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The Great Wellington Quake

A Challenge to the Construction Industry

David C Hopkinst Tony Lanigant R Bruce Shephard3

Executive Summary

This paper examines the nature and extent of damage due to a major (Magnitude
7.5) earthquake in Wellington. Effects on both buildings and infrastructure are
assessed from Palmerston North/Wanganui to Nelson/Blenheim. The value of
assets at risk in each location and the estimated damage to these is presented.

Based on an assessed four year recovery period, the damage values and rates of

spend and/or production required are estimated and compared with the current

 and potential capacity in the affected region and over New Zealand as a whole.

Results show that $73 billion of assets is at risk. Assessed damage is $6.8
billion. but could possibly be considerably more. On the basis of $6.8 billion of

damage. of which $6 billion is in the greater Wellington region, peak
expenditure required is 300% of Wellington region's current capacity and

around 50% of New Zealand's current capacity. Mobilisation of latent

production capacity, through increased local production or through importing,

reduces these figures markedly but raises questions of the extent to which
mobilisation could be achieved.

The increases in demand will provide a major challenge to all sections of the

construction industry - contractors, designers, legislators, inspectors. territorial

authorities. The industry needs to take steps to develop and maintain readiness

to cope with the situation effectively.

Broad issues that need to be addressed in advance of the event include:

a) The degree of control necessary from national and local government.

b) The extent to which New Zealand based contractors would participate

effectively.

c) The extent to which offshore contractors become established in

New Zealand.

d) The extent to which importation of competitively priced materials, plant

and labour will be necessary.

e) Availability of key management and technical skills within the
construction sector.

f) Relationships with major insurers and asset owners.
g) The availability of money for reconstruction and for payments to

contractors.

11) The extent to which nation-wide resources can be directed to Wellington.

i) The ability of TLA's to cope with the necessary approval processes.

j) Ally special measures to control the quality of construction at a time of
high demand.

1 Kingston Morrison Ltd. Wellington, 2A G Lanigan Consultants. Auckland. 3Seismic Consultants Ltd. Wellington
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The demands on resources are suinmarised in Figure El.

Figure El - Demand vs Capacity - All Assets
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The Mercury Energy incident in Auckland in 1998 is a reminder that

contingency planning must be seen as a vital activity in the sophisticated and

highly technological society of the 2 ] St century. The prospect of a major
earthquake in Wellington (or any other major city) demands some basic

"business continuance planning" from the construction industry, including

constructors. This planning must be done on both a local and national scale.
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1. Introduction

A major earthquake in Wellington will cause several billion dollars worth of
damage and place severe demands on the construction industry in the rebuilding

process. It is important that some advance consideration be given to the extent
and nature of this challenge. What steps can be taken now to make the
reconstruction process as effective as possible? What must the authorities know
now to enable them to provide clear direction on the range of activities necessary
to the rebuilding process? What steps can the construction industry take in
advance to reduce the disruption to a practical minimum? What steps can the

New Zealand construction industry take now to ensure that it is in a defensible

position after a major earthquake and that it can exercise appropriate influence
on the process of reconstruction?

This paper examines the nature and extent of damage in all of the affected

locations. provides assessments ofthe resources required for reconstruction, and

compares the resources required with the present capacity of the construction

industry. It is intended to provide a starting point for key decision-makers in the

construction industry to decide what actions need to be taken now.

The paper extends the work described in two papers presented to the Wellington

After the Quake Conference [I, 2]. More sophisticated processes have been

used to assess the nature and extent of damage to buildings. Damage
assessments have been extended to cover all affected areas such as Palmerston

North. Wanganui, Nelson, Blenheim, Masterton and the Wairarapa.

The earthquake scenario is basically the same, but closer account has been taken

of attenuation and variations in soil properties within the affected region.

The paper focuses on presenting tile results in summary form. Background

descriptions and explanations of methodology have been kept to a minimum.

Those using the results should recognise the wide margins of uncertainty behind
the assessments. Although quite detailed considerations are involved in the
assessment process, the overall result should be regarded as a broad estimate of
the general extent and nature of the damage and resources required.

2. Scenario Event

Movement of the Wellington-Hutt Valley segment of the Wellington Fault is

generally considered the probable maximum event for loss assessment purposes
in the Wellington region. The characteristic earthquake on the Wellington Fault
is identified with a 60 km length of rupture causing lIp to 3 to 5 metres of
horizontal movement and 1 metre of vertical movement. Such movement on this

strike-slip fault is estimated to produce ati earthquake magnitude of M7.5.
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The estimated average recurrence interval for movement on the Wellington-Hutt

Valley segment of the Wellington Fault is 600 years, with the most recent event

estimated as occurring some 450 years ago. The probability of occurrence of the
scenario Wellington fault event is about 10% in 50 years. [3]

Variation of shaking intensity with distance away from the earthquake source
used, is that recommended by Smith and Smith [3]. In addition near fault effects
have been taken into account.

Further allowance was made for amplification of earthquake shaking intensities

iii areas of soft soils and for permanent ground deformation elite to liquefaction.
The extent of these soils was determined from maps prepared by Wellington
Regional Council for its area, and from geological maps and local knowledge for
more distant areas. For areas in the Wellington Region assessment was made of

the liquefaction and ground deformation potential. No specific allowance was

made for earthquake-induced landslip.

Appendix C has further information and background on the scenario event.

Assets at Risk

The assets at risk include all buildings and infrastructure within about 100 km

radius from the ends of the scenario fault rupture length. This includes areas

about 150 km north of Wellington City encompassing Wanganiti and Palmerston

North. and areas about 100 km south of Wellington City including Nelson and

Tasman District. This area is sufficiently large to ensure that damage sustained

in more distant areas would have no significant contribution to resource

demands. The scenario area was modelled as more than 200 geographical unit

areas in order to establish earthquake ground shaking intensities. ground and

inventory characteristics in some detail.

The basic inventory data for buildings was provided by Quoteable Value New

Zealand (QVNZ) as the numbers of buildings, classified as residential,
commercial and industrial, and their total floor area for each geographical unit
area. Some approximations were necessary to aggregate buildings to these
classifications to allow for unclassified data in the QVNZ database, Further

approximations were made to aggregate buildings in country areas to the nearest
appropriate urban areas to account for the total inventory. Building replacement
values were determined by varying construction costs according to locality and
building area.

Buildings represent some 75% of the assets at risk and residential buildings
represent some 46% of the total.

Infrastructure assets were provided by the various local authorities and utility
owners and managers in response to enquiry. For the Wellington region covered
iii the Hopkins paper [l], updated values of assets were sought. For the new
areas covered, new values were sought. Not all infrastructure asset owners
responded and some of the responses were in contrast to the previous values, so
that the asset values for this assessment are a mixture of new advised values and
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tile authors' assessment based on the 1995 figures. Appendix B sliows a broad

comparison of asset values and damage assessments between the 1995 and the

1999 figures.

Summaries of building and infrastructure asset values are provided in Table 6.1

and are presented iii Map 6.1.

4. Damage Assessment Methodology

4.1 Damage Assessment Model

Damage assessments were undertaken by Opus International Consultants Ltd

based on analysis models and data developed from earlier studies. The analysis

models used were a combination ancl extension to those used for the Earthquake

Commission, other insurers and various utility owners (confidential client

reports). and Wellington Regional Council [4]. The basic approach reported for

Wellington Regional Council, with modifications, extensions and extrapolations
has been used in this current work. While some inconsistencies occurred in

particular geographic unit areas, the overall results are expected to be consistent
with the overall variation in conditions.

For full descriptions of the damage assessment models, refer to the Wellington
Regional Council report(s) [4]

4.2 Confidence Limits

It is important to recognise the wide confidence limits on the results, Damage
values presented in this report are based on statistical mean value assessments.
This means there is an equal likelihood of the actual loss being less or greater
than the figures shown. Ninety percentile damage assessments for example, are
about twice the value of expected dainage assessments but this level of damage
would be likely in only one out of 10 actual events.

4.3 Building Damage Assessment

Geographical Considerations

The building inventory was grouped into geographical unit areas in order to
establish locations, consistent risk types and characteristics. and ground
conditions within each unit. Distances used to determine the ground shaking
effects from the earthquake fault line source are based on centroids of inventory
in each unit area.

Building Characteristics

Building characteristics for each unit area were determined by extrapolation of
data from site surveys, which identify vulnerability characteristics including
building age, number of stories, construction material and form, form
irregularities, construction style and features.
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Building Damage States

The assessment of building damage has been addressed in more detail for the

Wellington Region. This detail enabled building damage to be assessed in

respective damage states as shown in the accompanying Table.

03% 8?,
I rk , 9,

1 .· 53:9,4,53 i.
 ...0,/4:, I

S. , I h» .0.Building Damage State 3,0  

4 *> .0 · 1
4 my' 47*:. ' '. + *29 3- . i

• None - no appreciable damage

• Light - between none and 10% replacement value dainage
• Moderate - between 11% and 30% replacement value damage
• Extensive - between 31% and 99% replacement value damage

• Complete - 100% replacement value damage

Light Damage State includes internal disruption caused by planters, furniture,

bookshelves, or other items that are free to shift around during shaking and some
slight damage to permanent building elements such as ceilings, lighting fixtures,
or partitions. Damage may require clean-up and minor repair that requires a
maximum of a few days to complete.

Buildings in Moderate Damage State will suffer more extensive damage to
internal elements than those iii light damage state, and may also have minor
structural damage such as cracks in concrete or masonry walls. The damage
would be sufficient to require repair, and the building could be partially or
completely closed, pending analysis and/or repairs. Partial closure is expected
while repairs and clean-up are completed.

The Extensive Damage State will include damage to structural elements such as
walls, columns, and beams. Buildings may be leaning or certain fioor levels or
walls may be out-of-plumb. Internal elements may be damaged beyond repair.
Owners of buildings that have been damaged this severely often must wait for
engineering and economic studies to be completed to determine if it is
economically justifiable to repair the building or whether to simply demolish it.

The Complete Damage State includes both collapsed buildings and those that
are so severely damaged that repair are clearly uneconomical. Because of the
many structural requirements placed in modern codes specifically for the
purposes of preventing collapse, this damage state should be rare in new
buildings.

Building Classes

For areas in the Wellington Region, buildings have been considered in four
classes:
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Residential

2. Commercial/Industrial

O Group 1, low vulnerability, ductile,

(e.g. timber frame, light steel frame buildings.)

O Group 2, medium vulnerability, ductile

(e.g. concrete and steel, frame and wall buildings.)

O Group 3, high vulnerability, non-ductile,

(e.g. unreinforced masonry.)

For the other outer areas the commercial and industrial building types were
combined.

Building Vulnerability

Building risk vulnerabilities relate the extent of damage to the intensity of

earthquake ground shaking. [4]

Vulnerability models for buildings were extended to determine the distribution

of damage about the mean values. Thus, given a mean damage state of a set of

buildings. the proportions that suffer no damage and those with complete

damage. and all damage states in between, were assessed.

Damage from fire and tsunami following earthquake has been allowed iii the

buildings damage assessments.

4.4 Infrastructure Damage Assessments

General

Infrastructure components were considered in two categories, those expected to

be mainly sensitive to ground shaking, (e.g. bridges and pumping stations), and

those expected to be mainly sensitive to ground deformations, (e.g. underground
piped services.)

Damage vulnerabilities for infrastructure sensitive to ground shaking were
extracted from the HAZUS model [5]. HAZUS component types do not always
correspond with the component types used in this study so that appropriate
combinations of HAZUS vulnerabilities are used.

Shaking hazard maps prepared by Wellington Regional Council for the
Wellington Fault scenario were used to estimate the proportion of the
infrastructure components in each of three shaking hazard intensity zones. This
data was combined with the vulnerability data to calculate the expected damage
ratios for lifeline components in each of the study areas.

Damage ratios expected for infrastructure components sensitive to ground
deformation were mostly estimated using data obtained from previous Opus
studies of Wellington regional billi< water supplies and of telecommunication
outside plant. [6]
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Piped Services

Damage ratios expected for piped services, in each ofthe six ground deformation

zones, were estimated from data extracted from the Wellington regional billi<

water supply study [6]. Damage ratios were extracted for ductile, intermediate

ductility and non-ductile pipes.

Approximate proportions of each type of pipe in each of the main study areas
were obtained from the relevant local authority for each lifeline piped service
(water, wastewater, stormwater and gas).

The above data allowed the damage ratios expected for piped services in each

study area to be estimated. These were adjusted to reflect the I ikely repair cost

of a pipe break relative to the replacement cost of the various piped services.

For example, the Wellington gas company, Enerco, expect that most repairs to

the regional gas pipelines (trunk lines) will need to be carried out with the gas

line in use. The repair costs in this case were very high ($200.000 per repair)

resulting in a relatively high damage ratio for the regional gas network in

Wellington.

Electricity Network

Damage ratios were developed for the electricity network lifeline components

from HAZUS data, modified for local conditions using data from the

telecommunication reticulation study. [5.1

Roading

For roading networks the damage ratios expected iii each of the ground
deformation zones were estimated from HAZUS data. The "best estimate"

damage ratios from the HAZUS fragility curves for peak ground deformations
for each damage category were considered to be high and so the minimum
damage ratio values obtained were selected for this study. [5]

Data Interpretation

As data was available from the previous studies for the main Wellington - Hutt -
Porirua region only, damage ratios for the other outer areas were obtained by
extrapolation.

Infrastructure asset replacement values were combined into regions similar to
those used for the building data on a population basis.

Wellington Regional component damage ratios were obtained using a weighted
average of infrastructure evaluated for areas such as Wellington and Porirua.
The district values were weighted using the number of residential properties in
each district.

For some infrastructure components such as sewerage. tile breakdown in value to
sub-components of reticulation and distribution/storage etc was not identified. In
this case. a weighted average damage ratio was used for the "not identified" sub-
component based on values evaluated for the other sub-components. The
weighting was based on values obtained for sub-components iii other districts
and/or using reasonablejudgement.
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4.5 Additional Post Event Inflation

No additional increase in medium and long-term inflation has been allowed for
in the damage assessments. There is no generally accepted figure to account for
this effect and it was considered best not to apply any factor. Given the wide
possible variation iii damage estimates, the inclusion of post-event inflation is

not seen as significant.

4.6 Analysis Method

Computer systems based on extended spreadsheet capabilities were used to
perform the damage analyses. Models used relate the earthquake ground
shaking at any particular site to the type of asset, its characteristics, value and
damage ratio and calculate the damage. Damage for the various assets from
their respective geographic unit areas have been aggregated for this presentation.

5. Resources Assessment

The results of the damage assessments in the various categories and locations

were used to assess the split of values into materials, plant and labour. These

values provided the basis for assessing the resources required in relation to

capacity.

The calculations took account of location, category, and iii the case of buildings,

the damage state.

For infrastructure assets the proportional split was not changed from the 1995

figures used by Hopkins [1]. The same splits were used for all locations.

For buildings, a more detailed process was used than in 1995. The split was

made using assessed percentages for each of the three components (materials,

plant. labour), and varied with the nature of work. For instance. repairs to lightly

damaged residences were taken to be more labour intensive proportionately than

reconstruction of completely destroyed residences.

The paper by Hopkins [l] split the dollar values of damage into quantities of

materials. plant and labour of different kinds. It was decided not to make this

detailed split, but to rely more on the dollar values as a measure of the work

required. It was considered that the construction industry representatives using

this data would find the dollar values sufficient, and possibly more appropriate,

to assess the implications.

The breakdown into detailed quantities included in this paper result from a direct

scaling of the 1995 results according to the revised dollar values in each

category.

Further details are given in the Appendix A.
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6. Results

6.1 Damage and Resources Assessment

Summaries of asset values and expected building and infrastructure damage are

provided in Tables 6.1,6.2 and 6.3 and Map 6.1 and 6.2

Note that buildings represent some 75% of the asset inventory but result in 88%

ofthe expected damage, with residential buildings representing some 46% of the
asset inventory and resulting in 41% of the expected damage.

Table 6.1(a) shows the building values and estimated losses by location,

presented in detail of sub-categories and damage states for the Wellington

region.

Table 6.1(b) shows the infrastructure values and estimated losses by location and

categories and sub-categories.

Table 6.2 is a summary of results showing values of assets at risk, estimated

losses and the split between materials plant and labour.

Table 6.3 provides further detail of split between material, plant and labour and

includes the resulting damage ratios, by location and asset category.
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Table 6.1: Values and Losses by Category, Location and Damage State - Buildings.

Category W.111'glof City Lower Hui · City Upper Hut CIty Poriru. CIty W.1!Ington bolon Kip It PNon' .1 .1 Watrampa Nelgonfrasman . Marlborough Total Value 7 u 60« Total Looi
Valu. Loss Valu, LOs• Value . Los. V,lue Loss Vaw Los Valw Loe Value Lom, Value Los, Value Loss Valu, Loa• Total : Sub Total 2 Total j Sub Total

*Million $M,Illon *Mittion $,Amion *Miltion *Mlmon $M,Ilion *Million SMillion $•ilillion *Million *Milhon $64,1Wor, sM!160,1 *Million $Million $Million $Millton *Million *Million *MIllion $Million *Million *MiIAon
A Bulldings

1 Group 1 (Lighl frame construction) 319 49 110 14 42 2 115 3

None 43 0 22 0 13 0 87 0
Lighl 163 8 59 3 . 23 1 22 11
Moderate 73 14 19 4 4 *1 4 Ji
Extensive 34 · 21 8 5 2 11 2 1

Co,nplete 761 1 0 0 0 0

2 Group 2 {Other construchon types) 1,108 , 1,664 884 243 376 63 305 Go

None 205 <0 27 40.. 30 xO 55 4 0
Light
Modeia,e 12 Ro 2 . 1;1 1 8 :A
Exlensive 1.214 758 177 118 47 28 71 47

CO,•,Plete 333 320 48 50 10 9 25 26

3 Group 3 (Masonry construction} 915 739 67 62 1 1 7 8

None 000 000 0 0

Light 33 2 1 000 1 0

Modeiate 130 29 4 1 0 0 1 0

Extensive 34,2 266 19 14 0 011

Complete 392 442 43 47 0 0 3 4

5 CorrrWind (Not assignod to Groups)
None

L,ght

Moderate

Extensive

Corp*e
4 Residential 8,377 1,155 4,498 004 1,531 173 1,993 107

None 1.024 0 335 0 156 0 691 0

Lighl 4 634 215 2,170 108 825 29 1,025 39

Mode,ate 1.784 332 1 209 240 360 50 205 31

Extensie 8(M 486 633 408 162 74 68 33

Complete 131 122 151 149 28 20 5 3

Sub Tolal- Bullding, 10,720 3.606 5,658 1,223 1,851 239 2,421 204

/4r>

174

63

79

22

9

499

104

259

90

38

7

5

0

2

2,350

479

1,185

449

198

38

3,027

13

0

3

4

5

55

115
16

22

2

0

0

0

259

0

48

73

105

31

328

5,927 77
4,334 0

1,407 44
148 18

37 15

0 0

7,647 Y 05

5.907 0

11:7 j:
41 16

0 0

13,574 y 162

309 10

158 0

127 5

19 3

6 .3

0 0

546 20

262 410

236 ?49 '
37 95

12 6

0 0

184 31

15 0

94 4

48 9

23 13

5 4

1,935 59

965 320>

827 29

112 16

31 14

0 0

2,974 119

1,069 A
1386

d 2. i
s

10

9,717

12

2,841

1,550
423

1.179

130

185

406
443

2,059 31 1,399.11 9,386
1 421 0 1052 0 6,807
564 18 307 10 2,279

59 7 32 4 4240
15 6 8 3 32 60
0000 0

3,343 33 1,722 14 33,396

2 652 0 1437 0 >13,640
611 19 252 8 '13,065
64 8 27 3 4,372
16 6 7 3 1,960

0000 353

5.402.64 3.121 31 54,747 54,747

90

2.134

839

125

2.790

5,977

+ 0

20

26

. 36 f,

.. . 3

4,100
2.6

978

410

¢ 0

. 0
39

295

499

0
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24 9 .4

24

0

0
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774

1,1.48
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Table 6.1: Values and Losses by Category, Location and Sub Category - Infrastructure.

C..gory W.M.M. i City Lowir Hutt City Uppe. Hut CRY PennI• CIty WellInglon 4,glon Kap 11 PNort' *•1 Wi#.P, N,100,0-man Martborough Total ' I'luo
Value Lo,0 Vallie Loo: Vali LN, Vatul Lo. Valu, Loss Valu Loss Value Lo,4 ViIU, Loss Valu, Le*s Valu, Loli rot.1

*M,INon *Mllhon $1.41"or, $1.11,011 $•.111180' $64•on *Millkon Skillon ;M•,10,1 $64,1Hon $641110,1 $6,100, $MI,on ;Ullon *Millon *MI,lion *MI#t,on $64,60, $641«on *Mill,on $6•Bon
B Roiding

1 Rogional 0000 00 0 0 540 36 41 0 204 0 60 0 236 0 116 0 1,196
2 D.inct 476 36 0 0 173 1 125 8 0 0- 0 0 23 0 367 1 328 0 160 . 0 1,652
3 Suburban 0 0 0 0 0 0 000 0 0 0 160 0 0000 0 0 160

4 Not subdivid.d 0 0 320 26 0 0 0 0 0 0 209 1 452 0 0 0 0 0 0 0· 981
Sub Tol.1 476 36 320 26 173 1 12S 6 540 30 250 1 839 1 427 1 564 0 276 0 3,909 . ·

C 1 BFlonal O 0 0 0 0 0 0 0 209 27 16 0 790 23 0 58 0 29 0 ·1 4 414
2 District 3000 23 3 9 1 0 0 4 . 0 131 0 81 2 82 0 40'; 0 '373

3 Nol lubdivi(led 0 0 43 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '0 43

Sub Total 3 0 43 9 23 3 9 1 209 27 20 0 210 104 2 140 0 69 0 830
D Rail Notwork

1 Foimation (incli track,/unnili, 000000 0 0 1.606 98 165 2 030 1 161 1 0 0 2!2 0 2,973
br,dg,; irc)

2 S'Unal•, commulicalions, powur 0 0 0 0 0 0 0 0 214 60 22 2 110 3 21 2 0 0 42 1 410
3 Way, ind Wo,ki Micli ile,ni 0000000 0 55 14 6 1 28 1 6 1 0 0 11 0 100

4 Locos, #olling stock, misc 0000000 0 796 26 82 0 411 0 80 0 0 0 158 0 1,525
5 Nol subdivided 0000000 0000000 0000 0 0 0

Sub Total 0000 000 0 2,670 188 274 5 1,380 5 267 4 0 0 423 2 5,014
E Airport Intraslructure

1 Runways,taxiways,ic 0 0 0 0 0 0 000000 13 0 1 0009 0 23

2 Seawanand other Cr,ilwo,ks 0 0 0 0 000 0 0 0 0030 000 0 0 0 3

3 Not subdivided 000 0000 0 108 18 2 0 1 0004 0 0 0 llS

Sub Total 0 0 0 0 0 0 0 0 108 18 2 0 17 0 1 0 4 0 9 0 141 .;..:>.

F Port Infrallucluil - IP#/,1.

1 Wha,ves. Stfucture, otc 00 9 2 0 0 00 0 . 04. 0 0 0 2: 0 0 0 40 '70 30 0 ./0 9
2 Cranes/equipment 0 0 0 0 0 0 0 0 0 01 0 0 0 »0 0 0 8 030 °10

3 Containor,/contents 0 0 0 0 000 0 000 0 0 .90 000 0 0 0 0

4 Nol subdivided 402 125 0 0 0 0 0 0 0 0 0 0 10 0 0 0 5 0 0 0 417·

Sub Total 402 125 0 2 0 0 0 0 0 0 0 0 10 0 0 0 53 1 33 0 507

G Water Supply
9,42 4,

-7* ''

1 Reliculation 0 0 123 3 38 0 46 1 113 3 0 0 53 0 29 0 66 J 0 12 .·0
2 Dilibulion Storage 0 0 20 1 8060 74 2 0 0 0 0 9 0 14 .0 3 3. ] 0 134:·5

3 Pumping Stations 0020000 0 13 3. 0 0 39}.1 00100 0

4 Plant and Misc Buildings 0000 000 0 71 12 0 0 O 1% 0 6 0 3 ·0 2 0

5 Nol subdividad 400 19 0 0 0 0 0 0 0 0 37 1 94 40 200 000 533

Sub Total 400 19 14S 4 47 0 53 1 271 21 37 1 18 2 46 1 83 0 18 0 1,286

H S.worig, System
1 Re™Julation Main 0 0 121 3. 0 0 77 1 0 0 0 ·0 0 0 340 77·0 13 0 321

2 &alion 0 0 50 1 . 148 1 0 0 0 0 0 · 0 49 0 27 0 33 0 11 0 318

3 Tioalment Stations 0 0 15 8 1 0 0 43 10 0 0 0 0 26 1 5 1 9020 101

4 Nof subc,vided 450 23 0 0 000 0 0 0 74 1 233 1 0 0 0·0 0 0 767

Sub Total 450 23 186 9 148 1 120 12 0 0 74 1 308 2 67 1 119 1 26 0 1,497
1 St'irn..1., Sytem

1 Ret,culabon 0 0 168 4 71 0 79 1 0 0 40 0 267 0 9 0 87 0 14 0 735

2 Nol subdivided 250 7 0 0 0 0 0 0 0 000000 0 0 0 0 0 250

Sub Total 2SO 7 160 4 71 0 79 1 0 0 40 0 267 0 9 0 87 0 14 0 985
J Gal Network

1 Roginal (rn,nimal) 0 0 0 0 0 00 0 0 0 0 000 0 0 0 .0 0 0 0

2 Local 0 0 54 5 21 0 12 1 0 0 10 0 45 0 0000 0 0 . 142

3 No, subdwided 65 12 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 000 127

Sub Total 65 12 54 6 21 0 12 1 0 0 10 0 107 0 000000 269

K Electitclty Netwoik

1 Rog,onal Ret,culat,on 000 0 0 00 0 78 1 17 0 288 1/ 0 8 0 45 0 22 0 458

2 Local Reticulation 271 4 158 3 63 0% 76 to 0. 63 0 199 *0 65 0 161 0 78 0 1,134

3 Nod,s 0 0 0 0 0 0 0 0 456 73019:0 62 0 11 0 5 0 568% ,
4 Not subdivided 0 0 0 0 0 0 0 0 0 0 0 000 00000 O 0

Sub Toi•1 271 4 158 3 63 0 76 1 534 8 83 0 506 0 135 0 217 0 106 0 2,148
L T,lecommunlcatlon,

1 Bulld„,gi and Planl 332 96 56 21 23 7 Go 15 0 0 54 0 250 11 54 8 25 1 12 1 006

2 Re/kulatliwi 115 2 76 1 :35 0 4t 1 0 0 LIU 142 0 Jo 0 7 0 4 0 400

3 Not itibdivided 000000 000 00000000000 0

Sub Total 447 97 132 22 58 7 101 15 0 0 84 9 392 11 84 8 32 1 16 1 1,347
M Broadus,Ing

1 State Owned 0 0 0 ·0 000 0 115 22 0 . 0 62 1 10 1 20 0 13 0 220

2 Private 000 0000 0 35 7 + 0 0 19 0 3 0 6 0 4 0 66

3 N/ subdivided 00 0 0 00000 0 0 ·0 0 0 0 0 0 0 0 0 0

Sub Tolal 0000000 0 150 28 0 0 81 2 13 1 26 1 17 0 286

Total Lo.

Total

*M•Illon

37
45

0

27

110

i . 28

9

44

103

50

16

27

0

205

LJO.

0

18

19

tre': 3
3. 0

0

125

_229

7

S: -3
6

13

20

48

4

26

51

7

12

0

7

12

9

9

7

0

17

107

4

0

W

24
7

0

32

 Sub Total -Infrailructuri 1 2,764 1 324 1 1,215 1 8 1 603 1 14 1 S74  30  4,483  326  874  10  4,303  241 1,153  19  1,325  4  1.004  41 rli3ir-1 r-m-1

| GRAND TOTAL 1 19,484 1 3.931 1 6,773 1 1,308 1 2,554 i 253 1 2,995 I 242 1 4,483 I 326 1 3.901 I 346 1 17.876 I 186 1 4,127 I 138 1 4727 I 68 | 4,128 1 34 I r,imr-1 -nin

1-- -iuu'-11'h-b- 1-»
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Table 6.2: Summary of Values and Losses Split
by Location into Materials, Plant and labour

Category otal
Loss i.,

4%934.4 71:< ·;49'.3947% 'ff $Million $Million
Materials

Total

Loss

$Million

Plant

'4 i .49*

Labour

A Buildings

1 Groupl 1,069 90 24 11 55

2 Group 2 9,717 2,134 613 314 1,207

3 Group 3 1,179 839 274 173 392

4 Residential 33,396 2,790 757 360 1,663

5 Comm/Ind 9,386 125 25 13 76

Sub Total 54,747 5,977 1,694 871 3,392

B Roading 3,989 110 31 36 42

C Bridging 830 44 13 9 23

D Rail Network 5,014 205 54 70 81

E Airport 141 19 5 6 8

F Port Infrastructure 507 129 52 33 44

G Water Supply 1,286 48 23 9 16

H Sewerage System 1,497 51 21 11 19

1 Stormwater Sytem 985 12 5 2 5

J Gas Network 269 19 7 5 7

K Electricity Network 2,148 17 8 3 6
L Telecommunications 1,347 171 83 29 58

M Broadcasting Facilities 286 32 17 5 10

Sub Total 18,299 856 318 219 319

4;ii?*1¢8;kN@¥6mi®*&1*12' 495,654% {W;631%  %*69* 4%190'90:14 4.3.7.1133'dk##**t' , : . ' ·,·%I. -'.'/# .'

16046··W0003.xls MPL Table

14/06/99 11:29
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Table 6.3: Values, Losses, Damage Ratio and Material, Plant and Labour Split by Location

fi Category 3  14.1  Value Wellingtin City · Lower Hutt City Uppir Hutt City

Loss Damage ... Loss nt·< Value Loss Durnage . , j, ; loss . 1.4 Value . Loss Damage :ot 64.2 4] Loss., ·t ,%>
9427'10 ° '' i5 .· SMillion ;Millon Ratio 'C :*43*'5· · SMillion € ·f·c·.1 SMIillon SMItlion Ratio ·· t·, 7*Million :'3.175'y' SMitlion SMililon :Ratio >: §(34.*31>. SMillion? ' 4·46

b Total Toial DR Materials Plant Labour Total Tolal DR Materials Plant Labour Total Total DR Materials Plant . Labour

A Buildings
1 Group 1 319 49 0.15 13 6 29 110 14 0.12 4 2 8 42 2 006 1 0 2

2 Group 2 7,108 1664 0.23 479 245 941 884 243 0.27 71 37 135 376 63 0.17 18 9 37

3 Group 3 915 739 0.81 242 153 343 67 62 0.93 21 14 27 1 1 0.50 0 0 0

4 Residential 8.377 1,155 0.14 315 147 693 4.498 904 0.20 256 128 521 1.531 173 0.11 47 23 103

5 Comm/Ind

Sub Total lor Buildings 16,720 3,606 1,049 552 1,601 5.558 1,223 351 180 532 1,951 239 66 31 142

8 Roading 476 36 008 10 12 14 320 26 008 7 9 10 173 1 0.01 0 0 0

C BridgIng 300.13000439 0.21 3 2 5 23 3 0.15 1 1 2

D Rail Network 0 0 0.00 0 0 0 0 0 000 0 0 0 0 0 0.00 0 0 0

E Aimod 0 0 000 0 0 0 0 0 0.00 0 0 0 0 0 0.00 0 0 0

F Port Infrastruclure 402 125 0.31 51 32 42 9 2 0.23 1 1 1 0 0 0.00 0 0 0

G Water Supply 400 19 0.05 9 4 6 145 4 0.03 2 1 1 47 0 0.01 0 0 0

H Sewerage System 450 23 0.05 9 5 9 186 9 005 4 2 3 148 1 001 1 0 0

Slormwaler Syslem 250 7 003 3 1 3 168 4 0.02 1 1 2 71 0 0.00 0 0 0

J Gas Network 65 12 0.18 4 3 4 54 5 0.10 2 1 2 21 0 002 0 0 0

K Electricity Network 271 4 0.02 2 1 1 158 3 0.02 1 1 1 63 0 0.00 0 0 0

L Telecommunications 447 97 0.22 47 17 33 132 22 0.17 11 4 8 58 7 0.12 3 1 2

M Broadcasting Facilities 0 0 0.00 0 0 0 0 0 0.00 0 0 0 0 0 0.00 0 0 0

1 Grand Total 119.484 I 3,931 I 1 1.184 1 627 11,714 1 6.773 1 1,308 1 1 384 1 201 I 564 1 2,554 I 253 I 172134 I 147 1

Buildings

Por,rua :Ity a,«: ».:Wellington Regional

Value >-0- Loss . Damage % 21 » Loss <10 0 2(Value> °Lo= Damage < :} Loss 4(· 2.1Ng,
SMiltion SMillion ' Ratio n . SM,Ition ' 1' ,- SM!11ion $Mlltion Ratio :>AK· $Million?

Total Total DR Materials Plant Labour Tolal Total DR Matedals Plant Labour

A

1 Group 1 115 3 0.02 1 0 2

2 Group 2 305 90 0.29 27 15 48

3 Group 3 7 5 0.67 2 1 2
4 Residential 1.993 107 0.05 27 11 69

5 Comin/Ind

Sub Total tor Building• 2,421 204 56 27 83

B Roading 125 6 0.05 2 2 2 540 36 0.07 10 12 14

D tra,m3work 9 1 0.14 0 0 1 209 27 013 8 5 14

0 0 0.00 0 0 0 2,670 188 0.07 49 64 74

E Airport 0 0 0,00 0 0 0 108 18 0.17 4 6 8

F Pon Infrastructure 0 0 0.00 0 0 0 0 0 000 0 0 0

G Water Supply 53 1 0.02 1 0 0 271 21 0.08 10 4 7

H Sewerage System 120 12 010 5 3 4 0 0 0.00 0 0 0

Stormwaler Systum 79 1 001 0 0 0 0 0 0.00 0 0 0

J Gas Nutwok 12 1007 0 0 0 0 0 0.00 0 0 0
K Electricity Nelwork 76 1 001 0 0 0 534 8 0.02 4 2 3

L Telecommunicalions 101 15 0.15 7 3 5 0 0 0.00 0 0 0

M Broadcasting Facilities 0 0 000 0 0 0 150 28 0.19 15 4 9

1 Grand Total 1 2,995 I 242 I 1 72 1 36 1 97 1 4.483 I 326 1 I 101 I 97 I 128 1

4/0*M,9 .211
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Table 6.3: Values, Losses, Damge Ratio and Material, Plant and Labour Split by Location

Category 

' ?it€ ,.t:I:*: fl;40 7 .." 6&«,4

.

PNorth/ Manganul Horowhe/Rangitli/1 lanawatu

Value Loss Damage y: o ..»Loasj
$Million $Miltion Ratio Ff %»tf *Mil#oR
Total Total DR Mate,lats Plant

M I I
Lai>ourl

Nelson/Tasman o Jtcite :1.4 2 t<. ot ); · · Marlboroigh

Value Loss.:. Damage kill, #BA Loss :'*4.*%4016 Value Loss .Damage :46:4<@491· Loss:.>:: :4: '.
$Million $Million Ratio : 2·%149¢5$Million j: ' >{824:0 $Mitlion $Million Ratio > Pt)13%8:43$Million 4  35%
Total < Total DR 2 Materials ; . Plant labour Total Total DR« Materiats « Plant f Labour

A Buildings

1 Group 1
2 Group 2

3 Group 3
4 Residential 7,647 85 0.01 20 7 58 3,343 33 0.01 8 3 23 1.722 14 001 3 1 9

5 ComnVInd 5,927 77 0.01 18 6 53  2.059 31 0.02 7 3 21 1,399 17 0.01 4 1 12

Sub Total for Buildings 13,574 162 37 13 111 5,402 64 15 5 44 3,121 31 7 2 21

B Roading 839 1 0.00 0 0 0 564 0 0.00 0 0 0 276 0 0.00 0 0 0

C Bfidging 210 1 0.00 0 0 0 140 0 0.00 0 0 0 69 0 0.00 0 0 0

D Rail Network 1,380 5 0,00 122,0 0 0.00 0 00 423 2 0.00 0 1 1

E Airpon 17 0 0.01 0 004 0 0.01 0 0 0 9 0 0.01 0 0 0

F Port Infrastructure 10 0 0.01 0 00I53 1 001 0 0 0 33 0 0.01 0 0 0

G Water Supply 186 2 0.01 10183 0 0.00 0 0 0 18 0 0.00 0 0 0

H Sewerage System 308 2 0.01 1 1 1 119 1 0.00 0 0 0 26 0 0.01 0 0 0

1 Stormwater System 267 00.0000087 0 0.00 0 0 0 14 0 0.00 0 0 0

J Gas Network 107 0 0.00 0 000 0 0.00 0 0 0 0 0 0.00 0 0 0

K Electricity Network 506 0 000 0 0 0 217 0 0.00 0 0 0 106 0 0.00 0 0 0

' L Telecommunications 392 11 0.03 624,321 0.03 1 0 0 16 1 0.03 0 0 0

M Broadcasting Facilities 81 2 0.02 1 0 1 26 1 0.02 0 0 0 17 0 0.02 0 0 0

H Grand Total 1 17,876 I 186 I 1 48 I 18 I 120 1 6,727 I 68 1 I 17 I 6 1 46 1 4.126 1 34 I 1814122|

 €34f** 'V:E $=n ?12° il:i<$6?c 4:- 
*17'"' b.:•.R*?,>t? 0*AP.J.j>? :Total > Total OR Matelials Plant tabourl

Watrarapa

Value : Loss Damage · 7. i 22;
$Miltlon SMiltion ' : Ratio 2543{ 343?<39
Total : Totath  DR j Materials

Loss

$Mmion
Plant

toil:

Labour

|A Buildings
1 Group 1
2 Group 2
3 Group 3

' 4 Residential

5 Comm/Ind

i Sub Total lor Buildings

8 Roading
'C Bridgilig
D Rail Network

E Airport
F Port Intraslructure

G Water Supply
H Sewerage System
1 Stormwater System ,
61 Gas Network :
K Eloclficlly Notw,irk
L Totocommunlcatlons

M Broadcasting Facililies

174 13 0.08 3 2 8

499 55 0.11 15 7 33

5 2 045 1 0 1

2350 259 0.11 71 33 155

3.027 328 90 42 132

250 1 0.00 0 0 0

20 0 0.02 0 0 0

274 5 0.02 1 2 2

2 0 008 0 0 0

0 0 000 0 0 0

37 1 0.01 0 0 0

74 1 0.02 1 0 0

40 0 000 0 0 0

to 0 001 0 0 0

83 0 0.00 0 0 0

84 9 0.10 4 1 3

0 0 0.00 0 0 0

309 10 0.03 2 1 7

546 20 0.04 5 2 13

184 31 0.17 9 4 18

1,935 59 0.03 14 5 40

2,974 119 30 12 78

427 1 0.00 0 0 1

104 2 0.02 1 0 1

267 4 0.02 1 1 2

1 0 0.01 0 0 0

0 0 0.00 0 0 0

46 1 0.01 0 0 0

67 1 0.01 0 0 0

9 0 0.00 0 0 0

0 0 0.00 0 0 0

135 0 0.00 0 0 0

84 8 0.09 4 1 3

13 1 0.07 1 0 0

H Grand Total 1 3,901 1 346 I 1 97 I 46 1 138 1 4,127 I 138 I I 37 I 16 1851

160•n··W{*10:1*1•MM .11•

14/0/9/ 1 1 211
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Map 6.1: Asset Values by Category and Location.
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Map 6.2: Asset Losses by Category and Location.
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Timetable for Reconstruction

For the purpose of this paper, the authors have chosen the demand buildup
shown in Table 7.1:

Table 7.1 Demand vs Time

*%24:. ·. u:,·,· .:*4*4-·3]4:4{44%449%4%0jj«4.9 Yeat OfiN. Year, 1 jijt Year 2,46 Yearti321 Year„?,4
Scenario - Cumulative Demand 0% 30% 70% 90% 95%

Scenario - Annual Demand 0% 30% 40% 20% 5%

Northridge EQ - Cumulative Demand 0% 80% 92% 95% 98%

Northridge EQ - Annual Demand 0% 80% 12% 3% 3%

Figure 7.1 : Comparative Demand Curves

120% -

100%

80%

60% - ---·lemand

8111 Scenario - Annual demand

-Scenario - Cumulative

Demand

40%

20%

0%

Northridge EQ - Cumulative
Demand

Year 0 Yearl Year 2 Year 3 Year 4

Period

The values for the Northridge Earthqllake of 1994 are given for comparison [7].
These reflect insurance payments, not necessarily construction.The Comparative

Demand - Curves and annual demand histogram are shown in Figure 7.1.

In the previous paper by Lanigan [2] a simple S curve spread over four years

was used to arrive at the build up iii demand following the Wellington event.

Following the Northridge Earthquake in 1994 it was noted that the rate of

insurance payments occurred much more quickly than actual reconstruction

progress. Northridge was "an island of demand in a sea of resources" [8.1. For a

Wellington earthquake many resources would have to cross the sea to reach the
island of demand. Furthermore reconstruction following Northridge was

probably faster than it would be for Wellington. Should the demand in Year 1 in

Wellington approach the Northridge build-up, then the peak annual resource

requirements described elsewhere iii this paper could be understated by 2-2.5
times.
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8. Resource Capacity
Resource capacity serves as a basis for estimating base demand which must be
added to the earthquake induced demand.

Definitions

NZ Residential Totals - Value of Residential Building Consents
throughout NZ for period quoted.

Wellington Residential Totals - Value of Residential Building Consents in

damage region for period quoted.

Similar definitions apply to Non-Residential Totals

NZ and Wellington Total Consents refer to the sum of residential and non-
residential

Average Annual Capacity: This is the six-year annual average total value of
Building Consents in the area in question,
adjusted to 1999 values using CPI indices.

Base Demand: This is the assessed demand for ongoing
construction following the earthquake. Base
demand has been assumed to drop immediately
but to return to pre-earthquake values after four
years.

Base Demand pre-earthquake and Average
Annual Capacity are taken to be equal i.e. the
amount of building work carried out in any

given city is taken as equal to the capacity at that
place.

Earthquake Demand:

Annual National Capacity:

This is equal to the damage value either as a total
or as ati assessed annual demand. Annual

Demands were computed using the percentages
given iii Table 7.1.

This is equivalent to Average Annual Capacity
for the whole ofNew Zealand.

Annual Capacity over
Rest ofNZ

This is equivalent to Average Annual Capacity
for all ofNZ except the damage area.

Using building consent information provided by Statistics New Zealand [9],the

average annual capacities (i.e. work put in place) over the last six years, adjusted
to 1999 dollar values using movements in the NZ Consumer Price Index -

Housing Group, have been calculated and are summarised below:

16046--w0001.doc Page 19
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Table 8.1 NZ and Wellington Building Consent Values/Capacities

Building Description Average Building % of Totals

Consent Values

1999 Dollars (millions)

(Average Capacities)

NZ Residential Totals $3,655

Wellington Residential Totals $523 14%

NZ - Non-Residential Totals $2,259

Wellington Non-Residential Totals $403 18%

NZ Total Consents $5,914

Wellington Total Consents $925 16%

A fundamental premise of this paper is that resource capacity is virtually

unconstrained by local manufacturing capacity because of the opportunity to

import alternative or supplementary inaterials from offshore. Logistical

arrangements are considered to be manageable utilising NZ based companies

supplemented with the resources of offshore companies as may be necessary.

This paper does not attempt to examine the logistical challenges which would

undoubtedly present themselves.

9. Resource Demands

9.1 General

Earthquake induced demand was calculated using the damage/resources figures
explained in Section 5. The estimates presented are of the effect of current

demands in the affected region in tile years following the earthquake event.
Subsequent calculations included ali allowance for Base Demand over the four

year period as follows. Base Demand was established as a varying percentage of

the Annual Average Capacity described in Section 8. Over the four year period

of the rebuild. the Base Demand percentages have been set at 20% for Year 1,

50% for year 2,80% for Year 3 and ]00% for Year 4 and beyond.

Total Demand at each period is equal to Base Demand plus Earthquake Induced
Demand.

9.2 Assessed Demand

Assessments of Resource Demand are presented in Figures 9.1. 9.2 and 9.3
which show All Assets, All Buildings and Residential Buildings respectively.

Each figure gives a graphical representation of the comparisons of Demand with
Average Annual Capacity. Tabulations on each figure include the ratios of total

Demand to Average Annual Capacity, expressed as a percentage.
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These results provide a clear insight into the magnitude of the tasks of
reconstruction after the Wellington Fault Event.

Figure 9.1: Demand Curve - All Assets ($ Millions)

Year Following Event 0 1 2 3 4

Average Annual Capacity a $1,234 $1,234 $1,234 $1,234 $1,234

Base Demand % b 20% 50% 80% 90% 100%

Base Demand c=axb $247 $617 $987 $1,111 $1,234

Demand ($6,833 Total) d $0 $2,050 $2,733 $1,367 $342

Total Demand c+d $247 $2,667 $3,720 $2,477 $1,576

Total Demand/Avg Ann Cap (c + d) /a 20% 216% 301% 201% 128%

Annual capacity torall Assets is pro-rated as follows : Annual Capacity for

All Buildings x(AssetValue all Assets /(AssetValue All Buildings )

i.e = $ 925 x($73.046 bn /$ 54.747 bn)

[Note : Annual capacity forall assets was not available directly]

AnAA l Aerage
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Figure 9.2: Demand Curve - All Buildings ($ Millions)

Year Following Event 3 40 1 2

925 $925 $925

0% 50% 80%

185 $463 $740

$0 $1,793 $2,391

185 $2,256 $3,131

0% 244% 338%

Average Annual Capacity a $' $925 $925

Base Demand % b 2 90% 100%

Base Demand (Post EQ) c=axb $ $833 $925

Demand ($5,977 Total) d $1,195 $299

Total Demand c + d $ $2,028 $1,224

Total Demand/Avg Ann Cap (c + d) /a 2 219% 132%
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Figure 9.3 : Demand Curve - Residential Only ($ Millions)

Year Following Event 0 1 2 3 4

Average Annual Capacity a $523 $523 $523 $523 $523

Base Demand % b 20% 50% 80% 90% 100%

Base Demand c=axb $105 $261 $418 $470 $523

Demand ($2,790 Total) d $0 $837 $1,116 $558 $140

Total Demand c+d $105 $1,098 $1,534 $1,028 $662

Total Demand/Avg Ann Cap (c + d) /a 20% 210% 294% 197% 127%
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10. Demand vs Capacity

10.1 Overall

All results show a peak demand of around three times the Average Annual

Capacity over the whole region. Figures 9.1 to 9.3 show how this excess of

demand over normal capacity varies over time.
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It is clear that a sustained high level of building activity will be required over

three to four years.

In all cases the total earthquake induced demand is well in excess of four years

of average normal demand.

10.2 Regional Locations

In order to gain some understanding of demand/capacity relationships at

locations throughout the scenario region, Tables 10.1 and 10.2 together with

Figures 10.1 and 10.2 were developed for the end of Year 2 after the event.

What both Figures demonstrate is that in locations such as Nelson, Tasman

District, Marlborough District, the total demand is less than the annual average

capacity, indicating the probability of rapidly reallocating resources from the

outlying districts to the more heavily damaged areas.

Figure 10.1: CPI Adjusted-AlIBuildings - End of Year 2

Total

Demand Locations Within

Over 4 Region
Years

Annual Base

Average Demand

Capacity End Year 2

Total

Demand Demand

End Year 2 End Year

2

(Total

Demand)/

(Annual

Average

Capacity)

a b c=bx 80% d=ax 40% e=c+d e/b

$3,606 Wellington City $309 $247 $1,442 Sl,690 547%

$1,223 Lower Hutt City $64 $51 $489 $540 845%

$239 Upper Hutt City $27 $22 $96 $117 435%

$204 Porirua City $42 $33 $82 $115 276%

$162 PN - Manawatu $165 $132 $65 $197 119%

$64 Nelson / Tasman $138 $111 $26 $136 99%

$31 Marlborough District $72 $57 $12 $70 97%

$328 Kapiti Coast District $76 $61 $131 $192 252%

$119 Wairarapa $33 $26 $48 $74 225%

$5,976 All Buildings Totals $925 $740 $2,390 $3,131 338%

Figure 10.2: CPI Adjusted Residential Only - End of Year 2

Total

Demand Locations Within

Over 4 Region
Years

Total
Annual Base

Demand Demand
Average Demand

End Year 2 End Year
Capacity End Year 2

2

(Total

Demand)/

(Annual

Average

Capacity)

a b c= bx 80% d=ax 40% e=c+d elb

$1,155 Wellington City $137 $110 $462 S572 417%

$905 Lower Hutt City $35 $28 $362 S390 1108%

$173 Upper Hutt City $15 $12 $69 S81 550%

$106 Porirua City $28 $22 $42 $65 232%

PN - Manawatu $85 $68 $34 S102 119%

Nelson / Tasman $94 $75 $13 S88 94%

Marlborough District $47 $38 $6 $43 92%

7 Kapiti Coast District $61 $49 $103 S151 249%

Wairarapa $21 $17 $24 S40 193%

$84

$33

$14

$25

$59

16046- wo$*.286 Residential Totals Only $523 $418 $1,114 S 114334 293%
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Figure 10.1 : Demand vs Capacity by Location

CPI Adjusted - All Buildings - End of Year 2
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Figure 10.2 : Demand vs Capacity by Location

CPI Adjusted - Residential Only - End of Year 2

10.3 Variation with Time - Residential Buildings

Table 10.3 below shows the ratio of Total Annual Demand over Average Annual

Capacity for All Buildings reconstruction, for the four years following the event,
for the various locations contributing to the damage region. The general
overcapacity of outlying districts is evident. However, for most of the region, at

the end o f Year 4, there is still a significant demand for resources. For the whole

region this averages out in the order of 30% greater than the average annual

capacity.

Table 10.4 shows corresponding figures for Residential Buildings only.
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Table 10.3 : Ratio (Total Annual Demand / Average

Annual Capacity ) % by Location - All Buildings

Locations Within Region Year 1 Year 2 Year 3 Year 4

Wellington City 400% 547% 323% 158%

Lower Hutt City 624% 845% 473% 196%

Upper Hutt City 316% 435% 267% 144%

Porirua City 197% 276% 188% 124%

PN - Manawatu 79% 119% 110% 105%

Nelson / Tasman 64% 99% 99% 102%

Marlborough District 63% 97% 99% 102%

Kapiti Coast District 179% 252% 176% 122%

Wairarapa 159% 225% 163% 118%

All Buildings Totals 244% 338% 219% 132%

Table 10.4 : Ratio (Total Annual Demand/Average Annual

Capacity) % by Location - Residential Buildings Only

Locations Within Region Yearl Year 2 Year 3 Year 4

Wellington City 303% 417% 259% 142%

Lower Hutt City 821 % 1108% 604% 229%

Upper Hutt City 402% 550% 325% 159%

Porirua City 164% 232% 166% 119%

PN - Manawatu 80% 119% 110% 105%

Nelson / Tasman 61% 94% 97% 102%

Marlborough District 59% 92% 96% 101%

Kapiti Coast District 177% 249% 174% 121%

Wairarapa 134% 193% 146% 114%

Residential Totals Only 210% 293% 197% 127%

10.4 Construction Materials

Figures 10.3 a) to e) have been prepared to demonstrate the effect of the

earthquake event on a limited range of key building materials. For each
materials the total demand in each year has been approximated by scaling and
rounding the material quantities provided in Table 5 [1.1, by the ratio of the total

building damage $5,977 million for the earthquake to the total damage presented
in Table 3 of Reference 1 i.e $7,725 million.

National annual supply capacities and national potential supply capacities have
been rounded from the values presented in Table 3 of [2]. Without a doubt local

resources would be severely strained - at least initially. The graphs in Figure

10.3 demonstrate the degree to which resources will need to be secured from

increased manufacturing within NZ and/or supplemented by supplies from

offshore. The results give an indicative view of what might occur linder

earthquake scenario.
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11. Discussion

The build-up of the overall assessment of damage and then of resources requires

assumptions or judgements at every turn. This introduces wide scope for debate
as to the values derived. Individual numbers should be viewed with the wide

range of uncertainties in mind. Although the calculations are precise, the input

data is subject to wide variation. Nevertheless, there is reasonable confidence iii

the overall assessment of the scale of the task facing the construction industry,

and the country generally.

In comparison to the 1995 Study [1] the addition of areas more remote from the

source has increased the assets at risk by around 100%, and the damage by 13%.

This is a significant amount of additional damage and acts as a reminder that

resources to rebuild Wellington will face increasing pressure and have to come

from well outside the worst affected region.

It is tempting to use the results of'this study to determine in more detail what the

effects are and what the response should be. However, the results are best

regarded as a general assessment and used to identify general actions that should
be taken in advance. The detailed effects of a major earthquake are impossible

to assess precisely and it is pointless to plan ahead in such detail.

The results presented provide some interesting insights into the challenge of

reconstruction including:

The sustained high level of demand for construction, peaking in the region

at over 300% of normal and in Wellington city at over 1000% (10 times
normal).

Construction materials on a national basis should be available within

normal or extended capacity.

The logistics of bringing resources - materials, plant and labour - to

Wellington deserves close consideration. Most centres iii the vicinity of

the earthquake will experience higher than normal demand.

The effect nationally is difficult to predict. To what extent will, say,

Nelson or Christchurch construction resources be diverted to Wellington
iii this artificial boom? What effect will this have on the demand in

Nelson or Christchurch?

• Figures presented are based on ati assumed drop in Wellington base

demand following the earthquake. The same relationship has been

assumed for all locations studied. Iii fact, these would vary from place to

place depending on overall damage. Furthermore, the relationship chosen

is based on the authors' intuitive judgement. If base demand in the first

year does not dip as much as assumed, the resources required will increase

in this period.

Many factors will influence demand and capacity in the various locations.

If prices rise, some construction will be deferred. I f resources are diverted

from Auckland or Christchurch, prices may rise in those places. Demand
there could reduce as a result.
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12. Key Implications for the Construction Industry

Clearly New Zealand would face considerable economic, physical and social
challenges following a major earthquake in Wellington. This paper highlights
the nature and extent of the physical challenge - that of reconstruction over an

extended period of several years.

In today's climate of international trade linkages and relatively open markets,
many options exist for dealing with the reconstruction. Exact arrangements will

depend to some extent on the circumstances at the time. But there are issues that
can be addressed in advance. These include:

a) The degree of control necessary from national and local government.

b) The extent to which New Zealand based contractors would participate

effectively.

c) The extent to which offshore contractors become established iii
New Zealand.

d) The extent to which importation of competitively priced materials, plant
and labour will be necessary.

e) Availability of key management and technical skills within the
construction sector.

0 Relationships with major insurers and asset owners.

g) The availability of money for reconstruction and for payments to
contractors.

11) The extent to which nation-wide resources can be directed to Wellington.
i) The ability ofTLA's to cope with the necessary approval processes.
j) Any special measures to control the quality of construction at a time of

high demand.

13. Concluding Remarks

Given the magnitude of the task and the deep social and economic iinpacts of a
major earthquake in Wellington, it is difficult to argue that the construction
industry should not or need not do anything in advance. Certainly, what can be

done in advance will be limited. Detailed effects can only be forecast and may

not be replicated in an actual event. Key decision makers involved now in some

basic elements of planning may not be around when the time comes. However,

what is needed is business continuance planning on a national scale. Such prior

planning has the potential to reduce significantly the effects on the Wellington
region, and on the country as a whole. The Mercury Energy incident reminds us

of the benefits of examining the consequences and giving some thought to how

we would respond. Some key strategic thinking now could save a great deal of

money and anguish. No-one doubts that people and organisations will respond
well in the aftermath - that is not the point. A small amount of strategic thinking

and key preparatory actions could save a great deal of effort. expense and

disruption when the time comes to deal with a major earthquake in Wellington.
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Iii today's sophisticated and highly technological society, there is an expectation

that the consequences of reasonably foreseeable events will be considered by

those involved in recovery and reconstruction. Those affected will expect that,
to the extent possible, forward planning had been done.

This is the challenge to the construction industry.
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Appendix A - Calculation of Value Splits into
Materials Plant and Labour

The calculation methodology is given iii Figure Al. An example for Wellington

City is given in Figure A2.

Table Al which forms the basis of Tables 6.1,6.2 and 6.3, provides details of
the calculated results.
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Figure Al: Study Methodology - Diagrammatic Representation.

Buildings

BOX A

Total Losses by Group, TL 1
Note: Data from damage assessment

BOX B

Number in Damage State, Ns »<
Note: Data from damage assessment

BOX C

Average Ratio Damage in State, (DR)s
Note: Data from damage assessment

1 1

BOX D 9
Weighted Damage Ratio, (DR)ws -

(DR)ws = (DR)s x Ns
I((DR)s x Ns))

BOX E ,/ BOX F

Darnage by State, ([)$)s objUDjti.0, MPL Split in each State, (56)ds 46+0
(D$)s = (DR)ws x TL Materials (%)dsm

Plant (%)dsp
Labour (%)dsl

Notes: Assessed split for each state

This table is the same for each region.

BOX A W BOX G V

: Overall Split into MPL, (56) L .6 .:.
(56)m = I«DS)s x (%)dsm)

I((DS)s)
I(([)$)s x (%)dsp)

I((D$) s )

I((D$)s x (%)dsl)

I((DS)s)

(%)p =

(%)1 =

BOX H

MPL Split, ($)M, ($)P, ($)L 41*.; :.tw
(S)m = (%)m x TL
($)p = (%)p x TL

($)1 = (%)1 x TL

Infrastructure

Total Losses by Category, TL MPL Ratio Split, (56) MPL Loss Split, ($)
X (%) Material = ($)m = (%)m x TL

(%) Plant ($)p = (%)p x TL
(%) Labour ($)1 = (%)1 x TL
Note: Assessed split for each state
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Figure A2: Example of Study Methodology - Wellington City.

Buildings

80X A BOX B BOXC

NZSM No in Damage State Average Damage in each state
Told Loss None Ught Moderat€ Extensrve Complete 0 5 20 65 100

Const Group 217 819 366 172 34

Group 1 48.6 113 1693 1249 667 183

Group 2 1663.9 0 65 256 714 774

Group 3 738.6 6429 29097 11205 5051 824

Residential 1155.4 1

BOX E 4,
NZSM BOXF

Damage Value n Damage State MPL Split by Damage State
None Ught Moderat€ Extensive Complete Check None Light Modefc:€ Extens.e Complete
0 8 14 21 6 48.6 Materials 0 02 0.25 0.3 0.35

Plant 0 0.05 0.1 0.15 0.25

Labour 0 0.75 0.55 0.55 0.4

Not,· Thls table li thi ume fol -ch r,gic•L .

0 148 437 758 320 1663.9

0 2 29 265 442 738.6

0 215 332 486 122 1155.4

BOX A BOXG 
%

: Split into Matenals/Plant/Labour
Materials Plant Labour

28% 13% 59%

29% 15% 57%

33% 21% 46%

27% 13% 60%

BOX H

Volue NZSM

Split into Materials/Plant/Labour
Materk]15 Plont Labour

13.4 6.5 28.7

Check

48.6

478.5 244.9 940.5 1663.9

242.0 153 3 3432 738.5

314.0 147.4 6934 1154.8

1047.9 552.1 20058 3605.8

Infrastructure

NZSM Rat,0 Split Loss'Split
Total Loss Material Plant Labour Check Material Plant Labour

Roading 36 28% 33% 39% 100% 10 12 14

Bridging 0 29% 20% 52% 100% 000

Rail Network 0 26% 34% 40% 100% 000

Aimort 0 25% 3196 44% 100% 000

Port Intrastructure 125 X 40% 26% 34% 100% = 51 32 42

Water Supply 19 490/ 19% 32% 100% 946

Sewerage System 23 4196 22% 37% 100% 959

Stormwater Sylem 7 37% 20°6 43% 100% 313

Gas Network 12 37% 27% 36% 100% 434

Electticity 4 45% 20°6 35% 100% 211

Telecommunications 97 49% 17% 34% 100% 47 17 33

Broadcasting Facilities 0 54% 15% 31% 100% 000
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ble-Valll Danly cry alMcatiMI   ... ... ./. Ill ... ... ... ... ... I.. I..

Wellington

BOX A BOX B

t.f#*4»9» NUM .,$:
CM:'t Gro*64*@ rotaf ldU 1

Average Damage In each state:.. ,:> : t' :
01 5 I 20 I 651100

Group 1 48.6

Group 2 1663.9 BOX C

Group 3 738.6 No in Danage Stole . .:...<··
Residential 1 1 554 None Light Moderate Extensive Complete Sum D·N
Total 1 0 3606.5 217 819 366 172 34 25963.78

113 1693 1249 667 183 95059 8

0 65 256 714 774 1292358

6429 29097 11205 5051 824 780284.7

6758 31675 13075 6604 )814

Note: This summotion does not Include the Unld Com/Ind group,

hence thi damage states are proportioned accordingly.

BOXE BOXF

NZSM . Plopottioned Dan,ane Stale
Damage Value ln Daniooe State . 1 None I LIght Moderate IExtenslvel Complete

None light Moderate Extensive Complete Check Matefials 0 0.2 0.25 0.3 0,35

0 8 14 21 6 48.6 Plant 0 005 0.1 015 0.25

0 148 437 758 320 1663.9 Labour 0 0.75 0.65 0.55 0.4

0 2 29 265 442 738.6 Note: This table Is the same lof each region, hence wIlll only be shown here.
0 215 332 486 122 1155.4

0 :371:« 0812..: 1531 >890 3606,5

BOX G

*Itinto Materiaiia/Ple,ikdtm,
Materialst Plant labour

28% 13% 59%

29% 15% 57%

33% 21% 46%

27% 13% 60%

BOX H

Volue NZ$M ; i. i?<0*'i#*€*£0*5·0.· :·'.· ·]p-
Split Into Matettals,4> antkabour : 'i< J
Materials Plant Labour Check

13.4 6.5 28.7 48.6

478.5 244.9 940.5 1663.9

242.0 153.3 343.2 738.6

3146 147.1 693.4 1155.4

1048.5 · 4 652.1 2 402005.8 :> ·3606.5

1995 Value Splits used 10 Calculate Percentage Splits for Materials, Planls and Labour.

Roadng

Bridgitig
Fail Network

Airport
Polt Intrastructure

water Supply
S.womge Syslem

Stonnwatur Syloin
Gas Nolwork

Eledricily
Telecommunications

Broadcasting Facilities

Total

NZ;M

Tolat Value

476.0

3.0

0.0

0.0

402 0

4000

450.0

250,0

65 0

270.9

447.4

00

2764.4

NZ;M <Ratio Split: / \Pil'·· ·LL       . loss/Split
Total Les: Material Plant i ) Labour Check Materld : Plant Labour

36.4 28% 33% 39% 100% 10 2 12.1 14.1

0.4 29% 20% 52% 100% 0.1 01 0.2

0.0 26% 34% 40% 100% 0.0 0.0 00

0.0 25% 3196 44% 100% 0.0 0.0 0.0
125,1 40% 26% 34% too?6 50.6 32.1 42.4

18.8 49% 19% 32% 100% 91 3.5 6.1

23.1 41% 22% 3796 (0096 9.5 5.0 8.6

7.3 37% 20% 43% 1(*71 27 t.4 31

12.0 37% 27% 36% 10096 45 32 43

4.2 45% 20% 35% to(71 1.9 08 1.5

97.1 49% 17% 34% 100% 47.2 16.6 332

0.0 54% 15% 31% 10096 00 0.0 0.0

324.2 1358 «.74.9 » . 113.5

Nole: The ratio spll, ts the some for each region, hence w1111 only be shown here.

16046.-W0007.xlsWgtn City
11/06/9916:38
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I ableValill Datby (ry lcall I Il   ...... ... ... ./. ... ... ...

Lower Hull BOXB

Average Damage In each state
0 15 I 20 1 651 100

BOX A BOX C

42246431 >.- 2£2f 2atti 95"6*%931»444%45.-
None Light Moderate Extensive Complete Sum D·N

Group 1 136 270 714 235 98 17 16356

Group 2 242.7 85 1101 876 556 152 74298

Gioup 3 62,3 0 5 24 1 15 256 33591

Residential 904.5 2494 16175 9010 4720 1122 680090

Total „ 1223.2 2850 17995 10146 5488 .1547
1995 Value Splits used to Calculate Percentage Splils tor Malerials, Plants and Labour.

BOXE

NZBM,>234«444k»26«1 %4Jtk/·.16·22'·* 2 94%264*,4
Darhodivoidejin IBbM44. Statg o<Il& 3%324*9*%93'

None LIght Moderate Extensive Complete Check
0 3 4 5 1 13.6

0 18 57 118 50 242.7

0 0 1 14 47 62.3

0 108 240 408 149 904,5

0 129 302 545 248· 1223.2

BOX G

Split IP,to Mtiterials Plant/labour
Materialsl Plant Labour

27% 12% 61%
29% 15% 56%

34% 23% 44%

28% 14% 58%

BOX H

Volue NZ¢Mett*E[it@ta %41% 4%%*.ja. se-
Spilt hto Materiati/0109 /LE. 360rl 3---34-
Materials Plant Labour Check

3.7 1.7 8.3 13.6

70.6 36.7 135.4 242.7

21.0 14.0 27.2 62.3

256.1 127.9 520.6 904,5

351.4 180.3 691.5 1223.2

t,,- NUM : 1.,6. c ..0 NZSM k ·L LosS/Split ·
To#d Value t> 414 Total Loss Materlot Plant j Lobour:

Roading 319,6 26.0 7.3 8.6 10.1

Bridging 42.8 8.8 25 1.7 4.5

Rail Nelwork 0,0 O.0 0.0 0.0 0.0

Airport 00 00 0.0 0.0 0.0

Poll Inliastritclure 9,3 2.2 0.9 0.6 0.7

Water Supply 145.2 4.1 2,0 0.8 13

Sewerage System 1859 9.4 39 2.1 35

Stormwater Sytem 168 1 3.5 1.3 0.7 1.5

Gas Network 538 5.4 20 1.5 1.9

Electricity 157.5 3.1 1.4 0.6 1.1

Telecommunications 132.3 22.3 10.9 3.8 7.6

Broadcasting Facililles 0.0 00 O.0 O.0 00

Total : 1,214.6 , 84.8 32.1 200 .52.5

Upper Hull BOXB

Ave,ageDomanelneach.state· «.»....... >
0151201651 100

BOX A BOX C

None Light Moderate Extensive Complete Sum D·N
Group 1 2.4 27 47 8 3 0 626

Group 2 63.1 46 289 149 71 15 10563

Group 3 0.5 0 2 3 3 2 465

Resldential 1729 1224 6473 2828 1273 222 193874

lotal, < .: io,:ic :::<s238.9 , 1291 1 «6812. 2989·0 913510 2239

1995 Value Splits used lo Calculate Percentage Splits for Materials, Plants and Labour.

BOXE

Sai64141'WIA'44%6662490#9234*****+
None Light Moderate Extensive Complete Check
0 1 1 1 0 2.4

0 9 18 28 9 63,1

0 0 0 0 0 0.5
0 29 50 74 20 172.9

09 138 4 440  69 "2% «1020·, ::.p29  892389.

BOX G

**#66:46W: A.NLOAOr
Mateflobl Plont Labour

25% 10% 65%

28% 14% 58%

31% 18% 51%
27% 13% 60%

BOX H

Value NZSM:L»,9-44:41%;jc .4,0 §*st,4
Split 'Into Motaili'7016ht/Uib60,43'trs'
Materials Plant Labour Check

0.6 0.2 1.6 24

17.6 8.6 36.8 631
0,2 01 0.3 0.5

47.5 22.5 1030 1729

-333¤7-J'3TET-31*T.- . 238.9

> . , ; , NZ;M . .t'a uNUM · · Loss/Splll

J i v I  Total Value >a 13'· TOW loss Material Plant labour.

Roading 172.9 1.1 0.3 0.4 0.4

Bridging
00 0.0 0.0

23.2 3,5 1.0 0.7 18

Rail Network O.0 O.0

Airport 0.0 0+0 0.0 0.0 00

Pon Wrastructure 040 00 0.0 0.0 0.0

Water Supply 46.8 0.5 02 0.1 0.2

Sewerage Syslem 147.9 1.3 0.5 03 0.5

Stormwater Sytem 71.3 0.4 0.1 0.1 02
Gas Network 20.7 0,4 0.1 0.1 0.1

Eleclric Ily 63.0 01 0.1 0.0 0.0

Telecomminlcations 57,5 7.0 3.4 1.2 2.4

Broadcasting Facilities 00 010 O.0 O.0 00

Total t« V < 003.4 : i 14.2 5.8 2.8 . 8.6
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- ble| Valf D --Ill---Ii--I--MIMe b81!egory and Location.

Porlrua BOXB

Average Damage In each state
015120165 1 100

BOX A BOX C

const Groutffitif 717£oss lf° oa State- f:ttit]·46Xydb<f#%.j:'.144?4**4
None Light Moderate Extensive Complete Sum D'N

Group 1 2,7 495 126 23 10 2 1895

Group 2 89.6 135 227 154 175 63 21897

Group 3 4.6 0 15 13 10 36 4581
Resldentlol 107.0 5067 7513 1505 497 34 103302

Total 203.9 5698 7881 1695 691 135

1995 Value Splits used to Calculate Percentage Splits tor Materials, Plants and Labour.

BOX E

NZSM.44,18.444'·49*46*:...4i*tibfk??fits,%":ttletlt 
.DamagevoluelfUJoi·66ge State ,< >re,/290 »»7.4 .

None Light Moderate Extensive Complete Check
0 1 1 1 0 2.7

0 5 13 47 26 89.6

0 0 0 1 4 4.6

0 39 31 33 3 1070

0 45 45 82 33 203.9

BOX G

%3...2-»i·>@*;*0*kit':20(26;*i©@> € j
splitiRtd:Niateriats/Pic]AF/t.6666r
Materials Plant Labour

26% 11% 63%

30% 17% 53%

33% 22% 44%

25% 10% 65%

BOX H

Value NZSM 9%441942': j,15'*44,kid
Split Into Materials?Matit/LaboOf/.5- :
Materials Plant Lobour Check

07 0.3 1.7 2.7

27,1 14.9 47.6 89.6

1.5 1.0 2.0 4.6

26.8 11.0 69.2 107,0

56.1 27.2 120.6 203.9

NUM NUM Loss/Split
Total Value Total loss Material Plant Labour

Roading 1250 6.4 1 8 2.1 2.5

Bridging 8.7 1,2 0.3 0.2 0.6

Rail Network O.0 00 O.0 O.0 0.0

Airport 0.0 0.0 0.0 0.0 0.0

Port Infrastructure 0.0 0.0 0.0 0.0 0.0

Water Supply 52.8 1.2 0.6 0.2 0.4

Sewerage System 119.9 11.7 4.8 2.6 4.4

Stormwater Sytem 78.7 0.9 0.3 0.2 0.4
Gas Network 12.4 0.8 03 0.2 0.3

Electricity 75.6 1,1 0.5 0.2 0.4
Telecommunications 101.2 15.1 7.4 2.6 5.2

Broadcasting Facilities O,0 O,0 0.0 0.0 0.0

Total V> s #©,.<6'u:t>4 004 574,4.44 9 : b l;, 38.4 16.0 8.3 · '24.4

Kapitl BOXB

Average Damage h each state

015120165 1 100

BOX A BOX C BOX E BOX G BOX H

.. 2 >414. NZ$M ,}..
Const Groub?.:24*%49 robiloss *.4 . Dorn»e»%»244344«*141; 4.'.4.' 44,1 e Volue In Dyhage'Stat21,.LAOBi-7'32'2i:b,T *Itinto Materlots/PloAt/llbjur. Ut'inte-hais;'PlAt/L61)6jr'34

None LIght Moderate Extensive Complete Sum D'N None Ught Moderate Extenstie Complete Check Materials Plant Labour Materials Plant Labour Check

Group 1 13.1 411 520 146 60 7 10149 0 3 4 5 1 13.1 26% 12% 62% 3.5 1.5 8.1 13.1

Group 2 54.7 344 856 299 127 22 20765 0 11 16 22 6 54.7 27% 13% 60% 14.8 6.9 33.0 54.7Group 3 2.1 0 4 4 7 4 953 0 0 0 1 1 2.1 31% 18% 50% 0.7 0.4 1.1 2.1

Residential 258.6 3302 8163 3092 1364 264 217729 0 48 73 105 31 258.6 27% 13% 60% 70.6 33.4 154.6 258.6

Total ·,< [ ; >:.: ft 4 328.5 · 4057 .«9543 2 3540 « 15590 ./298 . 0 : i i 5 ; 63 .  i: 93 133 1 (j>39 < ? ? 328.5 .89.514 42.24 0196.70 · ·328.5

1995 Value Splits used to Calculate Percentage Sputs lor Materials. Plants and Labour.

Roading
Bridgmg
Rail Network

Airport
Pon Inliastructure

Water Supply
Sewerage System

Storinwater Sytem
Gas Network

Electricity
Telecommunications

Broadcasting Facilities

Total

NUM NUM Loss/Split
Total Volue t TO#01 loss Material · Plant Labour

249.5 1.1 0.3 04 0.4

20.1 0.5 01 0.1 0.3

2740 5.2 14 1.8 2.1

2.0 0,2 0.0 0.0 0.1

0.0 0,0 0.0 0.0 0.0

37.0 06 0.3 0.1 0.2

73.7 1.3 0.5 03 0.5

40.1 0.1 0.1 0.0 0.1

10.4 0.1 0.0 0.0 0.0

82.9 0.1 0.1 0.0 0.0

84,4 86 4.2 1.5 2.9

0.0 0.0 0.0 0.0 0.0

874.1 17.8 7.0 4.2 11.2
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Values of Damage by category and Location.

Wairarapa BOX B

Average Damage In each state

0I51201651 100

BOX A BOX C

, . e: - :<., Ar>:.* ,t, NZSM . 6.:· 0% . No In Domage State 44 ·4*».· 44*:.; .*;  ... 94.. : +
Const Grdupl:: 7'Ob# LO,s?<Rk : Damage State· q.i ·::1"AGP' 04€fl·<:3>>34;x:Qtfy>:?,{f.*·0·{ :4%22< 'fi'

None LIght Moderate ExtensNe Complete Sum D'N

Group 1 9.7 1490 )192 175 52 0 12825

Group 2 19.9 1295 1166 181 58 0 13246

Group 3 30.7 58 376 194 91 19 13602

Residential 59.0 5800 4970 672 184 2 50439

Total 119.4 8644 7704 1223 385 21

1995 Value Splits used to Calculate Percentage Splits lor Materials. Plants and Labour.

BOX E

NZSM *, i .£€444.:sit'j.9}v'k,;Ck;;6?34.45 *il ·t' ''.55¢¢*5*2< 1-·..0DatnageVdluet,Dalilage State5 '"t. 1<87;j*31'34'<47 .<p'tf.
None LIght Moderate Extenstve Complete Check
0 5 3 3 0 9.7
0 9 5 6 0 19.9
0 4 9 13 4 30.7

0 29 16 14 0 59.0

0 47 33 36 5 119,4

BOX G

%494%*EN»€49**41&02
solifth¥8*Niat@tals/Marif/CaobOr
Materials Plant Labour

24% 9% 67%
24% 9% 67%

28% 14% 58%

24% 9% 67%

BOX H

*i™Wt,MafZTailke#tk;Jboil*t'DW*,
Materials Plant Labour Check

2.3 0.9 6.5 9.7

4.8 1.8 13.3 19.9

8.6 42 18.0 30.7

14.0 5.2 39.8 59.0

29.8 12,1 776 119.4

NZW NZ$M LO53/Sp|It
{f . .' .1%1' - Total Value  1 . Total loss Material Plant labour

Roading 427.2 14 0.4 0.5 0.5

Bridging 104.1 2.4 0.7 0.5 1.3

Rail Network 267.0 44 11 1.5 1.7

Airport 0,5 040 0.0 0.0 0.0

Port Inirastructufe 0.0 GO 0.0 0.0 0.0

Water Supply 45.7 0.6 0.3 0.1 0.2

Sewerage System 67.0 1.0 0.4 0.2 0.4

Stormwater Sytem 8.9 00 0.0 0.0 0.0

Gas Network 00 0,0 0.0 0.0 0.0

Electficity 135.3 0.1 0.1 0.0 0.1

Telecommunications 84 4 7.7 3.7 1.3 26

Broadcasting Facilities 13.0 0.9 0.5 0.1 0.3

Total :. , 1.153.0 1 n <18.5. . : 7.2 t f A.2 7,1

PNorth/Wanganui/Horowhenua/Rangitikel/Manawatu
BOX B

Average Damage In each state
0 I 51 20 1 65 I 100

BOX A BOX C

coAst kroub>44 mgit; *minj,90* ......al'..
None LIght IModerate Extensive Completel Sum D'N

Resldentld 85 45867 11933 1 1259 315 0 1 105287
Unld. Com/Ind 77 15104 4905 516 130 0 1 43295
Total v> j< >«6462 60971 o · 16838 1  1775t 445 0. 1

1995 Value Splits used to Calculate Percentage Splils for Materials, Plants and Labour.

BOXE

NZSM :4*.i€i 3·9 -PM,ofj.';?if#*:3...(3:'.41&4€ftwv:*,44 .c
Damage Vdue' In Damane'State < fau *10  2»«PA' · ·

None LIght Moderate Extensive Complete Check
0 48 20 16 0 84.9

0 44 18 15 0 77.0

0 92 · + 39 «332» 0..«161.9

BOX G

%* i ./YMU -3.'.-4:,4,6:'*'".1
Splitinto:Mateflals/Plant/lobour
Materials Plant Labour

23% 8% 69%
23% 8% 69%

BOX H

Value NZSM.3: -44944%44·2 '-' .':
Split Into Mate,lats/Pk,ht/Labouti=
Materials I Plant I Labour Check

19.6 I 6.9 1 58.3 849

17.8 6.3 1 52.9 77.0

37.5 1 13.2 1 111.3 161.9

Aoading

Bridging
Rail Network

Ai,port

Port Infrastructure

Water Supply
Sewerage System
Stormwater Sytem
Gas Network

Electricity
Telecommunications

Broadcasting Facilities

Total

NZSM NUM      · . Loss/Split
Toto; Value 10  rotc# LosS Material ; Plant Labour

839,4 0.5 0.2 0.2 0.2

209,9 06 0.2 0.1 0.3

1,380.0 5.1 1.3 1.7 2.0

170 02 0.1 0.1 0.1

10.0 0.1 00 0.0 0.0

186.5 1.8 0.9 0.3 0.6

307,9 2,4 1.0 0.5 0.9

267.2 0.1 0,1 00 01

106.7 0.2 0.1 0.1 0.1

505.7 0.1 0.0 0.0 0.0

391.7 11.3 5.5 19 3.9

80.5 1,7 0.9 0.3 0.5

4.302.5 24.3 10,2 5.3 8.7
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able-ATT ..................Values of Damage by Category and Location.

Nelson/Tasman BOX B

Average Damage In each State :·
015120 1651 100

BOX A BOX C

>:439>41444:84...4. NUM 42·isi.r*:' No In Domoge Statelltit:%s·A«ti@b**·;.ttitki·itdo Grdup< ·. -:· ·' 0 .. Tom; loss  · Do.nNagneState ugd*toderavempletel Sum DN
Residential 33 20079 4624 486 121 0 1 40738
Unid. Com/Ind 31 5776 2294 241 60 0 | 20210
Total i.. .:·:. · c.. 64 · 25855 . 6918. 727 1 182 1 0 1

1995 Value Splits used to Calculate Percentage Splits lor Materials, Plants and Labour.

BOXE

NZSM  82.*4148. iMt.3,12495. ilJj ,J '·18Vi<254·'bl  1451
Damage Valueln Damage'Sfole '4 .29*99,42»?*1<.  : >tic?22

None Light Moderotel Extensive Completel Check
0 19 8 6 0 33.4

0 18 7 6 0 30.9

0 37 15 ·1.12 . 0 1: 64.3

BOX G

Split trltd Matertilts/Planf/LE66uid
Materials Piont Labour

23% 8% 69%

23% 8% 69%

BOX H

Vatue:NZSM:94424*94*412
Split Into 'Kloterldls/Piant/Ubbotpallf@»' -

Matericilt %1 Plant>ft Labou¢-'  Check
77 2.7 23.0 33.4

7.1 2.5 21.2 30.9

14.9.« I ' 5.2 4 Y 44.2 iJ: 2; 64.3

':.4.:ye;:41'5.4. €·3·.49%.·t

Reading

Bridging
Rail Network

Airport

Port Infrastructure

Water Supply

Sewerage System
Stormwater Sytem
Gas Network

Electricity
Telecommunications

Broadcasting Fadmles

Total

NZ$M , NZ$M Loss/Split
Total Value44 ·0 ?Totat Lossi<t. Material Plant Labour

563.8 0.4 0.1 0.1 0.1

140.3 0.4 0.1 0.1 0.2

0,0 0.0 0.0 0.0 0.0

4.0 0,1 0.0 0.0 0.0

53.0 07 03 0.2 0.2

83.1 01 0.1 0.0 0.0

118.8 0.5 0.2 0.1 0.2

87.2 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

217.3 0.0 0.0 0.0 0.0

32.0 1.1 0.5 0.2 0.4

25.7 0.6 0,3 0.1 0.2

1.3253 3.9 1.7 >6 0.8 2.5

Marlborough BOX B

Average Damage In each state ·· p

015120 1 65 1 100

BOX A BOX C

Noln Damage State.-:.;<: 3.:.:·co ·.·:. A.:·- .i>::.·:·'·:3·,fl';·it t.'P·: 3.40;:204·04 i
Corist Grole i:¢q :''%00·4? Tobl toss ?90 Damage State  >1«02#]>.@St·f ?84* 4'1#:1%Ak*10?·§1'*j<j *** 1: 5

None 1 Ught l Moderate Extensive Completel Sum D'N
Residential 14 11335 1986 209 52 0 17465

Unld. Com/Ind 17 4164 1214 128 32 0 10716

Total u: -4.> . i:-<> ,4. :31 - ·. .15499·> 1.:3199:d · 337 .; .84,4·i· 4Q).·01< 1
1995 Value Splits used to Calculate Percentage Splits for Materials, Plants and Labour.

BOX E

NZSM .
' It*994*:./2/A:'·'Damage Value Iri Dam'age State 45. :Ay..':«.r«'·i ,

None Light I Moderate Extensive IComplete Check
0 813 3 0 13.8

010|4 3 0 16.8
0 17 17 6 ;;jlo0 30.6

BOX G

splitInto Matet!61$/plalia666ft
Materials Plant Labour

23% 8% 69%

23% 8% 69%

BOX H

Value NZSM

Split Into Materlots/Plant/Labour kift;%»14,
Materials 1 Plant 1 Labour Check

3.2 1.1 9.5 13.8

39 1.4 11.5 16.8

7.1::: · 1 2.5 1 : 21.0 30.6

42 9.4..... k. 3. :.3:*::: NZ#M it:3.€Ah> ::::{ NZ#M :.-35%9%.33%>M:· .4 Nd TOM; Value -12{ € j TOW Lbis
Roading 275.6 0.2

Bridging 68.6 0.2

Rail Network 422.7 1.8

Airport 9.0 0.1

Pon Infrastructure 32.5 0.4

Water Supply 17.8 0.1

Sewerage System 25.8 0.1

Stormwater Sytem 140 0,0

Gas Network 0.0 00

Electricity 105.7 00

Telecommunications 15.6 0.5

Broadcasting Facilities 17.2 04

Total . cl.004.5 · . 3.9

Loss/Split . ·
Material f -j£Plant -:  Labour ·

0.1 0.1 0.1

0.1 0.0 0.1

0.5 0.6 07

0.0 0.0 0.1

0.2 0.1 0.1

0.0 00 0.0

0.1 0.0 0.0

0.0 0,0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.3 0.1 0.2

0.2 0.1 0.1

1.3 >. 1.1  0 2.4
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Table Al: Values of Damage by Category and Location.

Wellington Regional

1995 Value Splits used to Calculate Percentage Splits for Materials, Plants and Labour.

9*.93909%%?ifitteY Total Va/ue Tota/ Loss Material

Loss/Split 0.-
Plant - Labour

Roading 540.2 36.3 10.2 12.0 14.0

Bridging 209.4 26.6 7.6 5.2 13.7

Rail Network 2670.3 188.3 49.5 64.4 74.4

Airport 108.0 17.9 4.5 5.5 7.9

Port Infrastructure 0.0 0.0 0.0 0.0 0.0

Water Supply 271.1 20.5 10.0 3.9 6.7

Sewerage System 0.0 0.0 0.0 0.0 0.0

Stormwater Sytem 0.0 0.0 0.0 0.0 0.0

Gas Network 0.0 0.0 0.0 0.0 0.0

Electricity 534.2 8.1 3.7 1.6 2.8

Telecommunications 0.0 0.0 0.0 0.0 0.0

Broadcasting Facilities 149.5 28.2 15.2 4.3 8.8

Totalt<d#ij<4flf44%..I.libmt ki .:4483 .I ·4224326fjot %%[i101>.il:·; < fijit974%4 04? 1289»0.

Note: Buildings were not used in analysis.
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Appendix B - Comparison of 1999 and 1995 Values

Table Bl shows a comparison of the asset values used in 1995 and those used in
1999 for this study.

The inclusion of the areas beyond Wellington has doubled the assets at risk and

resulted in a 13% increase in damage assessment. The difference in these

changes is clearly due to the lower intensity of shaking in the more distant areas,

and hence the lower damage ratios.

The 1999 figures for building assets and damage values can be expected to be
more reliable and accurate. This also applies to infrastructure where new figures

were obtained and where more applicable damage ratio data has been developed.

Summary of Principal Changes from the 1995 Analysis (Reference 1)

Assets

O Some improved detail
O Some corrections

3 Extended area considered

O Specific characteristics of each unit area and building groups developed

Seismicity Model

O Specific attenuation relationships

O Amplified shaking on soft ground

O Liquefaction effects

Damage Ratios
O Ongoing development

O Shake and ground deformation effects for infrastructure

O Distribution of damage state for buildings
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Appendix C - Scenario Event

Seismic activity in the Wellington region results from subduction movement of
the Pacific tectonic plate under the Australian plate. Extensive research has
identified six sources of major earthqual<es:

O one subduction interface zone, at a depth of about 30 km beneath
Wellington City

O five active surface faults; Wairarapa Fault, Wellington Fault, Ohariu Fault,
Shepherds Gully/Pukerua Fault and Wairau Fault extension.

The subduction interface zone is the source of most frequent earthquakes and is
considered capable of generating Magnitude (M) 8 earthquakes. However it is
not considered critical as the main source of damage because of the depth at

which eat-thquakes occur.

Of the surface fault earthquake sources the Wellington Fault event is considered
the probable maximum event for loss assessment purposes. Larger events, up to

perhaps M8.5, are possible on other faults in the greater Wellington Region but
their potential sources are at greater distances from the centre of major risk

exposures and they have longer average recurrence intervals that the Wellington
Fault event.

The characteristic earthquake on the Wellington Fault is identified with a60 km
length of rupture and about 3 to 5 metres of horizontal movement and 1 metre
vertical movement. Such movement on this strike-slip fault is estimated to

produce ati earthquake magnitude in the range of M7.1 - M7.8 with an average
of M7.5. While there is argument that the scenario earthquake should be
considered at the upper range of magnitude as that having a small likelihood of
being exceeded, the average magnitude (M 7.5) event has been adopted for this
study to be consistent with previous similar studies.

The estimated average recurrence interval for movement on the Wellington-Hutt
Valley segment of the Wellington Fault is 420-780 years, with the most recent
event estimated as occurring 380-530 years ago (from 1995). Taking factors of
average time between movements, time since last movement, and inter-

dependence of movements of the regions major faults into account, the
probability of occurrence of the scenario Wellington fault event is about 7-11%
iii 50 years. [An equivalent 700-400 year recurrence interval, taking into
account reduction in accumulated regional strain by the 1855 M 8 Wairarapa
Fault earthquake].

The isoseismals for the scenario event have been determined using attenuation of
ground shaking intensity with distance away from the earthquake source as
recommended by Smith and Smith, [3] with recognition of additional near fault
effects. This results in Modified Mercalli Intensity (MM) of ground shaking
within about 5 km of the Wellington Fault of MM 10 affecting the cities of
Wellington and the Hutt Valley, intensities of MM 10 for the Wellington region,
and intensities of MM9 for the Wellington region, and intensities of MM9 for the

more distant areas ofthe damage accumulation area.
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Further allowance is made for amplification of earthquake shaking intensities in
areas of soft soils and for permanent ground deformation due to liquefaction.
The extent of these soils is determined from maps prepared by Wellington
Regional Council for its area, and from geological maps and local knowledge for
more distant areas. For areas in the Wellington Region assessment is made on

the liquefaction and ground deformation potential. No allowance has been made
for Earthquake induced landslip.
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