(Amalgamated from Ministry of 
Economics and Development: 
www.crown minerals.govt.nz) 
 

Comparison of these statistics to the resource requirements for reconstruction will 

provide a good indication on whether aggregate availability will be affected by 

production. Issues identified in this section, including reverse sensitivity on quarrying can 

be directly related to the reduced quarry activity in Wellington. This can also become a 

major issue to disaster reconstruction, if there is limited availability of aggregates.  

0.E+00

2.E+05

4.E+05

6.E+05

8.E+05

1.E+06

1.E+06

1.E+06

1999 2000 2001 2002 2003 2004 2005 2006
Year

A
gg

re
ga

te
 P

ro
du

ct
io

n 
(to

nn
es

)

0.E+00

5.E+06

1.E+07

2.E+07

2.E+07

3.E+07

3.E+07

1999 2000 2001 2002 2003 2004 2005 2006
Year

A
gg

re
ga

te
 P

ro
du

ct
io

n 
(to

nn
es

)



Resource Availability for Roading Reconstruction:  
A Wellington Earthquake Scenario 

 

Review of Literature 45

3.3.1.2 Cement and concrete 

Concrete finds extensive use within the construction industry and forms a primary 

construction material for many existing structures along the state highway network. In-

situ concrete is the traditional form of concrete construction and until the early part of the 

20th century, formed the main method in construction (Ccanz, 2000). In-situ (concrete) 

placing on construction sites has been substantially reduced by developments within the 

pre-casting industry (Ccanz, 2001). The New Zealand industry is well developed and 

generally acknowledged as a world leader in pre-cast concrete construction (Ccanz, 

2000). Good supplies of the raw materials and technology in most parts of the country, 

has made the practice economically and practically viable. The emergence of concrete 

pre-casting techniques in New Zealand, has allowed reinforced concrete to compete 

favorably with other forms of construction. Surprisingly, it has taken quite some time for 

this technique to impact on the residential construction market; with this renaissance 

occurring only in the past decade (Ccanz, 2000). The main advantage of pre-casting, 

whether done in factory conditions or on site, is that it offers the opportunity to control 

the quality to a high standard. The cement industry is primarily focused on the domestic 

market, with particular dependence on activities within the construction sector. The 

industry is supported by two manufacturing plants operated by Golden Bay Cement and 

Milburn New Zealand Limited. Golden Bay Cement Company Limited, a part of the 

concrete division within Fletcher Building, along with Firth Industries Limited, Winstone 

Aggregate Limited and Hume Industries Limited. Milburn New Zealand Limited, a 

subsidiary organisation of the Holderbank group and "cornerstone" of the Milburn Group 

of Companies (Lyday, 2001). 

 

Golden Bay Cement is New Zealand's largest cement manufacturer and supplier, with an 

estimated production of approximately 490,000 tonnes of cement per annum (Christie T. 

et al, 2000). The company's main manufacturing operation is concentrated at Portland, 

8km south of Whangarei. Distribution (of the final cement product) is executed via 

Golden Bay's eight (8) customer service centers, strategically located around New 

Zealand. Twenty percent (20%) of Golden Bay's output is exported, primarily to Pacific 

Island nations (P.A. Consulting Group, 2001).  
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Milburn operates out of Cape Foulwind, near Westport and has grown steadily over the 

years, currently producing approximately 470,000 tonnes per annum (Lyday, 2001).  To 

add value to its core cement business, the organisation has vertically integrated its 

operations to include (P.A. Consulting Group, 2001): 

• Aggregates: A variety of aggregates is supplied in the Wellington Region, 

Hawkes Bay and in Auckland, primarily for markets of ready mixed concrete and 

roading; 

• Concrete: A fleet of 34 ready mixed concrete plants owned by subsidiaries Ready 

Mixed Concrete and Allied Milburn, captures a great portion of the concrete 

market in New Zealand; and 

• Lime: Agricultural and industrial lime is produced through Taylor's Lime in the 

South Island and Mc Donald's lime in the north.  

Added to the economic benefits of this alignment, Milburn also supplies small quantities 

of cement to the Pacific Islands. 

 

Total production and consumption of cement in New Zealand between 1993 and 2005 is 

illustrated in Figure 5 below: 

 

 

 

 

 

 
Figure 5: New Zealand annual cement 
production and consumption (1992 - 
2005) 
(Source: http://www.cca.org.nz/) 
 

Based on Figure 5, average annual production of cement is approximately 1,040,000 

tonnes, with consumption of 910,000 tonnes per annum. These statistics give a good 

comparison (production versus consumption) of the limited capacity of the cement 

manufacturing industry to further increases in demand. Cement supply may thus be 
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vulnerable in this regards, during post-disaster reconstruction, depending on its 

requirements.  

3.3.1.3 Steel 

The steel industry in New Zealand is similar in operation to the cement industry. It 

focuses primarily on satisfying local demand, in competition with imported products, 

while exporting significant proportions of its output.  

There are two producers of steel in New Zealand: BHP New Zealand Steel and Pacific 

Steel. New Zealand Steel is a subsidiary of the Australian-based resources company. This 

company operates an integrated steelworks in Glenbrook, near Auckland, with its 

primary raw materials including iron sand and coal, mined locally. New Zealand Steel 

produces approximately 600,000 tonnes of steel per annum, of which sixty percent (60%) 

is exported to Australia, Japan, USA and Pacific Island countries (www.nzsteel.co.nz). 

Among their main products are hot and cold rolled steel sheet and coil, a range of pipe 

and hollow sections for the engineering and manufacturing industries; and a number of 

coated steel products for the building and construction industry (www.nzsteel.co.nz).  

 

Pacific Steel, which is a subsidiary of Fletcher Building utilises an electric arc furnace to 

produce steel from scrap metal. Subsequently, Pacific Steel has a limited capacity of 

approximately 170,000 tonnes of steel per annum, the majority of which is sold locally 

(P.A. Consulting Group, 2001). Among its product range are angle, channel and rod 

sections for the local construction and manufacturing industries. Production of steel is a 

complex process and its quantification (in terms of production), can be difficult due to the 

variable range of products. However a good indication of all steel production is that of 

crude steel which is a product from the steel making process (but is useless unless further 

processed). Crude steel must be formed into semi-finished or finished products, before 

they can be sold to manufacturers or processors. Semi-finished products are described as 

follows (Berry, 1999): 

• steel slabs, which are processed further to produce hot-rolled flat products such as 

plates, coils or sheets; and 
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• billets and blooms, which are also processed to produce hot-rolled long products, 

such as tube, structural mill, bars and rods. 

 
Beyond local steel production, approximately forty percent (40%) of New Zealand's steel 

consumption is imported to satisfy the needs of the local manufacturing and heavy 

engineering industries. The imported products include wire, pipe and structural steel 

products, which are imported from six main countries: Australia, Japan, China, Thailand, 

Korea and South Africa (Berry, 1999). Pacific steel on average produces 61,561 tonnes 

per annum of reinforcing steel; while importation accounts for 10,132 tonnes (Berry, 

1999). 

The total steel production in New Zealand for the period 1995-2006 is represented in 

Figure 6 below.  

 

 

 

 

 

 

 
Figure 6: Crude steel production 
in New Zealand (1995 - 2005) 
(Source: IISI (2006), Steel 
Statistical Yearbook 2006) 
 

Significant fluctuation existed in production over the past ten years, in line with trends in 

the construction industry. This has resulted in an average production of approximately 

800,000 tonnes per annum, estimated from Figure 6. This data is representative of crude 

steel, and shows relatively high levels of steel conversion. 

 

Berry (1999), reported that over three thousand (3,000) catalogued steel grades exist, 

which range from basic grades to high-alloy for specialised applications. Standards for 

steel components in New Zealand vary from product to product and therefore 

specifications used within the industry are based on particular product line. For example, 
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AS/NZS 4671 is the main specification for reinforcing steel in New Zealand, while 

“grade 500e” are regarded as seismic steel, specifically having properties to mitigate 

seismic effects (P.A. Consulting Group, 2001). Allington and Bull (2006) identified that a 

growing number of reinforcing steel were being imported and used in New Zealand’s 

construction industry which did not conform to AS/NZS 4671, particularly the seismic 

requirements. Meeting the demands of AS/NZS 4671 for steel reinforcement may impose 

some difficulties post-disaster, particularly since importation maybe required.  

 

The P.A. Consulting Group (2001) in a report for the Ministry of Economic and 

Development identified the following features of the steel industry: 

• From a global perspective, the steel industry thrives on principles of economies of 

scales. The major steel producing countries invest in large steel making plants, to 

achieve lowest cost of production and maintain competitiveness within the 

international markets. The New Zealand market is at some disadvantage in this 

regard, due to its small scale and limited extent of the local market.  

• The steel industry focuses on a limited range of products, tailored to the needs of 

the local construction market. The industry is thus closely linked to the 

performance of the economy, through activity levels in other industries including 

construction, manufacturing and agriculture.  

 

The small scale of the New Zealand market, coupled with limited production and product 

line are likely to impose difficulties during reconstruction, particularly if there is high 

dependence on importation.  

3.3.1.4 Fuel 

Fuel availability and general supply information is largely covered in three main reports 

by the Ministry of Culture and Heritage (2005) and Ministry of Economic and 

Development (2005 and 2006).  

 

Production of fuel in New Zealand is focused on a single oil refinery at Marsden Point, 

Whangarei, which was designed to supply the majority of New Zealand's demand. A full 
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range of petroleum products, including petrol, diesel, jet fuel and fuel oil are produced at 

the Marsden Point refinery. The refinery operates on low-grade Middle East crude oil, 

which is relatively cheap. About 6% of the hydrocarbons processed are obtained locally, 

while the remainder 94% is imported (MCH, 2005). While most of the Marsden oil 

supply is used on a domestic basis, New Zealand's higher-quality oil and condensate are 

sold at higher prices, on the international market, primarily to Australia. New Zealand 

consumes about 35-40 million barrels of oil per year or slightly over 100,000 barrels per 

day (MCH, 2005). The major consumers of oil products (petrol, diesel, aviation fuel and 

fuel oil) in the year ending March 2005 were domestic transport (84.6%), industrial users 

(6.8%), agricultural users (5.1%), commercial users (2.6%) and residential users (0.9%) 

(Dang & Cowie, 2006).  Petroleum distribution and retailing is dominated by four 

international companies: BP, Mobil, Shell and Caltex. These companies have interests in 

the Marsden Point oil refinery and between them they own most bulk-storage facilities 

and many of the country's petrol stations.  

 

 
Figure 7: Quantity of crude petroleum produced (indigenous), imported and exported in New Zealand. 
(Source: Statistics NZ, 2007) 
 

Figure 7 above illustrates the quantities of petroleum extracted, exported and imported in 

New Zealand. The high level of importation over the years, gives a good indication on 

New Zealand’s dependence on importation which presents possible difficulties likely to 

be encountered if reserves are inadequate. Inherently, MCH (2005) stated that due to 
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heavy dependence on importation of crude oil, fuel prices are very vulnerable to increases 

in the international oil price (in New Zealand). 

  

There are several issues which suggest that New Zealand’s current fuel supply could be a 

major challenge to recovery after a Wellington fault earthquake. New Zealand’s fuel 

supply has reportedly been at critical levels, due primarily to diminishing production in 

the oil industry.  MED (2005) highlighted the significance of this critical oil level in 

March 2005, where New Zealand's oil stock levels were estimated at 28 days. As a 

member of the IEA1, New Zealand is required to hold at least 90 days of oil reserves 

(measured as net oil imports). The Ministry of Economic Development, in consultation 

with other agencies and stakeholders, have embarked on developing an oil emergency 

response strategy, which envelopes the policies and operational aspects of managing an 

emergency disruption of oil supplies. The main objectives of the strategy are (MED 

2006): 

 To ensure that the effects associated with a disruption in oil supply in New 

Zealand is minimised; and 

 To ensure that New Zealand’s obligations are met as a member of the 

International Energy Agency (IEA).  

In effect, the strategy will seek to address issues at both an international level, where the 

IEA request member countries to implement emergency measures; and at a national level, 

where New Zealand responds independently. Additionally, the MCDEM is currently 

leading the development of a civil defence contingency plan in case of a long term 

disruption, major disaster or pandemic-type event. The MCDEM, along with the 

responsible government departments, have been in collaboration with the petroleum 

industry and regulatory bodies to develop these contingency plans, or modify existing 

plans, that support the petroleum industry. This ensures that coordinated actions are taken 

during an emergency which affects distribution nationally or regionally (MED 2006). 

 

                                                 
1 The International Energy Agency (IEA) is an intergovernmental body committed to advancing security of energy 
supply, economic growth and environmental sustainability through energy policy co-operation (MED: 
www.med.govt.nz/.) 
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The critical level of oil reserves coupled with New Zealand’s dependence on importation 

for oil supply, makes fuel availability a critical consideration for post-disaster response 

and recovery.  

MED (2006) identified several measures that could improve fuel supply in New Zealand. 

It is anticipated some of these steps can be instrumental to improving fuel supply during 

post disaster recovery. These processes are summarised as follows (MED 2006): 

 
• Drawdown of Stocks: As stated previously, the New Zealand government has 

decided that its IEA obligation is best met by contracting companies to hold oil 

stock on behalf of the Crown. Reserve stocks will be in addition to, and controlled 

separately from normal commercial stocks. This would also allow New Zealand 

to respond in an oil supply dilemma, by releasing stocks from its petroleum 

reserve, effective from the start of 2007. Restrictions on reserve stock release will 

ensure that the stocks may only be released to meet obligations to the IEA or in a 

situation where there is a reduction or threatened reduction of petroleum supplies 

in New Zealand. Reserve supplies will not be available for price management or 

for assisting any particular supplier. 

 
• Surge Production: Increasing domestic oil production is a possibility, in a case of 

oil supply disruption in New Zealand. The MED has stated that this would be 

investigated at the time of an oil supply disruption; with particular consideration 

given to the effect of surge production would have on reducing New Zealand’s 

recoverable reserves. 

• Relaxation of Fuel Specifications: If oil supplies become extremely critical, 

specific parameters within New Zealand’s Petroleum Products Specifications 

Regulations (PPSR) could be relaxed to allow greater availability of petroleum. 

Relaxation of specifications will allow greater output at the New Zealand refinery 

and is also likely to allow petroleum to be sourced offshore which would become 

acceptable for sale in New Zealand. Relaxation on fuel specifications will 

ultimately allow the industry/government management team to identify any 

regulations which may potentially restrict the production or supply of products in 
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New Zealand. The team can then determine how feasible it is to relax these 

regulations by comparing the positive impacts such as increased supply, versus 

the adverse impacts, including environmental, health, safety, and operational 

effects.  Fuel specification relaxation is only likely to be done at the time of an oil 

supply disruption. 

Following a national emergency, these measures may be essential in improving fuel 

supply, if stock levels became critical. 

 

The availability of these materials in post-disaster reconstruction will obviously be 

essential in recovering the infrastructure. Construction plant and equipment are as 

important to roading and bridge construction as the construction materials highlighted in 

this section and are covered in the following section.  

3.3.2 Construction Plant and Equipment  

Plant, machinery and equipment within the construction industry are essential elements, 

if works are to be completed to desired standards and in a timely manner. New Zealand’s 

construction plant and equipment supply is a complex industry.  

 

IBS (2006) identified several salient features of the New Zealand plant and equipment 

supply, which are listed as follows (IBS 2006): 

• Imported equipment provides the gamut of New Zealand's construction equipment 

demand (IBS 2006). The leading corresponding import countries are Japan, 

U.S.A., South Korea, United Kingdom and Germany, with market shares 

indicated in Figure 8 below.  

 

 

 
 
Figure 8: Percentage of market 
share of construction equipment in 
New Zealand (2004)  
(Source: International Business 
Strategies, Construction Equipment 
in New Zealand, 2006) 
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• The demand for construction equipment (in New Zealand) is a function of the 

activities in the building and construction sector. 

• Caterpillar forms the major U.S. brand for earth moving and materials equipment 

in New Zealand; even though other significant brands include Komatsu, Hitachi, 

Volvo, Case, Terex and Grove. 

• Limited scope exists for domestic manufacturing of construction equipment in 

New Zealand; several companies are involved in the fabrication of buckets, 

shovels, grips, mechanical parts and other accessories. Such productions are done 

by approximately three hundred (300) companies, specialising in metal 

manufacturing in New Zealand.  

 

The New Zealand construction equipment market sector is therefore highly diversified in 

brands, while plant renewal and investment is heavily dependent on activities within the 

construction industry.  

 

Since 2000, significant investments have been made in construction plant and equipment, 

as illustrated in Figure 9.  

 

 
 
 
 
 
 
 
Figure 9: Graph of annual investment 
in construction plant, machinery & 
equipment 
(Source: Department of Building and 
Housing - http://www.dbh.govt.nz) 
 

The level of investment in machinery for the period 2000 to 2005 represent a priority in 

construction machine input. This was primarily due to increase annual workloads over 

the period, which also continued in the first quarter of 2006, as construction rose by 1.7% 
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(Wills, 2006). This investment in plant and equipment ensures greater availability, which 

will be instrumental to recovery in the state highway network. 

Contrary to Figure 9, physical construction issues over the past two years suggest that the 

supply of plant and equipment has been insufficient. Sulzberger (2005), identified one of 

New Zealand’s primary problem in the construction industry is the high demand for 

skilled labour and specialist construction equipment, which were lacking in projects such 

as the Oamaru Water upgrade. In addition, a survey conducted by AELG (2006) on the 

reconstruction of Matata and Manawatu (in 2005) suggested the following (AELG, 2006): 

• physical resource limitations were primarily attributed to the inability to source 

supplies from outside Auckland, competition for limited resources and (reliance) 

on just-in-time supply chain; 

• Transportation equipment, generators, excavation plants, rollers and pavers 

represented the critical equipment constraints; and 

• While all contractors used in these disasters utilised sub-contractors, only 33.3% 

were confident in the ability of their sub-contractor.  

 

These reports suggested that post-disaster reconstruction is likely to be constrained by 

shortages in construction equipment. Zon (2005) also supported this possibility, utilizing 

the Matata and Manawatu (2005) flood events to conclude that accessing of plant and 

equipment (for reconstruction) is very expensive due to the competitive pressure, 

particularly in the environment of high demand and limited supply.  

 

Machine availability will be instrumental to a fast recovery process but would be 

pointless if the requisite human resources to execute the reconstruction activities are 

absent. The following section looks at the current trends in human resource availability in 

the New Zealand construction environment. 

3.3.3 Human Resources 

Chelsom et al. (2005) described human resources as the people working in an 

organisation (or project) who individually and collectively contribute to the achievement 

of its goal. They also include technical and marketing expertise. One of the difficulties in 
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assessing human resources however, is defining skill needs with respect to shortages 

(Lobo, 2006). Lobo (2006) explained that an employer’s interpretation of skills, when 

referring to skill shortages, included several behavioural attributes, such as unsupervised 

working ability and reliability; and not simply technical skills required to complete a task.  

The common definition however is that skills are attributes which reflect technical 

expertise; encapsulating the ability to perform given tasks or to master various techniques 

through dexterity or cognitive skills (Lobo, 2006).  

3.3.3.1 Industry Trends 

A good reflection of the construction industry’s imperfections with respect to resources 

can be seen by examining large construction organizations. Lobo (2006) stated that if 

large contractors were unable to procure general resources to complete construction 

projects, then it was logical that other contractors would face similar problems. The 

seriousness of human resource availability in New Zealand was reflected in 2004 where 

Fletcher Construction refused a two hundred and fifty million dollar (M$250) project, 

declaring a lack of resources (Lobo, 2006). Fletcher Construction is arguably the largest 

building construction entity in New Zealand and it was evident that the main issue was 

labour shortages in this instance. 

 

DoL (2005) indicated that the construction industry employs approximately 150,000 

people which make up almost 8% of New Zealand’s total workforce. The industry is 

dominated by skilled construction trades workers such as bricklayers, carpenters/joiners, 

plasterers, glaziers, plumbers, painter/decorators and electricians; but also includes 

labourers, machine operators, managers and administrative personnel. Figure 10 below, 

gives a good indication of the recent trend in full time equivalent (FTE2) employment of 

current employment within the roading construction sector. 

                                                 
2 Full time equivalent (FTE) is a means of counting jobs which recognises that different hours are worked 
by part-time and full time employees. Part-time jobs are counted as one half of a FTE and full time jobs as 
one (DoL (2006). "Road to the future." workInsight: 2.) 
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Figure 10: Full time equivalent 
jobs in bridge and road 
construction (2000 -2004) 
(Source: (DoL 2006) 

 

In line with the construction boom which coincided with the year beginning 2002, there 

has been a consistent increase in the demand of construction personnel being employed 

within the roading sector, as illustrated in Figure 11 below. 

 

 

 

 

 

 
 
 
Figure 11: Trends in construction- 
completed construction work 1992-
2004.  
(Source DoL, 2004) 

 

This strong growth has been concentrated in the residential construction sector and 

attributed to a number of interdependent factors, including low interest rates from early 

2001 to early 2004, high population growth caused by record net migration inflows, 

strong wage and job growth, and property investment from overseas (DoL 2005). 

Subsequently, this has led to greater influx of work and fewer people (workers).  

 

Residential construction is however expected to ease over the next year due to several 

factors: rising interest rates since mid-2004; population growth which has slowed down 

as a result of lower net migration; downturn in the number of overseas students studying 



Resource Availability for Roading Reconstruction:  
A Wellington Earthquake Scenario 

 

Review of Literature 58

in New Zealand which may impact on apartment buildings; and high exchange rate which 

may discourage offshore investors (DoL 2005).  DoL (2005) further indicated that this 

expected slowdown in residential building is likely to be compensated by an increase in 

non-residential construction which had shown little growth during much of the 

construction boom.  

 

Recent post-disaster reconstruction, following the flood events of Manawatu/Wanganui 

(2004) and Bay of Plenty (2005) in New Zealand, revealed significant human resource 

constraints. AELG (2005) reported that these events encountered difficulties with 

shortages in sectors of experienced operators; structural and geotechnical engineers; 

general construction personnel; team leaders; and even general contractors. In addition, 

resources (human) had to be solicited by utilising additional contracted personnel and 

pooling national staff, to ensure that staff requirements were met (AELG, 2005).  

 

The reasons for the widespread shortages have been due to several factors, which are 

identified in the following section. 

3.3.3.2 Reasons or shortages 

A survey conducted by the DoL (2005) revealed that in September 2004, 68% of 

construction employers interviewed said that labour was the factor most limiting 

expansion of their business activity (choices included demand, supplies, finance, capital 

and labour). Notwithstanding the high construction boom, the following reasons were 

attributed to the shortage in construction personnel (DoL 2005): 

• There has been a significant reduction in the pools of unemployed people (since 

1998) which means that recruitment is much more difficult. The number of 

unemployed people reporting that they are seeking skilled-trade jobs has been so 

small that estimates are unreliable; the best estimate is less than 3,000, 

representing approximately 1% of all those employed in skilled trades. 

 

• Migration of construction personnel from New Zealand over the past six years has 

left significant gaps in the industry. Migration accounted for 2,900 permanent and 
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long-term personnel who were described as skilled construction workers. In 

addition, a net loss of approximately 4% of the total number of people employed 

in this occupation occurred in 2001. This trend has reversed to some extent over 

the past three years, but the gains only accounts for approximately one-fifth of the 

earlier losses. 

 

• The number of new industry trainees has arguably been inadequate to meet the 

demands of a booming construction industry. Between 2001 and 2003, an average 

of just over 1,000 trainees was qualified as skilled construction trades workers.  

However, with employment of trades personnel increasing by an average of 6,500 

per year within the same period, it was clear that the industry training outputs 

were filling only a small percentage of the demands. The situation has changed 

somewhat, with new enrolments in construction-related industry training 

increasing rapidly since 2002.  

 

These constraints to human resources in New Zealand’s construction industry can 

significantly affect post-disaster reconstruction if shortages continue along similar trends. 

Human resource shortages can also be expected to be heightened in a disaster, due to 

intense competition, as was reported by AELG (2005). 

 

Physical resource availability following a disaster will depend significantly on the 

availability of funds for post-disaster reconstruction, which is holistically dependent on 

the status of the economy. The following section looks at the effect of funding on 

reconstruction. 

3.3.4 Economy and Funding  

3.3.4.1 General 

The New Zealand economy is a complex one, which operates on free market principles. It 

consists of sizeable manufacturing and service sectors, complementing a highly efficient 

agricultural sector. The economy is strongly trade-oriented, with exports of goods and 

services accounting for around 33% of total output (NZDMO 2006).  
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New Zealand’s economy, unlike larger economies such as Japan and the United States, is 

small and undiversified (White, 1997). This effectively means that New Zealand’s 

resilience to absorb the economic shock associated with a major disaster maybe much 

less. However, the economy is relatively developed, particularly in the degree of 

international integration of its monetary system and financial markets. White (1997) 

concluded that these two (2) factors combined, suggests that economic policy agencies 

will be a faced with a more complicated set of issues to manage than many other 

countries. Zon (2005) added that reconstruction, as opposed to normal construction, has 

more indirect costs due to imperfections in the economy after a disaster; but recent 

disasters in New Zealand have been small-scaled, which resulted in little impacts on the 

economy. Thus, the “economic shocks” and cost inflations predicted by White are likely 

to be more vivid in a large disaster such as a Wellington fault earthquake. 

 

Funding for post-disaster state highway reconstruction is likely to be managed by Transit 

NZ, though its alignment with Land Transport New Zealand. The following section 

describes the currently used framework for construction funding. 

3.3.4.2 Transit New Zealand’s Funding – Land Transport New Zealand 

Land transport funding under the LTNZ is accumulated a combination of road user 

charges, (a portion of) fuel excise taxes and motor vehicle registration and licensing fees 

(Dunlop, 1999). This income goes into the National Land Transport Fund, within the 

government’s accounts. These funds are primarily utilised for road policing (by NZ 

Police) and another portion is allocated for collection and refund of land transport 

revenue. In recent years, land transport funding has been supplemented by grants from 

Crown funds, which are presented by central government for specific regional projects 

(LTNZ, 2006). 

 

Land Transport NZ (previously Transfund) allocates funds to approved organisations for 

land transport infrastructure and services through the National Land Transport 

Programme (NLTP). Transit NZ is funded by two main processes, identified as follows 

(LTNZ, 2006): 
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• Tolls and developer contributions may also contribute to a project’s funding; and  

• LTNZ’s dedicated funds for the state highway networks; including maintenance 

and construction of state highways, promotion of walking and cycling, passenger 

transport-related state highway projects and administration and project control. 

Funds allocated via the Land Transport NZ, is done in accordance with the Land 

Transport Management Act (LTMA), through the following process outlined 

below (LTNZ 2006). Figure A2 of the appendices illustrates the various funding 

mechanisms currently used to finance Transit NZ’s projects.  

 

 
Figure 12: Process of fund allocation used by LTNZ.  
(Source: www.ltsa.govt.nz) 

 

LTNZ is therefore well capable to assist and advise approved organisations to review 

their land transport programmes to make them more effective in future years, through its 

monitoring process. On an annual basis, Transit New Zealand is required to prepare a 

work programme for the state highways and submit this to LTNZ for approval (LTNZ 

2006). Transit NZ’s ten (10) year state highway forecast provides the basis for its 

budgetary requests and gives a good indication of the proposed work to the state highway 

network (TNZ, 2005).  
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The lengthy period associated with such a project funding mechanism makes it difficult 

to adapt in a post-disaster situation. Zon (2005) identified that this was exactly the case in 

the reconstruction process after the Bay of Plenty flood disaster in 2004/2005, where 

detailed project evaluation methods were discarded. The following section elaborates on 

recent issues of financial aid on post-disaster reconstruction projects in New Zealand. 

3.3.4.3 Funding issues during a disaster event 

Recent researches in New Zealand identified issues associated with funding during 

disasters. Rotimi et al (2006) identified that it is important that LTNZ become involved at 

the inception of the recovery process to ensure that funds are made available in a timely 

manner. Post-disaster reconstruction following the Manawatu floods (2004) was met with 

much confusion over funding, particularly during the initial stages, which frustrated the 

prioritization process (Rotimi et al, 2006). 

 

Seville & Metcalfe (2004) identified that there is certainly to be significant pressure on 

limited resources and expertise for reconstruction. Effectively, this would imply that 

recovery may take longer or cost more than they would under normal circumstances and 

therefore should be accounted for, in any cost estimates (Seville & Metcalfe, 2004). 

 

White (1997) stated that it must be recognised that a significant disaster may trigger a 

range of specific, unanticipated price increases, which must be taken into account in the 

allocation of funds. In the short term, there can be expected escalation of prices of 

particular goods and services, which are may face severe difficulty in procuring. Some of 

these costs may however be offset by price reductions in other items, as a result of excess 

supply elsewhere (White, 1997). This may apply to all categories of resources: finances, 

labour, construction materials and equipment.  

 

Based on the prevailing stance of monetary policy ahead of the disaster, in cases where 

price increases cannot be anticipated, the likely result would be a near term jump in the 

average level of consumer prices (White, 1997). White (1997) also identified that in the 

case of an earthquake in Wellington, there is likely to be an increase in construction cost. 
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This may transcend to other regions, since firms from those regions are likely to face 

greater competition from Wellington firms for appropriately skilled labour and materials 

requirements. A domino effect can be expected, as increased demand for labour with the 

level of skills required by the construction industry would see other industries relying on 

similar skill to respond by increasing pay rates (White, 1997). Logically, if this 

occurrence is totally accommodated by monetary policies, then the process is likely to 

result in generalised inflation in the long term. This therefore suggests that policies will 

need to be implemented to annul this scenario.  

 
In summary, the current systems of allocating funds for state highway projects are 

effective under normal circumstances (of developmental projects) but maybe inadequate 

for post-disaster reconstruction. Availability of funds will be a key issue to 

reconstruction.  

 
Availability of physical resources (plant, materials and labour) in a major natural disaster 

becomes a challenge to the affected transportation system. The following section 

examines the transportation system. 

3.3.5 New Zealand’s Transportation Systems 

The transportation system in New Zealand consists of the motor, railway, airways and 

ports and coastal shipping component of modern systems. Transport is a major 

component of economic activity in New Zealand. The characteristics of the country's 

transport system are mainly due to New Zealand's dependence on external trade and 

remoteness from many of its trading partners, and also to its rugged terrain and scattered 

population (NZTE, 2006). Consequently, the transportation system has developed into a 

comprehensive network of roads and railways, which are linked to ports and airports. The 

efficiency of the internal transport system has played a critical role in New Zealand's 

economic growth. The transport sector became systematically deregulated over the past 

20 years; previous government-owned operations have been corporatised and many have 

been sold (MOT, 2002). 
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3.3.5.1 The Existing Modes 

The roading system of New Zealand consists of approximately 10,700 km of state 

highways (MOT, 2002). However, like Australia, the New Zealand Road infrastructure is 

incapable of supporting large transportation volumes (Sankaran, 1998). Many of the 

main routes provide one to two lanes and in either direction; sections of which passes 

through towns. The increasing resentment of trucking fleets passing through towns or 

cities have resulted in railways capturing even short-hand trade from motor transport 

(Sankaran, 1998). 

 

The railway network consists of approximately 3,898 km of tracks. The track is currently 

owned by New Zealand Railways Corporation (NZRC), a state-owned enterprise.  Toll 

NZ owns and operates the trains that run on the railway system (NZTE, 2006). The 

network comprises of a main trunk line connecting the major cities and secondary branch 

lines, servicing the major provincial population and production centres (Sankaran, 1998). 

A roll on/roll off ferry service between the North and South Islands which began in 1962 

with a service between Wellington and Picton, forms part of the system (Sankaran, 

1998). New Zealand's rugged terrain results in relatively higher examination and 

maintenance costs for wagons and tracks compared to other countries such as Australia 

(NZTE, 2006).  

 

The geographical location of New Zealand allows exploitation of the waterways for 

national and international shipping. Approximately 99% of New Zealand’s imports and 

exports (by volume) are carried by sea (MOT, 2002). New Zealand is a ship-using rather 

than a ship-operating nation, and its shipping policy seeks to ensure that New Zealand 

exporters and shippers benefit from fair competition between carriers. Conference lines 

and vessel sharing agreements are involved in much of New Zealand's overseas shipping. 

Increased competition in New Zealand's international trade over recent years has seen 

increasing participation by independent carriers (NZTE, 2006). Several companies 

operate inter-island shipping services. Port companies operate New Zealand's thirteen 

(13) major commercial ports. Benefits from the reform of New Zealand's port industry 
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have been realised through corporatisation and privatization of the ports (Sankaran, 

1998).  

 

New Zealand is well served by international airlines, including Air New Zealand, linking 

the country with the rest of the world; with both extensive freight and passenger services. 

The number and scope of New Zealand's bilateral air service agreements has increased 

significantly, especially with Asian and Pacific Rim countries. A number of domestic 

airlines operate from airports and aerodromes throughout the country, with Air New 

Zealand being the largest domestic operator of scheduled services. The country's three 

major airports, Auckland, Wellington and Christchurch, operate as limited liability 

companies (NZTE, 2006). Large shipments and most bulk exports still travel by sea, but 

more products are now leaving New Zealand by air. The increasing use of "just in time" 

and the demand for quick delivery of specialised products (as well as spare parts and 

replacement policies) add another dimension to how New Zealand exporters consider 

their freight arrangements. 

 

The transportation of resources will be dependent on the modes which are available 

following the disaster, rather than the traditional/preferred means of transport, discussed 

in the following section.   

3.3.5.2 Transportation of primary resources 

At present, markets for aggregate is heavily dependent on the population density and 

resulting demand for highway and building construction. A significant aspect of the end 

price of aggregates is the transportation cost; thus the need to have a local source (Holden 

2006). Holden N. (2006) reported that (in 1998) transport cost accounted for 30% of the 

total cost and projections indicated that this could rise to as much as 45% to 55% in the 

near future. This gives a fair indication of the impact of transportation costs on the final 

cost of aggregates. Truck-haulage is the most popular means of transporting aggregates 

and is the preferred choice for distance up to 50 km (Christie T. et al, 2001). Intermediate 

distances (50 to 100km) are often covered by rail, especially where producers have access 

to rail connections which allow stockpiles to be maintained closer to consumers. The use 
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of marine vessel (barges) is becoming more prevalent for very long haulage, where 

access to water ways is available. Road transport in New Zealand remains much more 

flexible than other means and has no inter-modal costs associated with it (Christie T. et 

al, 2001). With the state highway and rail networks expected to be affected following a 

Wellington fault earthquake, alternative modes will become essential in transporting 

aggregates. Thus, the current diversified transport modes within the quarry industry, 

augers well for this purpose. 

As stated in Section 3.3.1.3, both producers of steel in New Zealand have their operations 

located in Auckland. Nation-wide distribution of products to consumers is a formidable 

task. The industry utilises a combination of rail and road to transport steel. Imported steel 

products from Pacific Steel specifically come into the main ports of Auckland and 

Lyttelton and are distributed directly to consumers from these locations. Berry (1999) 

noted that historically, multi-branch distribution structures had developed due to the 

regulated transport industry, which required New Zealand Railways to carry freight over 

150km. The regulated nature of the transport system made it inefficient and infrequent to 

transport steel, which ultimately resulted in a network of regional branches offering 

major product lines. Deregulation of the transport system resulted in a greater level of 

service and steel is now delivered quickly and relatively cheaply. The presence of 

multiple steel distribution branches around New Zealand, has created an expectation from 

purchasers, that demand can be satisfied on a “just in time” (JIT) basis (Berry, 1999). 

While it is highly improbable that JIT inventories will be effective in a post-disaster 

situation, the greater concern should be the heavy reliance on rail for transport. As stated 

previously, the rail network is likely to be inoperable in a Wellington fault earthquake 

disaster. 

 

Transportation of cement within New Zealand utilises various modes, depending on the 

distance from the suppliers. Bulk and bagged cement from the Portland plant is 

distributed locally by road, while further destinations utilises the company’s coastal 

supply ships. The Milburn’s Cape Foulwind plant located 10 km west of Westport supply 

cement via ships, road and rail, to various centers located throughout New Zealand 

(Christie T. et al, 2000). Similar to aggregate transport, alternative transportation options 
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are likely to easily adaptable for post disaster reconstruction following a Wellington fault 

earthquake. 

 

3.4 CONCLUSION 

This chapter covered a review of literature on the nature of various manufacturing 

industries and the construction industry particularly involved in roading construction in 

New Zealand. Recent trends in the four aspects of construction resources: material, plant 

and equipment, human resources and funding formed the essential topic of discussion, 

with main references to procedural frameworks and associated organisations responsible 

for managing these resources.  

Relative to objective 2 of the research, this chapter formed the initial starting point to 

evaluate the resource availability for post disaster reconstruction, by viewing the existing 

trends in the construction industry during the current period of a construction boom in 

New Zealand. 
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CHAPTER 4 

METHODOLOGY 
 

4.1 INTRODUCTION 

This chapter describes the research methodology used in accomplishing the objectives of 

the research and the main criteria for selecting these methods. The objectives were 

established at the inception of the research and used as the guiding principles towards the 

methodology of approach. 

 

Post-disaster reconstruction resource encompassed an enormous scope, which could only 

be constrained by: 

• Establishing a disaster scenario that was realistic; and 

• Examining the resource requirements for the reinstatement of the State Highways 

only. This allowed minimal consideration of the rural arterial roads and thus, only 

the assets controlled by Transit New Zealand were assessed. 

 

A qualitative approach was adopted to pursue the primary objective of evaluating the 

availability of resources for post-disaster state highway reinstatement. The research 

methodology is summarised in Figure 13 below; the main research tools including a 

detail literature review, interviews and a quantative method of establishing resource 

requirements.  
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 Figure 13: Algorithm of research methodology 
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4.2 RATIONALE OF CHOSEN METHODS 

4.2.1 Literature Review 

The literature review was an obvious requirement for this research, specifically for 

establishing a knowledge base to pursue the objectives of the research. There was no 

better way of understanding New Zealand’s construction practices and resource pools 

than by reading about them. The choice in returning to the literature review after 

completing the interviews was essential, since not all issues (established from the 

interviews) were covered at the initial stage. This provided a better basis for latter 

discussions on the topic. 

4.2.2 Workshops 

Workshops formed the initial part of field work in this research. They were specifically 

used in association with the literature to understand current systems associated with New 

Zealand’s state highway network and disaster management, which encapsulates the 

research topic. The workshops provided a good means of meeting first hand with 

potential participants and deciding on which organisations to approach for interviews. 

These introductions (of the research to potential participants) were much more formal and 

effective, compared to the introductions via telephone.  

4.2.3 Disaster Scenario 

The disaster scenario approach presented in Chapter 5 was the preferred method in 

conducting the research, compared to the other methods explained in Section 2.4.2 (pp. 

32).  This was primarily due to: 

(1) The resource requirements approach which involved a quantity “take-off” of 

damaged infrastructure could easily be validated from the scenario; and 

(2) It provided a medium to model the necessary physical constraints (such as 

transportation) which are likely to affect resource availability; 

 

The impacts (of the Wellington fault earthquake) will be astronomical, particularly with 

the level of operations and infrastructure that is expected to be affected. The relatively 
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high probability of occurrence of this earthquake also makes it a realistic threat to New 

Zealand. A similar scenario was also used at Capitol Quake 2006 – a national exercise 

which reflected the perceived significance of a Wellington fault earthquake to New 

Zealand. These reasons, coupled with the relatively high level of information available on 

such an earthquake, as indicated in Section 2.2.2 (pp.20), justified the specific choice of a 

Wellington fault scenario. 

4.2.4 Interviews 

Interviewing various persons within the industry was the main investigatory tool used in 

the research. With the research consisting of a disaster scenario, it was advantageous to 

have “face to face” dialogue with participants, rather than to use structured 

questionnaires. These interviews also allowed greater details and follow-up questions to 

be administered, which were instrumental in understanding various disaster policies and 

problems of resources, currently encountered within organisations.   

 

The objectives of the research meant that it was essential to ascertain related views on 

resource availability and disaster management from persons within the roading sector. 

Obtaining statistical data was not the main aim of the interviews; rather they were meant 

to capture the policies, opinions and issues on resources within various categories of 

organisations (controlling authority, contractors, consultants, disaster management groups 

etc.) that would be involved in reconstruction. The various roles of these organisations 

also meant that different questionnaires had to be prepared for the four categories, as 

indicated in Appendix A3. Questions were derived based on the implications of the 

scenario; issues arising from the literature review and views expressed at the workshops. 

They were structured to determine which resources were currently engaged with 

difficulties in meeting existing demand. The questionnaires were amended accordingly as 

additional issues to post-disaster reconstruction emerged during the initial interviews.      

 

The organisations selected were those identified within the roading industry with interests 

in disaster management. The study was based on the state highway network which meant 

that Transit New Zealand was an automatic choice. Other controlling authorities 
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including the Wellington CDEM were selected based on there potential influence on 

reconstruction. Contractors and consultants form the main players of the construction 

industry and formed an integral part of the interviews. Larger/national organisations 

within each sector were selected, since it was logical that if these organisations had 

difficulties mobilising resources, then smaller organisations were unlikely to do any 

better. In addition, the larger organisations were likely to be the main contractors in post-

disaster reconstruction. The workshops were instrumental in identifying the prolific 

companies in New Zealand.  

 

Individual selections to participate in the research were left to the organisation to provide 

the best person to answer the questions. The participants which were presented by the 

organisation were either from upper and middle management or senior engineers, who 

were prepared to answer most of the questions.  

4.2.5 Resource requirement estimation for post-disaster state highway reconstruction 

The estimate of resources for post-disaster reconstruction was essential in comparing 

current resource levels to what will be required for the reinstatement of the Wellington 

State Highways.  

 

The comprehensive work to date (in New Zealand) with regards to estimating the 

resources required for reinstatement of Wellington City after a disaster, is David Hopkins, 

as detailed in Gregory et al (1995) (Section 3, pp.32). The main reasons for re-estimating 

the resource requirements were based on: 

(1) Substantial growth in the infrastructure (since the previous estimates in 1995) 

meant that there was need to update this information;  

(2) The previous approach grouped all categories of roads (both rural and state 

highways), which made it difficult to extract the state highway reconstruction 

resource requirements (which is the main aspect of this research); and 

(3) The method used previously was highly empirical and used a top-down estimating 

approach. The estimated (final) reconstruction costs were first determined, 

followed by the determination of activity costs by applying various factors. Each 
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activity costs were then systematically broken down into resources by applying 

ratios of plant, material and labour.  

The method derived in this research was comparatively unique, adopting a standard 

quantity “take-off” approach as described in Section 4.3.5 (pp79). Contrary to Hopkins 

methods, this method estimated the material requirements for various aspects of state 

highway reinstatement, from which labour and plant requirements could be determined 

based on a combination of engineering experiences and previous studies (such as 

Rawlinson’s, 2002).   

4.3 DESCRIPTION OF APPROACHES 

4.3.1  Literature Review 

As stated in Section 4.2.1(pp.70), establishing an expansive knowledge of the topical 

issue of post-disaster reconstruction and resources in New Zealand was an obvious 

requirement to pursue this study. The literature review commenced with a broad view on 

disaster management and preparedness, and gradually led to post-disaster reconstruction; 

followed by an overview of the New Zealand state highway system and resources. Based 

on the four sub-objectives stated in Section 1.3(pp. 12) established at the inception of the 

research, the review was aimed at obtaining the following: 

• understanding disaster and disaster management; identifying trends of disaster in 

New Zealand and conceptualizing a disaster scenario, to assess a realistic level of 

destruction for the basis of examining the resource requirements; 

• understanding and establishing trends in New Zealand associated with various 

forms of resources utilised in civil engineering construction to ascertain their 

availability;  

• evaluating various means of predicting/quantifying resource requirements; and 

• understanding New Zealand’s roading industry and the operations of Transit New 

Zealand. 

 

The resources of the University of Auckland’s (inter-loan) Library were instrumental in 

obtaining information on disaster management and reconstruction. Information on supply 
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of construction machinery and general information on transportation of construction 

resources in New Zealand was very limited, indicating few studies within this particular 

area. Internet resources were invaluable in understanding the current status of the 

construction and manufacturing industries. Trends in the availability of labour, financial 

investments in civil works construction, mineral resource extraction (particularly 

aggregate) and machine investment by contractor, were primary information obtained via 

various company websites. 

 

Apart from obtaining relevant literature by the above methods, it was also necessary to 

request reports from specific organisations such as CCANZ and even purchasing of 

relevant reports from authorities such as International Business Strategies. 

 
As indicated in Figure 13 (pp. 69) above, it was necessary after conducting the interviews 

to revisit aspects of the literature review, to include additional issues which came out of 

the interviews. Once the literature review was initially completed, it was possible to move 

towards establishing the resource requirements for post-disaster reconstruction and 

conducting the main aspect of fieldwork. 

 

4.3.2 Workshops/Conferences 

Three (3) workshops were attended to ascertain information on current issues of disaster 

management and construction resource availability in New Zealand. These workshops are 

as follows: 

(1) Ljubica Mamula-Stojnic, Systemic model of natural hazards risk management 

framework in New Zealand. Auckland. September 8, 2006. 

(2) Transit NZ & NZIHT, Transportation in the pursuit of excellence. Auckland. 

October 15-17, 2006. 

(3) Wellington CDEM/MCDEM, Exercise Capital Quake 2006. Wellington. 

November 14-15, 2006. 

 

The workshops were selected based on their relevance to this study. Workshops 1 and 3 

provided a good understanding on the frameworks in place for disaster response, 
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particularly the organisations likely to be involved and their roles. The second workshop 

provided an extensive knowledge of the roading industry: leading contractors, consultants 

and researches underway. The following sections provide a description of each workshop. 

4.3.2.1 Systemic model of natural hazards risk management framework in New Zealand 

Ljubica Mamula-Stojnic presented a systems model framework for management of 

natural hazards at a national and local level. The main purpose of the workshop was to 

ascertain general acceptance of Ljubica’s model which linked various organisations 

(CDEM Groups, MCDEM, Central Government, etc.) and policies used in New Zealand 

for risk management of natural disasters. The model illustrated various authorities 

associated with disaster management in New Zealand, with vertical and horizontal 

integration of their roles. The workshop provided a good understanding of the main 

organisations that have statutory commitment to disaster management in New Zealand 

and was helpful in identifying some of the organisations targeted in this research.  

4.3.3.2 Transportation in the pursuit of excellence 2006 

This conference, hosted by Transit NZ and the New Zealand Institute of Highway 

Technology provided the ideal platform to understand New Zealand’s roading sector. The 

aim of the conference was to present several researches and development projects 

undertaken within the road construction industry and to provide general updates on 

special projects undertaken by Transit NZ.  

 

From the perspective of this research, the conference was instrumental in: 

(1) identifying difficulties currently encountered across the industry, including 

resource issues; and 

(2) identifying prolific companies which were targeted for interviews. Speaking with 

persons at this conference made it possible to interview them at a later date. 

 

Research and development on aggregates pointed to the issue of difficulties in obtaining 

quality aggregates for quality road pavements. Demand on energy and oil, steel and 

freight capacity, along with constraints in construction personnel and increased 
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investment in plant and equipment, highlighted at this conference provided insights on 

some resources which were likely to pose some challenge in procuring.  

4.3.2.3 Exercise capital quake 2006  

Exercise capital quake 2006 provided the greatest input to this research. This national 

exercise was aimed at testing New Zealand’s organisational preparedness in responding 

to a major disaster resulting from an earthquake in Wellington. The exercise presented a 

model scenario of a major earthquake in Wellington and featured the initial response of 

approximately fifty participating organisations. Analogous of a “drill,” the exercise 

allowed a real time event and was instrumental in understanding the many logistical 

problems likely to be faced post-disaster. A replicate of the atmosphere likely to be 

encountered in a Wellington disaster scenario was apparent and physical barriers to 

resource availability including damages to the state highway network, seiching at the 

harbour and national fuel-level concerns, were some of the aspects highlighted.  

 

The Wellington earthquake scenario used in the Capital Quake exercise was used as a 

model to the one presented in this study and provided a familiar situation to participants 

in the interviews. The inter-active nature of Capital Quake made it possible to identify 

organisations and individuals involved in disaster management in New Zealand for 

possible participation in interviews.   

 

These workshops were not only used as a major information forum but also to identify 

interview participants. 

4.3.3 The Scenario 

Establishing a scenario provided two main aspects of the research:  

(1) The physical barriers to resource availability; and  

(2) A basis for estimating resource requirements for post-disaster reinstatement of the 

Wellington state highway.  

The scenario was therefore developed to reflect the expected impacts on the Wellington 

state highway and other infrastructure which are imperative to the construction industry 
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and resource availability. Rail and harbours are essential elements to transportation, 

which are likely to be significantly damaged following an earthquake.  Previous scenarios 

including Capital Quake 2006 and Gregory et al (1995), along with hazard maps and 

information from the Institute of Geological and Nuclear Sciences (GNS), provided the 

necessary input for establishing the hazards and vulnerability of the state highway 

networks due to a Wellington fault quake. The assumed Modified Mercalli’s intensities 

were obtained from the scenario presented at Capital Quake 2006; while the predicted 

damage effects were based on these intensities superimposed on the hazard maps.    

4.3.4 Interviews 

In accordance with the requirements of the University of Auckland (UoA), an ethics 

review and approval to execute the interviews was acquired via the UoA’s Human 

Participants Ethics approval process.   Interviews had to be vindicated by the committee 

to ensure that they were executed and reported in a manner that would not entertain 

disrepute or controversy during or after the research was completed. Approval to pursue 

these interviews was given on October 11, 2006 by the committee, for a period of three 

years. This ensured that each participant were cognizant of the terms and conditions of 

the interview, via Participants Information Sheet, as indicated in Appendix A3. These 

information sheets were delivered to participants prior to the actual interview, along with 

a Participant Consent Form (also included in Appendix A3), which acknowledged the 

participants’ agreement to the terms of the interviews. The signed consent forms were 

returned at the point of the interview, to be stored in accordance with the ethic’s 

committee approval. 

 

Participants were solicited from four categories of organisations associated with either the 

construction industry or disaster management teams/groups in New Zealand. These 

categories are listed in Table 4 below, with the number of persons interviewed under each 

category. Fifteen of the targeted twenty participants were interviewed, which provided a 

good baseline to determine what were the main resource constraints and issues facing the 

industry. 
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In the response to the interviews, four participants were adamant about their own 

condition. One insisted on a telephone interview as “time was of the essence”; two chose 

to respond via email, rather than to be interviewed and one (participant) insisted that no 

recordings (written or taped) should be made, as he preferred to respond to the questions 

via email after our initial discussion. 

 

Category of Organisation Number of Persons 
Interviewed 

Controlling Authorities (including TNZ, CDEM, and 
Contractor’s representative body)  

4 

Roading Contractors  4 

Consultants  4 

Specialists disaster managers (including MCDEM, 
EQC) 

3 

Total 15 
 
Table 3: Categories of organisations interviewed and number of participants. 

 
As indicated in Table 3 above, a wide cross section of the construction industry and 

organisations relating to the topical issue was involved in the interviews. Information 

from the interviews provided the base line for much of the discussion, on issues 

including:  

• assessing the road-controlling (state highway), that is, Transit New Zealand’s 

project execution capability, with regards to funding and human resource; 

• assessing the capability of the civil engineering construction industry (both 

contractors and consultants); 

• establishing a prioritisation framework for roading (developmental) construction 

and post disaster reconstruction works; 

• assessing procurement difficulties of raw materials, labour, funding and 

machinery in a post disaster scenario or simply in an “aggressive”(high workload) 

construction environment in New Zealand; 

• establishing the level of planning that has been invested in post-disaster 

reconstruction and resourcing. 
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The majority of the target organisations and the participants were located in Wellington, 

New Zealand. These participants could therefore easily relate to the scenario, geography 

and effects associated with a major disaster in the area. All prior arrangements for the 

interviews were made via telephone and emailing. 

4.3.5 Resource Requirement Estimation 

A quantity take-off approach was used to estimate the resource likely to be required to 

reconstruct damaged sections of the Wellington state highways following a major 

earthquake. Vulnerable sections of the pavement, bridge overpasses and other ancillary 

structures within the disaster zone needed to be quantified before the resources required 

for reinstatement could be determined. The difficulty however, was realistically 

determining the extent of damage that the structures would be subjected to. With the 

emphasis of this report on resource availability, a viable method of establishing the 

resources required for reconstruction was required. The damage assessment therefore 

combined two processes: 

(1) predicting the extent of damages likely to be incurred on the State Highways 1,2, 

53 and 58 based on the hazard maps, such as those illustrated in Appendix A2; 

and 

(2) bridge (and other structure) replacement estimation was based on identifying the 

vulnerable bridges and then estimating the resources that would be required for 

replacement. 

These processes are explained in the following sections. 
 

4.3.5.1 Resources for pavement reinstatement 

Contrary to Hopkin’s “top-down” estimating model described in Section 2.4.2 (pp. 32), 

the approach used to estimate the resource requirements for pavement reinstatement 

combined a “bottom-up” estimating model and a “quantity take-off” method. Figure 14 

and Figure 15 below provides a graphic summary of Hopkin’s method and the method 

adopted in this report, respectively.  
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Figure 14: Summary of methodology used by Hopkins C.D. (1995) for damage assessment 
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Figure 15: Schematic illustration of methodology used in this report for Damage Assessment.
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The inventory of vulnerable sections of the state highway was based entirely on 

extrapolations from various hazard maps (such as those illustrated in Appendix A2), as 

stated previously. However, certain key assumptions had to be made to facilitate the 

estimation process, including: 

(1) only “highly” vulnerable sections were considered, as this implies realistic 

probabilities of damage; 

(2) Liquefaction and fault damaged sections of the state highways would require total 

reinstatement, while ground shaking and slope failure results in significantly less 

damage and therefore only partial construction (i.e. resurfacing). 

Figure 16 below summarises these assumptions. 

 

State Highway Condition
Type of 

Construction 
(Total/Partial)

Length (km)

1

Liquefaction T 58
Fault damage T 6

Slope Failure P 12

2
Liquefaction T 0
Fault damage T 45

58
Liquefaction T 6
Fault damage T 0

 
Figure 16: Sections of state highway with high vulnerability. 
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4.3.5.2 Bridge and Structures Replacement  

The damage ratio was not adopted in resource estimation for structure reinstatement, due 

to the complexity associated with evaluating all bridges and structures along State 

Highways 1,2,53 and 58. A risk register included in Transit’s Emergency Response Plan, 

highlighted various structures with “high” risk to seismicity which were established 

through structural assessments of these infrastructure. The damage assessment of bridges 

and retaining walls along the state highways was based on these specific “high risk 

structures”, identified in Figure 17 below.  

 
Figure 17: Map of Wellington identifying structures with high vulnerability to seismicity. 

 

Like the pavement estimation, a quantity survey approach was used to estimate the 

resource requirement, presented in Appendix A8.  

4.3.5.3 Machine and Labour Requirements 

The type of plant and equipment required was selected based on engineering judgment.  

Several sources were used to estimate production rates (primarily Rawlinsons, 2002 and 

2005), which was instrumental in estimating the number of machines required. The 
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machines analysed were the ones which were likely to be required in large numbers for 

reconstruction, such as dozers, excavators, end loaders and trucks.  

 

Labour requirements were also based on engineering judgment and production rates 

established from Rawlinsons (2002). The surveyed quantities of materials were 

incorporated with production rates and timelines to yield the quantity of machines and 

labour required.  

 

Several spreadsheets were developed to assist with the estimations; the results of which 

are illustrated in Figure A8 of the appendices. 

4.3.5.4 General assumptions of method 

The following assumptions were incorporated in the resource requirements estimation for 

post-disaster reconstruction: 

• The roading infrastructure (both pavement and structures) is not damaged by MMI 

VII or less.  

• The quantity survey of bridges and retaining walls were based on typical sizes of 

structural members along the state highways. While it would have been much 

more accurate to survey each structures identified, the estimates were meant to be 

“ball-park” pre-event assessments and therefore were conservative in this regard.  

• Wellington would be reinstated in the same manner. Based on the current layout 

of the region major realignment of the state highways is improbable following an 

earthquake. This assumption also reflected the approval of 4 of 4 participants 

from engineering consultants interviewed. 

• Typical spray and spread rates for chip seal were adopted from TNZ’s (2005) 

“Chipsealing in New Zealand,” which is regarded as the leading specification on 

chip sealing in New Zealand. The pavement profile used was also based on 

typical values identified in RTA (1995), for heavy duty pavements.  

• A professional service is pro-rated at 20% of the total cost of the reinstatement. 
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4.4 ANALYSIS OF DATA 

The data which required processing were the interviews and the estimates of the resource 

requirements. As stated in Section 4.3.5.3 (pp. 84) above, spreadsheets formed the main 

tool in compiling the estimates and producing a summary of the data. “Microsoft Excel-

2003” computer software was used to optimize the spreadsheet estimates. 

 

The interviews, which represented eleven organisations, presented a comparatively large 

set of data for analysis. The different roles of the organisations and different 

questionnaires meant that the analysis looked at themes across the responses, rather than 

trends. While comparisons of responses were done within each category and across 

categories (highlighted in Table 3- pp. 78), the primary aim was to identify the resource 

difficulties within the client (Transit NZ), consultants and contractors associated with the 

state highway network.  The difference in the questionnaires made it necessary to adapt 

two softwares for the analysis; “Nvivo” and “Microsoft Excel -2003”. Nvivo (Versions 

2.0 and 7.0) were important in transcribing the taped interviews and also agglomerating 

responses within all categories. By coding at specified nodes, it became easy 

amalgamating and viewing the various responses holistically. Nvivo was ideal for 

managing the information from the various categories and to view contradicting opinions 

under the themes of material, labour, plant and equipment and funding resources.  

In accordance with objective 3, the information was analysed to: 

(1) Identify current resource constraints within the highly active construction industry 

through the interviews; 

(2) Compare current trends in availability of these resources (from the literature 

review) with the estimated resource requirements for post-earthquake 

reconstruction;  

(3) Utilise the scenario to model the physical constraints to resource availability; and 

(4) Conclude on resource availability in a Wellington post-disaster situation. 

 

Under the conditions of the “ethic’s committee approval”, reports on the interviews were 

done with strict confidentiality in the identity of participants, as agreed by the terms and 
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conditions of the interview. Some participants were unopposed to having their 

organisations mentioned in the research. 

4.6 CONCLUSION 

This chapter presented a detailed overview of the procedures utilised in accomplishing 

the objectives of this research. Fifteen out of a targeted twenty interviews, coupled with a 

detailed literature review, three workshops/conferences, the disaster scenario 

development and resource requirement estimation, collectively provided an adequate 

basis to make definitive conclusions on the topical issue of resources for roading 

reconstruction after an earthquake. The following chapter presents the disaster scenario, 

which formed the background to resource constraints in a Wellington fault earthquake. 
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CHAPTER 5  

DISASTER SCENARIO 
 

5.1 INTRODUCTION 

The scenario approach was the preferred method for the analysis and was conceptualised 

by a similar scenario in Exercise Capital Quake 2006 as stated in Section 4.2.3 (pp.70). 

The scenario was developed based on a combination of probabilistic, geological and 

scientific data of a future expected event with significant impact on a major New Zealand 

city, to be incorporated. In accordance with sub-objective 1, the scenario was developed 

with greater emphasis on the state highway network. 

 

While floods seemed the most probabilistic hazard based on the trends indicated in Table 

1 (pp.19), it is also evident they posed relatively little damage to buildings and 

infrastructure compared to other phenomena such as volcanoes and earthquakes. 

Earthquakes in New Zealand are relatively prominent and produce the greatest 

devastation per event on average (Table 1). On such a basis, evaluating the resource 

requirements within the roading industry for reconstruction would be optimized utilizing 

an earthquake scenario in Wellington. The use of this approach allowed a scientific basis 

of first determining a realistic disaster scenario and subsequently estimating the level of 

destruction.    

 

This chapter documents the anticipated effects of a Wellington earthquake disaster and 

puts into perspective, the physical and logistical barriers likely to affect resource 

availability in a Wellington disaster zone. 

5.2 DESCRIPTION OF EARTHQUAKE  

In accordance with Exercise Capital Quake 2006, a large, shallow earthquake along the 

Wellington Fault, with a magnitude of 7.6 on the Richter Scale provides the basis of the 

scenario. The projected (Mercalli) intensities and impacts of the earthquake are based on 



Resource Availability for Roading Reconstruction:  
A Wellington Earthquake Scenario 

 

The Scenario 88

the vulnerability of various geological areas, which are illustrated in Figures A4 through 

to Figure A7 of the appendices. 

 The greatest impacts are felt within the region of Wellington City and Levin, on either 

side of the Wellington Fault, as indicated in Figure 18 below.  

 
The sharp initial impact is followed by violent shaking and rolling for a period of fifty 

(50) seconds. 

 

 
Figure 18: Modified Mercalli Intensity of earthquake event; Magnitude 7.6 on Richter Scale. 

 

Aftershocks of the earthquake are felt throughout the day. MMX isoseismal is 

experienced in the Upper and Lower Hutt areas. Fault movement results in vertical and 

horizontal movement of subsurface rocks and subsequently upheaval; movement of 

foundations and severe damage to structures within this area. In the Lower Hutt region, 

areas such as Petone and Korokoro experiences high level of ground shaking, resulting in 

severe slope failures and large areas of liquefaction. Moderate liquefaction and slope 
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failures predominate in areas including Kelson, Normandale and Belmont. In Upper Hutt 

City, slope failure predominates in Mangaroa and Cloustonville.   

 

The vulnerability of the Wellington City is exposed with intensities of MMIX being 

experienced, as fault movement, slope failure, liquefaction and ground shaking decimate 

the physical and built environment. Ground shaking is significant in Throndon, Miramar 

and Kirbinie, resulting in significant levels of liquefaction. Slope failure is also intense in 

Seatoun, while in Wadestown and along the coast from Khandallah to Lower Hutt, 

intense ground shaking and liquefaction occurs. Further north in Porirua City, there is 

significant slope failures. Rockslides are also predominant in the Ngauranga and Ngaio 

Gorges, along State Highway 58 between Paremeta and Pautahanui and along the 

Wellington fault scarp.  

 
MM VIII isoseismal results in slope failures in Pakuratahi (Upper Hutt City) and Pukerua 

(Porirua City). Minor liquefaction in the Waikanae area also occurs due to high ground 

shaking.  Further away from the epicentre, the residual effects at the intensity of MMVII 

affects as far as Levin and Masterton, with moderate ground shaking. 

5.3 Physical Effects 

5.3.1 Casualties 

The event occurs during peak hours of the day resulting in approximately 500 deaths, 

4,000 injuries and 1,800 people trapped (GWRC 2004).  

5.3.2 Building Damage 

Over 60,000 properties have been affected either dwellings or its content. In areas of 

MMX, such as Lower Hutt and Porirua, foundation movement have resulted in major 

damages of most old, unstrengthened brick and masonry buildings. More than 30 

buildings have collapsed entirely. Severe liquefaction of the alluvium reclaimed ground 

has resulted in considerable damages to buildings near Petone foreshore and at Seaview, 

many of which have experienced foundation settlement.  
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Further south, building damages are also extensive. Wellington’s central business 

districted are restricted by sever debris blockages. Old brick and masonry buildings in 

particularly have been badly damaged and some have collapsed. Shear failure of concrete 

columns within old multi-storey buildings have led to partial collapse of several storeys. 

Recently constructed buildings have suffered less damage; the major damages 

concentrated to external finishes and pre-cast panels.  

 

Foundation settlement as a result of liquefaction has occured particularly in coastal areas 

of Khandallah, Newlands and Miramar. This is exacerbated in areas of alluvium 

reclaimed land. Buildings have also tilted alarmingly in these areas and ground 

subsidence threatens total collapse. Slope failure has resulted in sliding of some buildings 

built on the hills in areas such as Karori, Mitcheltown and Crofton Downs. Debris from 

these failures is thrown into the streets, restricting access.  

5.3.3  Damages to lifelines 

Destruction of the region’s infrastructure has similarly been subjected to extensive 

damage. Facilities associated with utilities, electricity, telecommunication and 

transportation has been destroyed effectively nullifying communication. Restricted access 

provides sufficient evidence to determine that these services maybe inoperable for several 

weeks. 

5.3.3.1 Utilities 

Utilities have suffered considerably as subsurface elements including pipelines, valves 

and transmission lines are damaged or uplifted. These services include sewer system, 

water and gas service, which depend on underground amenities.  

5.3.3.2 Electricity 

Like utilities, electricity accessories are destroyed, making the service inoperable.  

5.3.3.3 Telecommunication 

Telecommunication is restricted, with damages to the cellular phone network and 

household network. However, a trunk line service exists. 
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5.3.3.4 Roading 

The road network is heavily affected within Wellington City and extends to areas out of 

Wellington, where the shocks are felt. Debris from slope failure and destroyed buildings, 

form blockages to roadway and in some instances, has destroyed sections of pavements 

by impact. Ground shaking has resulted in the development of severe longitudinal and 

transverse cracks in sections of the roadway. Uplift in some areas has resulted in total 

destruction of some sections of the road network. Structures along State Highways 1, 2 

and 58 have failed leaving the roadway impassable at: 

• Waikanae River Overbridge; 

• Pukerua Rail overbridge; 

• Pukerua Bay village Retaining Structures; 

• Pakuratahi Riverbridge; and  

• Ruamahanga River Overbridge. 

 

Liquefaction has resulted in foundation (sub-grade and sub-base) failure of the pavement, 

requiring total reinstatement to ensure accessibility. In many areas, block cracking of the 

asphalt surface is intense and the road base is exposed. The State Highways is 

significantly ravaged, including street lights, traffic signals and signage. The liquefaction 

zones correspond with the ground shaking zone of Figures A4 to A7 of the appendices, 

occurring in a range of soil from silts to gravely sands. 

5.3.3.5 Rail  

The rail system has been affected both by the power restriction and physical damages to 

the tracks. No rail traffic in or out of Wellington region is likely over three months.  

5.3.3.6 Wellington Harbour 

Seiching at the harbours has caused serious damage to the sub-structure; it is likely to be 

three months before the harbour can be restored.  



Resource Availability for Roading Reconstruction:  
A Wellington Earthquake Scenario 

 

The Scenario 92

5.3.3.7 Wellington Airport  

The Wellington airport has suffered considerable damage to buildings. The runway and 

suffered significant damages but remains sufficient for small aircraft landing. One third 

of the runway has been subjected to liquefaction and will require two weeks for full 

operation of the runway. 

 

5.4 CONCLUSION 

This chapter presented a description of the disaster scenario utilised in the research as the 

baseline for the assessment. As stated in Section 4.3.3 (pp.76), the scenario provided the 

main basis for the resource assessment and introduced realistic physical barriers to 

getting resources into a disaster zone. It also provided a disaster situation that most 

participants (interviewed) could relate to. The anticipated physical damages recorded in 

this disaster scenario have a good possibility of occurrence due to the high vulnerability 

of Wellington to liquefaction, ground shaking and slope failure, which are illustrated in 

Figures A4 to A7 of the appendices. The effects of this scenario coincided with the 

national Exercise Capital Quake 2006, but incorporated greater details on the state 

highway sector.  
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CHAPTER 6 

RESULTS 
 

6.1 INTRODUCTION  
 
This chapter presents the main findings of the interviews and the results of the resource 

estimates of the state highways associated with post-disaster reconstruction. The 

estimates evaluated represent resources that were deemed vulnerable (during post-

disaster reconstruction) by participants in the interviews and workshops.  

 

The results of the interviews are presented by categories (i.e. consultants, contractors, 

controlling authorities and disaster managers); in the order it was collated. This allowed 

for comparing and contrasting views across categories in the general discussion chapter 

(7). Appendix A3 is a compilation of the list of questions to the various organisations. 

 

6.2 CONSULTANTS INTERVIEWED 

Engineering consultants are likely to be involved in post-disaster assessments, design and 

supervision of reconstruction. This section provides a detailed report on issues discussed 

with (4) participants from three of the leading civil engineering consultants in New 

Zealand on mobilising resources following a Wellington fault earthquake. 

6.2.1 Responses on Construction Material Vulnerability 

The question on material resources was structured to ascertain consultants’ views on 

current issues of construction materials which exist and are likely to be exacerbated post-

disaster. The question read “Is there any natural resource used within the roading 

construction industry that shows particular vulnerability to shortages and which can 

pose difficulties to procure post-disaster?” Table 4 below summarises the responses. 
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Material Perceived Vulnerability to Supply 
No. of 

Participants 
Confirming  

Aggregates • Consent issues associated with urbanization 

has resulted in lack of buffer zones at quarries. 

• Drastic increases in costs due to transportation 

costs of alienated quarries. 

4/4 

Pre-cast 

concrete and 

cement 

• Limited product line in pre-cast  

• Long lead times of pre-cast components such 

as concrete pipes. 

• Cement production vulnerable post-disaster. 

2/4 

Bitumen • Limited availability of some grades. 1/4 

Steel  • Limited product line. 

• Long lead times 

3/4 

Fuel  • National availability issues due to supply can 

have severe effects on post-disaster 

reconstruction. 

1/4 

Table 4: General response to construction availability problems. 
 
Interestingly, the participant who identified “fuel” as a major issue was associated with 

Exercise Capital Quake 2006, which indeed highlighted the issue of fuel availability. 

 

Two of the four participants indicated that transportation will be a primary issue to 

materials’ availability in the disaster zone. One (of the four) participant(s) felt that current 

experiences within the construction industry suggest that organisations should be flexible 

in substituting materials in the absence of any preferred/specified material. This would be 

essential in post-disaster reconstruction to allow continuous progress. A primary example 

given by a senior engineer was captured in the following statement on recently completed 

construction project “clay pipes had to be substituted recently on some projects because 

we couldn’t wait, even though the prices were almost doubled” (Senior Engineer). The 

price factor was in comparison to concrete pipes used in the original design.  
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6.2.2 Responses on Construction Plant and Equipment 

The question on construction plant and equipment was similar in structure to the human 
resource question: “Is there any particular road construction machinery which is lacking 
or inadequate in the industry? What are the alternatives? Comment on the supply of 
asphalt pavers and excavators.” 
None of the (4) participants could identify any major issues with the current supply of 

plant and equipment within the construction industry. The general consensus of three of 

the four participants was that “The construction industry has a very good supply of plant 

and machinery” (Senior engineer). The fourth participant indicated that he was unsure.  

 

While three of the four participants felt that excavators were in good supply, none of 

them could definitively say if the supply of pavers would be an issue post disaster, 

primarily since structural asphalt surfaces have been seldom constructed in New Zealand. 

6.2.3 Responses on Human Resource  

When asked about lack of skilled/professional workers within the industry, the responses 

reflected a similar trend, as illustrated in Figure 19 below: 

 

Roading, 4

Geotechnical, 1Drainage, 1
Surveyor, 1

Bridge & Structural, 
4

 
Figure 19: Main technical expert shortages identified by participants. 

  (No. of participants responding indicated) 
 

Structural and roading engineers were identified to be in great shortages within the 

industry and could pose difficulties for state highway recovery following an earthquake 

in Wellington. This situation of shortages in specialist areas have been so dire that one 
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participant stated that “other organisations have poached our staff to get them on board” 

(Senior Engineer). 

 

All four participants identified their organisations to be actively involved in recruiting 

offshore to fill these gaps, primarily in the United Kingdom, South Africa and Australia. 

So what is the perceived solution to the problem of shortages in human resources within 

the construction industry and how is it mitigated in a disaster scenario? Respondents felt 

that the best means of addressing this issue, to ensure that it is rectified in preparation for 

a major post-disaster reconstruction event, is by capacity building. Several innovative 

means were suggested by participants, in ensuring that New Zealand was better served 

with resources, as listed as follows: 

• Three of the participants suggested that in a post-disaster situation, if the extent of 

damages required “every hand on deck, then it is possible to team a graduate 

engineer with an experienced person” (Manager, Consultant. One participant 

suggested that this scenario should not be considered if there are legal liabilities 

(claims) that can arise such as in building or bridge assessments. 

• Attracting overseas firms by extending more bids internationally (two of four 

participants). 

• Promoting and marketing the industry was suggested (by two of the four 

participants) as the best long term solution to attract more people into the 

industry. Too many “young people are just not interested in engineering” (Senior 

engineer) summed up the justification for marketing the industry. 

 

Even though all (4) participants felt that importation of labour was effective at present, 

capacity building within the industry was seen as the best means for disaster 

preparedness.   

6.2.4 Issues affecting resources mobilisation 

When asked about there international alignments for post-disaster reconstruction 

following a Wellington fault earthquake, four out of four participants indicated that their 

organisations had some form of partnership or arrangement to access resources if they 
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were required for large influx of works. Three of these participants indicated that these 

relationships have been successfully exercised since resources in New Zealand are 

currently limited. However, all four participants indicated that they relied on their 

Australian counterparts to assist with resources. 

 

Three of the four participants indicated that they had no pre-planned 

arrangements/considerations of working in a disaster zone. The question asked was: “Is 

your organisation prepared to execute investigation and design works within a disaster 

zone?”  The fourth participant confirmed that his organisation was very well prepared to 

act in a disaster zone; they have been routinely involved in such works, particularly in 

recent floods in New Zealand. Of these organisations, only this participant was involved 

in Exercise Capital Quake 2006. They were also the only consultant from the sample that 

was (pre) contracted to act in a disaster situation for state highway recovery in 

Wellington. It was also confirmed by this participant that their organisation had 

commitments to other clients in recovery. Commenting on the perceived difficulties that 

are likely to be encountered following an earthquake in Wellington, all (4) participants 

identified transportation/access and health and safety, as the main constraints to 

mobilizing resources.  

 

When asked about the sort of response they would take in post-disaster assessment, three 

of the four participants indicated that disaster works would be treated like any other 

project. A good reflection of the consultant’s likely approach in a disaster is best 

encapsulated within the following statement by a senior engineer, who stated that “Like 

any other company…(we) will not work for free or without a contract” (Senior 

Engineer). However, when asked if this also meant exploiting the increased demand, it 

was categorically stated, that they expected to be properly compensated for the risks that 

is associated with disaster works, but did not include capitalising on the market. 

Preserving the reputations of their organisations was identified as a major priority. 

Anecdotal evidence (based on three of four participants) suggests that the primary reason 

for this stance was associated with Transit NZ’s procurement system of professional 

services which has resulted in very little activities among these organisations, even 
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though they considered themselves highly competitive in New Zealand. Effectively they 

have been side stepped by the relatively “monopolistic” system in place. 

A senior manager (the fourth participant) indicated that his organisation were contracted 

to “assist Transit to manage its assets….(and) in the event of damages to the state 

highway they are required to assess and design” necessary remedial works. 

 

Three of the four participants felt that disaster works would supersede existing 

developmental works at the time of the disaster. The questions asked was “How would 

existing works and post disaster influx of works be prioritised?” and “Will it depend on 

the priority of the controlling agency?” In response to the second part of the question, all 

three participants suggested that their clients would ultimately determine which aspects 

of work would take precedence, but this decision is likely to be made at a political level.  

The fourth participant indicated that no plans were made within his organisation for such 

a situation. When asked about their opinion on the priority of lifeline recovery, three of 

the four participants indicated that water and roading should be within the top bracket, in 

accordance with the national priority of life and access. The other participant felt that in 

addition to water, the Wellington airport would be essential for quick inter-regional 

transport and should be included. 

 

Transportation into a Wellington earthquake zone was identified as a primary issue by all 

participants, when asked about the methodology likely to be best applied to getting 

resources into the area. Four of the four participants identified that a combination of 

modes would have to be utilised to effectively transport various resources. Three of the 

four participants stressed the importance of having the state highways re-opened at the 

earliest possible time to accommodate traditional means used to transport construction 

materials, plant and equipment. All four participants agreed that barging provided the 

most dependable means following a Wellington quake particularly for transport of bulk 

materials, plant and equipment. However, one participant indicated that there were few 

barging companies in the North Island and would have to be accessed from the South 

Island. One of the four participants provided a good insight based on previous experience 

on transporting in a disaster zone and was quoted as follows, “if the wharf is damaged, 
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then with some luck, it maybe possible to use the roll-on/roll-off ferries,”   (such as the 

Inter-Islander, located in Wellington) (Senior Earthquake Manager). The manager 

explained that these vessels have self-contained retracting gates which could means 

offloading without a wharf.  The best option identified by three of the four participants 

for transport of human resources was by light aircraft, which is likely to be quick and 

comfortable.  

 

Getting resources around Wellington following a major earthquake (as described in 

Chapter 5), was identified by a senior earthquake manager, as a major difficulty that will 

be faced. It was stated that State Highway 1 is highly vulnerable to slope failure; while 

“State Highway 2 lies along the fault line” and are likely to be severely damaged; 

limiting the two main access routes. The conceptualization of the Transmission Gully 

project was identified as a viable alternative route for general transportation needs, 

including resources. But “it is difficult to see Transmission Gully being economically 

feasible” since the state highways are expected to be re-opened within three weeks 

following a Wellington earthquake. The main point was the need to identify alternative 

routes for transport of resources in Wellington. 

6.3 CONTRACTORS’ INTERVIEWED 

Contractor’s ability to undertake large volumes of work and to mobilise resources will be 

integral to reconstruction.  Four individuals were interviewed from three large civil works 

contractors in New Zealand. The question posed to these participants on resources was 

similarly structured (to the one posed to consultants), to ascertain what resources were 

currently difficult to obtain and which ones were likely to be difficult to procure within 

the categories of material, labour and plant and equipment resources. The following 

sections present the main aspects of the discussion. 

6.3.1 Responses on Materials’ Vulnerability 

Contractors’ perception of material difficulties in procurement provides a strong basis for 

planning for disaster recovery, since they are the ones with the ultimate responsibility of 

acquiring the required materials. Participants were asked to identify construction 

materials within the roading sector which could pose difficulty in reconstruction 
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following a Wellington fault earthquake. Figure 20 below is a graphic summary of the 

main construction materials identified as vulnerable. 

 

Fuel, 1

Precast concrete , 2

Steel , 2

Aggregate, 1

 
Figure 20: Contractors' indication of materials likely to impose difficulties in disaster. 

 

Of the four participants responding to the difficulties in procurement of materials: 

• Two indicated that steel reinforcement bars (particularly dowel bars), structural 

steel products, including barriers and structural steel beams were difficult to 

source since “New Zealand’s industry has limited sizes…(and) may have to be 

imported from Australia.” 

• Two indicated that many pre-cast concrete members had long lead times 

including pre-cast beams for bridges and drainage pipes for culverts. 

• One participant identified fuel cost fluctuations as a major issue in construction 

projects, due to the nature of the world market. 

• One (of the four) participant also indicated that aggregates could be problematic 

due to small quarries with long distance of haulage. Of the four contractors, this 

one was the only one that did not own a quarry.   

 

One participant indicated that the large network (including international alignments) that 

they possess ensured that there was no procurement difficulties experienced in their 

organisation; but in addition, they were well integrated with the roading consultants to 

allow designs to reflect materials that were readily available in New Zealand.  
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When asked about the feasibility of stockpiling for disaster reconstruction, the response 

of the four participants coincided; little stockpiles are currently being used, with heavy 

dependence on just-in-time inventories. Only the two contractors with quarry ownership 

indicated that their (quarrying) operations have stockpiles. Two of the four participants 

felt that transportation of containers is relatively cheap and takes about three days from 

Australia and did not require stockpiling.  

6.3.2 Responses to Plant and Equipment 

Participants were asked to describe the industry’s supply of construction plant and 

equipment and to identify procurement difficulties of specific plant and equipment which 

currently exists. All four participants agreed that there were no real problems with 

machinery. The general trend in the industry could be summed up by the following 

statements: “We have a pretty substantial capital replacement programme which allows 

us a good supply …several good equipment hire organisation are in New Zealand which 

we deal with such as Hirequip.” Another participant indicated that even specialist 

equipment has been a good supply, stating that “A special launching truss was procured 

for the major viaduct on the Northern Gateway Alliance, but this was the only specialist 

equipment in recent times that was sourced offshore” (Manager, Contractor). 

When specifically asked to comment on the availability of asphalt pavers, four of the four 

participants accepted that in periods of high activity, asphalt pavers can incur difficulties 

in procuring. The main reason for this was summed up, by the resource coordinator of a 

large contractor as follows: “limited asphalt works in New Zealand, have meant that 

asphalt pavers are not invested in” (Resource Coordinator, Contractor). Chip seal was 

identified to be the dominantly used road surface being used in New Zealand. A senior 

manager within a popular roading contractor indicated that in cases of high activities in 

asphalt works, their client would have to determine whether to utilise their entire national 

feet to meet the demands, which would have to be transported to Wellington. 

6.3.3 Response to Human Resource Availability 

The question on human resource availability was designed on the knowledge of 

widespread deficiencies within the construction industry on skill levels and competent 
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persons. The question tried to determine the specific areas which were affected and what 

has been done to alleviate the situation. 

 

Of the four participants interviewed, three of them felt that human resource was a major 

issue when asked about the current availability of construction personnel. The phrase 

“across the board”, was used progressively to identify that all classes of individuals are in 

high demand in New Zealand. An anomaly to this general perception was the fact that 

one participant said that “human resources was actually easier to recruit in this 

company” (Resource coordinator, Contractor). Technical personnel shortages therefore 

included engineers, project managers, experienced machine operators and other levels of 

staff. So what has been responsible for this downturn in the industry? The following 

comment by a senior manager of a large roading contractor summed up the general 

perception: “In the last 10 years there has been a decline in skill level and in the last 3-5 

years, the number of large projects has increased substantially. Influence of large 

projects in Australia with greater remuneration packages is also responsible.” 

Two of the four participants have therefore invested in recruiting people offshore to fill 

the employment gaps from areas such as the Pacific Islands, South Africa, the United 

Kingdom and North America. 

6.3.4 Issues affecting resources mobilisation 

6.3.4.1 Critical Workloads 

Participants were asked about their critical workload limit, which essentially is the 

quantity of work they can accommodate annually. This would be an important criterion in 

selecting the contractor to execute post disaster reconstruction, particularly since greater 

investment power would mean greater cash flow within the project. Three of the four 

participants indicated that present staffing level were valued at around $312M, $80M and 

$90M. These limits did not include their main sub-contractors.  

6.3.4.2 Contractual Issues in Mobilising Resources 

Three of the four participants indicated that they had no contractual obligations to Transit 

NZ in disaster recovery, when asked about their contractual commitments. The fourth 
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participant confirmed that his organisation has “obligations under (existing) maintenance 

contracts to respond after a disaster in Wellington…the main obligation is to provide a 

safe and efficient state highway network” (Manager, Contractor). Providing “relief” was 

identified as the main aim in the organisation’s post-disaster response. An example 

identified was the Wanganui floods (1998), where their initial response was to ensure that 

the state highway was accessible. Major reconstruction was then tendered following the 

initial construction works.  

 

When asked if their organisations would seek compensation following suspension of 

existing works to allow resources to be diverted in post-disaster reconstruction, four of 

the four participants indicated they would expect some form of compensation following 

such an event. A senior manager of a leading roading contractor in New Zealand summed 

up the general consensus on this issue, stating that “we pride ourselves as a company but 

as business we are likely to seek compensation, even though Transit is one of our biggest 

clients” (Manager, Contractor).  This can of course have significant impacts on the final 

cost of recovery if these claims are incurred. 

6.3.4.3 Priority of Works 

Prioritising existing works with post-disaster reconstruction would depend on the client’s 
decision. This was the view expressed by all four participants, when asked “How will 
your organisation deal with/prioritise existing works and a request by Transit New 
Zealand to undertake reconstruction works in a post-disaster situation?” All four 
participants indicated that in a disaster situation, they are prepared to divert resources if it 
was required or find subcontractors to undertake reconstruction works, even if it meant 
offshore sub-contracting. Of the four participants, one revealed that based on past 
experience, political pressures, even on contractors have dictated the priority of 
construction/reconstruction activities and the hierarchy of the reconstruction activities.  

6.3.4.4 Resource pooling 

Participants were asked about the role of their company in pooling resources with 

offshore organisations for disaster reconstruction. Of the three organisations interviewed, 

all participants indicated that they had offshore alignments from which they could pool 

resources to respond in a Wellington earthquake. All four participants indicated that their 
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organisations have been involved in joint ventures, consortiums or alliancing with foreign 

and local companies, to allow larger resource pools. These arrangements were identified 

as feasible contract mechanisms for post disaster reconstruction, with greater flexibility 

for resource mobilisation. Organisations such as Roading NZ were identified by one of 

the four participants as an integral link among member contractors that facilitated pooling 

of resources.  

6.3.4.5 Transportation 

When asked about the strategies they would utilise to get resources into a Wellington 

disaster zone within the constraints of the disaster scenario of Chapter 5, all four 

participants agreed that “sea transport” was likely to form the best option. Shipping was 

identified by two of the four participants as their preference. Three of the participants 

suggested the use of barges if the harbour was damaged, while the other participant 

indicated that his organisation had no particular strategy to cover this scenario. Barging 

was identified by two participants as part of their methodology currently used in 

transporting materials and equipment to various locations in New Zealand.   

Previous experience in a disaster will be a great asset in reconstruction following a 

Wellington fault earthquake. When asked about previous experiences in a disaster zone, 

three of the four participants indicated that their organisations were involved in post-

disaster works and therefore understood the associated difficulties.  Two of the four 

participants revealed that even though their roles as civil works contractors were suppose 

to have been physical reconstruction works, they were coerced into accepting the 

responsibility of coordinating and managing reconstruction since their clients were 

“unsure about what they wanted” (Manager, Contractor). This also meant assessments 

and design. 

6.4 CONTROLLING AUTHORITIES INTERVIEWED 

Four participants were interviewed from three organisations; two from Transit New 

Zealand (TNZ) due to significant roles designated to Transit NZ, as controller of the state 

highways. Specific details on Transit’s resource limitation were targeted, since the 

organisation formed part of every state highway project team as the “client” and are 

likely to retain this designation in reconstruction. An important aspect of these interviews 
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was those conducted with Transit New Zealand, specifically geared at establishing the 

plans in place for funding allocation. 

As stated in Section 4.4 (pp.81), the questions asked within each organisation differed 

substantially due to different organisational inputs on the construction industry; but 

specific themes were targeted as discussed below.  

6.4.1 Responses on Construction Material Availability 

The questions on material availability were structured to identify specific materials which 

were likely to impose difficulties in procuring post-disaster.  The question asked was 

“Which construction materials would have difficulties in sourcing and why?” The 

responses are summarised in Table 5 below. 

Material Perceived Vulnerability to Supply 
No. of 

Participants 
Confirming  

Aggregates • Depleting quarries due to lack of buffer 

zones at quarries. 

• Damages to quarries in Wellington, which lie 

in close proximity to Wellington Fault. 

3/4 

Concrete • Limited production and long lead times with 

importation. 

1/4 

Steel  • Limited production. 

• Long lead times 

2/4 

Fuel  • National availability issues due to supply can 

have severe effects on post-disaster 

reconstruction. 

1/4 

Electronic (signal) 

equipment 

• Long lead times 1/4 

 
Table 5: Responses of participants to vulnerable materials post-disaster. 
 
The CEO of a leading contractors’ representative body felt that materials availability 

should be viewed in the perspective of “what is required, what is stockpiled and how 

long it will last,” rather than simply on a production basis. 
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Of the three participants suggesting aggregate supply to be an issue in Wellington post-

disaster reconstruction, the major consideration identified was reflected by the following 

statement “aggregate would have to be imported from further north, (if supplies in 

Wellington was insufficient), but the process would be slow if shipping is adopted.”  

Contrary to the responses indicated above, a TNZ’s manager responding to the question 

of material availability indicated that: 

• there are sufficient stocks of materials in New Zealand, with regular importing of 

back-up supplies; and 

• “first response to a disaster is likely to be plant activity alone, which creates lead 

time to ensure adequacy of supply”(Manager, TNZ). 

 

The first issue of sufficient stocks of materials provides a significant contrast to all other 

participants and is likely to suggest uncertainty of the manufacturing industry by the 

manager. The second issue of lead times is valid and presents issues for consideration in 

materials scheduling. 

6.4.2 Responses on Construction Plant and Equipment Availability 

Participants were asked: 

(1) “To describe the industry’s existing supply of plant, machine and equipment and 

the investment trends in New Zealand;”  

(2) “Are there any associated problems in sourcing any specific piece/type of 

equipment; whether for roading, bridge or ancillary construction within the 

industry?” 

(3) To comment on the availability of asphalt pavers and excavators. 

 

All four participants indicated that the supply of plant and equipment in New Zealand 

were particularly good and expected no issues of (lack of) availability in post disaster 

recovery. Two (of the four) participants attributed the current construction boom in New 

Zealand as the main contributor to the wide range of construction equipment in the 

industry. The other (2) participants linked the adequate supply of plant and equipment to 

contractors responding “ahead of the market based on the signals (projections) on road 
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funding that were coming out of Government” (Manager, TNZ). The CEO of a leading 

Contractor’s Representative Body explained that contractors have been willing to invest 

in plant because the level of work forecast (particularly TNZ’s 10-year State Highway 

Forecast), allows a return in investment, which has also led to a lot of plant renewal. The 

supply of plant and equipment in the construction industry at present were described as 

“better” than what it was a year ago by the CEO.  

 

On the availability of asphalt pavers, only one of the four participants was in the position 

to comment. The CEO of the Contractor’s Representative Body stated that asphalt pavers 

is complex in operation and therefore most asphalt works in New Zealand is done by the 

larger (national) contractors (which maybe about 6 in numbers), who possess the relevant 

skills. From the perspective of disaster works, the CEO concluded that “pavers should 

not be critical post-disaster for the larger contractors…in any case the roads can be 

chip-sealed and paved at a later time.” 

 

The conclusion on plant and machine availability for Wellington State Highway 

reconstruction (from all four participants) was summarised by the following statement: 

“there is sufficient equipment in the country to meet the needs of such response, 

especially if other works are suspended” (Manager, TNZ). The manager further 

explained that equipment and plant for post disaster reconstruction extended beyond 

contractors’ resources. Industries such as mining presented machinery which could 

facilitate road works, while plant hire processes in New Zealand could prove invaluable 

in reconstruction.  

6.4.3 Responses on Human Resource Availability 

When asked about the section of human resources that are likely to impart most 

difficulties in acquiring post disaster, all four participants indicated that skilled labour to 

respond immediately is likely to be a significant issue based on current trends. The 

human resource dilemma in the construction industry was encapsulated within the 

following statement, “Human resources is the major issue within the construction 

industry, with shortages in all sections: engineers, labourers, operators etc” (CEO, 
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Contractor Representative Body). Three of the four participants expect this trend to be 

exacerbated in reconstruction following a Wellington fault earthquake, with the 

implications summarised by a TNZ’s manager as follows: “The ability to provide the 

resources to sustain the effort over a longer term disaster scenario is likely to be the 

issue, especially if a major part of the resources brought in is a long way from home and 

has to be supported throughout their tenure i.e. fuel, accommodation, food, sanitation 

etc.  The logistical support would have to be in place with the same urgency as any other 

resources.” (Manager, TNZ) 

 

One (of the two participants) from TNZ indicated that no problems have been 

experienced with the level of staffing in the past and therefore could not foresee any 

issues pertaining to availability of human resources within his offices. This was linked to 

two factors: 

(1) The annual turnover facilitated by the current staffing is approximately $1.1 

billion, which “is in the upper bounds of the workforce of 12 months ago” 

(Manager, TNZ), is unlikely to be challenged; and  

 

(2) In post-disaster reconstruction, “a lot of the government requirements, such as 

resource consents…would not have bearing when responding” (Manager, TNZ), 

which essentially meant greater staff availability (within TNZ).  

 

The manager also stated that should the scale of the disaster be surmountable, then 

Transit may stop existing works to diverge funds, which could ultimately allow resources 

to become available.  

6.4.4 Responses on funding for post-disaster reconstruction 

The questions were structured to ascertain the plans which had been conceptualised by 

Transit New Zealand for allocating funds during post-disaster reconstruction. The 

question read: “Is there specially allocated funding for post disaster reconstruction? If 

yes, what are the logistics and requirements to access such funds?”  
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Both participants from TNZ identified that Land Transport New Zealand held funds for 

the “initial response”, which could be accessed immediately post-disaster, with “all 

parties understanding the urgency”. It was acknowledged by one (of two TNZ) 

participants that “the ability to sustain the effort (long term reconstruction) will depend 

on availability of funding.” However, both participants indicated that while LTNZ held 

funds for initial response, the decisions for long term restoration would require the input 

from a much wider government sector. Three important points were noted based on the 

response of TNZ’s manager: 

(1) Funds held by LTNZ were only “of a scale to begin the response;” which would 

take the recovery of the state highways to the point of re-establishing access (even 

at a minimal service level). These arrangements were being confirmed with LTNZ 

and the Treasury. 

(2) “Other ways to provide funding would have to be considered…Government 

intervention may be required in respect of post-disaster reconstruction” 

(Manager, TNZ). 

(3) “Lack of funds is not likely to be an acceptable reason for not responding 

immediately, nor for sustaining the effort”(Manager, TNZ). 

 

A senior engineer (from TNZ) interviewed suggested that TNZ could manage post 

disaster reconstruction of the state highways within existing LTNZ funding limits, “by 

scaling down (existing) project works” either regionally or nationally, based on priorities 

set at a political level. When asked about the impacts of inflation of costs on the over all 

cost of reconstruction, both participants felt that not much could be done to readily 

counter this, since this sort of inflation is likely to be associated with market 

imperfections.  

6.4.5 Issues affecting availability of resources 

6.4.5.1 Priority of Works 

An important aspect for the controlling authority in managing disaster is how they will 

prioritise existing works with disaster works and the hierarchy to be used.  Discussions 

on this issue with the participants revealed the following: 
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(1) Four of the four participants were in agreement that roading should be number 

one priority in reconstruction, aligned with water supply restoration which would 

be essential. This hierarchy (within the CDEM Group) was established through a 

simulation which was summarised in the following statement: “based on Phoenix 

quake exercise, it is necessary to have access for effective recovery” (Manager, 

CDEM).  The Phoenix exercise is an annual workshop, which is used to simulate 

and prepare the CDEM Group for an earthquake disaster. 

(2) Both participants (from TNZ) indicated that the initial response is sure to take 

precedence over other works. The long term effort of post-disaster reconstruction 

is expected to be prioritised ahead of developmental works, but this decision 

would be made at a political level. One of these participants identified two 

important issues which could vary the extent and intensity: 

• “… if the additional funding for road recovery was made available” then 

emphasis would be on post-disaster reconstruction (Senior Engineer, TNZ) 

and 

• Priority could depend on “geographic, demographic and economic 

factors”. “An example of this is say the need to restore the functioning of 

Wellington quickly, so that foreign business confidence was restored, may 

be considered more important at a political level, than that maybe would 

the recovery say in similar size provincial cities.” (Senior Engineer, TNZ). 

 

When asked about the implications of heavy base workloads coinciding with Wellington 

reconstruction following an earthquake, one of four participants indicated that with 

greater emphasis expected to be on reconstruction rather than developmental works, then 

this could only mean that “a greater pool of resources would be at the disposal of the 

recovery process” (CEO of a Contractors’ Representative Body). 

6.4.5.3 Contractual issues 

TNZ’s (2) participants were asked if suspension of existing works would be considered to 

allow reconstruction activities. Both participants indicated that suspension of work would 

be essential to concentrate on restoring Wellington State Highways. The importance of 
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imposing suspension of contracts was highlighted by one participant who stated that 

“suspension of existing works is part of Transit’s response to a major natural disaster. It 

is a major means of making resources available as part of the disaster response and in 

providing funding to post-disaster reconstruction needs” (Manager, TNZ).  In this 

regards, even the termination clause (included in their contracts) were identified as a 

possible mechanism to divert resources. When asked about how Transit would deal with 

possible claims for compensation by contractors following suspension of works, it was 

stated that “Transit has not struck a situation (in the past) where such processes have 

been used unscrupulously” (Manager, TNZ), and therefore did not expect such cases 

from their contractors. The manager however acknowledged that other agencies had 

experienced such situations in previous disaster scenarios.  

6.4.5.4 Resource Pooling 

Individual controlling organisations were questioned about the mechanisms of pooling 

resources through national and international partners and other means to facilitate 

resources for post-disaster reconstruction. All four participants acclaimed the industry to 

be well aligned for resource pooling, as summarised below: 

• The manager of a CDEM Group identified that no formal arrangements existed 

between TNZ and the CDEM on managing the road network during a disaster. 

The two entities have worked together in “establishing a road access restoration 

plan (RARP) with clear understanding of the roles and responsibilities of the 

authorities” (Manager, CDEM). Beyond this, the manager indicated that the 

CDEM are prepared to assist Transit with resources which are required, even if it 

meant pooling from other CDEM via several MOUs which existed (among the 

CDEMs). 

• One participant indicated that growth in the construction industry, has been 

reflected mostly in the national contractors; the ones with the necessary capital 

investment and structures to foster growth. Smaller companies have not shown the 

commitment necessary for developing their organisation. “These contractors are 

…30 in number and are responsible for executing approximately 80% of the 

country’s roading works” and are likely to have a great impact on disaster 
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reconstruction (CEO, Contractors’ Representative Body). This participant 

explained that “Members of Roading NZ, are prepared to render assistance to 

their clients in emergencies. From the perspective of mobilising resources from 

overseas, three (3) members of Roading NZ are owned by international 

organisations and others are surely to be able to draw on such resources if 

required” (CEO, Contractors’ Representative Body). 

 

• Two of the four participants indicated that Transit was aligned with several 

organisations such as PIARC, Austroads and REAAA as well as relationships 

with other state roading authorities around the globe. Ties also exist with 

suppliers and contractors in the overseas market, but they are pretty weak.  TNZ’s 

manager explained that stronger ties would be through the larger national 

contractors, such as Works Infrastructure and Fulton Hogan; and Consultants, 

such as Opus International and Montgomery Watson Harza, and their overseas 

operations. It was felt that “seeking foreign resources is an issue that would be 

dealt with as a Transport Sector response in consultation with Government… 

(and) it is unlikely that that there would be any roadblocks if the resources were 

required” (Manager, TNZ). 

6.4.5.5 Transportation 

To understand what considerations had been given to transportation following a 

Wellington fault quake, the CDEM Group manager was asked “What mode of 

transportation is likely to be most essential in getting resources into a Wellington 

disaster zone?” 

The Group manager indicated that shipping (both ships and barges) will form the most 

reliable means of transporting physical resources, “even though this may not be possible 

within the first two to three days.” The manager suggested that it would be imperative to 

have the road network accessible due to the ease of transportation which the network 

provides. “Subsidence is expected in the Petone area and seiching in the harbour is likely 

to incur significant damages to the harbour” (CDEM Group manager). While ferries and 

landing craft (to facilitate as much as 200 tonnes)was identified as good alternative 
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access modes, barges were identified by the Group manager to be scarce in Wellington 

(2-3 available) but available from the South Island.   

6.5 SPECIALIST DISASTER MANAGERS INTERVIEWED 

Three persons involved in risk and disaster management were interviewed, including one 

participant from the MCDEM. The main aim of these interviews was to obtain the views 

of specialists on disaster reconstruction and resource mobilisation and to ascertain the 

role of the MCDEM in resource mobilisation for post-disaster reconstruction in New 

Zealand.  

6.5.1 Resources  

Participants were asked “What do the current trends in resources indicate for availability 

in the advent of a major natural disaster in Wellington? Is there likely to be a shortage of 

machine, human, materials or financial resources for state highway reconstruction?”    

The interview responses are presented below, under themes followed in the previous 

section (i.e. Human resource, construction materials, plant and equipment and funding). 

6.5.1.1 Human Resource Availability 

Three of the three participants indicated that human resources have been a national 

problem for the construction industry within all categories of technical and construction 

personnel. The extent of the problem was summarised by one participant as follows: 

“There is a hugh shortage of engineers, roading, hydro etc., in fact some the industry 

don’t know what they are going to do” to meet the current demand (Engineer, MCDEM). 

All three participants felt that the present construction boom had been primarily 

responsible for attracting such high demand of construction persons and has led to the 

shortage currently being faced. 

 

All three participants felt that New Zealand’s construction industry will be best served by 

training programmes, to fill the skill needs requirements. This method was also supported 

by the MCDEM, as indicated by one of the three participants, who stated that the 

ministry has been “…working with the Contractor’s federation, the manufacturer’s 

federation and a range of other agencies, training agencies to change the outcomes of 
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local causes for construction workers and provide more people on the ground” 

(Engineer, MCDEM).  

 

One participant (of the three) suggested that importing persons to work post-disaster may 

not be the best alternative, based on previous experiences. Imported human resources are 

likely to be uneducated about standards used in New Zealand, while materials imported 

may not meet requirements of technical specifications used in New Zealand. 

6.5.1.2 Construction Materials Availability 

On materials availability, two of the three participants suggested that reinforcing steel 

and cement were likely to be critical due to limited production which meant that 

importation of these materials would be necessary to meet the demands of all sector. It 

was felt that the manufacturers are in the position to ensure that the demand is adequately 

met post-disaster through importation, but prices are likely to rise. One of the three 

participants also alluded to the possibility of “quarry routes and plants…likely to be 

damaged” (Senior Engineer, EQC), which could mean that aggregate for concrete and 

roading would need to be shipped into the area for reconstruction. It was further 

suggested that the (quarry) routes would be critical for sustained supply, even more so 

than the crushing plants which could be replaced by mobile ones (common in New 

Zealand).  

Commenting on construction materials availability, MCDEM’s engineer indicated that he 

could not say what material would be vulnerable. Rather, the approach the ministry has 

adopted is through cluster groups, where “We don’t say that we need 20 trucks or 20 

aircrafts. We tell them (e.g. the transport cluster) what needs to be done and they 

determine because they are the experts, how best to fill that” (Engineer, MCDEM).  

When specifically asked about fuel availability post-disaster, all three participants 

suggested that fuel availability was indeed a national problem but the participant 

associated with the MCDEM was the only one capable of providing comments beyond 

this. The following was identified as the main issues associated with New Zealand’s fuel 

supply and the implications in a disaster: 
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• “Fuel is always going to be an issue” and to mitigate the issues, the MED is 

undertaking a national oil strategy; 

• One of the aims of the strategy is for the MCDEM to develop a contingency plan 

within the fuel industry. “We are currently undertaking this contingency plan 

and once again we will be looking to get the industry coordination…We will look 

to them to solve the problem first before the government can step in and control 

any fuel stocks; that’s way down the continuum spectrum of options.”(Engineer, 

MCDEM) 

• Fuel stock checks were done in the Wellington Region as part of Capital Quake 

2006. It was stated that the ministry “have those records; but equally 

important… I am able to call upon part of the cluster… who maintains on a daily 

basis, what’s call a cosmic system. The cosmic system has all the printouts of 

where all types of fuel stock for the 12 types of fuel products are located 

throughout the country. From bitumen, heavy fuel oils, diesel etc..” so we can 

call upon that right now and get cosmic to give us a print out today to tell us 

where all the fuel is.” (Engineer, MCDEM) 

• Finally, it was described as a “big step between knowing where all the fuel is and 

getting fuel to where you need it.” In a Wellington earthquake, the ministry may 

therefore utilise the “industry to getting them to deal with the issue first, other 

than dictating and stepping in…because they (the supplier) understand the 

market dynamics, the transport industry, their infrastructure etc.; we do not and 

we would not impose” any restrictions on the process. 

Fuel level data (obtained at Capital Quake 2006) was deemed confidential. 

6.5.1.3 Plant and Equipment Availability 

Two of the three participants suggested that they were not aware of any construction 

machinery which could affect post-disaster reconstruction, particularly within the roading 

industry. However both indicated that they have worked primarily in the building sector. 

An engineer within the MCDEM felt that “counting the bulldozers,” was not the approach 

likely to be taken by the ministry to decide on resource availability. This was 

categorically stated as follows: “Its the wrong approach for many reasons: it puts you in 



Resource Availability for Roading Reconstruction:  
A Wellington Earthquake Scenario 

 

Results 116

the mindset of only what you got instead of what you need; so mentally you are putting 

people in a supply versus a demand mode” (Engineer, MCDEM). This participant felt 

that the issue should be dealt with on a case by case analysis since inventory of resources 

has little relevance in a disaster situation. Rather, knowing which organisation to turn to 

would be the key to mobilising resources. The MCDEM engineer indicated that the 

ministry had a requirement to look at available resources in the next two years under the 

national plan. However, the approach “is more linked to asking these specialists clusters 

like Transport: tell me about the availability of inshore shipping vessels for the next two 

year; what do you know, what are there capacities and how can we make sure we can tap 

into their capacity immediately when we need it” (Engineer, MCDEM). The MCDEM’s 

approach to resource availability is likely to be associated with logistics of obtaining the 

resources.  

6.5.1.4 Availability of funds 

When asked about cash flow issues likely to arise for state highway reinstatement 

following a Wellington fault quake, two of the three participants were not prepared to 

comment on such an issue. MCDEM’s participant preferred to use a previous flood event 

in 2004 (Bay of Plenty) to highlight problems which were encountered. “Practical 

problems such as the emergency works provision of funding from Transfund needed 

varying for some of the authorities, because the cash flow situation was 

difficult,”(Engineer, MCDEM) was identified as the main problems and required 

attention from the transport cluster within the ministry to address the issue. It was further 

identified that “They were a number of other funding issues a range of things which we 

(the cluster) were able to solve together here at a national level on a policy framework. 

We were able to put up subsidy for certain regions to cabinet of their local shares” 

(Engineer, MCDEM). 

6.5.2 Issues affecting resource availability 

An interesting question which was posed to the participants was “Which 

lifeline/infrastructure is regarded as the first priority in reconstruction? In this context, 

where is the road network in this priority of reconstruction activities?”  
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Roading was identified by two of the three participants as being among the top priorities 

in reconstruction since it was necessary to provide access to other areas and resources. 

On the contrary, the third participant indicated that priority was not generic, but depended 

on the impacts of the disaster. This participant used the example of the Bay of Plenty 

floods in 2004, indicating that “airports and ports were not affected, so they came to the 

bottom of the list… the first one was water; there were a lot of water outages. We worked 

with a lot of water authority and local managers to ensure that they had all the support 

they needed to restore water systems and that the right media was being put out and the 

right things were being done…The biggest priority that developed in the longer term was 

roading” (Engineer, MCDEM).  

 

The interviews provided a number of physical and logistical constraints to resource 

availability and the inputs of controlling authorities, consultants and contractors, revealed 

which specific resources were likely to be difficult to procure for reconstruction 

following a Wellington fault earthquake. An important issue which remained uncovered 

was how much of these resources would be required, which is explained in the following 

section.  

 

6.7 HOW MUCH RESOURCE IS SUFFICIENT? 
 
The previous section presented the construction industry’s views on resource difficulties 

experienced within the current construction environment; and the impacts of these 

restrictions to post-disaster reconstruction of the Wellington State Highways. However, 

(sufficient) availability of resources is also a function of the demand (as suggested by one 

of the participant in Section 6.4.1- pp.105); which is what the results of this section 

illustrate.  

 

Based on the methodologies explained in Section 4.3.5, Tables 3-5 below provides a 

summary of the results of the main construction resources likely to be required (including 

an estimated cost) for the state highway reinstatement. The estimates are only ball-park 

and in accordance with Hopkins (1995), the results should not be interpreted as a baseline 
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to be met. These results simply gave an indication of the level of resources that is likely 

to be required in post-disaster reinstatement of the Wellington State Highway based on 

the seismic hazards of the region. 
 

Item Description Unit Quantity 
1 Cement tonnes 1,986
2 Sand  tonnes 6,909
3 Sub-base: Hardfill tonnes 1,030,446
4 Aggregate - nominal size 18.75mm  tonnes 8,572
5 Aggregate - nominal size 75mm or M4 tonnes 538,200
6 Aggregate - Sealing chip tonnes 23,926
7 Bitumen litres 2,057,400
8 Reinforcement tonnes 1,284

Table 6: Estimated construction material requirements for post-earthquake reconstruction. 
 

 

Item Description Unit Quantity 
1 Trucks No. 58 
2 End loader No. 7 
3 Rollers No. 20 
4 Excavators - backhoe No. 10 
5 Dozers No. 12 
6 Asphalt pavers No. 13 
7 Graders No. 10 
8 Cranes No. 8 
9 Hydraulic pile driver No. 8 

Table 7: Estimated construction equipment requirements for post-earthquake reconstruction. 
 
 

 Table 8: Estimated main trades requirements for post-earthquake reconstruction 
 
 

Item Description Unit Quantity 
1 Drivers No. 56 
2 Operators No. 88 
3 Labourers No. 354 
4 Tradesmen No. 76 
 Total  574 
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Table 9: Estimated cost for reinstatement of Damages to Wellington State Highways 
 

6.8 Conclusion 

This chapter presented the findings of the main methods of the investigation; that is, the 

interviews and resource estimation for post disaster reconstruction of the Wellington 

State Highway. The interviews were conducted over a wide cross section of industries 

and provided a number of views on which resources are likely to present greatest 

difficulties procuring post-disaster; the reasons for their unavailability and issues which 

generally affected availability. Many of the responses were comparable but some 

contradictions across sectors existed which can have serious implications on mobilising 

resources following a Wellington fault earthquake. Interestingly, the approaches 

highlighted by the MCDEM’s participant were less generic (compared to other 

responses). Also included in this chapter is a summary of the estimated resources that 

would be required for Wellington state highway reinstatement. These resources were 

categorized under construction materials, machinery and trades people; along with an 

estimated cost of the works that would be necessary for reinstatement.  

Comparing the resources demand for reconstruction to the existing supply of plant, 

materials and labour, is the first step of determining whether the availability of these 

resources are indeed prohibitive to reconstruction. Chapter 7 presents a detailed 

discussion based on these findings.  

 

 
 

Item Description Unit Quantity 
1 Pavement reinstatement Sum $40,457,500
2 

Bridges and structures reconstruction Sum $11,753,130
  Sub-total  $52,210,630
  Contingencies - 10%  $5,221,063
  Professional and other services- 20%  $11,486,339
  Total    $68,918,032
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CHAPTER 7  

DISCUSSION 
 

7.1 INTRODUCTION 

Accessibility of the state highway network will be the greatest factor to fast recovery 

following a Wellington fault earthquake, due to the services it brings to other lifelines 

and infrastructure. The cumulative impacts of several factors affecting availability of 

construction resources are likely to determine the readiness of the construction industry to 

effectively undertake state highway reconstruction works.   

 

This chapter presents a detailed discussion of the main issues emerging from the 

investigation. Materials, plant and equipment, human and financial (funding) resources in 

reconstruction, form the main focus of this discussion in accordance with the objectives 

of the research.  

 

7.2 TIMELINE FOR STATE HIGHWAYS RECONSTRUCTION 

Reconstruction activities following a Wellington fault earthquake will commence at the 

initial point of response and curtail in the final stages of long term recovery, which based 

on the interviews with Transit NZ’s participants, can take as much as 3 to 5 years. The 

impacts of this on reconstruction resources are simply the spin-off effects of resource 

scheduling, that is, resource usage over a longer period essentially means less challenges 

to supply. It is logical that resource utilization or levels of difficulties in mobilising 

resources will follow the schematic diagram of Figure 21 below. The greatest difficulties 

of mobilising resources (resource availability) will be at the initial stage but can be 

expected to normalise as time elapses.  
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Figure 21: Conceptualised relationship of 
resource difficulties as a function of time. 

 

Based on this conceptualisation, proper scheduling of resource utilisation plays an 

important part to ensuring that resources are available. 

7.3 AVAILABILITY OF CONSTRUCTION MATERIALS 
 
This section covers an analysis of material supply and logistics affecting availability of 

construction materials. An amalgamation of responses to the interviews across all 

categories, on the aspect of shortages in materials within the industry, revealed that 

aggregate, cement and concrete, steel and fuel were ranked as the greatest threat to post-

disaster reconstruction, as illustrated in Figure 21 below. Similarly these materials were 

identified at the workshops and conferences, as imposing difficulties in procurement, 

which indicated a level of consistency within the construction industry.  

 

Cement & 
Concrete, 5

Steel, 5

Aggregate, 7

Fuel, 8

Bitumen, 2 Other, 3

 
Figure 22: Amalgamation of all responses to resources likely to impose 
 difficulties post-disaster. 
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“Other” materials identified by participants as indicated in Figure 22, includes electronic 

signage etc.  The following sections look individually at availability of these resources 

(aggregate, cement and concrete, steel and fuel) in a Wellington fault earthquake 

scenario.  

 

A general summary across all interviews on the perceived vulnerability of construction 

materials is illustrated in Table 10 below: 

 

Material 
Specific 
Product 

Line 
Category Perceived Vulnerability 

Controlling Authorities, 

Contractors, Consultants.  

Depleted supply in Wellington may 

warrant importation from other 

regions. Aggregate 

Roading 

and 

concrete 
Consultants, Specialists.  

Aggregate quarries likely to be 

subjected to damages.  

Cement 
Controlling Authorities, 

Contractors, Consultants. 

Supply difficulties, possible related to 

local production. 

- Limited suppliers. 

Cement 

and 

Concrete 
Precast 

components 
Consultants. - Long lead times for special 

members. 

Reinforcing 

bars 

Controlling Authorities, 

Contractors, Consultants 

- Supply difficulties, possible related 

to local production. 

  
- Limited size range in New Zealand, 

particularly for dowels. 
Steel 

Merchant 

products 

Controlling Authorities, 

Contractors, Limited product range. 

Fuel 
Petroleum 

and oils 
All Categories 

New Zealand's production levels have 

lowered significantly, while 

consumption has increased per capita. 

Table 10: Summary of commentary on material susceptibility. 
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7.3.1 Aggregate Availability 
 
Based on the interviews, the main issues likely to inhibit availability of aggregates for 

state highway reconstruction following a Wellington fault earthquake are: limited 

production, damages to quarries and transportation; which encapsulates all responses on 

perceived vulnerability to supply. The issue of production identified by the participants 

supports the growing trend in aggregate supply in Wellington Region (identified in 

Section 3.3.1.1- pp.41). As stated in Section 3.3.1.1, closure of the Owhiro Bay quarry, 

has resulted in considerable dependence on quarries at Plimmerton and Waikanae, on the 

west coast of the Wellington Region, with shortages predicted in the region. These effects 

are likely to coincide with the relatively high demand of reconstruction. Looking at the 

estimated aggregate requirements for reinstatement with average regional (Wellington) 

and national figures of production established in Section 3.3.1.1, Table 11 gives a good 

indication of what can be expected: 

Total Aggregate 

Requirements (tonnes) 

Wellington Region Quarry 

Production (tonnes/annum) 

National Production of 

Aggregate (tonnes/annum) 

570,698 800,000 21 x 109 

Table 11: Comparison of aggregate requirements to average production. 
 

Based on these figures, it is logical that the quarries in Wellington will be severely 

challenged to meet the demands of state highway reconstruction within the area. If the 

requirements of Transit NZ (or government priority) are to have the State Highway 

network fully operational within a timeframe as much as six months, it is perceivable that 

aggregate availability will be constrained inadequate production in Wellington’s quarries.  

There is also likely to be competition from other sectors, which will independently be 

involved in similar reconstruction activities. It is clear that reconstruction will necessitate 

importation of aggregates to the Wellington area, following an earthquake of this 

magnitude (indicated in Chapter 5), as was suggested by a CDEM Group manager, 

identified in Section 6.4.1(pp.105). Competition by contracted parties for aggregates, 

including those associated with other lifelines and private reconstruction, is also likely to 

lead to costs inflation which was identified by (four) participants indicated in Section 
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6.2.1. The high level of competition envisaged in a post-disaster scenario, has essentially 

led to Transit’s inclusion of MOUs with major aggregate suppliers as part of their 

emergency response plan. The intension is clear; the main aim of alleviating any such 

supply issues from the regional (Wellington) market. From a national perspective, 

aggregate production is likely to substantially outstrip aggregate requirements, as 

indicated in Table 11 above, which suggests that aggregate supply would not require 

offshore importation. A careful review of the results showed a couple of interesting 

points coming out of the interviews on aggregate availability. Seven of the fifteen 

participants indicated that aggregate was likely to be an issue. But, of the four 

contractors’ representatives interviewed, only one indicated that aggregate supply was 

vulnerable, based on current practices in the industry. The other contractors indicated that 

their organisations were aligned with quarrying operations. While all four contractors 

interviewed are considered national contractors, the vertical integration of quarry 

operations into their organisation (stated in Section 6.3.1) has essentially made the 

difference on aggregate availability. Because aggregate is such an important element in 

roading construction, such contractors (with quarry ownership) will be integral to fast 

reconstruction. Acquiring the services of these contractors will not alleviate the physical 

barriers to availability such as transportation difficulties and accessible storage areas, but 

at least resolves the logistical issue of having to establish supply chain management. 

 
Notwithstanding limited production, depleting quarries in Wellington and the possibility 

of high competition for the resource, there is very good possibility that a Wellington fault 

earthquake may affect operations at the major quarrying areas, as was highlighted by 

participants in Section 6.4.1 (pp.105). Reviewing Section 3.3.1.1 (pp.41), the major 

quarrying areas are located on the up-thrown side of the Wellington fault and operations 

are likely to be significantly disrupted. Superimposing the expected (earthquake) 

intensities on the quarrying areas identified in Appendix A1, Figure 23 below clearly 

illustrates that the quarries lie within significant damage zones of intensities MM IX and 

VII.  
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Figure 23: Location map of aggregate quarries in New Zealand relative to expected seismic intensities. 
 

Interview with a senior disaster management engineer indicated in Section 6.5.1.2 

(pp.114) did reveal that damages to the aggregate crushing plant do not imply a closure of 

operation; mobile crushing plants are common in New Zealand and could be mobilised at 

these quarries. The main issues however that are likely to affect aggregate supply are 

based on this scenario are: 

• the quarries’ road network may experience significant damage due to heavy 

shaking associated with MM IX intensities, which can have long term 

implications; and 

• the possibility of a drop in the land, a reversal in the 6m rise that occurred in 

the 1855 Wairarapa fault earthquake, is likely to not only devastate the 

existing network built on this section but also, devoid areas of aggregates. 

If these damages were to be incurred, then alternative sources will have to be considered, 

particularly in the initial stages of the reconstruction period, while these Wellington 

suppliers recover. Several alternatives for road base aggregates may exist in a post 

disaster situation, which should not only be considered from a supply situation but also, 

from the perspective of maintaining quality control. Greywacke and other volcanic rocks 
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is abundant in Northland but the cost of transporting aggregates through this distance 

even by water, will be exorbitant as indicated in Section 3.3.1.1 (pp.41). It may be 

preferable to utilise aggregates from closer regions, such as Wanganui and Manawatu, 

which can supply substantial amounts of aggregates at relatively short distances. Of 

course, much further areas such as Canterbury exist, where Torlesse Supergroup 

Greywacke of the Southern Alps, can provide large, (easily mined) supplies. There are 

other alternatives of recycled materials, most notably recycled concrete which is likely to 

be in good supply with as many as 60,000 property damages anticipated (Section 5.3.2 - 

pp. 89). Essentially, these materials are likely to become available as refuse in the 

aftermath of an earthquake and therefore can be adequately disposed through recycling. 

 

Transportation is the obvious impediment to sourcing aggregates due to the physical 

barriers that will be imposed by the earthquake. With damages to rail and the state 

highways, it ultimately means that the traditional means of moving aggregates (identified 

in Section 3.3.5.2 – pp. 65) becomes, for all practical purposes, impossible during the 

initial stages of reconstruction. The best alternative identified by several participants is 

the utilisation of barges, which coincidentally has been regarded as a growing 

transportation mode for aggregates, as stated in Section 3.3.5.2 (pp.65). A more detailed 

discussion on transportation is included in Section 7.3.  

 

7.2.2 Cement and concrete products availability 
 
Based on Table 10, cement and concrete availability is likely to be constrained by two 

associated trends in the industry: 

(1) inadequate local production; and 

(2) limited number of suppliers of pre-cast components coupled with long lead times. 

The root of the production problem lies in the manufacturing industry which has its 

productivity geared to meet domestic demands, as indicated in Section 3.3.1.2 (pp.45). 

On average, the construction industry consumes 910,000 tonnes of cement per annum, 

from an annual production of 1,040,000 tonnes as indicated in Figure 5 (pp.25). It shows 

that limited scope exists for increases in consumption, before supplies become critical. In 
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the context of supply capacity for post-disaster recovery, the estimated quantity of 

cement required for state highway/bridge reinstatement - 1,986 tonnes (Table 6), is likely 

to prove beyond the local industry’s capability. The recovery of the main structures 

identified in Section 5.3.3.4, would be done within the first year of reconstruction to 

ensure that the access bridges along the state highways are permanently reinstated. This 

means that most concrete works on the state highway is likely to be completed during this 

time, which reflects the importance of ensuring that cement requirements are adequately 

met during the initial period of state highway reconstruction. As stated in Section 6.3.1 

(pp.99) by four contractor’s representatives, the current dependence on just-in-time 

inventory by contractors in New Zealand, offers no assistance with cement mobilisation 

in a Wellington quake scenario since there are unlikely to be any major stockpiles 

available. However, whether supply of cement becomes a major impediment will depend 

on two factors: 

 

(1) Prioritisation of construction works versus post-disaster works; if damaged 

infrastructure is valued greater than developmental works, then by virtue, post-

disaster works would have first preference to cement. Based on the general 

responses to the priority issue in Chapter 6, this is likely to be the case.   

 

(2) The ability of the major suppliers (Milburn and Golden Bay) to collaborate with 

their overseas counterparts for supply assistance. Milburn in particular, as a 

subsidiary company of the Holcium Limited (one of the largest cement-

manufacturing groups in the world), are in the position to ascertain the necessary 

assistance. However, importation of cement will have additional costs attached 

and longer lead times for shipping.  

 

In addition to these possibilities for improving cement availability (post-disaster), there is 

the alternative of reducing exportation, which is indeed of small quantities (based on 

average local production and consumption figures) from Golden Bay. Golden Bay 

exports small quantities to the Pacific Island as was indicated in Section 3.3.1.2 (pp. 44). 
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Apart from the limitation of cement production, procurement of pre-cast units was 

identified by an important section of the participants, that is, consultants and contractors, 

as possible sources of difficulties in procurement post-disaster. Component pre-casting 

which involves manufacturing various concrete components, such as pipes, bridge 

lengths, columns and site barriers, generally requires considerably more engineering 

input than other concrete works. Based on current trends, (four) participants interviewed 

indicated that fluctuations in supply currently exist in the market for these pre-cast 

components, along product lines such as culverts, piles and slabs. The root of the supply 

problem has been the increasing demand of pre-casting, coupled with the supply 

limitations. This increased demand may also account for the lead time problems 

identified by contractors, as highlighted in Section 6.3.1. Based on the interviews two 

important procedures which could be adopted based on current successes in alleviating 

materials problems (and more specifically pre-casting) are: 

(1) As identified in Section 6.3.1(pp. 99) it maybe imperative to have the involvement 

of national contractors (possible Transit’s network contractor) in post-disaster re-

design, to ensure that available products (post-disaster) are utilised, as opposed to 

traditionally used pre-cast components. This method is also consistent with 

internationally experiences as was indicated in Section 2.4.1(pp.30). 

 

(2) Ad hoc decisions on lengthy lead times for procuring of pre-cast components may 

warrant amendments to design specifications to accommodate changes in 

material. Such requires flexibility in the project team, but have been done in the 

past to facilitate the process, as was stated in Section 6.2.1 (pp. 93). 

 

From a logistical perspective, it will be necessary for the road network to be substantially 

accessible before cement and concrete components, can be effectively transported. 

Structural pre-cast concrete members in particular, are effectively transported in New 

Zealand by articulated trucks. The road network will also facilitate ready mix concrete for 

in-situ works on joints and other construction, which requires the use of mixing trucks. 
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7.2.3 Steel availability 
 
Steel availability would be integral to the (structural) recovery of various infrastructures 

after an earthquake. As stated in Section 3.3.1.3 (pp.47), the steel industry is similar to 

the cement industry, in that it focuses on satisfying local demand, in competition with 

imported products, while exporting significant proportions of its output. The industry 

faces similar vulnerabilities to that of the cement industry, in terms of limited production 

and production line as indicated in Table 10 (pp.122). A comparison of steel 

requirements for reconstruction post-disaster (based on Table 6) to steel production in 

New Zealand (Section 3.3.1.3) is indicated in Table 12 below:  

 

Steel Requirements (tonnes) Total Steel Production 

(tonnes/annum) 

1,284 800,000 

Table 12: Comparison of steel requirements to average production in 
 New Zealand. 

 

From hindsight, it does appear that New Zealand’s steel production outstrips the 

requirements, but the interviews clearly indicate issues of steel availability. While New 

Zealand’s steel production is significantly high, availability issues identified were related 

to individual product line. Table 13 below is a summary of the main categories of steel 

products available in New Zealand3. Merchant steel products and reinforcing steel are the 

primary ones utilised within the roading industry (particularly for bridge construction) 

and were identified to be vulnerable in a post-disaster scenario as indicated in Table 10 

(pp.122) The availability of these products cannot be truly evaluated by looking at total 

production or requirements, but rather by individual product lines.  

  

 

 

 

                                                 
3 Categories amalgamated from Berry M.N. (1999) report from the Commerce Commission 
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No. Category Description 

1 Reinforcing Steel Reinforcing steel is used in the specific function for 

concrete reinforcement. The nature of the product is 

such that it is not substitutable for any other product. 

2 Merchant Steel 

Products 

Merchant steel products represent a group of 

commodity steel shapes that include steel bars, 

angles, flats and rectangular hollow sections, pipes, 

structural sections, special steels and stainless steels. 

3 Steel Plates Plate refers to “heavy-duty” steel product, which is 

sold in cut or uncut forms to a variety of end users 

including civil construction, heavy engineering 

businesses and a several manufacturers.  

4 Steel coils Steel coils are sold complete in coil form or cut into 

panels or strips and is predominantly used in roofing 

and manufacturing of such items as household 

appliances. 

5 Roofing products Domestic and industrial roofing products in rolled 

form are manufactured from coils. 

 
Table 13: Categories of finished steel products in New Zealand. 

 

Looking at reinforcing steel availability in New Zealand, the majority of this product is 

manufactured domestically by Pacific Steel, as stated in Section 3.3.1.3 (pp.47). With 

average production (of reinforcing steel) estimated at 61,561 tonnes per annum and 

importation accounting for a further 10,132 tonnes (Section 3.3.1.3), it is logical that 

available quantities of reinforcing steel should not be a limiting factor to reconstruction. 

The estimated quantity (1,284 tonnes) of steel required for reconstruction of the 

vulnerable structures along the state highways in Table 6 (pp. 19), represents less than 

2% of the annual local production, which is relatively insignificant. However, this 

rationalisation does not consider competition from other sectors, particularly the building 

industry, assuming that reconstruction of access bridges is likely to be given priority to 
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allow access. It is highly improbable that during any one year of the reconstruction 

period, that steel reinforcement would be faced with supply constraints, even with a 

boom from the housing sector.    

 

Merchant steel products impose greater difficulties in sourcing due to long lead times 

associated with its procurement, identified through the interviews in Section 7.2.3. While 

Pacific Steel and New Zealand Steel do produce some merchant steel products, the 

general indication is that many specialised structural products, including dowels and 

universal sections were limited and needed to be sourced offshore. Steel barriers or 

barrier gates for bridges identified in Table 10 (pp. 122) require importation, as they are 

not produced in New Zealand. These products have long lead times, regardless of the 

location of the supplier. Supply of merchant steel product within the New Zealand steel 

industry effectively suffers from the limited line of products that is offered. Whether or 

not, such lead times becomes admissible in deterring the construction process, will 

ultimately be a function of the time span associated with the contract procurement system 

that is in place for the reconstruction effort. Traditionally, contractors are able to source 

suppliers for the requisite merchant products during the tendering process, so that orders 

can be made immediately after the award of the contract, but such time spans are unlikely 

to exist for post-disaster reconstruction works, which are likely to be fast tracked..  

 

Like aggregate and cement, steel may pose some difficulties, in transporting in a 

Wellington disaster zone, especially since the traditional transport medium (of rail and 

road) are likely to be closed.  Just in time inventory, which is recognisable through 

contractors’ rejected interest in stockpiling (highlighted in Section 6.3.1- pp.99) will be 

significantly constrained, and contractors will have to consider the longer lead times 

associated with procuring steel and getting it into the disaster zone.   

 

7.2.4 Fuel availability 
 
Fuel supply in a Wellington earthquake scenario or to this matter, any national disaster, 

will be a critical factor in response and recovery, due mainly to its high requirement and 
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competitiveness in all industries. It is actually difficult to say how much fuel will be 

required in reconstruction, as it varies with type, machine, machine hours and several 

other factors. However, fuel is recognised as a major driver in the transportation and 

construction industries and can significantly retard the recovery efforts if supplies are not 

adequate. Its availability is currently a major governmental issue in New Zealand 

identified by the MCDEM in Section 6.5.1.2 (pp. 114), due to critical reserve levels 

experienced in 2005. 

 
Fuel level data was deemed confidential by the MCDEM, which made it impossible to 

numerically assess the implication of fuel availability for post-disaster reconstruction. 

But evidence through a number of researches being undertaken by the Ministry of 

Economics and Development identified during the interviews by a participant from the 

MCDEM (Section 6.5.1.2 – pp.114), revealed the critical nature of fuel stocks in New 

Zealand. These issues being addressed at a governmental level is a clear indication that 

fuel is likely to be a critical resource to reconstruction following a Wellington quake 

disaster. The important aspect of fuel availability following a disaster is that it will be 

consistently monitored by the MCDEM, as indicated in Section 6.5.1.2 (pp.114). The 

mechanisms identified by MCDEM’s engineer (in Section 6.5.1.2.) appears practical and 

extremely coordinated to ensure that fuel stocks do not become critical during a disaster. 

Specific features of this strategy include: 

• The Ministry will first look to the industry (first) to solve the problem rather than 

intervening at the early stages; recognising that persons in the industry are the 

experts is the key to this coordinated effort. 

• Fuel supplies is and will be monitored by a “cosmic system;” not by the Ministry 

but rather by a cluster group involving the industry. The cosmic system is an 

updated record of all fuel stocks in New Zealand and (importantly) the location of 

these stocks.  

• The Ministry identifies that it’s a big step knowing where the fuel is from the 

comic system and actually getting the fuel where it is required. Once again, the 

ministry will allow the industry to deal with the issues first.  
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The most important aspect of the MCDEM’s strategy to dealing with fuel supply 

difficulties is its inter-dependence on the industry. As indicated in Section 6.5.1.2 

(pp.114), specialists (from within the industry) would be able to determine the best 

solutions to logistical problems of fuel availability through their understanding of the 

industry’s transport system, network, infrastructure etc..   

 

A significant contribution that will prove essential in fuel availability post disaster is the 

research undertakings of the MED and MCDEM, aimed specifically at improving the fuel 

level stocks in New Zealand. The development of an oil emergency response strategy by 

the MED, details of which are included in Section 3.3.1.4 (pp.50), is a step towards 

reducing the vulnerability of fuel supply post-disaster. The emergency response strategy 

encapsulates disaster preparedness and will effectively address such fuel supply problems 

that may be encountered during reconstruction. As stated in Section 3.3.1.4, methods 

identified within the response strategy (MED 2006) now allow changes to fuel stock 

management which ensures adequate supply in an emergency, as follows: 

• Restrictions on “drawdown of stocks” from petroleum reserves would now only 

be facilitated in cases of emergency disruptions, while previously reserves could 

be used for lesser purposes of price management or assisting suppliers. This 

restriction is likely to improve fuel stock levels to adequate proportions for any 

future disaster.  

• Surge in production is also another method (identified in Section 3.3.1.4) which 

could allow increases in domestic oil production in case of an oil supply 

emergency, even though this is likely to have adverse effects on New Zealand’s 

recoverable reserves. 

• Relaxation of fuel specifications in cases of emergencies would allow greater 

output at the New Zealand refinery; but in addition will allow petroleum to be 

sourced offshore which would become acceptable for sale in New Zealand. 

It is important to note that the first scenario (above) is the only pro-active approach; 

while the others are dependent on the individual situation which may exist on fuel supply 

at the time of the emergency. 
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Based on theses undertakings within the MED and MCDEM, it is conclusive that fuel 

supply will be critical to post disaster reconstruction, but more importantly, there is an 

on-going governmental effort, to identify and mitigate issues associated with fuel 

availability. These governmental interventions are likely to adequately address issues of 

fuel supply and availability in a Wellington earthquake situation. The only other issue 

which should be of some concern in a post disaster event is difficulties associated with 

transporting the required fuel into the area. However, in accordance with the Section 

6.5.1.2 (pp.112), it is a situation which should be undertaken by the distributors, as stated 

by the MCDEM’s participant. With as many as four international distributors (BP, Mobil, 

Shell and Caltex) in New Zealand, it is logical that these organisations would be able to 

mobilize the requisite resources to supply the reconstruction effort. 

 

7.3 AVAILABILITY OF CONSTRUCTION PLANT AND 
EQUIPMENT  

 
The demand for construction equipment (in New Zealand) is obviously a function of the 

activities in the building and construction sector, which comprise of residential, non-

residential and civil engineering divisions. The supply of plant and equipment prior to the 

Wellington Fault earthquake is likely to have significant impacts on machine availability 

for reconstruction. This section covers the main issues affecting plant and equipment 

availability and discusses various aspects likely to be vulnerable in Wellington post-

disaster scenario, based on the current status of the construction industry.  Reference is 

made to Table 7(pp.118), which summarizes the estimated primary machine requirements 

for reconstruction. 

7.3.1 Vulnerable Machine Resources 
 
Based on the responses of the interviews in Chapter 6, the general consensus of all 

participants questioned about the construction industry’s supply of plant and equipment, 

was that availability has been very good. Even in the present construction boom, no 

significant issues of machine availability have been experienced which gives a good 

indication of the resource pool which currently exists. Specialists equipment which were 
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difficult to procure in previous years, have been much easier to obtain at this time, based 

on responses from both categories of contractors and controlling authorities indicated in 

Sections 6.3.2 (pp.101) and 6.4.2 (pp.106) respectively. Excavators, rollers and dozers, 

which are likely to be required in relatively large numbers (10, 20 and 12 respectively, 

based on the resource requirement estimation of Table 7- pp.118) for reinstatement of the 

State Highways in Wellington, were regarded to be in good supply, facilitated through 

organisations such as Hirequip and Hiremax and unlikely to pose any difficulties in 

reconstruction. Two distinct views were attributed to this turn around in machine 

availability based on responses in Section 6.4.2: 

(1) The high base workload at current have led to a diversification in plant and 

equipment; and   

(2) The level of work forecast, particularly through TNZ’s 10-year State Highway 

Plan have allowed contractors to invest with some confidence of a return in 

investment.  

Contractors interviewed agreed to some extent with the first view indicating that they 

have invested substantially in plant renewal programmes. The implication of these steps 

essential indicates that a good supply of equipment can be expected post-disaster. 

 

The only issue of bother which exist with plant and equipment availability is the 

scepticism over the supply of asphalt pavers within the industry. Based on interviews 

within the category of controlling authority, it is believed that national contractors have 

the capability to meet all equipment requirements (Section 6.4.2, pp.106). Contrary to this 

view, the (national) contractors participating in interviews (as indicated in Section 6.3.2, 

pp.101)  were consistent in their responses to the availability of asphalt pavers, indicating 

that in periods of high work loads, they are likely to be difficult to procure. The main 

reason for this maybe (as indicated by the category of contractors interviewed) due to the 

fact that road construction in New Zealand is predominantly based on chip seal, and 

asphalt surfaces are seldom. Based on current methods adopted by TNZ for road 

surfacing, it is likely that chip seal would be used in reconstruction, but if asphalt 

surfaces were to be adopted for greater structural integrity, then, as much thirteen pavers 

is estimated to be required, as indicated in Table 7 (pp.118), which can be considered 
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“heavy workload” and thus, is likely to pose difficulties in meeting this demand post-

disaster.   

 

While there maybe a good supply of plant and equipment within the construction 

industry, several issues were identified that are also likely to impact the chain supply of 

these resources. These issues are discussed in the following section. 

 

7.3.2 Issues affecting plant and equipment supply in reconstruction 
 
Even with the confidence of the construction industry including contractors, consultants 

and TNZ, on the availability of machine input to the needs of reconstruction, there is the 

basic need to determine how machines would be made available. The controlling 

authority, based on Section 6.4.5.3(pp.108), has built there emergency response plan to 

include the possibility of prioritising disaster works ahead of developmental work, which 

could allow a diversion of resources to facilitate reconstruction. The use of “suspension 

and termination” clauses built into TNZ’s contracts for instance, could be utilised to 

ensure that disaster works are facilitated as indicated in Section 6.4.5.3.  

 

National contractors can be expected to play a significant role in reconstruction of the 

Wellington state highways following the earthquake. Based on Section 6.4.5.4 (pp108), 

the authorities are likely to have greater confidence in these contractors in mobilising 

plant and equipment, particularly due to their superior financial capabilities and national 

and international alignments with other organisations, from which they can successfully 

pool resources. These (international and national) relationships which exist were 

confirmed with contractors interviewed in Section 6.3.4.4 (pp.100). National pools of 

resources for reconstruction are currently established through two media:  

• Organisations such as Roading NZ has allowed a conglomeration of contractors, 

who pool resources; and  

• Equipment hire has become an integral part of the construction industry as 

identified in Section 6.3.4.2 (pp.99).  
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Equipment availability is therefore not simply a function of only what contractors own, 

but also, the growing equipment-hire market, which exists in New Zealand, coupled with 

the resource pooling of contractors through various ventures. Hirequip and Hiremax are 

two of the large companies in New Zealand within the business of plant and equipment 

hire. These companies can play an integral part in machine supply for reconstruction, 

particularly if the selected contractors are clients who depend on them for machine 

supply. Based on these (equipment) resource pools which exist (or may be dormant in 

cases of international relationships which contractors possess), there appears to be a good 

foundation for equipment mobilisation post-disaster. 

 
The state of the construction industry prior to the Wellington fault earthquake will also 

have significant impacts on the availability of plant and equipment for recovery. Heavy 

activities within the industry coinciding with an earthquake are generally interpreted to 

mean competing base workloads which could mean shortages in supply.  But the positive 

aspect of this, highlighted in Section 6.4.5.1 (pp107) (by a CEO of a popular contractors’ 

representative body), is that it is likely to ensure a greater range of equipment to the 

contractor’s disposal. An active construction industry also signifies that specialist 

construction equipment such as pile drivers and asphalt pavers which would ordinarily be 

difficult to source in New Zealand, are likely to be much easily procured, which has been 

highlighted throughout the interviews. The high activity within the industry coupled with 

the prioritisation system in place provides the perfect mechanism to allow a wider range 

of equipment supply.   

 

Contractors in New Zealand prefer to use the road network for transport of equipment but 

over long distances, the use of rail has been important. The transportation of plant and 

equipment in a disaster situation could restrict availability due to expected damages to the 

rail, harbours and not the least, the state highways. Based on the interviews, relevant 

categories of contractors, controlling authorities and specialists disaster managers 

suggested that the use of the waterways would provide the easiest means of getting bulk 

resources into Wellington, albeit by barges. From the interviewed contractors (Section 

6.3.4.5 – pp.101), at least two (of the four participants) indicated that barges were used to 
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transport plant and equipment to the South Island and other parts of New Zealand and 

these experiences could prove essential post-disaster. Alarmingly, there are contractors 

who are unprepared for such a scenario where limited transportation modes exist, as was 

indicated in Section 6.3.4.5. A diversion from the traditional methods of transport would 

be necessary in such a scenario described in Chapter 5, particularly in the recovery of the 

state highway, which is expected to be in the initial stages post-disaster.  

7.4 AVAILABILITY OF HUMAN RESOURCES 
 
This section presents a discussion on the current availability of human resources within 

the construction industry and its implications on mobilising resources for post-earthquake 

reconstruction. The discussion is amalgamated into three sections (representative of the 

project team) of Transit NZ, engineering consultants and contractors in the disaster 

scenario.  The construction industry is highly labour intensive and unlike other industries, 

depends primarily on skilled and experienced workforce to deliver both design and 

construction works. Other industries can effectively respond to growing demand by 

adopting a semi-intensive approach, to achieve the level of production. Human resources 

within the construction industry was recognised at the early stages of the research to be a 

genuine cause for concern to post disaster recovery as indicated in Section 3.3.3 (pp.55) 

of the literature review. A general deficiency of skills in New Zealand and a severe 

shortage of construction personnel present surmountable difficulties for post-disaster 

reconstruction. 

 

7.4.1 Controlling Authority  
 
Staff levels within the state highway controlling body (TNZ), adequately supports a 

workload in excess of 1.1 billion dollars, as was indicated by a TNZ’s manager (Section 

6.4.3-pp.107). Current staff levels within TNZ are not expected to encounter any 

difficulties in terms of managing their workloads, primarily due to three reasons, based 

on the interviews (Section 6.4.3): 

(1) The estimated reconstruction costs based on Table 9 (pp.119) represents a less 

than one percent of Transit’s estimated workload limit (1.1 billion dollars) and is 
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therefore likely to have relatively little significance on the organisation’s 

workload implication. To put this in perspective, Transit’s labour requirement in a 

post-disaster reconstruction scenario is not as detrimental as say, the appointed 

contractor, due to their varying roles. 

(2) Governance requirements such as resource consents will not be required which 

implies less resource utilization (compared to developmental works). 

(3) The scale of the disaster may even lead to a transfer of financial resources from 

existing/planned works to response and recovery and improve the availability of 

workers.  

  
Ultimately Transit’s resources requirements is limited by the role the organisation 

possesses (as controller of the state highway). As it is, the organisation’s (human) 

resource pool would be sufficient to execute its duties in the aftermath of a Wellington 

fault earthquake, even if it involves transfer of personnel from other regions, or working 

from different offices. Additionally, while there is no formal agreement between Transit 

and the CDEM Groups on managing the state highway network (particularly aspects of 

payment and control) during a disaster, the two entities have worked jointly in 

establishing a road access restoration plan (RARP). The RARP gives a clear 

understanding of the roles and responsibilities of the two authorities, but also lends 

support to each other, as indicated in Section 6.4.5.4 (pp.111). Thus, in cases of resource 

shortage, Transit’s relationship with the Wellington CDEM, forms a good ally for 

assistance. 

 

7.4.2 Engineering consultants 
 
Network (roading) and bridge consultants form two important contractual aspects within 

Transit NZ and will command significant roles in the assessment and redesign of 

Wellington state highways, following an earthquake. Based on Section 6.2.3, it is obvious 

that the existing lack of qualified/specialists engineers within the sector of (engineering) 

consultancy poses a significant threat to post-disaster reconstruction. Mobilising 

sufficient resources specifically at the initial stages of structural assessment and designs 

is certain to be a major challenge to the industry, based on current trends. The shortages 
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in professional services in New Zealand extend primarily to geotechnical, road, structural 

(including bridge) and traffic engineers; structural engineers being in the greatest 

demand. Structural engineers have an important role in post-earthquake assessments but 

their availability in New Zealand is severely challenged, primarily due to international 

competition, coupled with the local construction boom at present. The extent of the 

shortage means that even established consultants; those with international associates 

consistently struggle in New Zealand’s competitive environment, to solicit technical 

personnel to fill various levels of proficiency. This has led to several of these 

organisations establishing offshore links primarily in the U.K., South Africa and 

Australia, to fill gaps within specialists’ fields.  

 

A transferal of this current trend of resource shortages is likely to occur in a disaster and 

the extent to which specialists consulting engineers (particularly structural engineers) 

would be mobilized will be dependent on the ability to effectively pool resources from 

various organisations across New Zealand. However, as identified in Section 6.2.4 

(pp.96), anecdotal evidence suggests that pooling resources within the civil engineering 

consulting industry is likely to be met with some reservations. Within this regard, several 

organisations interviewed are prepared to render their services, but only if formally 

contracted by Transit NZ and compensated adequately. Unfortunately not many 

consultants have given much consideration to the concept of working in a disaster zone. 

It is unlikely that these organisations would be prepared with respect to mobilising the 

necessary resources, getting them into the Wellington disaster zone and even anticipating 

some of the risks associated.  

 

7.4.3 Civil works contractors 
 
Civil works contractors are likely to encounter the greatest difficulties in meeting the 

requirements of adequate human resources for post-disaster reconstruction. Procurement 

of competent persons to meet construction demand has been a significant issue since 

2001. The shortage of personnel from different levels including labourers, machine 

operators, project managers and specialist engineers have meant that the contracting 
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sector’s ultimate capacity, is significantly dependent on the availability of human 

resources. Based on the interviews, skilled operators, project managers and engineers in 

all departments, represent the core shortages which exist and have resulted due to a 

combination of: 

(1) Significant increases in large projects in New Zealand, which utilise resources 

over a longer period; 

(2) A major construction boom in New Zealand; and 

(3) Competition for resources internationally, primarily Australia. 

 

The first two issues coincided with the main factors identified by the Department of 

Labour (DOL) in Section 3.3.3.2 (pp.58), for the depressing state of skilled human 

resource availability in New Zealand. However, there is merit for some optimism in 

supply of human resources post-disaster if the current unavailability is due primarily to 

these (first two) factors listed above. Even though these factors, limits the availability of 

skilled workers, the positive aspect is that, (at least) these resources are within the 

boundaries of New Zealand. The fact is, offshore competition (the third reason 

identified), implies that the core skills once in New Zealand are migrating and even if 

priority is given to disaster reconstruction then there just would not be sufficient 

resources to mobilise for reconstruction.  

 

Table 14 below gives a comparison of the existing number of persons in the construction 

industry (identified in Section 3.3.3.1- pp.56), to the estimated requirements based on 

Table 8:    

Existing Total 

Construction Personnel 

(FTE) 

Existing Roading and 

Bridge Construction 

Workers (FTE) 

Estimated S.H. Reconstruction 

Requirements (FTE) 

150,000 11,000 574 

Table 14: Comparison of reconstruction worker requirements to existing number of workers in the 
construction industry. 
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Some interesting inferences can be established from Table 14. It is easy to make the 

mistake of concluding that current human resource levels outstrips the  estimated demand 

for reconstruction and therefore would be easily met. The problem is that these figures 

must be interpreted with due regards of the status of the construction industry, which is 

currently experiencing significant difficulties meeting the worker demand of the 

activities. Simply put, a Wellington fault earthquake occurring at present would be faced 

with significant problems mobilising as many as 574 additional workers, which is 

effectively what would be required.  

 
The difficulties of providing the workers for reconstruction are likely to be exacerbated 

by the requirement of having a motivated workforce over an extended period and under 

post-disaster conditions. Issues are likely to arise in ensuring that workers’ welfare is 

taken care of and to ensure that the process can be extended without resulting in workers’ 

“burn out” as was identified in Section 6.4.3 (pp.107).  

 

National contractors have greater advantages of mobilising resources for post-disaster 

reconstruction compared to their lesser counterparts. These contractors have relationships 

with other offshore organisations from which they can gather resources to respond post-

disaster. As indicated in Section 6.3.4.4 (pp.103), these relationships and have been 

successfully tested in pooling resources in the past, which is likely to be important post-

disaster.  Through organisations such as Roading NZ and the Contractor’s Federation, 

there is a collaborative effort among several large contractors, which means that 

resources can be also be pooled nationally, via local contractors.  Similar to consultants, 

contractors are currently involved in recruiting resources off-shore, as indicated in 

Section 6.3.3, which inherently improves the dire state of the industry. Major contractors 

annual turnovers of $312M, $80M and $90M from the sample used in this research, is 

evidence that there is the possibility of individual contractors being able to handle the 

expected workloads of state highway post-disaster reconstruction in Wellington 

(estimated at approximately $69M). But this would effectively mean concentrating on 

disaster works only. Thus, unless Wellington state highways reconstruction are indeed 

made a top priority, recruiting skilled/experienced persons will be an astronomical task, 
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based on recent trends and the issues highlighted by individuals within the construction 

industry (Section 6.3). Prioritising roading reconstruction could allow contractors to 

divert resources from other contracted works into disaster works.   

 

7.5 AVAILABILITY OF FUNDS FOR POST-DISASTER 
RECONSTRUCTION 

 
The availability of sufficient funds will provide the greatest impact on the reconstruction 

process, relative to the other categories of resources. The logistics, priorities, efficiency 

and duration of reconstruction will ultimately be determined by availability of funds 

through the controlling authority. This section discusses the plans Transit NZ has 

initiated to provide sufficient funds for post disaster reconstruction.  

 

7.5.1 How much funds is sufficient? 
 
Even with the approach taken in this research (Chapter 5), pre-event planning of the 

financial requirements for post-earthquake reconstruction of the Wellington highways is a 

difficult task, not simply due to the variable nature of damages but also based on the 

reaction of the construction and manufacturing industry. The extent of damages to the 

infrastructure may vary significantly to that conceptualised in Chapters 4 and 5, which 

makes reconstruction cost difficult to predict with any certainty. However, the response 

of the construction industry and to a greater extent, the manufacturing industry will have 

significant impacts on the final cost of construction. High demand, coinciding with a low 

supply capacity of any particular resource will lead to inflation of prices. The economics 

associated with demand and supply relationship is simple and ultimately leads to the 

point that if the local industries can meet the demands of reconstruction, then prices are 

unlikely to rise exorbitantly or even at all. Conversely, intense competition for resources 

and heavy dependence on importation will lead to significant price increases and 

economic shock, as indicated by White (1997) in Section 3.3.4.3 (pp.62) While the 

majority of the construction industry (contractors and consultants) are willing to respond 

to a disaster with the necessary sensitivity required, a significant section indicated a 
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preference to threat it as like any other project (Section 6.2.4 - pp.97).  This did not 

necessarily mean exploitation of the demand, but rather ensuring that they are well 

compensated for the significant risks associated with working in a disaster zone.  

The variation in costs associated with these factors makes it difficult to determine within 

relatively accurate limits but requires consideration in order that they can be off-set, as 

part of the project funding mechanism. Effectively, the cost estimated in Table 9 (pp. 

119), or as a matter of fact, any estimated cost on pre-event planning should not be used a 

benchmark to be met. However the basic requirement for Transit New Zealand would be 

to establish a realistic framework to identify where funding will come from and to what 

extent.  

 

7.5.2 Post disaster funds 
 
Based on the interviews, it was obvious that uncertainty exists on, where funds for long 

term reconstruction will come from. Funding for “emergency response” is included as 

part of the annual budget and held by LTNZ for use by Transit in a post-disaster 

situation. The budgeted amount of “emergency response funds” (ERF) changes annually 

and (even though the amount is regarded as confidential) was believed to be sufficient to 

commence reinstatement of the state highway network. However, even these emergency 

funds were being finalized with the Treasury at the time of the investigation, indicating 

that some uncertainty still existed at this level.  

 

Based on the interviews, funding for the longer term process of reconstruction has not 

been sufficiently explored at the governmental level (including Transit NZ). No logical 

framework exists within Transit to finance reconstruction, even though it was recognised 

(as stated in Section 6.4.4) that the input of a larger government sector would be required. 

Two main methods of funding reconstruction works was suggested by participants as 

indicated in Section 6.4.4, but are likely to be met with constraints as explained below: 

(1) The use of existing project funds through LTNZ’s funding limits to execute 

reconstruction activity, presents a feasible alternative. This would however 
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involve scaling down developmental projects, so that funds could be diverted into 

reconstruction and would require an independent decision at a political level.  

(2) Suspension of existing works (to fund reconstruction) provides another method 

with some prospect, but the contractual implications must be considered. Contrary 

to Transit’s belief, some contractors including those associated with Transit, may 

well seek compensation for suspension in accordance with their contracts, as was 

stated in Section 6.3.4.2 (pp.102).   

 

The response of the MCDEM on issues surrounding funding for reconstruction as 

indicated in Section 6.5.1.4 (pp.116) confirmed the inadequacy of financial arrangement 

for post-disaster roading reconstruction, as was experienced in the Bay of Plenty floods 

(2004). Insufficient funds could not be resolved at the regional level and required the 

intervention of the ministry to solve the cash flow situation “at a national level on a 

policy framework” within a transport cluster group of the MCDEM. Based on this case, it 

was evident that: 

(1) The current plans in place for funding of reconstruction activities are inadequate; 

which were also evident in the aftermath of the Manawatu floods highlighted by 

Rotimi, Zuo et al (2006), as indicated in Section 3.3.4.3 (pp.62). 

(2) The general approach to resolving the issues, even though described as a “policy 

framework” exemplified an ad hoc decision making model. 

 

There was no evidence to suggest that the approach had any significant (negative) 

impacts on reconstruction in both the Bay of Plenty and Manawatu reconstructions. This 

may have been due to the fact that these disaster events were not of a large enough scale 

to produce an economic shock (explained in Section 3.3.4.1 - pp.59), which would have 

made ad hoc decision-making much more difficult. A Wellington fault earthquake would 

certainly have such an effect, which makes it necessary to indeed adopt a policy 

framework, to identify where roading and other sectoral reconstruction funds could be 

ascertained.   

In simpler terms, the uncertainties which exist on reconstruction funds need to be 

addressed, even if it is only to establish a source and possible procedures for accessing 
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these funds. Funding will preside over the entire recovery process and deliberation of this 

issue at the time of the Wellington earthquake, is likely to retard the efforts of all disaster 

plans and simultaneously restrict the recovery effort.  

 

7.5 Factors Affecting Resource Availability for Reconstruction 
 
Due to the obvious importance of re-establishing the capital city, supply of resources for 

post-disaster reconstruction is likely take on immense importance. Resource availability 

cannot be classified as simply a product of New Zealand’s manufacturing capability or on 

the basis of existing base workloads; several other factors are likely to affect the 

availability of resources, based on existing policies and pre-event plans. Based on the 

interviews, it was evident that resource availability would be depend on five main factors: 

1. Prioritisation of reconstruction activities; 

2. Importation and standards; 

3. Lead times; 

4. The contracted parties; and 

5. Transportation 

7.5.1 Prioritisation and Base Workloads 
 
Existing works within the construction industry at the time of the earthquake can result in 

competition for resources, thus restricting availability and inflating prices. High base 

workloads nationally will present a significant dilemma on resource availability if a 

hierarchal system is not in place, to manage the workloads. Unlike other infrastructure, 

the State Highway network is controlled by one organisation – Transit New Zealand, 

which is in the position to determine which order of works (existing versus post disaster) 

will be its main priority. Transit’s priority of post-disaster reconstruction (ahead of 

developmental works) is likely to compensate for resource exhaustion due to heavy base 

workloads, which may coincide with the earthquake.  Planned suspension of existing 

(developmental works) which was identified as a part of Transit’s response strategy, to 

facilitate post-disaster reconstruction is a commitment to recovering the damaged 

infrastructure. The priorities of other support organisations (both private and 
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governmental) suggest that access will be important to recovery of various lifelines. 

However, contrary to every other organisation, the MCDEM’s perspective of prioritising 

reconstruction activities is based on the situation rather than a policy, as stated in Section 

6.5.2 (pp.116), which is a logical approach. The conclusion is that roading will be among 

the top bracket of recovery, but not necessarily the top of the hierarchy. If priorities are 

not established then existing base workloads at the time of the disaster will have a 

significant impact on resource availability. Competitions are also likely to come from the 

private sector, particularly for housing reconstruction, where extensive damage is 

anticipated, in a Wellington fault quake. As stated in Section 7.3.2, if state highway 

reconstruction is indeed among the top national priority, then is it logical that the 

coincidence of a Wellington fault quake with high construction activities is likely to 

allow greater pools of resources particularly with regards to plant and equipment and 

skilled labour. This priority will ultimately depend on funding arrangements at a political 

level but it is indeed difficult to foresee Wellington reconstruction, being shelved to a 

lower level in the hierarchy, based on its municipal status. The importance of Wellington, 

as the capital city, may well be the main factor in ensuring that reconstruction following a 

disaster is given preference. 

7.5.2 Resource Pooling 
 
The ability to pool resources following a Wellington earthquake will be essential in post-

disaster reconstruction. National contractors will be extremely important in drawing from 

their national pool of resources, in addition to having the financial foundations to support 

activities over an extended period; a necessity for reconstruction. These contractors, as 

identified in Section 7.4 have a distinct advantage in this regards, not only due to their 

large network but also their international ties with other organisation.; and to a lesser 

extent their local ties (with other contractors) through organisations including Roading 

NZ. Larger consultants also have the luxury of international partners which can aid in 

resources. From the select group of participants most organisations (contractors and 

consultants) have successfully engaged in obtaining resources from their counterparts, 

which is a good indication for post-disaster reconstruction. Consultants are likely to have 
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greater difficulties pooling resources locally for state highway reconstruction, as was 

indicated in Section 6.2.3 (pp.95).  

 

The manufacturing industry particularly steel and cement in New Zealand, operates 

largely on meeting domestic demands. Limited quantity and limited line of production, 

ensures that the construction industry is reliant on importation, as identified in Section 

3.3. Contractors with large network of overseas suppliers should also provide advantages 

to getting resources with the urgency that would required. However, importation of large 

quantities of products with similar specifications and standards to that used in New 

Zealand may have considerable implications, as indicated in the interviews (Section 

6.5.1.2 – pp.114 ). It will be necessary in this respect to look at material sources with 

similar performance, rather than similar specifications which is practical in New 

Zealand’s construction, considering that material substitution has been used to complete 

projects under engineering consultant’s advice, identified in Section 6.2.1 (pp.93). It will 

also be imperative to establish some form of equity in foreign resource utilization on 

various reconstruction sites, to ensure that core groups are familiar with the necessary 

standards.     

7.5.3 Lead Times 
 
Lead times associated with acquiring materials from overseas can also be detrimental to 

availability of required resources, especially in a construction industry which relies so 

heavily on “just-in-time” delivery. Contrary to the internationally used methodology of 

stockpiling resources identified by Le Masurier (Section 3.3.1 – pp.41), none of the 

contractors interviewed were involved in this stock inventory due to two main problems: 

• The invariable nature of the hazard is likely to affect the storage area; and 

• The cost for buffering (storage) of the quantity of materials likely to be required is 

unmanageable, particularly without a timeframe of the earthquake. 

Bridges in particular, requiring special structural members (and merchant products) that 

have to be ordered and imported have long lead times (associated with their 

procurement). The fact that these projects are likely to be fast tracked essentially means 

that lead times and delays will become even more critical to the reinstatement of the state 
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highway. Due cognizance must be given to the restrictions to access if materials for 

bridge reconstruction cannot be replaced within a short time span. 

7.5.4 Existing Contractual Relationships 
 
Contracted parties for post-disaster reconstruction will ultimately be responsible for 

procurement of resources to execute the works. The obligation of the network contractor 

under its maintenance contract to act in initial response is a significant advantage to state 

highway recovery. Fulton Hogan was identified at Exercise Capital Quake 2006 as the 

current Wellington state highway network contractor. Their widespread operations and 

international ties (Australia National Paving Association and NAFA), will provide a fast 

track to resources, if required. This exonerates the need to associate a national contractor 

with reconstruction. However, heavy dependence on Fulton Hogan Wellington, as the 

single contractor, in the response can also have its setbacks, even if sub-contractors are an 

essential part of the procurement model. Fulton Hogan’s depots are located at Petone and 

Rongatai, which are susceptible to earthquake damage and even tsunamis based on the 

hazard maps of Appendix A4. The extent to which the organisation can function after an 

earthquake will be important, particularly if emergency response personnel are affected. 

Anecdotal evidence suggest that the extent of post-disaster works under their (PSMC) 

contracts are not explicitly described in terms of what level of physical construction 

should be undertaken. This would be important to determine exactly what works would 

be covered under existing contracts and what plans need to made for funding the rest of 

reconstruction activities. 

 

Network and bridge consultants will bring the technical and professional services 

requirements for response and recovery of the state highways. Currently, Transit’s 

(Wellington) consultants are MWH and Opus International Consultants. These 

organisations possess large networks but as indicated in Section 7.4.2, significant 

difficulties are likely to be encountered mobilising the level of human resources, 

particularly civil engineers to act quickly in the aftermath of a Wellington earthquake. 

One issue that Transit NZ may need to address, is other post-disaster obligations of their 

pre-contracted parties; since it is likely to become a major problem (for the contractor and 
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consultant) to meet the resource demand of several clients. Cognizance must be taken of 

the fact that the systems in place are strictly aimed at initial response, with the main focus 

of having the state highways reopened at the earliest possible time. This should mean 

temporary works, so that resources can be transported into Wellington. The major 

reconstruction operation is likely to be tendered competitively as has been done in 

previous experiences (Section 6.3.4.2 – pp.102). 

The procurement system adopted should take account of the construction environment. 

Because human resources is a major plight to the construction industry, the procurement 

model adopted for disaster works should  take account of a system where resources can 

be integrated and which  allows greater leverage for pooling resources. Partnering or 

alliancing are primary examples of these models which allow some emphasis on a 

collaborative effort and foster resource pooling.   

7.5.5 Transportation of Resources for Wellington Reconstruction 

Resource availability for reconstruction will be a major challenge to the transportation 

network in Wellington after an earthquake.  Accessing resources within the constraints of 

a deteriorated transport network and with limited transport options, inflames the 

difficulties of procurement of raw materials, labour and machine. The elemental cost 

associated with transportation of physical resources, is certain to rise due to the 

significant risks of a disaster zone, and will impact on the final cost of reconstruction. 

The issue however, will not only be getting resources into the disaster zone, but also 

getting them around the affected area (intra-regionally).  

7.5.5.1  Inter-regional Transport 

Getting resources into a disaster area is a fundamental to its availability. The initial stage 

of reconstruction is likely to be faced with the greatest difficulties, if the state highways 

and rail are closed and there are significant damages to the Wellington harbour and 

airstrip as indicated in Section 5.3.3 (pp.90) of the scenario. Even though the airspace 

over Wellington will remain viable for helicopters and light aircrafts, it is obvious that it 

will not provide an economical alternative for transport of construction materials, plant 

and equipment. Air transport may be important in transporting human resources into 

Wellington and for damage reconnaissance purposes, but transportation of bulk resources 
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(plant, labour, equipment and materials) into the disaster area will be a major challenge at 

this stage of reconstruction identified by three of the four categories of interviewed 

participants. The geographic location of New Zealand facilitates the use of the waterways 

and is likely to provide the most economical solution to getting resources into 

Wellington. Three of the four contractors interviewed suggested the use of Wellington 

harbour for getting resources into the area; and barges for “landing” on beaches if the 

harbours were damaged (Section 6.3.4.5 – pp.104). Only one of those contractors was 

unprepared to deal with such a scenario, which is a good indication of preparedness for 

post-disaster reconstruction in Wellington. The current use of barges in Wellington 

maybe sporadic at present based on the responses of the interviews; but was also 

identified to be in greater use in the South Island and thus accessible. The use of ferries 

with self-contained offloading system suggested during the interviews can play an 

important aspect in getting large quantities of resources into Wellington, without 

accessing the harbours. Effectively both barges and ferries provide viable and 

economically feasible alternative for getting major bulk resources into Wellington during 

the initial period. Aggregate transport by barges is a feasible alternative to the traditional 

operations (identified in Section 3.3.5.2 – pp.65); while the traditional method of shipping 

cement (via the waterways) should suffice in transporting large quantities of cement to 

Wellington. Milburn NZ Limited possesses ships with self-contained loading systems, 

which will be convenient for the post-earthquake scenario. From a logistical perspective, 

it will be necessary for the road network to be substantially accessible before cement and 

concrete components, can be effectively transported. Structural pre-cast concrete 

members in particular, are effectively transported in New Zealand by articulated trucks. 

The road network will also facilitate ready mix concrete for in-situ works of joints and 

other construction, which is usually transported via mixing trucks. As time progresses, 

alternative transportation modes will become available as other lifelines recover, which 

makes it possible to revert to traditional means of transporting these physical resources.  

 

Transportation of resources should be prioritised according to its immediate 

requirements. As identified by participants in the controlling authority category (Section 

6.4.1 – pp.105), earth moving equipment at the beginning of the recovery period, should 
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take precedence over aggregates; clearing of the roadways would be essential, even 

before construction. This will eliminate storage and logistics difficulties, while providing 

the opportunity of allowing the harbours and rail to recover which widens the alternatives 

of effectively getting physical resources into Wellington. Overhead transportation costs 

of plant, equipment and material, will therefore be a function of time. 

7.5.2 Intra-Regional/City Access 
 
From the perspective of intra-regional transportation, it will be extremely important to 

have the road network accessible, since it forms the best alternative in moving plant, 

equipment and materials for reconstruction within the Wellington Region. State 

Highways 1 and 2 will form the immediate priority, as they provide access to the greater 

part of Wellington. The methodology of approach to reconstruction will ultimately 

determine how quickly the state highways will be re-opened and reinstated.  To fast track 

the process, it may be necessary to work from various stations along the network which 

allows greater access to physical resources. Rivers such as Otaki River would be 

important to inter-modal transport since it forms a tributary to the Tasman Sea and also 

underpasses the Otaki bridge. The Waikanae River could also be a primary means for 

transporting resources.  

 

Slips in the roadway are likely to form the major obstacle to access, notwithstanding road 

closures due to debris at the initial stages. Getting resources beyond major slippages in 

the roadway will require individual assessment of each situation, before implementation 

of any particular measure. Temporary installation of bailey bridges is likely to be the best 

solution to allow quick access and will be required at the response stage. The ease of 

installation of these bridges and load-bearing capacity represent their major advantages, 

while its effectiveness is encaptured in its use worldwide. The availability of bailey 

bridges in New Zealand will not be a significant issue with TNZ’s integrated bailey 

bridge service, as part of their business activities. However, with Transit's depot located 

in Hastings and Christchurch, transportation is likely to be the main obstacle to its 

availability. 
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7.6 CONCLUSION 

This chapter presented a thorough discussion on the main resource vulnerabilities and 

issues affecting availability identified via the research methodology. The combination of 

the literature review, resource requirement estimation and interviews conducted, provided 

a strong foundation towards accomplishing the objectives and subsequently formulating 

the discussion through relevant comparison and contrast of data established during the 

investigation. Based on this discussion, the following chapter presents the main 

conclusions and recommendations. 
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CHAPTER 8 

 CONCLUSIONS AND RECOMMENDATIONS 
 

 

8.1 INTRODUCTION 

The primary objective of the investigation was to evaluate the availability of resources 

for roading reconstruction after a major natural disaster in New Zealand. This main 

objective was broken down into four sub-objectives to simplify the research, as follows: 

(1)  To establish a disaster scenario and model its effects on resource availability in a 

metropolitan (Wellington) region in New Zealand. 

(2) To identify individual vulnerable resources within the construction industry: 

(3) To identify solutions to vulnerable resources and means of getting these into the 

disaster zone. 

(4) To establish the major factors affecting the availability of resources for post-

disaster reconstruction. 

 

These sub-objectives effectively led to a complex methodology of combining the 

construction industry’s current experiences on resource availability, a comparative study 

of what would be required post-disaster for reconstruction to what are currently available; 

and a combination of literature, interviews and workshops to conceptualise factors 

influencing resource availability in New Zealand. 

 

This chapter presents the main conclusions on the investigation and a set of general 

recommendations aimed at providing improved availability of resources. 

Recommendations are also made on the direction of future studies in New Zealand, 

within the area of post-disaster reconstruction. The following sections illustrate the main 

contribution of each sub-objective to the overall aim of the research. 
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8.2 THE SCENARIO 

In accordance with sub-objective 1, the Wellington Fault earthquake scenario provided an 

ideal platform to introduce some of the main physical barriers to resource availability   

and to assess the resource requirements for post-disaster reconstruction of the state 

highways. The expectation and probability of such an earthquake and its enormous 

potential impact on the built environment proved to be the ideal benchmark for disaster 

planning. The scenario provided the main assumption for the damage estimate and 

subsequent resource requirement assessment. The approach used in the resource 

requirement estimate was unique; damages to the Wellington state highways were 

determined on the basis of “high” potential vulnerability to seismic hazards including soil 

liquefaction, slope failure, fault damage etc..  The resources required for reinstating the 

vulnerable sections were estimated using standard quantity surveying techniques to 

establish physical and monetary resource requirements, which were essential to 

determine if current production/availability were satisfactory. The assessment (presented 

in Chapter 6) is highly empirical and should not be used as a benchmark to be met but 

simply as an indication of the (high) level of resources that would be required for state 

highway reconstruction.  

 

8.3 VULNERABLE RESOURCES AND SOLUTIONS 

Identifying the “vulnerable” resources and means of mitigating the issues following a 

Wellington quake were the aims of sub-objectives 2 and 3 respectively. The method 

chosen to accomplish this objective was to obtain the inputs of persons within the 

construction industry on the current trends of resource availability; and the experiences of 

those persons involved in disaster management on what can be expected post disaster. 

Consistent results made it easy to determine the procurement difficulties likely to be 

encountered. Significant “signals” suggested that post-disaster (Wellington fault) 

resource availability for state highway reconstruction is likely to be restricted within the 

following areas: 

(1) aggregates; 

(2) reinforcing bars and merchant steel products; 

(3) cement and concrete;  
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(4) fuel 

(5) asphalt pavers 

(6) human resources, that is, all category of project staffs; and 

(7) funding for reconstruction.  

 

Construction Materials 

Evidence suggest that aggregate production at a (Wellington) regional level is likely to be 

insufficient and even worsened by damages to the main quarrying areas which are located 

in proximity to the Wellington fault. However, from a national production perspective, 

aggregate requirements are unlikely to overwhelm production. Importation of aggregates 

from areas such as Wanganui or Christchurch by barges forms the best alternative from a 

planning perspective, with expected damages to the rail, state highway and Wellington 

harbour. 

 

The manufacturing industry for steel, cement and cement products in New Zealand 

depend heavily on simply meeting local demands; only small quantities are exported and 

there are limited product lines. Reinforcing bars, “merchant steel” products and cement 

and pre-cast components are all at risks, due to issues associated with limited production 

and product line and subsequent extended lead times for importation. “Just-in-time” 

delivery model which is the nature of the current supply chain will be faced with 

surmountable issues associated with intense competition from various sectors and poor 

transportation conditions into Wellington following the earthquake. Very few alternatives 

exist due to the nature of these problems. Importation remains the only viable option of 

meeting the demand of post-disaster reconstruction even though a reduction in current 

export levels of some of these products following the disaster could also assist in 

mobilising resources. Most manufacturers have the necessary international connections to 

ensure that these products are adequately supplied but lead time constraints should be 

anticipated.  To minimise the procurement difficulties associated with limited product 

line, it maybe necessary to ensure that designs are done with less reliance on these items 

and more confidence in what is available post-disaster, which has been a method adopted 

effectively in the United States of America.  
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Fuel availability imposes a national dilemma; storage levels have been at record low in 

recent times, most notably in 2005. However, forward planning at the governmental level 

particularly through the MED and MCDEM are already in the implementation stage to 

ensure that fuel supplies do not become critical in a national emergency scenario. 

“Restrictions on drawdown of stocks”, “surge in production” and “relaxation of fuel 

specifications” represent aspects of the strategy established by the MED to respond to the 

faltering fuel levels that may prove essential post-disaster.  The MCDEM has aligned 

with the fuel industry/suppliers on creating a “cosmic system” from which fuel supplies 

can be assessed. The system will be essential in a major disaster, providing vital 

information on where fuels can be accessed in New Zealand at any specific time of the 

disaster.  

 

Construction Plant  and Equipment 

The availability of plant and equipment are unlikely to incur any difficulties, even though 

the availability of asphalt pavers is suspect under heavy workloads. Contractors have not 

invested heavily in them primarily due to a general (including Transit’s) preference of 

chip-seal pavement surfaces. It would require national pools of pavers if large volumes of 

works were to be executed. However, based on the current trend (that is, the preference of 

chip seal), even the current asphalt-surfaced roads are likely to be replaced by chip seal, 

which makes the availability of asphalt pavers of less significance. 

 

Human Resources 

Human resources are likely to impose the greatest difficulties to reconstruction of the 

state highways, simply due to the exceptional shortages of skilled, semi-skilled and 

specialists’ workers in the construction industry. The main reasons for the shortages 

(based on the investigation) have been due to three factors: a major construction boom in 

the construction industry; a number of larger projects which require resources over 

longer periods; and competition from off-shore including Australia.  

Transit New Zealand is adequately staffed to execute its duties as controlling authority 

and is even supported by the Wellington CDEM if required. Shortages within the civil 

engineering consultants and contractors can be expected post-disaster. Engineers in 
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general have been in high demand; but the specialist areas of structural (including 

bridging); geotechnical and roading are likely to have the greatest impacts within the civil 

engineering consulting sector. Contracting organisations are expected to face similar 

problems of shortages, albeit on a larger scale. Machine operators and project managers, 

in addition to those indicated previously, form the core of the contracting sector’s 

shortages. Off-shore recruiting which is currently being used to acquire resources 

provides optimism towards up-skilling the industry. However, there is no one solution to 

the problem; it is recognised that the long term interest of the industry is via capacity 

building though marketing the industry both at an academic level and industrial level (for 

labourers, machine operators etc.). From a state highway reconstruction perspective, the 

acquisition of national contractors is an obvious advantage to pooling resources. But it 

may require prioritisation of reconstruction activities ahead of developmental works (at a 

political level), so that resources can be diverted into the former.   

 

Funding 

Funding for post-disaster construction is a significant cause for concern. Budgetary 

allocations exist for the initial response through LTNZ; but there are no plans in place for 

the longer-term process of reconstruction. “Ad hoc” decisions, which were effective in 

previous disaster situations, are unlikely to work in a Wellington earthquake scenario due 

to the significant cost of recovery associated. Benchmarking a specific amount of funds 

for reconstruction is not required. The immediate requirement for Transit NZ is to 

establish a framework to access funding for long term reconstruction activities; 

particularly a source within a government ministry.  

 

This section provided the inputs of sub-objectives 2 and 3, which essentially led to the 

compilation of the factors affecting resource availability summarised in the following 

section. 
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8.4 FACTORS AFFECTING RESOURCE AVAILABILITY 
 

Sub-objective 4 was to identify the main factors which would affect resource availability 

for state highway reconstruction following a Wellington fault earthquake. Simulating a 

Wellington quake occurring in a similar phase of the construction industry at present, it 

was evident that availability of resources will depend on a number of factors. Issues 

including prioritisation of works, ability to pool resources, lead times of procurement, 

existing contractual relationships and transportation into and around the disaster zone, 

will severely impact resource mobilisation. 

 

Prioritisation of disaster reconstruction along a specific hierarchy and prioritisation of 

reconstruction versus construction activities will determine the level of competition for 

resources. High existing base workloads will impact positively on the reconstruction 

process, if reconstruction takes precedence over existing construction activities. High 

base workloads coinciding with the Wellington earthquake will, under these conditions, 

ensure greater availability of resources, with regards to specialist equipment, construction 

materials and technical personnel. 

 

The ability to pool construction materials, labour (skilled and semi-skilled) and plant and 

equipment will be an important aspect of resource mobilisation for response and 

recovery. National contractors have the advantage of greater cash flow and large 

networks including international collaboration to ensure that resources – plant, material 

and labour can be procured and sustained over long periods. These contractors are also 

assisted by international alignments and relationships they share through organisations 

such as Roading NZ and Contractors Federation, which makes it possible for extensive 

resource pooling. There is however, the need to consider the impacts of large influxes of 

foreign resources on the quality of construction.  

 

Lead times for procurement of physical resources will have greater impacts on post-

disaster reconstruction due to an expected breakdown in communication and 

transportation facilities. Long procurement times of materials and equipment will need to 
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be given greater consideration to ensure that they become available when they are 

required. Materials such as (special) structural members and merchant products have long 

lead times which are likely to be exacerbated by transportation difficulties after a 

Wellington fault quake. 

 

Mobilising resources for reconstruction of the state highways will ultimately be the 

responsibility of the contracted parties (both professional service and civil works 

contractors). Existing PSMC4 of the Wellington state highways and contracted 

consultants ensures that some resources are in place to respond after a disaster. Currently, 

with Fulton Hogan as the network contractor and MWH and Opus, the bridge and 

network consultants, there is a good core of organisations to mobilise resources, at least 

for the initial stage. Transit NZ should also consider the choice of (contract) procurement 

models that will be adopted post-disaster, as it is perceived that “partnerships” and 

“alliancing” type models are likely to bring a dimension of resource pooling into 

account, which is absent in other models. 

 

Transportation will be a major factor to availability of resources within a Wellington 

disaster zone. Resources will only be made available once they can be reliably 

transported. A lot will depend on the early reinstatement of the highways for providing a 

reliable and economically feasible alternative to getting resources into and around the 

affected Wellington Region. High vulnerability of the various modes of transportation 

will result in limited options during the initial stages of reconstruction and an elemental 

increase in the costs for transport can be anticipated. Flexibility will be required in 

utilising alternative modes to transport materials and plants, in the absence of traditional 

means. Transportation by sea is likely to be the most reliable alternative for bulk resource 

transport from other regions into Wellington, during the initial stages of reconstruction.  

 

The accomplishment of the four sub-objectives, essential meant that the overall objective 

to evaluating resource availability for roading reconstruction after a major natural 

disaster in New Zealand was successfully accomplished. The methods used were 

                                                 
4 Performance Specified Maintenance Contracts 
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effective, as some of the issues identified could not have been determined without due 

account of the qualitative methods chosen.  

8.5 RECOMMENDATIONS FOR FUTURE RESERACH 

Future studies are recommended within the following areas: 

(1) Other sectoral investigation on resource availability such as water distribution, 

residential and commercial buildings etc.; taking into account the policies in place 

for resource mobilisation. An agglomeration of such researches would provide a 

holistic view of resource availability for post-disaster reconstruction.  

 

(2) The unique approach to resource estimation executed in this research, even 

though justified, provides a basis for future research. An interesting aspect would 

be a sensitivity analysis on this approach compared to the damage ratio (Dowick 

et al) method described in Section 2.4.2 (pp. 32) as the “leading” method in New 

Zealand for disaster damage assessment.  

 

(3) Potable water supply would be essential post-disaster. Several participants in this 

investigation indicated that the complex network which exists in Wellington 

coupled with the existence of the sewer system makes it a difficult prospect to 

deal with post disaster. An interesting investigation would be to identify the 

impacts of an earthquake on the water supply system in Wellington and the 

framework for reconstruction. 

 

The main conclusion evolving from the accomplishment of the four sub-objectives is that 

post-disaster reconstruction of the state highway is likely to be constrained by the 

limitations on seven key construction resources: aggregates, reinforcing bars and 

merchant steel products; cement and concrete; fuel; asphalt pavers; human resources and 

funding for state highway reconstruction. The availability of resources is also likely to be 

influenced by five factors under the constraints of a significant disaster which includes 

prioritisation of works, ability to pool resources, lead times of procurement, existing 

contractual relationships and transportation into and around the disaster zone.     
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TYPE OF 

EVENT 

HAZARD TO 

ROADING INDUSTRY 

COMMENTS 

Seismic 

events 

 - Bridge failure High cost associated with building bridges, 

makes their vulnerability interesting. 

 - Surface rupture Surface rupture describes disturbances to the 

ground surface. It includes uplifts, vertical 

displacements and separations. Surface rupture 

is a function of type, location and magnitude of 

the earthquake. 

 - Liquefaction Ground shaking results in saturation of soil and 

becoming plastic, resulting in water ejections 

(high pressure fountains), sand boils, settlement 

and landslides. 

 - Impact damage by rock 

falls 

Impact damage to the road surface can be a 

direct result of rock falls.  These are diificullt to 

predict and can be more readily identifiable by 

an experienced geologist. 

 - Debris Debris may prevent physical barriers to access 

of the road ways.  

Volcanic 

Events 

 - Ashfall (tephra) hazards Poor visibility, slippery surfaces, vehicular 

damage, flooding and more importantly 

damaged to unsealed roads are major concerns. 

Land slides  - Bridge failure Landslides may affect bridges in three (3) ways: 

 - High energy landslides can remove bridge 

piers and decks. 

 - Large amounts of materials deposited on 

decks may result in structural failure. 

 - Where landslides occur at piers or abutments, 

bridges may loose stability. 
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 - Debris Debris may prevent physical barriers to access 

of the road ways.  

Flooding  - Bridge Failure Collapse of bridges maybe associated with 

scouring of the piers; hydraulic loading on the 

piers and bridge decks; erosion at abutments. 

 - Damages to Roadways Roadways within the path of the floodwaters 

will be vulnerable to damage or complete 

removal due to erosion of embankments, road 

subgrade and basecourse materials.  

 - Debris Debris may prevent physical barriers to access 

of the road ways. It may also result in increased 

pressure on the piers, if it becomes lodged by the 

floodwater against the pier; this may lead to 

failure.  

Tsunamis  - Bridge damages Bridges may become unusable due to two 

mechanisms: 

     - structural damage due to hydraulic forces; 

     - scour due to high volumes of velocities. 

   - Road surfaces Removal of the entire road surface and some 

cases the entire pavement. 

Table A 1: Typical hazards associated with disaster events.  (Compiled from Seville & Metcalfe, 2004) 

Table A 2: Forecasted worker requirements and value of (roading) construction works,  2004 -2010.  
(Data obtained from: Page I, Regional construction activity and skills forecast, 2004.)

Year Employment Value of 

Construction Work 

(M$) 

2004 12,037 468 

2005 12,615 500 

2006 13,642 600 

2007 15,567 650 

2008 15,829 750 

2009 16,468 800 

2010 16,832 850 
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MODIFIED 

MERCALLI 

INTENSITY 

MAIN EFFECTS 

MM4 Felt indoors by many; outdoors by few. 

MM5 Felt by nearly everyone; unstable objects overturned. 

MM6 Felt by all; damage slight. 

A few small soil and rock falls. 

MM7 Negligible damage in buildings of good design and construction; 

considerable in poorly built structures. A few small to moderate 

landslides (103 to 105 m3). 

MM8 Slight damage in specially designed structures; considerable in 

ordinary buildings and great in poorly built structures. 

Small to moderate landslides (103 to 105 m3) widespread; a few 

large landslides (105 to 106 m3).  Evidence of soil liquefaction (sand 

boils, lateral spreading and settlement). 

MM9 Considerable damage in specially designed structures; extensive with 

partial collapse in ordinary buildings.  Underground pipes broken. 

Landsliding general on steep slopes; liquefaction effects widespread 

with large lateral spreading adjacent to rivers and ports. 

MM10 Most heavy structures extensively damaged; some well-built timber 

structures destroyed. 

Landsliding very widespread in susceptible terrain, including failures 

of road and rail cuttings; liquefaction effects widespread and severe. 

 

Table A 3: Effects of Modified Mercalli Intensities.   
(Source: Capital Quake 2006 Debrief) 
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Figure A 1: Location of quarries in New Zealand.   
(Christie, Douch et al. 2001) 
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Figure A 2: Schematic diagram of project funding under LTNZ. 

(Source: LTNZ, www.ltsa.govt.nz) . 
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Figure A 3: Wellington city hazard map.   
(Source: GWRC, http://www.gw.govt.nz/) 
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Figure A 4: Hutt  city hazard map.   
(Source: GWRC, http://www.gw.govt.nz/) 
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Figure A 5: Kapiti hazard map.  

(Source: GWRC, http://www.gw.govt.nz/)
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Figure A 6: Porirua City hazard map. 

(Source: GWRC, http://www.gw.govt.nz/) 
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INTERVIEW OUTLINE 

 

Topic: Evaluation of New Zealand’s resource availability for 

reconstruction within the roading industry after a major 

natural disaster. 

 

Target Participant:  Roading Contractors  

 

 

The following is a list of questions and information to be acquired. Interviews will be 

recorded. 

 

 

General  

 

 (1) As an entity, would you be able to convey an approximate value of your critical 

workload limit (approximate dollar value)? Has there been any particular year 

where roading construction workload was overwhelming to your organisation? 

 

(2) Does your organisation have any commitment to Transit NZ for disaster recovery, 

either via contracts, MOUs, or mutual understanding? Briefly explain. 

 

(3) How will your organisation deal with/prioritise existing works and a request by 

Transit New Zealand to undertake reconstruction works in a post-disaster 

situation?  

 

(4) In a scenario whereby your existing works is suspended (e.g. under FIDIC 

conditions of Contract) to allow resources to be mobilized in a post-disaster 

reconstruction effort, would your organization seek compensation for the 

suspension? 

 

Materials 

 

(5) Which construction materials within the roading industry have long lead times or 

need to be imported under a normal construction environment (exclusive of 

disaster scenario)?  

 

 

(6) Does your organisation stockpile any particular road construction materials and to 

what extent (estimated quantity) is this done? 
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(7) Are there any fluctuations in availability of materials obtained locally?  

 

 

Plant, Machine and Equipment 

 

(8) In your view, how would you describe the industry’s existing supply of plant, 

machine and equipment?  

 

(9) Are there any associated problems in sourcing any specific piece/type of 

equipment; whether it is for road, bridge or any ancillary construction associated 

with the industry? Comment on the industry’s availability of asphalt pavers and 

excavators. 

 

Human Resources 

 

(10) Is there any specific category of workers (labourers, engineers, machine operators 

etc), which have difficulties in procuring? 

 

Outsourcing 

 

(11) Does your organisation have international ties with other organisations within the 

roading sector? Briefly explain with examples. 

 

 (12) Is your organisation prepared to seek foreign resources, via joint ventures and 

consortium or alliancing to execute large volumes of work in the advent of a 

natural disaster, which becomes unmanageable? What procedures are in place to 

ascertain these services and resources? 

 

 

(13) In a Wellington post-disaster situation, with the road network inaccessible, what 

strategy (and means) would your organisation utilize to get resources into the 

area?  

 

 

(14) Has the organisation been involved in roading construction in a disaster zone? 

If yes,  
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(a) What type of hazard (disaster) was the organisation involved in and give a 

brief description of the nature of the works? 

 

 

(b) Was there any major difficulties that was purely associated with the disaster 

scenario; whether it was administrative, construction methodology or access? 

One of the major aspects that the research deals with is getting resources into 

a disaster zone. Was there any such associated problems? 

 

(c) Were there any associated disputes of payments, due to the payment 

mechanism adopted? (Explain) 
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INTERVIEW OUTLINE 

 

Topic: Evaluation of New Zealand’s resource capacity for 

reconstruction within the roading industry after a major 

natural disaster. 

 

Target Participant:  Consultant  

 

 

The following is a list of questions and information to be acquired. Interviews will be 

recorded. 

 

 

General  

 

 

(1) Does your organisation, have international partners that may provide resources to 

assist with an influx of heavy workload? From where and how will they be made 

available? 

 

(2) Is your organisation prepared to execute investigation and design works within a 

disaster zone? Comment one some of the difficulties likely to be incurred. 

 

(3) How would existing works and post-disaster influx of work be prioritized? Will it 

depend on the priority of the controlling agency? 

 

(4) Which lifeline do you consider the most essential in terms of priority of recovery 

and why?  

 

(5) Does your organisation have contractual ties, MoU, or any other form of 

commitment with Transit NZ for post-disaster recovery? 

 

Resource 

 

(6) Human resources tend to be the most important asset in consultancy. Does your 

organisation currently experience any problems with a lack of this resource? Is 

there any particular discipline (skill) which you feel could be invested in?  

 

 (7) What do you suggest is the solution to this well documented problem of lack of 

expertise within the construction industry? 
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(8) Is there any natural resource used within the roading construction industry that 

shows particular vulnerability to shortages and which can pose difficulties to 

procure post-disaster?  

 

(9) Is there any particular road construction machinery which is lacking or inadequate 

in the industry? What are the alternatives? Comment on the supply of asphalt 

pavers and excavators. 

 

(10) Considering a major earthquake in Wellington, with major damages to the state 

highways, what methodology and means do you believe would be best applied to 

getting resources into the disaster zone? 

 

(11) Many literature suggests that sustainability of the infrastructure should be 

paramount during reconstruction e.g. if a main highway is severely damaged 

along a particular alignment, then it should not be rebuilt in the same location. 

How realistic is this to the Wellington city? 

 

(12) What means do you suggest can be used for estimating the level of resource 

required for post-disaster reconstruction? More particularly can this be planned 

for or should it be a post-event assessment? 
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INTERVIEW OUTLINE 

 

Topic: Evaluation of New Zealand’s resource availability for 

reconstruction within the roading industry, after a major 

natural disaster. 

 

Target Participant:  Transit New Zealand  

 

 

The following is a list of questions and information to be acquired; questions 1 and 2 are 

introductory questions. Interviews will be recorded. 

 

 

General  

 

(1) What initiatives or considerations have Transit New Zealand put in place to deal 

with a post disaster reconstruction scenario? (Briefly discuss) 

 

 (2) As an entity, would you be able to say what Transit’s critical workload limit is 

(approximate dollar value)? Has there been any particular year where Transit’s 

workload was overwhelming? 

 

 (3) What is the maximum timeline would you associate with total reconstruction after 

a major natural disaster? 

  

(4) Which particular section of human resources within the construction industry do 

you expect to impart the most difficulties acquiring in a post disaster situation and 

why? 

  

Funding and Contract Administrative Issues 

 

(5) Is there “specially allocated funding” for post disaster reconstruction? If yes, what 

are the logistics and requirements to access such funds? 

 

(6) In the advent of a natural disaster, how does Transit plan on executing its existing 

developmental works and undertake the reconstruction effort simultaneously. Will 

suspension of existing works be considered, to allow reconstruction activities?  

 

(7) How will reconstruction works be prioritized? Will the normal project evaluation 

method be used or has there been another system conceptualised?  
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(8) How does the organisation plan on dealing with inflation of unit prices that can be 

expected, due to heavy workload in a disaster zone? 

  

(9) What level of coordination is there with the Regional Group and in the case of 

post disaster reconstruction of roads, would Transit be prepared to assist the 

Region with funding for projects? 

 

 

Materials  

 

(10) Which materials have long lead times or need to be imported under a normal 

construction environment (exclusive of disaster scenario)?  

 

(11) Which construction materials have difficulties in sourcing and why? 

 

 (12) Does Transit have a specific list of contractors for post-disaster works?  

 

Plant, Machine and Equipment 

 

(13) In your view, how would you describe the industry’s existing supply of plant, 

machine and equipment and the level of investments by contractor?  

 

(14) Are there any associated problems in sourcing a specific piece/type of equipment; 

whether it is for road, bridge or any ancillary construction associated with the 

industry? Comment on the availability of asphalt pavers and excavators. 

 

Outsourcing 

 

(15) Does Transit New Zealand have international ties with other organisations within 

the roading sector, from which they may pool resources? 

 

 (16) Is Transit prepared to seek foreign resources, whether it is funds, human, machine 

or materials, in the advent of a natural disaster that becomes unmanageable? What 

procedures are in place to ascertain these services and resources? 
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INTERVIEW OUTLINE 

 

Topic: Evaluation of New Zealand’s resource capacity for 

reconstruction within the roading industry after a major 

natural disaster. 

 

Target Participant: CDEM Group 

 

The following is a list of questions and information to be acquired. Interviews will be 

recorded. 

 

(1) What is the main role of the Civil Defence and Emergency Management (CDEM) 

in post disaster reconstruction? 

 

(2) Which lifeline/infrastructure is regarded as the first priority by CDEM in 

reconstruction? In this context, where is the road network in this hierarchy? 

 

(3) Has there been considerations with respect to resource availability in post disaster 

reconstruction? What resource is likely to impart most difficulties in obtaining 

(funding, construction plant, construction materials and human resources)? 

(Specifics of resource) 

 

(4) Has there been any agreement between Transit New Zealand and the Region on 

payments for reconstruction works which are facilitated by the Region? 

 

(5) Which other entities in New Zealand are aligned with the Wellington Regional 

Group to assist with resources in a post disaster situation?  

 

(6) What mode of transportation is likely to be most essential in getting resources into 

a Wellington disaster zone? 

 

(7) Projections of developmental works in New Zealand over the next ten years 

indicate that the construction industry will be exhausted. In the advent of a 

disaster, the need to prioritise developmental works with reconstruction activity 

will be necessary. Does the CDEM have any jurisdiction on this issue? 

 

(8) Many aggregate quarries are located along the Wellington Fault and an 

earthquake along the fault is likely to disrupt operations. What are the 

alternatives? 
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INTERVIEW OUTLINE 

 

Topic: Evaluation of New Zealand’s resource capacity for 

reconstruction within the roading industry after a major 

natural disaster. 

 

Target Participant:  Controlling Body 

 

 

The following is a list of questions and information to be acquired. Interviews will be 

recorded. 

 

 

(1) What role would your organisation assume in a disaster and also in post-disaster 

reconstruction? 

 

(2) How do you suppose existing works and post-disaster works should be 

prioritized? 

 

(3) Which lifeline is likely to be critical in terms of priority of recovery and why?  

 

(4) Which construction materials pose difficulties in sourcing and why?  

 

(5) In your view, how would you describe the industry’s existing supply of plant, 

machine and equipment? Has there been any specific trend in contractor’s 

investment in such resources? 

 

(6) Are there any associated problems in sourcing a specific piece/type of equipment; 

whether it is for road, bridge or any ancillary construction associated with the 

industry? Comment on the industry’s availability of asphalt pavers and 

excavators. 

 

(7) Which areas of human resources/specialists within the construction industry are 

currently in demand? Which areas need to be up-skilled? 

 

(8) In light of the boom in construction activity in New Zealand, has the industry 

been able to effectively meet the demands of the heavy workload at this time in 

New Zealand? Is there any area, which can be improved? 
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(9) In a disaster scenario, would contractors be prepared to execute works without 

being facilitated by a contract, but rather by MoUs or “in good faith”? 

 

(10) Can the New Zealand road construction industry depend on overseas resources?  
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INTERVIEW OUTLINE 

 

Topic: Evaluation of New Zealand’s resource availability for 

reconstruction within the roading industry after a major 

natural disaster. 

 

Target Participant: Specialists/ MCDEM 

 

 

The following is a list of questions and information to be acquired. Interviews will be 

recorded. 

 

 

(1) What role will your organisation assume in post disaster reconstruction? 

 

(2) Which lifeline/infrastructure is regarded as the first priority in reconstruction? In 

this context, where is the road network in this prioritization of reconstruction? 

 

(3) Have there been considerations with respect to resource availability in post 

disaster reconstruction?  

 

 (4) What does the current trend in resources indicate for the reconstruction effort in 

the advent of a major natural disaster in Wellington? Is there likely to be a 

shortage of physical (plant and equipment), human, materials or financial 

resources for civil works reconstruction? How feasible is foreign resource 

importation? 

 

(5) Looking at projected developmental works in New Zealand over the next ten 

years indicate that the construction industry will be exhausted. In the advent of a 

disaster, the need to prioritise developmental works with reconstruction activity 

will be necessary. How will these works be prioritised? 

 

(6) Comment on considerations of fuel availability for reconstruction. Is fuel likely to 

be an issue? 

 

(7) In cases of consent requirements, e.g. quarrying, would the ministry be able to 

facilitate the effectiveness of the process? 

 

(8) What are the main alternatives for transportation of resources in a post disaster 

environment? 
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PARTICIPANT INFORMATION SHEET 

(Individual) 

 

Title of project: Evaluation of New Zealand’s resource availability for 

reconstruction within the roading industry after a major 

natural disaster. 

Name of researcher: Bhesram Singh 

Degree: Masters of Engineering 

Department: Civil and Environmental Engineering 

Research supervisor: Dr. Suzanne Wilkinson 

 

To :            

 

You are invited to participate in the above captioned research. This research is in partial 

fulfillment of Bhesram Singh’s (the researcher) Masters Degree programme (civil 

engineering).  

 

Your participation is vital to the outcome of the research, to ascertain objectivity, 

practicality and experience, within the New Zealand construction environment. Your 

selection to participate in this research is based primarily on these facets. 

 

The main objective of the research is to determine whether New Zealand possesses the 

resource capacity for roading reconstruction after a major natural disaster. The sub-

objectives are as follows: 

(1) To assess the present status of resources (labour, machine, materials and 

funding) within the roading industry in New Zealand. 
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(2) To define the level of destruction of roads associated with a major natural 

disaster.     

 

(3) To establish means of quantifying resource requirements.  

 

(4) To identify possible sources of resources (funding, plant, labour, and materials) 

and means of getting the applicable resources into the disaster zone. 

 

The main reason for the research is to enhance the roading industry’s disaster 

preparedness and to reveal issues which may be arise within the domain of reconstruction 

resources (labour, material, funding and machine).  

 

If the information you provide is reported or published, this will be done in a way that 

does not identify you as its source. No references will be made with regards to your 

name, position or status that reveals your identity. 

 

Participation/non-participation, shall in no way affect your employment, as this will be 

ensured by your employer.  

 

All “raw data” gathered by the interview or questionnaire, will be stored for the duration 

of the project until the final research report is completed. With the completion of the final 

report, all “raw data” including disks, audio tapes or questionnaires, shall be destroyed. It 

is anticipated that the data will be destroyed by September 2007, by appropriate means of 

incineration or refuse disposal. 

 

At your request, participation in this research can be withdrawn in a timely manner. If 

you wish to withdraw prior to the interview, it is requested that this be done at least one 

(1) week before the actual interview. Withdrawal at any time during the interview can be 

done by informing the researcher of the same. If you wish to discard or annul any of the 

data, once the interview is complete, then this must be done before January 15, 2007. 
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Audio taping is the preferred medium for recording information. This is essential to 

accurately and quickly record the information and reduce the time for the interview. If 

you agree to be tape-recorded, you may choose to have the recorder turned off at any 

time. Access to the tape will be available until January 15, 2007 and can be reviewed at 

your request. If you wish to review the transcribed version of the interview, this can also 

be arranged by requesting the researcher to make a copy available once the transcription 

process is complete. All information will be transcribed by the researcher himself without 

the involvement of any third party. 

 

Should you have any queries regarding the same detailed below are the persons to be 

contacted: 

Researcher:   Bhesram Singh 

Mobile:   021 0627 540 

Email:     bsin042@ec.auckland.ac.nz 

 

Supervisor :    Dr. Suzanne J Wilkinson 

Phone:    64 09 3737599 ext 88184 

Email:     s.wilkinson@ec.auckland.ac.nz 

 

Head of the Department: Prof. Bruce Melville 

Phone:    64 09 3737599 ext 88165 

Email:    b.melville@ec.auckland.ac.nz 

 

 

For Ethical concerns contact: The Chair, The University of Auckland Human Participants 

Ethics Committee, The University of Auckland, Room 005 Alfred Nathan House, 24 

Princes Street, Private Bag 92019, Auckland.  Tel: 3737599 extn. 87830 

 

SIGNED: ………………………………………………… 

 

“APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 11-10-2006  for 3 Year(s) from 11-10-2006 to 11-10-2009 

Reference Number 2006-357” 
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PARTICIPANT CONSENT FORM 

 

Title of project: Evaluation of New Zealand’s resource capacity for 

reconstruction within the roading industry after a major 

natural disaster. 

Name of researcher: Bhesram Singh 

Degree: Masters of Engineering 

Department: Civil and Environmental Engineering 

Research supervisor: Dr. Suzanne Wilkinson 

 

 

I hereby approve to participate in this research, under the terms specified. I understand 

that this approval will be securely stored for six (6) years, after which it will be destroyed 

appropriately.  

 

I agree for all “raw data” ascertained from this interview to be kept for the duration of the 

research; until the completion of the final report. This data will subsequently be destroyed 

by appropriately disposing of all tapes, questionnaires and written information; 

effectively, at the end of September 2007. 

 

The terms of the interview are as follows: 

 I understand that raw data gathered via the interview or questionnaires will be 

stored for the duration of the research - until the completion of the final report and 

will subsequently be destroyed at the end of September 2007. 

 

 I understand that if the information I provide is reported or published, this will be 

done in a way that does not identify me, the individual as its source. 

 

 Participation/non-participation, shall in no way affect your employment, as this 

will be ensured by your employer.  
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 I agree to audio-taping of interviews, as it is essential to accurately document the 

discussions and assess the answers, once the interview is complete. 

 

 I also understand that I may choose to have the recorder turned off at any time 

during the interview. 

 

 I also understand that I may review the transcribed version of the tape or a copy of 

the audio tape itself once the interview is completed. 

 

 I am cognizant that all the data will be transcribed by the researcher himself 

without the aid of any third parties. 

 

 Findings of the research maybe made public via industries’ newsletter. 

 

 I understand that I am free to withdraw from the research at anytime without 

giving a reason, by providing a week’s notice before the actual interview date. 

 

 I understand that I have the right to withdraw or annul my information/data, 

providing that this is so done before January 15, 2007. 

 

I agree to take part in this research. 

 

 

Signed: …………………………………… Date: …………………………………. 

 

“APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 11-10-2006  for 3 Year(s) from 11-10-2006 to 11-10-2009 

Reference Number 2006-357” 
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APPENDIX C - Estimation of Resources for 

Post Disaster Reconstruction of State 

Highways 
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GENERAL SUMMARY 

Estimate of resources for reconstruction based on anticipated level of damages 

    

Reconstruction Estimated Costs   

     

Item Description Unit Quantity 

1 Pavement reinstatement Sum $40,457,500 

2 Bridges and structures reconstruction Sum $11,753,130 

  Sub-total  $52,210,630 

  Contingencies - 10%  $5,221,063 

  Professional and other services- 20%  $11,486,339 

  Total    $68,918,032 

    

Estimated Machine Requirements   

    

Item Description Unit Quantity 

1 Trucks No. 58 

2 End loader No. 7 

3 Rollers No. 20 

4 Excavators - backhoe No. 10 

5 Dozers No. 12 

6 Asphalt pavers No. 13 

7 Graders No. 10 

8 Cranes No. 8 

9 Hydraulic pile driver No. 8 

    

Estimated Labour Requirements   

    

Item Description Unit Quantity 

1 Drivers No. 56 

2 Operators No. 88 

3 Labourers No. 354 

4 Tradesmen No. 76 
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Estimated Materials Requirements   

    

Item Description Unit Quantity 

1 Cement tonnes 1,986 

2 Sand  tonnes 6,909 

3 Sub-base: Hardfill tonnes 1,030,446 

4 Aggregate - nominal size 18.75mm  tonnes 8,572 

5 Aggregate - nominal size 75mm or M4 tonnes 538,200 

6 Aggregate - Sealing chip tonnes 23,926 

7 Bitumen litres 2,057,400 

8 Reinforcement tonnes 1,284 
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State Highway Estimate Summary

 Type of reconstruction 
Dimensions 

Sub-base 

Course (m
3
) 

Base Course 

Aggregates 

(m
3
) 

Chip Seal 

Paving (m
2
) 

Excavation 

(m
3
) 

l (km) w(m) d1 (mm) d2 (mm) 

                   

State Highway 1 Total Construction 64 9 380 200 218,880 115,200 576,000 115,200 

State Highway 1 Surfacing 12 9 0 0 0 0 108,000 0 

State Highway 2 Total Construction 45 9 380 200 153,900 81,000 405,000 81,000 

State Highway 58 Total Construction 6 9 380 200 20,520 10,800 54,000 10,800 

                   

  Totals 127       393,300 207,000 1,143,000 207,000 

             

   1          

  Quantity of materials for reconstruction     393,300 207,000 1,143,000 207,000 

                    

Unit Prices including grading rolling and compaction       45 58 8 7.00 

Material Costs including plant, machine and labour     17,698,500 12,006,000 9,144,000 1,449,000 
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Conversion of Materials for Chip Sealing

Bitumen Spray rate 1.8 l/m2 

Total bitumen 

required 2,057,400 litres 

      

Sealing chips     

Assume Grade 3  114 m2/m3 

Assume Grade 5 200 m2/m3 

total required 15,741 m3 

Average weight of 

chip/m3 1.52 tonnes/m3 

Total weight of 

aggregate required 23,926 tonnes 
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Pavement Construction - Machine Input       

         

Trucks Material 

Unit Rate for 

Hauling-  

Total Hauling 

time 

Distance to 

Supply Loads/hour 

Trucks 

Required Drivers Labourers  

  m
3
 m

3
/truck  mths km   No. No. No. 

Hauling of 

material -assume 

16 tonne trucks 207,000 8.29 3 30 0.55 56 56 0 

         

End loader Material 

Unit Production 

rate 

Hrs/day/Front 

end 

Total 

Duration 

(months) 

Total machine 

hrs/loader 

No. of front 

end Operators 

Labourers - 1 

@/loader 

  m
3
 m

3
/hr hrs months     No. No. 

End loader - M3 

bucket size =5 207,000 140 4 2 240 6 6 6 

         

Rollers Material 

Unit Production 

rate Hrs/day/roller 

Total 

Duration  

Total machine 

hrs/roller 

No. of 

rollers  Operators 

Labourers - 1 

@/Roller 

  m
3
 m

3
/day hrs months     No. No. 

  207,000 115 8 3 - 20 20 20 
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Excavators - 

backhoe Material 

Unit Production 

rate 

Hrs/day/ 

excavator 

Total 

Duration 

(months) 

Total machine 

hrs/excavator 

No. of 

excavators Operators 

Labourers - 2 

@/Excavator 

  m
3
 m

3
/hrs hrs months     No. No. 

Severe 

conditions, 2.1 

bucket payload.  207,000 67 10 1 300 10 10 20 

         

Asphalt pavers 

Length of 

road 

Unit Production 

rate Hrs/day/Paver 

Total 

Duration 

(months) 

Total machine 

hrs/paver No. pavers Operators 

Labourers - 2 

@/Roller 

  m
2
 m

2
/day  hrs months     No. No. 

  1,143,000 4050 6 0.75 135 13 13 26 

         

Graders Material 

Unit Production 

rate Hrs/day/grader 

Total 

Duration 

(months) 

Total machine 

hrs/grader 

No. of front 

end Operators 

Labourers - 2 

@/grader 

120hp grader m
2
 m

2
/day  hrs months     No. No. 

  1,143,000 1000 4 1 120 10 10 20 
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Dozers Material 

Unit Production 

rate- max dist 

60m Hrs/day/roller 

Total 

Duration  

Total machine 

hrs/dozer 

No. of 

dozers Operators 

Labourers - 1 

@/Roller 

Assume D4 m
3
 m

3
/day hrs days     No. No. 

  20,000 123 8 14 3360 12 12 12 

Additional – Roading 

     

No. Description Unit Quantity Rate Amount 

           

1 

Bulldozing to clear state 

highways m3 20,000 8 160,000 

           

           

          160,000 
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Bridge Estimate Summary 

      

No. Structure 

  

  

  

Concrete 

(m3) 

R-Bars 

(tonnes) 

Formwork 

(m2) 

              

1 

Ngauranga South Rail 

Overbridge      1,428 243 12,124 

2 Pukerua Rail Overbridge      663 156 5,585 

3 

Waikanae River 

Overbridge      115 18 12 

4 Otaki River Overbridge      1,305 189 13,194 

5 

Pakuratahi River 

Overbridge      468 70 4,666 

6 

Ruamahanga River 

Overbridge      354 55 3,500 

7 

Pukerua Bay Retaining 

Walls   

2No

.   283 95 2,013 

8 Paikakariki Stream Bridge      1,428 244 12,124 

              

  Sub- total      6,044 1,070 53,218 

  

Say 20% for additional 

repairs to other structures      1,209 214 10,644 

              

  Totals       7,253 1,284 63,861 

Unit Prices including delivery to site, handling and 

placing in position, wastage and loss. 225 2,500 27.00 

Construction Costs including plant, machine and labour 1,631,880 3,210,000 1,724,250 

 
 
       

Quantities of Cement, Aggregates and Sand(fines) for Concrete  

 Concrete strength  =  45MPA    

 Suitable concrete mix 1 2 2.5 by volume (cement:sand:aggregates) 

        

 Volume of cement  1319 m3    

 Volume of sand 2637 m3    

 Volume of stone (aggregate) 3297 m3    



Appendices 

 199 

Estimation of Labourers and Tradesmen Associated with Major Works 

   

Labourers for concrete Works Rawlinson 2002 

No. of labourer hrs /m3 concrete 2.20 lab-hr/m3 

Total no. labourer hrs required for concrete works 11,488 lab-hrs 

Assume @ labourers works 8 hrs and all bridge works completed in 

6 months     

Total time @ labourer will work 960 hrs 

Average no. of labourers required -  semi skilled 12 labourers 

   

Tradesmen for Reinforcement Rawlinson 2002 

No. of trademan hrs/tonne 20 lab-hr/tons 

Total no. trademan hrs required for all reinforcement placing and 

fixing 18,900 lab-hrs 

Assume @ ltradesmen works 8 hrs and all bridge works completed 

in 6 months     

Total time @ trademan will work 960 hrs 

Average no. of tradesmen 20 tradesmen 

   

Tradesmen for Formwork Rawlinson 2002 

No. of trademan hrs/m2 1.20 lab-hr/m2 

Total no. trademan hrs required for all reinforcement placing and 

fixing 54,062 lab-hrs 

Assume @ tradesmen works 8 hrs and all bridge works completed 

in 6 months     

Total time @ trademan will work 960 hrs 

Average no. of tradesmen 56 tradesmen 

   

Labourers for Basecourse Construction with Machine Input Rawlinson 2002 

No. of labourer hrs /m3 basecourse 0.8 lab-hr/m3 

Total no. labourer hrs required for concrete works 165,600 lab-hrs 

Assume @ labourers works 8 hrs and all bridge works completed in 

6 months     

Total time @ labourer will work 960 hrs 

Average no. of labourers required for basecourse 173 labourers 

   

Tasks likely  to run parallel, thus duplication of skilled personnel.  
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Bridge Construction Machine Inputs       

         

Trucks Material 

Unit Rate for 

Hauling-  

Total 

Hauling 

time 

Distance to 

Supply Loads/hour 
Trucks 

Required Drivers Labourers  

  m3 m3/truck  mths km   No. No. No. 

Hauling of debris 

from damaged 

bridges -assume 

16 tonne trucks 7,253 8.29 3 30 0.55 2 2 0 

         

End loader Material 

Unit 

Production 

rate 

Hrs/day/Fro

nt end 

Total 

Duration 

(months) 

Total 

machine 

hrs/loader 

No. of front 

end 

Operato

rs 

Labourers - 

1 @/loader 

  m3 m3/hr hrs months     No. No. 

End loader - M3 

bucket size =5 7,253 140 4 2 240 1 1 1 

         

Hydraulic Pile 

Driver Piles 

Unit 

Production 

rate 

Hrs/day/rdri

ver 

Total 

Duration  

Total 

machine 

hrs/roller 

No. of pile 

drivers 

Operato

rs 

Labourers - 

8 @/Pile 

driving 

  No. m3/day hrs months     No. No. 

  - - - - - 8 8 64 
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Crane Material 

Unit 

Production 

rate 

Hrs/day/cra

ne 

Total 

Duration 

(months) 

Total 

machine 

hrs/crane 

No. of 

Crane 

Operato

rs Labourers -  

  m3 m3/hr                 months     No. No. 

  - - - - - 8 8 0 
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State Highway 1     

Structure 1 - Bridge Length (m) Width (m)   

South Rail Overbridge 93 28   

Wing Walls 100    

      

R.C. Piles   58 No.   

Dimension        

Depth  0.45 m   

Width  0.45     

Length  35 m   

Steel Unit Weight - Main 4.834 kg/m 

Assume 28mm 

bars 

  Unit Weight - Shear 0.617 kg/m 

Assume 10mm 

bars 

Concrete   7 m3   

Steel Main Bars 1.02 tonnes   

  Shear Reinforcement 11.02 tonnes   

Formwork   63 m2   

      

R.C. Piers   6 No.   

Dimension        

Diameter  0.6 m   

Length  6 m   

Steel Unit Weight - Main 4.834 kg/m 

Assume 28mm 

bars 

  Unit Weight - Shear 0.617 kg/m 

Assume 10mm 

bars 

Concrete   12 m3   

Steel Main Bars 1.92 tonnes   

  Shear Reinforcement 0.24 tonnes   

Formwork   66 m2   

      

R.C. Beams 20 No.   

Dimension        

Depth  0.6 m   

Width  0.45     

Length  93 m   

Steel Unit Weight - Main 4.834 kg/m 

Assume 28mm 

bars 

  Unit Weight - Shear 0.617 kg/m 

Assume 10mm 

bars 
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Concrete   500 m3   

Steel Main Bars 24.6 tonnes   

  Shear Reinforcement 11.8 tonnes   

Formwork   3906 m2   

      

R.C. Slab   1 No.   

Dimension        

Depth  0.2 m   

Width  28     

Length  93 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   521 m3   

Steel   76.648 tonnes   

Formwork   5245 m2   

      

R.C. Abutment & Retaining Wall 2 No.   

Dimension         

Depth   4.6 m   

Width   0.3 m   

Length   128 m   

Steel Unit Weight - Main 4.834 kg/m 

Assume 28mm 

bars 

  Unit Weight - Shear 0.617 kg/m 

Assume 10mm 

bars 

          

Concrete   354 m3   

Steel Main Bars 114.14 tonnes   

  Shear Reinforcement 0     

Formwork   2508 m2   

      

R.C.Kerb   2 No.   

Dimension        

Depth  0.9 m   

Width  0.2 m   

Length  93 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m 

Assume 10mm 

bars 
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Concrete   34 m3   

Steel Main Bars 1.64 tonnes   

          

Formwork   336 m2   

      

      

Totals   

Concrete   1,428 m3   

Steel   243 tonnes   

Formwork   12,124 m2   
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State Highway 1     

Structure 2- Bridge Length (m) Width (m)   

Pukerua Rail Overbridge 46 8   

Wing Walls 100    

      

R.C. Piles   56 No.   

Dimension        

Depth  0.45 m   

Width  0.45     

Length  35 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   7 m3   

Steel Main Bars 2.23 tonnes   

  Shear Reinforcement 10.64 tonnes   

Formwork   63 m2   

      

R.C. Piers   6 No.   

Dimension        

Diameter  0.6 m   

Length  6 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   12 m3   

Steel Main Bars 1.92 tonnes   

  Shear Reinforcement 0.24 tonnes   

Formwork   66 m2   

      

R.C. Beams 6 No.   

Dimension        

Depth  0.6 m   

Width  0.45     

Length  46 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   72 m3   

Steel Main Bars 3.66 tonnes   
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  Shear Reinforcement 1.74 tonnes   

Formwork   579.6 m2   

      

R.C. Slab   1 No.   

Dimension        

Depth  0.2 m   

Width  28     

Length  46 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   258 m3   

Steel   37.95 tonnes   

Formwork   2594 m2   

      

R.C. Abutment & Retaining 

Wall 2 No.   

Dimension         

Depth   4.6 m   

Width   0.3 m   

Length   108 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

          

Concrete   298 m3   

Steel Main Bars 96.32 tonnes   

  Shear Reinforcement 0     

Formwork   2116 m2   

      

      

R.C.Kerb   2 No.   

Dimension        

Depth  0.9 m   

Width  0.2 m   

Length  46 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   16 m3   

Steel Main Bars 0.81 tonnes   
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Formwork   166 m2   

      

      

Totals   

Concrete   663 m3   

Steel   156 tonnes   

Formwork   5,585 m2   
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State Highway 1     

Structure 3- Bridge Length (m) Width (m)   

Waikanae River Overbridge 14 8   

Wing Walls  0    

      

R.C. Piles   8 No.   

Dimension        

Depth  0.45 m   

Width  0.45     

Length  35 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   7 m3   

Steel Main Bars 2.23 tonnes   

  Shear Reinforcement 1.52 tonnes   

Formwork   63 m2   

      

R.C. Piers   0 No.   

Dimension        

Diameter  0.6 m   

Length  6 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   0 m3   

Steel Main Bars 0 tonnes   

  Shear Reinforcement 0 tonnes   

Formwork   0 m2   

      

R.C. 

Beams   6 No.   

Dimension        

Depth  0.45 m   

Width  0.3     

Length  14 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   12 m3   
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Steel Main Bars 1.08 tonnes   

  Shear Reinforcement 0.36 tonnes   

Formwork   126 m2   

      

R.C. Slab   1 No.   

Dimension        

Depth  0.2 m   

Width  28     

Length  14 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   78 m3   

Steel   11.594 tonnes   

Formwork   790 m2   

      

R.C. Abutment  2 No.   

Dimension         

Depth   0.9 m   

Width   0.9 m   

Length   8 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

          

Concrete   12 m3   

Steel Main Bars 0.64 tonnes   

  Shear Reinforcement 0.17     

Formwork   58 m2   

      

      

R.C.Kerb   2 No.   

Dimension        

Depth  0.9 m   

Width  0.2 m   

Length  14 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   6 m3   

Steel Main Bars 0.25 tonnes   
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Formwork   52 m2   

      

      

Totals   

Concrete   115 m3   

Steel   18 tonnes   

Formwork   1,089 m2   
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State Highway 1     

Structure 4- Bridge Length (m) Width (m)   

Otaki River Overbridge 180 10   

Wing Walls 0    

      

R.C. Piles   27 No.   

Dimension        

Depth  0.45 m   

Width  0.45     

Length  35 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   7 m3   

Steel Main Bars 2.23 tonnes   

  Shear Reinforcement 5.13 tonnes   

Formwork   63 m2   

      

R.C. Piers 9 No.   

Dimension        

Diameter  0.6 m   

Length  6 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   18 m3   

Steel Main Bars 2.88 tonnes   

  Shear Reinforcement 0.36 tonnes   

Formwork   99 m2   

      

R.C. Beams 8 No.   

Dimension        

Depth  0.45 m   

Width  0.3     

Length  180 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   192 m3   

Steel Main Bars 19.04 tonnes   
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  Shear Reinforcement 6.56 tonnes   

Formwork   2160 m2   

      

R.C. Slab   1 No.   

Dimension        

Depth  0.2 m   

Width  28     

Length  180 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   1008 m3   

Steel   148.302 tonnes   

Formwork   10152 m2   

      

R.C. Abutment  2 No.   

Dimension         

Depth   0.9 m   

Width   0.9 m   

Length   10 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

          

Concrete   16 m3   

Steel Main Bars 0.8 tonnes   

  Shear Reinforcement 0.22     

Formwork   72 m2   

      

      

R.C.Kerb   2 No.   

Dimension        

Depth  0.9 m   

Width  0.2 m   

Length  180 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   64 m3   

Steel Main Bars 3.17 tonnes   
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Formwork   648 m2   

      

      

Totals   

Concrete   1,305 m3   

Steel   189 tonnes   

Formwork   13,194 m2   
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State Highway 2     

Structure 4- Bridge Length (m) Width (m)   

Pakuratahi River Overbridge 62 10   

Wing Walls 0    

      

R.C. Piles   21 No.   

Dimension        

Depth  0.45 m   

Width  0.45     

Length  35 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   7 m3   

Steel Main Bars 2.23 tonnes   

  Shear Reinforcement 3.99 tonnes   

Formwork   63 m2   

      

R.C. Piers   6 No.   

Dimension        

Diameter  0.6 m   

Length  6 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   12 m3   

Steel Main Bars 1.92 tonnes   

  Shear Reinforcement 0.24 tonnes   

Formwork   66 m2   

      

R.C. Beams 8 No.   

Dimension        

Depth  0.45 m   

Width  0.3     

Length  62 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   64 m3   

Steel Main Bars 6.56 tonnes   
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  Shear Reinforcement 2.24 tonnes   

Formwork   744 m2   

      

R.C. Slab   1 No.   

Dimension        

Depth  0.2 m   

Width  28     

Length  62 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   347 m3   

Steel   51.128 tonnes   

Formwork   3497 m2   

      

R.C. Abutment  2 No.   

Dimension         

Depth   0.9 m   

Width   0.9 m   

Length   10 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

          

Concrete   16 m3   

Steel Main Bars 0.8 tonnes   

  Shear Reinforcement 0.22     

Formwork   72 m2   

      

      

R.C.Kerb   2 No.   

Dimension        

Depth  0.9 m   

Width  0.2 m   

Length  62 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   22 m3   

Steel Main Bars 1.09 tonnes   
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Formwork   224 m2   

      

      

Totals   

Concrete   468 m3   

Steel   70 tonnes   

Formwork   4,666 m2   
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State Highway 2     

Structure 5- Bridge Length (m) Width (m)   

Ruamahanga River Overbridge 48 8   

Wing Walls 0    

      

R.C. Piles   20 No.   

Dimension        

Depth  0.45 m   

Width  0.45     

Length  35 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   7 m3   

Steel Main Bars 2.23 tonnes   

  Shear Reinforcement 3.8 tonnes   

Formwork   63 m2   

      

R.C. Piers   6 No.   

Dimension        

Diameter  0.6 m   

Length  6 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   12 m3   

Steel Main Bars 1.92 tonnes   

  Shear Reinforcement 0.24 tonnes   

Formwork   66 m2   

      

R.C. Beams 6 No.   

Dimension        

Depth  0.45 m   

Width  0.3     

Length  48 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   36 m3   

Steel Main Bars 3.78 tonnes   



Appendices 

 218 

  Shear Reinforcement 1.32 tonnes   

Formwork   432 m2   

      

R.C. Slab   1 No.   

Dimension        

Depth  0.2 m   

Width  28     

Length  48 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   269 m3   

Steel   39.6 tonnes   

Formwork   2707 m2   

      

R.C. Abutment  2 No.   

Dimension         

Depth   0.9 m   

Width   0.9 m   

Length   8 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

          

Concrete   12 m3   

Steel Main Bars 0.64 tonnes   

  Shear Reinforcement 0.17     

Formwork   58 m2   

      

      

R.C.Kerb   2 No.   

Dimension        

Depth  0.9 m   

Width  0.2 m   

Length  48 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   18 m3   

Steel Main Bars 0.85 tonnes   
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Formwork   174 m2   

      

      

Totals   

Concrete   354 m3   

Steel   55 tonnes   

Formwork   3,500 m2   
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State Highway 1     

Structure 6 - Retaining Walls Length (m) Width (m)   

Pukerua Bay Retaining Walls 0 0   

Retaining Walls 92    

      

R.C. Piles   19 No.   

Dimension        

Depth  0.45 m   

Width  0.45     

Length  35 m   

Steel Unit Weight - Main 4.834 kg/m 
Assume 28mm 
bars 

  Unit Weight - Shear 0.617 kg/m 
Assume 10mm 

bars 

      

Concrete   7 m3   

Steel Main Bars 2.23 tonnes   

  Shear Reinforcement 3.61 tonnes   

Formwork   63 m2   

      

R.C. Piers   0 No.   

Dimension        

Diameter  0.6 m   

Length  6 m   

Steel Unit Weight - Main 4.834 kg/m 
Assume 28mm 

bars 

  Unit Weight - Shear 0.617 kg/m 
Assume 10mm 

bars 

      

Concrete   0 m3   

Steel Main Bars 0 tonnes   

  Shear Reinforcement 0 tonnes   

Formwork   0 m2   

      

R.C. Beams 0 No.   

Dimension        

Depth  0.6 m   

Width  0.45     

Length  0 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m 
Assume 10mm 

bars 
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Concrete   0 m3   

Steel Main Bars 0 tonnes   

  Shear Reinforcement 0 tonnes   

Formwork   0 m2   

      

R.C. Slab   0 No.   

Dimension        

Depth  0.2 m   

Width  28     

Length  0 m   

Steel Unit Weight - Main 0.888 kg/m 
Assume12mm 
bars 

  Unit Weight - Shear 0.617 kg/m 
Assume 10mm 

bars 

      

Concrete   0 m3   

Steel   0.066 tonnes   

Formwork   0 m2   

      

R.C. Abutment & Retaining Wall 2 No.   

Dimension         

Depth   5 m   

Width   0.3 m   

Length   92 m   

Steel Unit Weight - Main 4.834 kg/m 

Assume 28mm 

bars 

  Unit Weight - Shear 0.617 kg/m 

Assume 10mm 

bars 

          

Concrete   276 m3   

Steel Main Bars 89.03 tonnes   

  Shear Reinforcement 0     

Formwork   1950 m2   

      

      

R.C.Kerb   0 L   

Dimension       

Depth  0.9 m   

Width  0.2 m   

Length  0 m   
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Steel Unit Weight - Main 0.888 kg/m 

Assume12mm 

bars 

  Unit Weight - Shear 0.617 kg/m 

Assume 10mm 

bars 

      

Concrete   0 m3   

Steel Main Bars 0 tonnes   

          

Formwork   0 m2   

      

      

Totals   

Concrete   283 m3   

Steel   95 tonnes   

Formwork   2,013 m2   
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State Highway 2     

Structure 1 - Bridge Length (m) Width (m)   

Paekakariki Rail Overbridge 93 28   

Wing Walls 100    

      

R.C. Piles   58 No.   

Dimension        

Depth  0.45 m   

Width  0.45     

Length  35 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   7 m3   

Steel Main Bars 2.23 tonnes   

  Shear Reinforcement 11.02 tonnes   

Formwork   63 m2   

      

R.C. Piers   6 No.   

Dimension        

Diameter  0.6 m   

Length  6 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   12 m3   

Steel Main Bars 1.92 tonnes   

  Shear Reinforcement 0.24 tonnes   

Formwork   66 m2   

      

R.C. Beams 20 No.   

Dimension        

Depth  0.6 m   

Width  0.45     

Length  93 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   500 m3   

Steel Main Bars 24.6 tonnes   
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  Shear Reinforcement 11.8 tonnes   

Formwork   3906 m2   

      

R.C. Slab   1 No.   

Dimension        

Depth  0.2 m   

Width  28     

Length  93 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

      

Concrete   521 m3   

Steel   76.648 tonnes   

Formwork   5245 m2   

      

R.C. Abutment & Retaining 

Wall 2 No.   

Dimension         

Depth   4.6 m   

Width   0.3 m   

Length   128 m   

Steel Unit Weight - Main 4.834 kg/m Assume 28mm bars 

  Unit Weight - Shear 0.617 kg/m Assume 10mm bars 

          

Concrete   354 m3   

Steel Main Bars 114.14 tonnes   

  Shear Reinforcement 0     

Formwork   2508 m2   

      

      

R.C.Kerb   2 No.   

Dimension        

Depth  0.9 m   

Width  0.2 m   

Length  93 m   

Steel Unit Weight - Main 0.888 kg/m Assume12mm bars 

  Unit Weight - Shear 0.617 kg/m 

Assume 10mm 

bars 

      

Concrete   34 m3   

Steel Main Bars 1.64 tonnes   
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Formwork   336 m2   

      

      

Totals   

Concrete   1,428 m3   

Steel   244 tonnes   

Formwork   12,124 m2   

 

 

 

Additional - Bridging     

      

No. Description Unit Quantity Rate Amount 

           

1 Pile driving, including site 

establishment, setting out, 

delivery, setup and removal of 

rigs. m 26,700 170 4,539,000 

           

2 Crane hire - 6 months hr 1,440 450 648,000 

           

           

          5,187,000 
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