


At the request of the Barthguake znd War Damage Commission, the
New Zealand RNational Society for FEearthquake Engineering has
assessed the order of lose of building value iIn the event of a
large earthguake in the Wellington region.

Two slzes of earthguake were considered of average return period
250 years and 11090 years. Each event was centred in two dif-
ferent locations.

The study considered only the effect of earthquakes on buildings
and their contents. Government owned buildings were assessed
separately. ©Only the value of loss up to assumed indemnity value
was calculated, this being the extent of liability of the
Earthquake and War Damage Commission.

For the four scenario earthguakes studied, ranges of loss were
calculated.
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INTRODUCYIOR

Background and Initial Obijectives

On 8 February 1983 the Secretary of the Earthguake and War
Darage Commission requested the New Zealand National Society
for Earthguake Engineering to consider "setting up a working
party to gauge the maximum probable loss the Commission may
suffer by way of claims for insured tangible property in the
event of a large earthguake hitting New Zealand with its
epicentre being in Wellington".

By tiay 1983 a Study Group had been formed and the task
described as follows:

1

Determine the maximum cost of physical damage to
buildings, structures and services which could
credibly be expected to result from an earthquake
in the Wellington region. Because of the
difficulty of selecting any single event it is
envisaged that the group would study two or three
earthquakes selected for the combination of high
cost of damage and probability of occurrence,
assessing both the costs and probability of each
event,

Separate the total cost into that which would be
borne by

(a) the Barthquake and War Damage Fund;
(b) central government;

{c) all other parties (i.e., uninsured or
unknown) . "

Intermediate tasks envisaged were described as follows:

critically review available published information
on assessment of seismic¢ loss making any adjustment
necessary for the New Zealand situation;

describe envisaged earthquake(s) for study and
assess return periods (possibly three, giving rise
to M X, IX and VIII in downtown Wellington);

consider the effects of geologicél hazards, such as
faulting, landslides, liquefaction and settlement:

assass eifects of microzones:

estimate building steck and classify from struc-
tural point of view;

o/
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- zssess cost of dircct seismic damage to structures
' and non-structural elements to buildings by class
and location;

- asgess cost of fire, flood and other earthguake-
induced risks;

- assess the reliability of the calculations;

- consider the effects of trends in replacement of
existing structures.®

Changes to Ecope

DPuring the course of the work, for a variety of reasons,
some objectives listed in the brief of May 1983 were not
pursued, The changes were as follows:

9 Losses to structures and services other than buildings
were not considered. Data on current value and the
likely extent of damage to these were not readily
available, and the Earthquake and War Damage Commission
advised that they were not required to be included.

e Losses considered were limited to loss of current market
value, Although the brief could have been interpreted
as including extra costs of rebuilding or ccsts such as
loss of production, the Study Group understood that this
had not been intended.

L Because of the lack of data on the extent to which pro-
perties were insured to full indemnity value, it was not
found possible to separate costs to the Earthguake and
War Damage Commission from those to uninsured or under-
insured building owners other than central government,

© The effects of geological hazards were not studied. A
previous study by Dowrick(25} found that this aspect was
insignificant.

o The specific costs of earthguake—-induced flood or fire
were not assessed as they were considered to be allowed
for in the Mean Damage Ratios used,



2.0 OUTLINE OF STUDY

The following outline summarises the principal steps involved in
the loss assessment., Greater detail of the process followed in

each of these steps is provided in the corresponding sub~-sections
of section 4.

2.1 Review of Literature

An initial review was made of overseas and New Zecaland
literature thought likely to be relevant. The main thrusts
of this were to consider approaches used in comparable
studies, and to assemble data on which the relationships
between building damage and intensity of ground shaking
could be developed., Reference is made to many of these

¢ sources in the text of this report,

Specific study was also made of four previous estimates of
damage due to a large earthguake in the Wellington region,
referred to in section 4.1. The differences between the
results of these studies confirmed the need for an indepen-—
dent review of their conclusions.

2,2 Selection of Earthquakes

Four scenario earthquakes, all with Modified Mercalli
Intensity of MMX in the area near source, were selected for
study as follows:

Event 1: Centred near Palmerston North with an intensity of
MMIX in Wellington.

Event 2: Centred near Blenheim with an intensity of MMIX in
Wellington.

Event 3: Centred near Palmerston North, with an intensity
of MMX in Wellington. -

Event 4: Centred near Blenheim with an intensity of MMX in
Wellington.

Events 1 and 2 were assessed as having an average return
period of about 250 years, and events 3 and 4 about 1100
years, :

The basis of the seleciion of these events is described in
section 4.2.

Dpurn rem s RST e A e o e T T 3 el ST B SISO T e TR e S T e



Distribution of Intensity of Ground Shaking

The assessment of distribution of seismic intensity for each
of the events was based on the work of Br W D Smith (22) for
weakly-attenuated, or type B, earthquakes. ¥From these were
developed isoseismal maps of each of the four events.
Figure 1 shows the distribution of intensity of shaking for
each event,

For the Wellington wetropolitan area only, the seismic
intensities thus derived were further refined to take
account of local variations of ground type. The adjustments
made to the basic MM intensity levels for such microzone
effects were as set out in Table 1.

TABLE 1: MICROZONE ADJUSTMENTS MADE FOR WELLINGTON
' METROPOLITAN AREA

Increment to
Ground Description Base MM Level
Bagement rock -1
Compact sediment {(assumed "average ground") 0
High porosity sediment +1
Deep alluvium +2

These matters are examined in greater detail in section 4.3.

Valuation and Classification of Buildings

An attempt to obtain valuation and structural classification
information from local authorities in the zffected area had
very limited success. Consequently, the current values of
"buildings in the study areas were obtained from Valuation
Department data{24} updated to a common base date of March
1983. These valuations were taken to represent "indemnity
value", wvhich is the measure of maximum liability of the
Earthguake and War Damage Commission, Different methods
wvere used in the compilation of data for housing and for
other buildings, as described in section 4.4,

Buildings were classified into five types based on Valuation
Department data, as follows:

(a} houses

(b) wunreinforced masonry

(¢} pre 1936 reinforced concrete
{a) 1936-1977 reinforced concrete
{e) post 1977 reinforced concrete

For Wellington City, structural classifications prepared by
the City Engineer's Department were used where available to



-confirm the classifications obtained from valuation

Department data.

Relationships between Intensity and Building Damage

The assessment of "mean damage ratio" for each bhuilding
class and for each level of seismic intensity was based on a
detailed survey of published information in earlier studies.
The information derived from these sources was assessed for
its appropriateness to New Zealand conditions, and for
reliability. The figures derived in this study incorporated
adjustment where congidered necessary to retain consistency
between building classes, using the method described in
section 4.5.

The relationships between seismic intensity and building
damage used in the study for each of the. five building
classes are summarised in Figure 2, section 4.5.

The large scatter in available data was used to produce a
range of damage ratio for each building type and each level
of intensity. " Thus computation of a range of loss estimate
resulted.

Building. Contents

The cost of damage to building contents was assessed as a
proportion of upper and lower values of estimate of damage
to the building. The proportions used were as follows:

Housing one third
Other buildings 60%

Computation of Damage Costs

Data described in sections 2.3 to 2.6 were assembled in the
Ministry of Works and Development computer, and losses
calculated for each event from

Loss = ) {1 + C)(R x V)

where "R" is the bamage Ratio for the building, dependent
on both intensity of ground shaking and building
classification and whether upper or lower end of
range of estimate
"V" is the assessed indemnity value at March 1983
“C" is the proportionate value of contents lost.

This calculation was carried out for all listed buildings,

and the loss incurred by Government-~owned buildings
scparately assessed as a proportion of the total loss.
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Tablie of Losses

Table 2 seis out the range of losses estimated to resuit
from each of Lhc four scenario earthguake events. The
losses are separated into houses and other styructures, and
contents of zach of these. The totel losses are then
divided irto those estimzted to be borne by Centiral
Government, and the balance which represents the llablllty
of the Barthgualte and War Danuge Commission assuming all
non-Governnont Dulldiﬂgﬂ to bhe insured Lo full current
mariket valua, In practice this loss will be partly borne by
uinsured and under-insured building owners, but as the
Study Group could gec no access to data on the extent to
which properties are fully insured, no division between
these parties was possible,

Finally, it should be noted that these estimates relate only
te losses of current market value of the buildings and con-—
tents, The total cost which the communitg may have to bear
will include the difference between 1nncmn1uy value and
restoration/replaccement cost, cost of isss of production and
other costs, the determinaticn of which is outside the scops
of this study. These could increase the estimates by a wvary
large margin. '

Sources of Brror 4

The priuncipal source of doubt in the results of the study is
considerad to be the error in the Mean Damage Ratio versus
Mercalll Intensity relationships (see section 4.5). This
bas been taken into account in the range of building losses
shoun, wiiich allows for + one standard deviation in the
estimaticon of these Factors. Other sources of ecrror which
contribute to the uncertainty of the final result include:

® distribution of earthguake intensities;

© the limited number of building classes used in the
study;

a wmerkeb value;

&

indemnity value (in this study asaumed ogual to
market value);

& asscssment of damage to contents.

Thaese socorces are difficult to quanrliy and no estimztion
has been made of .the error resulting frowm them,



3.3 Ingependent Chzck of Resultrs

Based on data from studies for the Hew ZealanG South British
insurance Group{®), scme approximate independent checks were

nade on some of the findings of chis report(25), All of the
compenencs giving risz to jcoss estimate were determined

independently, vis

[ MDR/MM relationships,

o building values,

@ contents valucs,

and the method ¢f apportioning liabilities between the

Commission and insurance companies, The following estimates
were made for houses and other buildings including contents:

(cf Present study
-~ average values)

Total replacement valus in
affected zone $24,000 m

Total "market"* value in affected
zone $£20,000 m (525,000 m)

Farthguake and War Damage
Commission liability (MM IX in $ 4,000 m ($ 4,340 m)**
Wellington)

BEarthguake and War Dumage
Commission liability (MM X in $ 6,800 m ($ 6,990 m)**
Wellington)

The results are considered surprisingly close.

Lirildinge, but tha term “market™ does not

n Assuiing non-Goverament bulldings fully insured.
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studies on four previous estimates of demage resulting
from earthguake in the Wellington region were examined.
The wide range cof resulis detailed in subscecition .5 con-
firmed the need for an independent study. The main
thrust of subsequznt literature review was concerned
with obtaining relationships between value of damage for
each class of building an intersity of ground shaking.
In addition, published studies describing the spread of
intensity zones as a result of the four zcenario earth-
gquakes were examinad.

Previous studies prepared for the Cocmmission

In 1982 results of two studies commissioned by the
Earthquake and War Dawmage Commission were presented to
themn.

The first, by Sedgwick Ltd, examined the effect of an
earthguake of Richter magnitude 8.2 centred in
Wellington, A tctal building value for the Wellington
area was assessed and multiplied by an "average damage
rate" of 28.4%, to give the "direct damage™ cost. This
product was multiplied by 139% to give the estimated
value of damage to contents. Tt was assumed that 60% of
the value of direct damage plus loss of contents would
further result from fire and allied effects, A small
figure was added for automobile damage and "all other
damage" was assumed to amount to 10% of the direct
damage cost. '

The sum of these components gave a total estimate of
ioss of $1,654 million,

The second study, by a consortium of four insurance
brokers is less clear in its statement of method.
However, they considered the occurrence of a earthquake
of modified Mercalli Intensity of IX ox hiigher occurring
in Wellington,

This study gave a total estimate of loss of
$2,800 wmillion.

However, the two studies give less comparable results
than the values indicate. This is Dbecause a Richter
magnitude 8.2 event could lead to a modified Mercalli
Intensity of X or XI, rather than IX, A doubling of the
loss estimated from the second study is thercfore
possible when the resulte iz scalied up to reflect the



event described in the first study. A threefold dif-
farence in result between the two studies is therefore
acparant,

Darwin study

n 1280 Darwin{7} estimated the total building and
dwelling loss as a result of two envisaged earthquakes
in Wellington giving rise to values of modified HMercalli
intensity of VIII and X in Wellington City. Buildings
were divided into pre- and post-1968, Two areas c¢on-
taining half the commercial floor area in Wellington
City were examined and the balance of building floor
area for the two building classes in both Wellington
City and surrounding affected communities assessed on &
nro rata basis. Darwin assessed damage versus Mercallii
Intensity relationships for the two building types as
well as for dwellings and asserted that his total less
estimates could be doubled to take into account the loss
of "fittings and facllities" and thus final loss
estimates of $5%0 million-and $1,120 million result.

The value of dwelling loss was about half the loss of
comnercial buildings in both events,

Dowrick study

Dowrick(8) carried out an estimate of loss to properties
insured with the HZ South British Insurance Group as a
result of two earthquakes in turn, giving rise to
modified Mercalli intensity volumes of IX and X in
Wellington City. The former event gave rise to 39% of
the damage cost predicted for the latter event. General
estimates of the level of damage were refined by
detailed surveys of the most valuable properties insured
and assessing the damageability of the structure, archi-
tectural components, building services and eguipment.

Summary of results of previous studies

The results of three of these studies may be compared by
inflating estimates to March 1983 values, the values
used in the present study, using the Ministry of Works
and Development Construction Cost Index:

Sadgwick (MMX+) $1,700 milliion
Insurance broker consortium (MMIX+) $2,800 million
pParwin (MMX) 21,710 miliion

re indicated previously, the figure of $2,800 million is
caloulated for a seismic event less severe than the
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events considered for the c¢ther twe studies. Hence the .
scatter of results fc* equivaient evsnts is considerably
wider than is immedlately apparent.

4.2 Selection of Farthquakes

A

Events selected for previous studies

Both Darwinf{7} and Dowrick(8} have undartaken studies in
recent years Lbinq ¢ selecticn of scenario seismic
events centred in Wellington. The earthquakes used are
summarised below.

parwin{7)}

1 Richter magnitude 7.5, epicentral intensity MM X,
epicentre Hgauranga:
- the "largest likely earthquake

2 Ricbter magnitude 6.5, epicentral intensity IX,
but intensity VIIT in Wellington City having a
return period of 30 years, epicentre Ohariu
Valley:

- a "freguent medium sized earthquake”

Dowrick(8)

1 Richter magnitude 7.9, epicentral intensity IX,
.return pericd 1000 years,

2 Richter magnitude 8.0, epicentral intensity X,
return period 9000 years.

Events selected for this study

While, as Steinbrugge(l3) points out, both potential
nonetary losses from a large dlqaster and the average
annual loss from all earthguakes over long periods of
time are cof interest, the present study was directed to
concentrate on the former problem. The latter is
clearly of interest in setting insurance premiums but
wae not considered for this study.

Por the present study Dr W Swith, Superintendent of the
DSIR Seismological Observatoxy, Kindly provided us with
his latest estimates of seismicity parameters which have
since been publtshed(zli It was decidzd to look at
avents resulting in modified Mercalli intensity values
of IX and X in Wellinzton City.

—

Because Smith's seisnicity nodel does nct require epi-
centres to be.IOCdtsi on known faults but rather models
f epigentral location, we did not

the diffuse nature of
feel constraived to sk the epicenties of our scenario
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events on faults. Epicentral locations were selected
for the two evenis chosen so that:

- Smith's more wezkly :cttenuated Type B(22) esarthguake

would apply and hence waximise the arez of damaging
effects: :

= areas as far to the north of Wellington and also as

far to the south as possible would be affected (sce
Figure 1)} according to the isoseismal formulae deter-—
mined by Smith(21), Thus tuo earthquakes for each
value of MM Intensity in Wellington were chosen, a
total of four events.

The values of Richter magnitude for the scenario events
were calculated in the same way as explained by
powrick(8) to obtain most likely values. The frequency
distributions are annexed as Apperdix II. The values of
Richter magnitude occurring mcst frequently are 7.8 for
the MM IX events and 8.4 for the MM X events (8.2 was
used because cf the uncertainty of the cut-off maximum
value.} The average return periods for the events can
be computed from Appendix I as

MMX ¢ 1100 years
MMIX: 2406 years

The latter value compares well with the value of 220
years caleulated by Smith and Berryman{26) using the
same seismicity model.

4.3 Distribution of Intensity of Ground Shaking

Il

Iscseismal maps of events

The isoseismal maps of each of the four scenario events
studied, based on Dr Smith's work, are as shown in
Figure 1.

Micrczones

Largs variations in the nature and intensity of ground
shaking during an earthguake can occur within quite
short distances. Corresponding "ancmalous" distribution
of building damage can therefore result in built-up
arecas. The sharp variations in shaking and damage can
be correlated with the nature of the ground at respec-
tive sites. Attempts to delineate these different soil
types are known as microzoning.

An attempt to allow for effect of microzoning is

ircluded in modern seismic design codes. For example,
Milne and Rogers(1%) report that the Canadian code



12

recomuznds & 50% increasc in the calculation of loading
for stivctures on sof: soils (this corresponds Lo an
Increase in modified Mercalli intensity of about three
quarters of a step). The Mew 2ealand Loadings Code(1l2)
requires a lesser increase,

‘Table 3 shows a range of approaches to microzoning com-
pared with the approach used for this study. In each
case the figures represent an increase or decrease to
“average ground" MM values.

TABLE 3: COMPARISON CF ESTIMATES OF MICROZONE EFFECTS

Ref . Ground Description Increment

{1) Ignescus rocks - -1
Franciscan formation -1
Pre-tertiary marine and non-marine sediments 0
Tertiary marine sediments 0
Alluvium + 1

{(2) Rock (eg, cranite, gneiss, basalt) -1
Firm sediments 0
Loose sediments {sand, alluvial deposits) + 1
Hoistened sediments, artificially filled ground + 115

{18} Good ground 0
Tdenutificable bad ground (eg, reclamation) + 2
Recent alluvium or volcanic ash + 3

Hl?) Basement rock, except for crush zone of
(Wellington) fault or within 10 m of surface
Compact sediment
1igh porosity sediment
"Deep alluvium

+ + 4+
W= O

ﬁssessments used for this study

Basement rock (with exclusions as ref 17 -
Compact sediment (assumed average ground)

High porosity sediment +
Ceap alluvium 1

N = O

In the pressnt study, microzone considerations have been
applied only to buildings in the Wellington metropolitan
area., Reference (18) proposes microzones for Wellington
City and Berryman's recommendations{17) have been used
here with the assumption that "average ground® is the
niddle of the three subdivisions in reference (18). The
study of Smith{(20) forms the basis for calculating the
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spread of earthquake shazhing cffects from the earthguake
scurce in this study and assumes average ground
conditions,., Hence, for Wellington City, the "average
ground” intensity (MM) values were decreased by one unit
for "basement rock® conditions and increased by one unit
where "high porosity sediments” underlaid the buildings.
All buildings in Lower Hutt were assumed to be founded
on s0ft s0il (deep alluvium) and the "average soil" MM

value incremented by 2; an increment of 1.5 was applied
to buildings in Petoae(l7), where ground conditions were
considered " to fall between the last two categories.

This refinement was not considered justified for
buildings cutside of the Wellington metropolitan area or
houses in any area, as the total value of building con-
centrations experiencing severe shaking would be much
less, by comparison.

4.4 YValuation and Classification of Buildings

.1

Indemnity wvalue

Under the 1944 Eartbquake and War Damage Act, all pro-
perty insured against loss or damage by firs becomes
automatically insured for earthguake damage, up to the
level of the. property's indemnity value, (9}

Says Sherburd(2), "Indemnity value is not defined in the
Act, hor in irnsurance policies and many recent Court of
Appeal decisions confirm that there is no single simple
formula for establishing indemnity value."

Thus, there is difficulty at the outset in determining
indemnity value for any property. While the quantity
has also been described as "replacement value minus
depreciation",{?) neither of these quantities is readily
available,

However, we were advised{1l0) that the valuation
Department's "equalised value", ie, current valuation
for the covered property would be a satisfactory
approximatieon to "indemnity value", As discussed sub-
sequently, this information was available. For the pur-
poses of this study, it was therefore decided to use
Valuation Department statistics(24) and computerised
data "equalised" to March 1983 as the measure of both
indemnity value and current market value, - :

Building classifications used in Californian studies

In principle, the finer the subdivision of building
classes, the less the error in estimate of damage for
each class. Algermissen et al(l) divided building types
in the San Francisco Bay area intc five broad classes,
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and further subdivisions resulted in no fewer than 26
descriptions of huilding type., From thisz study, simple
linear damage/intensity curves were estimated.

In studies such as the present one where large numbers

of buildings are involved, a more crude c¢classification

is necessary because of the nature of the basic data.
Whitman et al(4}, in documenting characteristics and
earthguake damage of buildinge shaken by the 1971

San Fernando earthguake, found that it was necessary to
limit the documentation to:

~- date of construction;

- number of storeys;

-~ valuation or gross area;
= geographic locatiorn.

In a questionnaire, respondents were asked to indicate
simply whether the building was constructed cf steel,
concrete or brick masonry. It was felt that it was
beyond their ability to differentiate further, eg, to
describe their building as a frame or shear wall
structure. Thus, a further subdivison into structural
material type was possible, However, there were no
brick mascnry bulldings in the region surveyaed.

Classification data available

In the course of the present study the Study Group wrote
to 8% local bodies in the region affected in the event
of the scenario earthquakes. We sought information on
the form and availability of their data for buildings
other than houses. The text of the letter appears in
Appendix I. Most local bodies replied to our letter and
the resulting conclusion was that, with the significant
exception of Wellington City Council, local body
building records were generally incomplete and would
have to be searched and transcribed by hand. This was
not practicable for the present study, and it was there-
fore decided to limit classificaticns to those which
could be made from Valuation Department data,

The Valuation Department listings categorise the
building structure only in termz of tha materials
visible to an observer standing outside the buillding.
Clearly there is no possibility of distinguishing, for
example, between a frame and shear wall structure and,
moreover, the interior structural material may not be
that which is visible to the observer., However, all
other data required by Whitman et all(4) ig available in
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these listings and the dates of construction can be used
to a certain degrec to corrext apparcently wrong inferen-
ces of the structural material cype, e3, a building
constructed in the 1940°s would not be expected to be of
unrainforced brick masonry.

The Wellington City Council had kindly made available to
the study group its records for ithe central business
district, Wellington City Council seismic classifica-
tion values were addzd to the Valuation Department
building descriptions where pessible and used to confirm
the relevant classifications.

From this data it was possible to group buildings by the
following classes:

{a) houses (assumad timber-framed);

(b) wunreinforced masonry;

(c) pre-1236 reinforced concrete;

(d} 1936-1977 reinforced concrete;

(e) post-1977 reinforced concrete.

The year 1936 is taken as the final year during which
buildings not designed for earthquake resistance were
completed, 1977 is the assumed f£inal year for which

buildings not designed to the current Loadings Code
(NZS 4203:1976){12) were occcupied.

4.5 Relationships Between Intensity and Building Damage

.1

Seismic intensity and damage

In the modified Mercalli scale, levels of seismic inten-
sity are defined by direct reference to effects on
buildings. The threshold of building damage in New
Zealand conditions occurs at an MM valuz of VI or
viy.(4,.11)

Summarising the effects of the San Fernando carthguake
of 1971, whitman(4) rotes the following trends among
the concrete and steel buildings:

MM VI Most buildings suffered no damage. Some
buildings had partition wvall cracks but only
to a very limited extent.

Md VII Significant damage to the pr=-1933
(pre-seismic design) buildings, while the per-
formance of the modern buiidings, both stesl



16

and concrete, wes very satisfactory. Repair
of cracks and partition walls accounted for
most of the damage.

MM VII.5 Only the post~1%47 (seismic design) steel
buildings did not suffer extensive damage.
The post-1947 concrete buildings were damaged
considerably.

MM VIIIL Modern concrete buildings received very exten-
sive structural damage.

Mean damage ratios

The "Mean Damage Ratio"™ (MDR) expresses the value of
damage to a building, resulting from earthguake shaking
to a given value of modified Mercalli intensity (MM), as
a proportion of the value of the building in its unda-
maged state, It is assumed that the value represented
by the numerator is the cost of repairing the damage.

The relationship between MDR and MM clearly depends on
the nature of the building structure, As an example,
unreinforced brickwork would he expected to experience
far greater damage at a given value of MM than a modern
reinforced concrete building.

The limited quantity and reliability of data available
to assess mean damage ratios for the various MM inten-
sities and building classification typzs were_ a serious
difficulty for the study. Dowrick(3¥ had earlier found
that determining damage ratios appropriate to

New Zealand was difficult because:

*{a) few data exist on a world scale;
(b} even less data is available for New Zealand;

(c) most existing data is poorly documented and
vaguely defined;

(d) there is very wide scatter in the data;

(e) data does not exist for all New Zealand types
of construction; and

(f) data is virtually non-existent for very high
intensity shaking (because this occurs very
rarely, especially in built-up areas).”

Algermissen and Steinbrugge(ll) state that:

*The most useful published sources of loss data are
found in the studies of the wmost recent earthquakes,
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although data extending back to the 1906

San Francisco shock still) have substantial value, A

review of several publicaztions showed that the damnage
data in the publications are not usually compatible.

Further, a more detailed review of all major sources

shows that data zre far from complete for all inten-

sities for all building classes.”

Selection of MDR's for the study

The mean damage ratios used for this study are sum-
marised in Pigure 2. They were derived from a variety
of sources as shown in Figures 3-6, with different
sources being used for the different building classes
referred to in secticn 4.4.3,

Buildings of class (a), housing, were assumed to be
timber framed, W™DR/MM data for timber dwellings in the
United States(15) was plotted together with a single
estimate for New Zealand from Cooney and Fowkes{(14),
This correlated well with the US information (Figure 3).
Based on the two points at MM IX a constant value of
coefficient of variation of 20% was assigned to the
MDR/MM curve, which is shown in Figure 2.

For classes (b}, {c) and (d) references (1) to (7) were
used. Predictably, considerable scatter was evident in
the data plotted from these references,

Building class (e) (post-1977) is the modern ductilé
building designed to deform and crack in a controlled,
safe manner rather than fail in a brittle, possibly
catastrophic way. We are not aware of any damage cost
data for such buildings subjected to strong earthquake
shaking. '

We deduced the form of MDR/MM relationship primarily by
comparison with the curve already obtained for the
1936-1977 reinforced concrete buildings. NZS 1%00:1965,
chapter 8{15) was also of help, together with the com-
penent damage matrices of Whitman, Hong and Reed(8),
particularly for zassessing how much to decrease the MDR
value of 10% for 1936-~1977 buildings at MM VIII. We
deduced that this figure should drop to about 2.5%.
Values at MM IX and X were obhtained by roughly wain-
taining parallelism from the new MM VIII value with the
curve for 1936-1977 concrete structures. Based on the
range of estimates from members of the Study Group, a
constant coefficient of variation of 30% was assigned to
this curve, which is inc¢luded in Figure 2.

A number of other factors which arose In assessing
MDR/MM relationships fecr each building type. These are
discussad in the next szction.
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Independence, reliability and consistency of data

The bulk of deta availablae was not "raw", but rather
best cetimates made from unc¢lted source information.
Perhaps this is nct a&s disturhing as it may aggear
because an experienced authority Sfelnbrugge ) agserts
that "most loss data published in engineering and sclen-
tific ceports after an earthguake require major
intergretative efforts to have any use".

Algermissen and Steinbrugge{ll) believe, too, that "MM
intensity maps, together with the loss-intensity rela-
tionships developed using relevant experienced judge-
ment, are the best bases for this kind of study"

The bulk of information available to us had therefore
already been filtered, hopefully on the basis of
“experienced judgement", but very likely includes
various ®"interpretations™ of the some raw data.

Figures 3 to 6 shgw the raw data used as a basis for
obtaining the final MDR/MM relationships used in this
atudy. The degree of scatter at each value of MM was
quantified as the coefficient of variation (COV). This
numbcr( 3) describes the standard deviation of data from
its mean value, expressed as a proportion of the mean.
Interestingly, the number was ofien similar for dif-
ferent ¥MM values within a figure and, in order to ease
computation, a constant value of COV has been used in
the analysis of each c¢lass of structure (see Figure 2).

The bounds represented by + one standard deviation have
statistical meanlng in the case of data following a nor-—
mal distribution{23) in that there is a 65% chance that
the true answer lies within those bhounds: for example,
when the mean value is two units and the Cov 0.5
{standard deviation one unit), there is a §5%
{two-thirds) probabiliiy that the answer (eg, expected
seismic damage cost) lies between one unit and three
units!

Such high values of COV reflect the considerable uncer-
tainty involved in a study such as this and this uncer-
tainty must be given due emphasis. 1In their analysis of
seismically designed buildings where MDR exceeded 10%,
Whitman, Hong and Reed(6) report values of COV from 40%
to 130%.

We discounted some published data on on the basis that
it was assessed for a situation where the standard of
construction would probably be generally inferior to
that applying in New Zealand,
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¥igure 7 was prepared during smoothing of mean values
derived for three building classes (unreinforced
masonry, pre-1326 reinforced concrete, 1936-1977 rein-
forced concrete), - The objective was to obtain a cre-
dible relationship betwean respectivae building classes
at a given level of ¢ground shaking (Mi), and between
different levels of ground shaking for a given building
class, It is ¢lear that, in some cases, considerable
alteration to the mean values obtained from the
available data has been Judged nacessary.

Average values of cosfficient of variation deduced from
the raw data wore nol altered, however, and thesc
together with the adjusted mean values are depicted in
the final curves shown in Figure 2., Although continuous
curves are drawn, the MM scale is actually discrete.

Basis of comparison of damage

whitman, Hong and Reed{6) highlight the difference in
MDE vhen it is measurcd on the basis of market value
rathar than replacemenit: cost, They make the following
observations:

“The market value by itself is =zeldom a definite
quantity but rather a random variable depending on
many factors affecting the building owner and the
economical strength of the community., It appears
that the best way to obtain a consistent estimate of
the market valus is to multiply the assessed value,
vwhich can be obtained from tihe County Assessor's
0f£fice, by a certain factor,"

"The replacement cost is more-or—less a definite
value .., The best way to obtain the replacement
cost is Lo start with the permit values at the time
of construction and then to correct this wvalue by
multiplying by an inflation index."

The difference between the two values, arising from
depraciaticn, inflation and markeb conditions, will be
great for old buiidings and "tLhe assessed market value
may be more meaningful for studies conducted by the
insurance industry*(6

For the Los Angeles area, it was found(8) that market
vzlue generally exceeded replacemant value for buildings
less than about five years old but drops to a constant
40% of replacement value for Luildings in excess of 20
years old.

If this is true in New Zealand, then it follows that
values of HMDR pDased on market valuvue would be more bthan
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twice that hascd on replacement valua for the majority
of buildings being considered.

However, the esscntial question pertains to the data

How were these MDR's assessed ~ as a propor-—
tion of market value or replacement value?

Unfortunately the answer is not clear from the defini-
tions available,

availarle:

Munich Re(3)}

Algermissen et al(l}

as is evident below:

Loss estimate is given "as a per-
centage of the totazl wvalue®,

"The percent loss is defined here
as the average percentage of the
total cash value required to
fully repair in kind any building
of a particular class
experiencing ground motion repre-
sented by a particular degree on
the MM intensity scale."

In this study it was assumed that all estimates of MDR
+available wexre calculated on an identical basis. The
MDR/MM relationships finally obtalned were compared
where possible with the two bases for calculating WDR in
whitman et all8) for MM intensity VII and VIII. Table 4
shows these values together with HDR values from the
final curves prepared for this study (Figure 2).

TABLE 4: REINFORCED CONCRETE BUILDINGS MEAN DAMAGE RATIO

MM VII MM VIII

R
0 Row 1 & 2:|Pr=2-1933 Post-1947 Pre-1933 Post-1947
W Row 3: Pre—1936 1935-1677 Pre-1936 1936-1977
1 jMarket value(G6) 0.0604 0.0094 - 0,.G963
2 |Replacement (6)

cost 0.0322 0.005 - 0.05
3 IThis study 0.08 0.025 0.03 0.10

From Table 4 4t
better with resvlts From the present study than row two.
Therefore, MDR values dsduced are assumed to be calcu-
lated on a market values basis, This accords witn the

is evident that row one correlates




21

expectaticn that.damage assessors would naturally tend
to think of the value of an undamaged building in terms
of today‘s value on the market.

It must be emphasised that the total repair cost could,
especially for old buildings, exceed the product of MDR
and market value by several-fold. This is becauss a
moderate to severely damaged older building would pro-
bably be demolished and rebuilt to current standards.
For these buildings, an MDR of several hundred percent
would lead to the true cost of repair, and it is con-
ceivable that the cost of restoring moderately to
lightly damaged buildings to their pre-ecarthguake state
without "betterment® (8) could easily exceed the indem~-
nity value of the building.

Nevertheless, calculations in this study have been
determined to the level of the liability of the
Earthguake and War Damage Commission who will pay on
insured buildings up to indemnity value. With MDR
effectively determined as a proportion of indemnity
value in this study, this means that the maximum appli-
cable value of MDR is 1.00 (or 100%), the limit shown in
Figure 2,

Building Contents

It is appreciated that, especially for an older building,
the value of its contents could be of the same order as the
market value of the building. It is also recognised that
ccntents can be damaged in an earthqguake.

Tiie Study Group was unable to f£ind significant published
information on this important problem.

‘Munich Re(3) asserts that there is a direct relationship
between the loss estimate of a building and the loss of
building contents, as shown in Table 5.

TABLE 5: MUNICH RE ESTIMATE OF CONTENTS LOSS

MM Intensity VI VII VIII IX X XTI XIT

Proportion of 1/5 1/4 1/3 172 2/3 4/5 9/10
Building Loss

As not2d earlier, previous studies bave taken a much cearser
estimazte of cont=nts loss.



in the abszncz of data from actual earthguakes, the Study
Greup obtained opinions of expected contents loss from two
leading insurance companies and a leading Loss Adjustzr.
Based on these cptions, it was decided to use an estimate of
contents loss in the case of housing equal to one third of
the upper and lower estimates of housing loss. 1in the case
¢f other buildings, 60% of the upper and lower values of
building dawmage was used., This was based on further con-
sideration{25} of data used in reference (8).

Computation of Damage Costs

.1 Valuation Department data

The housing and other building data used in this study
was obtained from Valuvation Department information using
two different methods.

For housing, a list of the local authorities within the
area affected by earthguake intensity of MM VII and
greater was compiled to cover all the four events, For
the cities, boroughs and counties the total improved
value of all the residential dwellings was obtained
using Valuation Department statistics. The latitudes
and longitudes of the local authority centres were used
to co-ordinate their positions and this inforwation was
stored on the coaputer dataset along with the associated
improved values and a factor for updating these values
to March 1983, Coordinate sets defining all the ellip-
tical jisoselismals for the four events (Figure 1) were
comparesd with locations of housing groups in turn and
the housing data records thus sorted into their
apprcpriate MM intensity. The expected housing loss for
each selsmic event was then calculated using the MDR
value for the respective MM intensities.

In the case of buildings other than houses, computer
tape listings for the central business districts (CBD)
were obtained from the Valuation Department for
Christchurch, Nelson, Wellington/Hutt, Wanganui,
Palrerston Horth, Hastings and Napier cities,

The above cities were used as models for other cities
within the earthquake affected area for which no com-
puter tape listings were obtained. For example,

Hew Plymouth City was considered to have a similar
distribution of building types as Wanganuli City and
adjustment to bnilding loss was made to take account of
the variation in total building value between the two
cities, The additional buildings outszide the CBD of a
city were assumed to have the same average ‘loss per
building as those in the CBD. The total building value
for each city was obtained from Valuation Department
statistics.
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The total values of non-housing buildings in towns of
borough status was also obtained. The majority of the
puildings in these boroughs were assumed tc be of older
construction than typically occurs in the larger cities
where redevelopment of the urban areas has occurved on a
more frequent basis. The ratio of:

total building loss
total building wvalue

as determined for Wanganui City was used to represent
the proportion of building loss expected in these
smaller urban centres for the respective intensity of
ground shaking postulated in any of the four scenario
events,

SITE AREA CAPITAL LAHD USE AGE CONST MZONE WCC
COVER YALUE VALUE MATERIAL CLASSH
ST 32 29 235000 215000 75 2 GC 2 C
ST 39 39 225000 135000 15 6 cl 2
ST 13 13 170000 167000 82 B Wi 2
ST 17 35 71000 43500 80 5 CF 2 c
ST 71 19 420000 168000 81 7. G} 2
3T 29 59 175000 172000 83 X X1 2
ST 23 40 10C000 100000 80 P Wl 2
ST 122 122 200000 317600 84 4 CX 2
ST 10 12 39000 33000 75 X XX 2 c
ST a7 T4 220000 85000 70 TA cl 2 G
ST 78 111 278000 277000 Lily) X ¢ 2 8
ST 13 21 62500 59000 8l 0 Wl 2
ST 10 19 48500 440060 84 9 Wl 2
ST 8 15 51500 49000 84 9 Wi 2
81 by 162 230000 215000 20 X BX 2
ST 10 26 255000 242000 84 X XX 2
ST 23 33 75000 52590 23 X XX 2
ST 12 23 65000 62000 a4 g Wi 2
ST 22 Lo 165600 50000 &4 7B cl 2 C

FIG. 8 SAMPLE COMPUTER LI1STING
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Figure & shows the Zorm of central building data used
for the major urban areas. The record for each building
contains mainly data obtained from Valuation Department
land us>» Jata tapes: the streset number, strect name,
site cever, floor area, capital value, land value, use,
age and construction material., fFor the Wellington/Hutt
metrupolitan area, microzorne data and, where known, the
Wellington City Council building classification has been
added, This information was used to determine the
structural material and age of construction for each
buildiug.

.2 Computation

The isoseismals for the four scenario events (Figure 1)
indicate cthe various MM intensities affecting any par-
ticular. urban centre.

The KDR value for the appropriate MM intensity was
selected and a computer program was used to sort out
building construction, microzone area and aga of
construction before computing the expected loss for each
building. The loss was calculated as the product of MDR
and the difference between capital value (CVAL) and land
value (UVAL) for each building where the value was
adjusted to March 1983. The values were summed to give
a total expected building loss for each urban area, and
finally for each event,

Government-owned buildings are not a charge on the
Earthquake and War Damage Commission and so were
separated from the computer listings.. These buildings
were determined for the Wellington metropolitan area and
for the Wanganul CBD. Approximately 5% of the total
building value in the former case belongs to the
Government and approximately 10% in the case of Wanganui
CBD. It was assumed that the distribution of ages and
of structural condition of Government owned buildirgs
was the same as that of the other buildings, and that,
apart from the Wellington metropolitan area, 10% of
buildings were Government owned. On this basis, the
buildings assumed to be covered by the Earthquake and
War Damage Commission were estimated by subtraction of
Government owned buildings

RECOHMENDATIONS FOR TURTHER STUDY

The Farthquake and War Damage Commission would obtain an

indication of the expected annual loss if the present study
vas extaaf d to cover all insured properties in the country
and a completa range of seismic events., If such inforiation
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considered necess ary. then it is recommended that a study
comnissioned.

l.D ]

is
o

The lack of available data on value of ceontents adds
uncertainty to the results of the present study. A survey
of insurarce policy data for contents is recommended to
reftine this aspect.

A .Clearer picture of the numher and valuss of uninsured pro-
perties would pgermit refinement of the result of the present
study. A survey of pelicy data and correlation with
Valuation Pepartment data is therefore recommended,

1t is recommended that the Barthquake and War Damage
Commission set up machinery to enable the rapid com-
missioning of a detailed survey of damage and its cost when
earthquakes of significant effect occur. Such a survey
could lead to a large reduction in the uncertainty of damage
relationships used in the prescent study.
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EPPENDIX Y: LETTER SENT TO LOCAL AUTHORITIES

28/397/11/1

20 July 1983

The Town Clerk

Dear Sir

ESTIMATION OF COST RESULTING FROM A LARGE EARTHQUAKE

The Rational Society for Earthquake Engineering has been asked by
the Earthguake and War Damage Commission to advise on the
expected cost to them following a large earthquake centred near
Wellingteon City. Such an earthquake would be felt over much of
the country and cause damage over a wide area.

The cowmission is concerned with the value of losses to buildings
and nousegs, which it would have to recowmpense, and sceks a clear
indication as to the adequacy of its fund to cover such an event,

Sevaral thousand buildings are in the affected zone and collation
of this data for the Wellington municipality has been started wth
cooperation of Wellirngton City Council. Buildings will be listed
on computer by street address and include description of:

. date cof construction (or issue of building permit);:

. number of storeys;

« floor area:

. seismic classification {(if given).

A description of usage {(ie, an indication of contents},
structural material (eg, brick masonry, reinforcad concrete) and
structural form (eg, shear wall, frame) will bz included if
possible.

The study group carrying out this task seeks the cooperaticn of
your local authority in providing data on buildings in your area,

The data will be treated in confidence and will not be used for
any purpcse other than achieving the objective of this study. It



29

will be stered ow the Iirnizory of Vorks and Development computer
and accass restricted by way of a pasgsword. The data received
from you vill be returned immediately it is filed on computer,
without photocopying.

+

Wellington City Council heve forwarded all their building data,

The ceost of people and computer is nok being charged to the
Earthquake and War Damage Commission,

For your information, the study groun consists of the following
personnel:

I

L Butchison (WD) Convenor:

o}

J Dowrick {Ccnsulting Engineer);

. A K Perry (Consulting Architect);

. D J Darwin (Wellington City Council);

. G R Birss (MWD, Technical Secretary).

The accuracy of the estimate obtained from this study depends, in
the firgt instancge, on the completeness of new data. For this
reason, your assistance is essential.

Housing stcck will be determined from published Housing
Corporation data. However,; there may be other information which
is wost reliably available as local knowledge, eg, information on
nature of soil in the bullkup areas (soft, hard, £ill, steep
slopes etc),

Would you kindly adwvise re;

. the form and availability of your building data;

. the total number of “buildings" (ie, inhabited structures
other than housing, but including multi-storey flats):

. the total number of single storey dwellings;
. arn officer with whom future contact can be made,.

This inlformation would be appreciated before the end of August
183,

D L Huitchison
Study Grecup Convenor
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APEENOSIN TIY: COUPOSITION OF STUDY GROUP
At the time of defining the original objectives oF the study, it
was propozed that the study group would consist of:

“- an engineer from the MWD (MWD have offered time of a
suitable engineer provided Government losses are
included in the study);

- an engineer from Wellington City Council structural sec-
tion (WCC have also expressed interest in the study and
have a body of relevant data);

- a structural engineer;

- an engineer or architect with experience of non-
structural elements;

- a liaison member from Earthguake and War Damage
Commission.

People co-opted for short terms would have cexpertise pro-
bably in:

- szismology;
- microzoning/engineeringlgeology;

- particular areas of potential damage outside the
experience of the group."

The Study Group consisted of:

D L Hutchison (Ministry of Works and Development), Convenor
D J Darwin {Wellington City Council)

D J Dowrick (Brickell Moss and Partners)

C W Mouat {Earthquake and War Damage Commission)

A X Pervy {¥XRTA Limited) _

G R Birss (Ministry of Works and Development)

Advice on specialised matters was sought from:

G A Eiby
K R Berryman
W D Smith
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