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ABSTRACT: A previous study by Irvine and Thomas completed in 2007 showed that 
approximately 70% of houses in Wellington City had foundations that would not be 
adequate to resist the design earthquake expected in Wellington.  A significant proportion 
was so poor than they would be expected to fail in relatively minor earthquakes. This 
paper will discuss the indirect implications of this problem.  With many of these houses 
being destroyed or damaged to such an extent that they are unsafe or uninhabitable then 
emergency accommodation must be found for the occupants.  The difficulties and costs of 
providing such accommodation, indirect and other costs are explored and indirect cost 
savings could be as high as twice as the direct costs savings resulting in very favourable 
benefit/cost ratios for upgrading house foundations. 

1 INTRODUCTION 
In 2006-7 the adequacy of Wellington timber dwellings’ foundations, including the sub-floor bracing, 
sub-floor fixings and general condition of the foundation was assessed as a Master of Architecture 
thesis research project by James Irvine (Irvine 2007, Irvine and Thomas 2007).   The adequacy of a 
sample of 80 dwellings’ foundations was assessed against the current “Light Timber Framed 
Construction Standard” NZS3604:1999 (SNZ 1999). The NZS3604 standard was introduced in 1978 
and has been subsequently tested by many New Zealand earthquakes, most significantly being the 
Edgecumbe earthquake in 1987. The observed damage to dwellings built to the then current 
NZS3604:1984, showed only negligible damage due to foundation inadequacies and as a result, the 
standard required only minor amendments. The most current 1999 edition of NZS3604 is therefore 
considered to have seismically appropriate detailing and provisions to withstand design earthquakes; 
so for this study, NZS3604:1999 is assumed to be the residential benchmark for seismic adequacy. 

Overall, six foundation types were observed in the study sample including two variations on piled sub-
floors, three variations of the concrete and masonry sub-floor foundation wall, and the slab-on-ground 
foundation. All foundation types were assessed for bracing and fixing capacity, the general condition 
and compliance with NZS3604:1999.   

Correlation was found between the condition of sample dwellings and the House Condition Survey 
2005 (Clark et al 2005), which quantifies the condition of a large sample of New Zealand dwellings.  
This reinforced that piling deficiencies, such as insufficient footing depth, non-vertical piles and 
foundation undermining were common issues, especially in repiled dwellings. Dwellings commonly 
had insufficient ventilation capacity and were outside prescriptions for heights between the ground and 
sub-floor timbers, especially in older dwellings.  These same trends were also problematic when 
assessing foundations against the current standard provisions NZS3604:1999.  

The structural members in the sample foundations were generally within prescriptions of all historic 
standards, and therefore adequate in terms of NZS3604:1999. However, a specific analysis of the 
fixings showed serious inadequacies in over 70% of dwellings.  The Plate to Foundation Wall fixing 
was inadequate in 37% of dwellings with this foundation type.  These inadequacies were seen as the 
product of constantly changing historic prescriptions. Overall, only three dwellings were inadequate in 
terms of all past and current standards.  As suggested by anecdotal evidence, older dwellings 
constructed prior to 1940 had less clearance from cleared ground level than prescribed and 42% of all 
dwellings had less than prescribed ventilation requirements, despite adequate provisions for ventilation 
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in all historic standards.  From the assessment, certain dwellings required different levels of remedy 
and so solutions were applied on the basis of average maximum requirement for each foundation type.  

The bracing adequacy of different foundation types was assessed including contributions from non-
designed bracing such as ordinary piles and large concrete anchors. Observations illustrated that 
ordinary piles were the primary bracing mechanism for 16% of dwellings, and concrete anchors in 
11% of dwellings. Most piled dwellings had inadequate bracing with around 80% having less than half 
the level of bracing prescribed.  Concrete foundation wall dwellings were generally adequate, despite 
commonly utilising heavier cladding materials.  Overall, 39% of dwellings were under bracing 
requirements, when non-designed bracing was excluded from calculations. 

Fixings and load transference were inadequate in between 8 to 25% of dwellings.  This was further 
exacerbated when friction was assumed to be zero, which can occur with high levels of vertical 
acceleration. An increase of inadequacy of between 30% and 50% was seen in all areas of the 
foundation. The most significant area of inadequacy was the Exterior Joist fixings, which suggests that 
35% of the sample were inadequate to transfer loads, despite meeting NZS3604:1999 requirements. 

After identifying the common deficiencies from the sample and similar studies, remedial costs were 
priced by a qualified Quantity Surveyor and applied to different foundation types based on the strength 
required and compatibility with the existing foundation system. The remedies, to upgrade bracing, 
fixings and the general condition, including labour, ranged between $15 per m² and $60 per m².  These 
costs were then projected to all Wellington City foundations, which totalled over $250 Million.  It was 
assumed that each dwelling should be remedied to comply with the standards in NZS3604:1999 and 
the remedies were applied based on the average condition of the sample.  To understand the 
anticipated losses and therefore benefits of upgrading, the estimated damage cost to residential 
dwellings was calculated using an Earthquake Loss Modeller, which was supplied by the Institute of 
Geological and Nuclear Sciences (Cousins 2005). The cost was calculated by assuming an earthquake 
of Magnitude 7.5, at a depth of 7.5km centred on the Wellington fault line, around Kaiwharawhara.. 

In order to formulate a cost saving, or economic benefit from upgrading foundations, the cost of 
specific damage and collapse to residential dwellings was calculated to be $2.1 Billion, assuming no 
remedial measures had been applied. The Mean Damage Ratio for each foundation type was then 
modified, based on similar earthquake damage projections based on the same Wellington earthquake 
scenario. Dwellings that had either significant configuration issues or were located in an area likely to 
experience higher earthquake shaking, were still anticipated to collapse despite applying sub-floor 
remedies.  The cost of damage to dwellings following remedial measures was calculated at just over 
$1.1 Billion.  Therefore, the total savings were anticipated to be around $950 Million.  These results 
were considered as a ratio of benefit over cost which is used to understand whether the associated 
economic benefit is greater than the anticipated cost of remedy.  The benefit / cost ratio for dwellings 
likely to collapse is more than 10 , while extensively damaged dwellings have a lower benefit / cost 
ratio of around 4. The highest benefit was seen in Piled dwellings, most common in dwellings built 
prior to 1940, where savings upwards of $500 Million were projected.   

2 THE COST BENEFIT RATIO 
The preliminary cost benefit ratio for different dwellings suggests that different fail rate factors based 
on historic precedents and foundation types will affect the benefit / cost  ratio significantly.  Initial 
results in Table 1, suggest that the cost saving between the earthquake scenario before and after 
remedial action is undertaken, is almost 80% for collapsed dwellings and approximately 40% for 
damaged dwellings. This is predicting that dwellings previously assumed to collapse will only sustain 
damage, however, some dwellings with serious configuration issues are still anticipated to collapse. 
Remedial measures are assumed to mitigate damage in only half of the sample dwellings. The 
foundation type does affect the damage and collapse ratio, and a preliminary assumption based on 
sample observations, suggests that around 70% of “at risk” dwellings are piled foundations.   

Future costs have not been discounted as the results then become dependant on the discount rate 
assumed.  It should be noted that construction costs rise at least at the same rate of inflation.  The risk 
of an earthquake has not been incorporated into the detailed results as then the answer becomes highly 
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dependant on this risk.  By excluding it, it is easier to then adjust the results for a given probability of 
an earthquake.  The results of a sensitivity study taking into account the discount rates have not been 
included in this paper due to space limitations.   
Table 1. The anticipated costs for collapsed and damaged dwellings. 
 Post earthquake 

cost before remedy  
$M 

Post earthquake 
cost after remedy  

$M 

Cost 
saving  

$M 

Remedial 
Costs  
$M 

Benefit / 
cost 
ratio 

Collapse $257 $51 $206 $7 29 
Damage $3,523 $2,070 $1,453 $284 5.1 

TOTAL $3,780 $2,121 $1,659 $291 5.7 

The results above suggest that dwellings require, on average, reasonable expenditure to achieve the 
current standards requirements. The very high benefit / cost ratio suggests that it is economically 
justifiable to remedy foundation defects in dwellings, even if more conservative assumptions on the 
reduction for damage had been made. This analysis assumes that a maximum credible earthquake will 
occur in the lifetime of these dwellings.  Assuming the likelihood of piled dwelling collapse (over 
70%), and applying information contained in the House Condition Survey, the cost of upgrading 
certain foundation types may be less than the total average annual expenditure currently spent on 
maintaining dwellings (Clark et al., 2005). 

3 INDIRECT COSTS AND BENEFITS 

The application of remedial measures will reduce pressure on the public sector including emergency 
management systems, hospitals and organisations involved with evacuations and erection of temporary 
shelters. In addition, there will also be a saving for both the public and private insurers, which will 
facilitate the quicker reconstruction of the post-earthquake society to pre-earthquake levels.   

3.1 Evacuation, Shelter and Aid 

So far, the costs and benefits to society have been termed as expressions of financial savings, however, 
this neglects the cost of human life resulting from disaster. Based on the Loss Modeller estimate of the 
number of dwellings collapsed before and after the scenario earthquake, Figure 1 forecasts both a 
lower mortality rate and injury toll. 

 
 

 

 

 

 

 

 

 

 
 
Figure 1 Number of Casualties and Deaths Before and after applying Remedial Measures for a 
Night time Earthquake Scenario, from Loss Modeller estimates 
When ‘costs’ are measured in volume of evacuations or number of temporary shelters required, then 
these costs can be reasonably difficult to predict and quantify (Cooney and Fowkes 1981). The remedy 
of foundations will reduce the number of dwellings that may be destroyed by an earthquake and there-
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fore, the number of people that require temporary shelter and immediate medical attention (Fig. 2). 
These values were obtained from assuming that for every collapsed dwelling, an average of 3 people 
will require evacuation (as a collapsed dwelling is uninhabitable). Certain extensive damage in the 
foundation area, will also require immediate evacuation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Number of Evacuees before and after applying Remedial Measures 
The evacuation process described in the National Civil Defence Emergency Management Plan Order 
(MCDEM 2005) stipulates that evacuation can either be pre or post disaster, by voluntary or 
mandatory order, however mandatory orders are only made when dwellings are evaluated as 
inhabitable or unsafe. However, evacuations may cause post-traumatic stress disorder, depression, and 
other physical ailments, which can remain long after the disaster impact. These psychological effects 
can affect different cultures and socioeconomic groups differently (Mileti 1995). The Kobe earthquake 
showed that, “many people walked unemotionally around the wreckage to work, carrying their day’s 
water supply on their backs” (Park 1995). Whereas following the 1971 San Fernando earthquake, 
people were usually concerned with saving themselves, neighbours and their property (Applied 
Technology Council 1989). Therefore, evacuation orders must be made in consideration of whether 
the risk of staying is greater than the risk of evacuating and the resulting psychological distress 
involved (Ministry of Civil Defence and Emergency Management 2005).  

3.2 The Post-Earthquake Clean-up 
Haas, Kates and Bowden (1977) describe three different phases of post earthquake recovery. The first 
is the restoration or “Patch up” of existing physical and social system damage, which usually involves 
the implementation of emergency management systems and initial evaluation of the damage. The 
second phase is the “Replacement / Reconstruction”, which entails the rehabilitation of capital stocks 
to pre-earthquake levels. This has been known to last from months to years, depending on the 
economy of resources, material stocks and availability of labour force in the vicinity of the damaged 
region. The final phase is the “Commemorative phase”, where effort is focussed towards promoting 
economic growth and the mitigation of any future damage in the event of recurrence (Haas, Kates and 
Bowden 1977 cited Nigg 1995). The factors that may be mitigated by increasing awareness and 
application of remedial measures of foundations will be shown to lessen the post-earthquake stress and 
burden of the residential sector on the economy. 
Studies into the post-earthquake restructuring and reinstatement of Wellington, suggest that New Zea-
land has enough labour, material and plant resources to aid in a maximum four year clean up period. 
However, certain shortfalls, such as temporary housing of the additional labour force may become 
evident over this period (Lanigan 1995). However, evidence following the 1995 Kobe earthquake, 
suggests that up to 20% of businesses failed (Wellington Earthquake Lifelines Group 1995), which 
can directly increase unemployment and inhibit the growth of post-earthquake society (Nigg 1995). 
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3.3 Post-Earthquake Dwelling Evaluation and reinstatement 
After temporary shoring of a dwelling from further damage, evaluations are required to assess the 
structural integrity of dwellings. The Building Code (NZ Govt.1992) requires foundations to have neg-
ligible permanent offset after a seismic event, including some damage but not total collapse. Thus, 
dwellings will be evaluated as either having minor damage, no apparent instability hazard, moderate 
foundation damage or severe settlement. The damage evaluation guideline, based on the Applied 
Technology Council document (1989), and adapted to New Zealand dwellings by the EQC (2000), 
outlines obvious indicators for assessing structural strength, habitability and entry criteria. If a dwell-
ing is posted as “no entry”, there may be moderate foundation damage, severe settlement or severe 
swaying of foundations. “Limited entry” indicates that a dwelling will have no instability hazard, 
moderate foundation cracks and moderate settlement, which allows occupants to retrieve their belong-
ings. For a dwelling to remain “habitable”, only minor settlement, cracking and local uplifts are allow-
able (National Fire Protection Association 1991).  The rigorousness of these criteria and the desire to 
err on the side of caution will increase the number of evacuees requiring emergency accommodation.  
In the event of damage to a dwelling, it is the owner’s responsibility to organise repair or reinstatement 
of the dwelling. A number of issues seen in past earthquakes include a lack of information regarding 
how the dwelling would be repaired and non-forthcoming insurance payments (Ruscoe 1988), where 
quick and efficient rationally focussed methods of actions are of essence (UNDESA 1977). Delays 
will be common if a decision must be made regarding the remedy or demolition of a dwelling 
(Middleton 1995). Many examples of undue condemnation have been observed due to overzealous 
demolition crews, often referred to as the “Second earthquake” (UNDESA 1977). This will be com-
pounded if the dwelling has particular historical significance (Lanigan 1995). Moreover, many occu-
pants have remained in significantly damaged dwellings for over six months awaiting insurance pay-
ments and for the availability of contractors and quotes. This is further compounded, since commercial 
properties are given priority over residential dwellings; which prioritises development of the post-
earthquake economy (Ian Smith & Partners NZ and Earthquake and War Damage Commission 1992).  

4 COSTING INDIRECT AND OTHER COSTS  
These costs can not be easily determined and must be based on reasonable assumptions.  One cost will 
be emergency accommodation, summarised in Table 2.    For this it is assumed that the average 
replacement time for a collapsed dwelling is two years and for repairing a seriously damaged dwelling 
an average of 3 months, both after the initial post-earthquake recovery period.   
Table 2. Emergency Accommodation Costs 
Type of Accommodation  Cost per 

person  
($) 

No People 
Before 

Remedies5 

Cost 
Before 

Remedies 
($M) 

No People 
After 

Remedies5 

Cost 
After 

Remedies 
($M) 

Cost 
Saving 
($M) 

Short-term (shelter)  2001 5000 1 5000 1 0 

Short term (tent) 10002 16500 17 3000 3 14 

Med. term (rental/motel etc) 45003 17700 80 7100 32 48 

Long term shelter  10,0004 3700 37 900 9 28 

All N/A 42900 134 16000 45 91 
1. stretcher and bedding 
2. winterised tent, stretcher and bedding 
3. 3 months or 90 nights at $50 per night 
4. 1 household, average 3 people in $30,000 shelter 
5. Values taken from figure 2 assuming 5000 in emergency shelters such as public buildings,  

The number of evacuees requiring accommodation is from figure 2.  Donations of material is assumed 
to be a societal cost are ignored, however these may be balanced or outweighed by costs of supply, 
which would be considerable as many resources would have to be sourced off-shore. 

With foundation remedies, from figure 2, the number of immediate evacuees requiring temporary 
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accommodation re-housing reduces from about 21,500 to 8,000 the number of homeless waiting an 
average of 1 year for re-housing reduces from about 3700 to 900 and the number waiting an average of 
3 months for repairs drops from 17,700 to 7100.  The costs of emergency accommodation drops $91M 
compared to the damage to dwellings cost of $1659M.  This is not therefore very significant; however 
it is likely that providing such a level of emergency accommodation would prove impossible. Another 
benefit of upgrading foundations is a reduction in the number of casualties, particularly for a 
nigh-time earthquake when occupants are at home.  The economic benefits of this are shown 
in Table 3.   Indirect costs of casualties such as loss of working hours have not been included.   
Table 3. Costs of Casualties 
Type of Casualty Cost per 

Casualty 
($1,000) 

Casualties 
Before 

Remedies 

Cost Before 
Remedies 

($M) 

Casualties 
After 

Remedies 

Cost After 
Remedies 

($M) 

Cost 
Saving 
($M) 

Moderate Injuries  201 450 9.0 339 6.8 2.3 

Severe Injuries 1001 85 8.5 64 6.4 2.1 

Deaths  25002 120 300 24 60 240 

All N/A 655 318 427 74 244 
1. Rounded from ACC Data 
2. Rounded from average economic value of a life from Transit New Zealand. 

It should be noted that the cost per life saved with an estimated reduction in fatalities from 120 to 24 at 
a cost of $294M is $3.4M, the supposed average economic value of a life.  Please note that this value 
is the net average economic benefit of one life and is not intended to “value” a life.  Such a dollar 
value can in no way take into account the societal and other implications of a premature death.  

The estimates of repair and replacement costs for dwellings exclude damage to contents.  Estimates 
suggest that the contents damage will cost around 50% (Hopkins 1995) and up to around 2/3 of the 
dwelling damage costs (Birss 1985), which is approximately correct for the costs seen below.  Table 4 
shows the increase in losses and corresponding increase in benefit / cost ratio if contents are included.   
Table 4. The total costs excluding and including contents. 

 Post earthquake 
cost before 

remedy  
$M 

Post earthquake
cost after  
remedy  

$M 

Cost 
saving
 
$M 

Remedial 
Costs  

 
$M 

Benefit 
/cost 
ratio 

Dwelling Only  $3,780 $2,121 $1,659 $291 5.7 
Contents Only $1,890 $1,060 $830 $291 2.9 
Dwelling and Contents $5,670 $3,181 $2,489 $291 8.6 

Post disaster inflation is the norm due to shortages of material and labour.  Table 5 shows the effect of 
30% post disaster  inflation (Wellington Earthquake Lifelines Group 1995; Davey and Shephard 
1995). This 30% inflation is based on conservative past estimates, however for short periods following 
a disaster, inflation has been known to be as high as 75% (Walker 1995). 
Table 5. The total  costs, with or without 30% building  cost inflation  (excluding contents) 

 Post earthquake 
cost before remedy 

 $M 

Post earthquake 
cost after remedy  

$M 

Cost 
saving  

$M 

Remedial 
Costs  
$M 

Benefit 
/cost 
ratio 

Dwelling Only  $3,780 $2,121 $1,659 $291 5.7 
30% Inflation  $1,134 $636 $498 $291 1.7 
Total   $4,914 $2,757 $2,157 $291 7.4 
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Adding all these effects together gives the summary in table 8.  Indirect costs improve the benefit  / 
cost ratio by a small but significant amount.  Including contents and building cost inflation more than 
trebles the savings with a corresponding improvement in the benefit  / cost ratio.   
Table 6. The total costs, including indirect and other costs   

 Cost saving  
$M 

Remedial Costs  
$M 

Benefit /cost
ratio 

Dwelling Only  1659 291 5.7 
Dwelling and indirect  1994 291 6.9 
Dwelling, indirect costs and contents  3884 291 13 
Dwelling, 30% inflation, indirect and contents 5018 291 17 

5 INCORPORATING RISK OF EARTHQUAKE  

Although a number of studies has been carried out on the probability of the maximum credible 
earthquake on the Wellington fault, the precise level of risk can only be estimated.   It is also very 
difficult to predict what the life of a domestic dwelling may be. If a 50 year dwelling life is assumed, 
and the annual risk of an earthquake is about 1%, table 7 shows the benefit/cost ratios for a 0.5%, 
1.0% and 2.0% annual probability of such an earthquake.   
Table 7. Benefit / Cost ration for varying earthquake risk.  

Annual probability of an earthquake. 0.5%  1.0% 2.0% 

Dwelling Only  1.4 2.9 5.7 
Dwelling and indirect  1.7 3.5 6.9 
Dwelling, indirect costs and contents  3.3 6.5 13 
Dwelling, 30% inflation, indirect and contents 4.25 8.5 17 

6 CONCLUSIONS 

Previous work has shown that upgrading house foundations, in particular for piled houses is a cost 
effective way of reducing earthquake damage in Wellington.  A crude analysis of other costs results in 
much higher benefit / cost with other savings being as much as twice that of direct repair and 
replacement costs. Of perhaps more significance is the likely difficulty or impossibility of providing 
sufficient emergency accommodation.  Although the exact figures could be debated the significant 
reduction in fatalities for a night time earthquake if foundations were upgraded is a benefit that 
significantly outweighs any economic saving.  

REFERENCES:  
Applied Technology Council, (ATC). 1989. Procedures for Post-Earthquake Safety Evaluation of 

Buildings. 
Birss, G. R. 1985. Methodology for the Assessment of the Damage Cost resulting from a Large 

Earthquake in the Vicinity of Wellington. Bulletin of the New Zealand National Society for 
Earthquake Engineering 18(3): pp. 214-223. 

Clark, S. J., I. C. Page, A. F. Bennett, and S. Bishop. 2005. New Zealand House Condition Survey 
2005. BRANZ Study Report 142. 

Cooney, R. C., and A. H. R. Fowkes. 1981. New Zealand Houses in Earthquakes: What Will Happen? 
BRANZ Reprint Series No. 21  

Cousins, J. Earthquake Loss Modeller 14 Sep 2005. Institute of Geological and Nuclear Sciences 



8 

Limited, Wellington. 
Davey, R. A., and R. B. Shephard. 1995. Earthquake Risk Assessment study : Study area 1, Wellington 

City. Wellington: Works Consultancy Services. 
Earthquake Commission, (EQC). 2000. Inspecting Earthquake Damage to New Zealand Houses: an 

overview for EQC inspectors. Interview by. Wellington: EQC. 
Haas, J. E., R. W. Kates, and M. J. Bowden. 1977. Reconstruction Following Disaster. Cambridge, 

Massachusetts: MIT Press. 
Henri, C. 1995. Role of Insurance Companies in Disaster Recovery. Proceedings of Wellington after 

the 'Quake : The Challenge of Rebuilding Cities, at Wellington, New Zealand. 
Hopkins, D. C. 1995. Assessment of Resources for Reinstatement Proceedings of Wellington after the 

'Quake: The Challenge of Rebuilding Cities, at Wellington, New Zealand. 
Ian Smith & Partners NZ, and Earthquake and War Damage Commission. 1992. Guidelines for Initial 

Shoring or Securing of Damaged Buildings following Earthquake. Lower Hutt, New Zealand: 
The Partners. 

Irvine, J. D. 2007, Foundation and Sub_floor Bracing Analysis: the Cost-Benefit of Upgrading.  
M.Arch Thesis, Victoria university of Wellington. 

Irvine, J. D. and Thomas, G.C.  2007, Adequacy of Existing House Foundations for Resisting 
Earthquakes: the Cost-Benefit of Upgrading.  New Zealand Society for Earthquake 
Engineering Annual Conference, Palmerston North. March, 2007. (CD-ROM) . 

Lanigan, T. 1995. Physical Reconstruction : Availability of Material, Labour and Plant from within 
New Zealand and the Role of the Private Sector. Proceedings of Wellington after the 'Quake: 
The Challenge of Rebuilding Cities, at Wellington, New Zealand. 

Middleton, D. A. 1995. The Earthquake Commission's preparations for disaster. Proceedings of 
Wellington after the 'Quake: The Challenge of Rebuilding Cities, at Wellington, New Zealand. 

Mileti, D. S. 1995. Urban Relocation after Earthquakes : Why do Cities stay where they are no matter 
how many times they are Damaged? Proceedings of Wellington after the 'Quake : The 
Challenge of Rebuilding Cities, at Wellington, New Zealand. 

Ministry of Civil Defence and Emergency Management, (MCDEM). 2005. "National Civil Defence 
Emergency Management Plan Order 2005". Ministry of Civil Defence Website, 15 May. 

National Fire Protection Association, (NFPA). 1991. The Loma Prieta (San Francisco/Monterey Bay) 
Earthquake: Emergency Response and Stabilization Study. Massachusetts: Quincy. 

New Zealand Government.  The New Zealand Building Code.  Building Regulations 1992 (and 
amendments). First Schedule.  New Zealand Government.  Wellington. 1992. 

Nigg, J. M. 1995. Disaster Recovery as a Social Process. Proceedings of Wellington after the 'Quake: 
The Challenge of Rebuilding Cities, at Wellington, New Zealand. 

Park, R. 1995. The Great Hanshin earthquake. Proceedings of Wellington after the 'Quake : The 
Challenge of Rebuilding Cities, at Wellington, New Zealand. 

Ruscoe, Q. 1988. Walking on Jelly: The Bay of Plenty Earthquake 1987. Wellington: DSIR 
Publishing. 

Standards New Zealand, (SNZ). 1999. Code of Practice for light timber frame buildings not requiring 
specific design.  NZS3604:1999. 

United Nations Department of Economic and Social Affairs, (UN). 1977. Repair of Buildings 
Damaged by Earthquakes. New York: United Nations. 

Walker, G. 1995. Physical Reconstruction. Proceedings of Wellington after the 'Quake : The 
Challenge of Rebuilding Cities, at Wellington, New Zealand. 

Wellington Earthquake Lifelines Group. 1995. Wellington Earthquake Lifelines Group: 1995 Report. 
Wellington, New Zealand: Wellington Regional Council. 


