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ABSTRACT: This paper discusses microzoning effects on damage to houses and
household contents in the 1931 Mw 7.8 Hawke’s Bay and the 1968 Mw 7.2 Inangahua
earthquakes, covering a wide range of intensities, MM6.4 – MM10.5. The present study
extends the range of intensities considered in a previous study by including Nelson at
MM6.4. Different foundation and superstructure types are also considered. Some of the
important complexities and surprises in our previous study are eliminated or explained.
Over the range of intensities MM6.4 and MM10, Drm for weatherboard houses on
unbraced pile foundations is generally higher than for houses on concrete foundations.
For houses on unbraced piles, Drm is mostly lower for houses and contents for Ground
Class D than for Ground Class C, for intensities MM6.4 to MM10.5 (except when ground
damage occurs), the difference being statistically significant in about half of the
comparisons made. This may result from differences in frequency content of the ground
shaking. Microzoning maps need to be based on more information than that on surface
geology maps, and the required extra criteria (such as engineering properties of the soil
and structures) need to be better understood. The importance of soil-resonance cannot be
over-emphasised.

1 INTRODUCTION

The Inangahua earthquake of Ms 7.4, Mw 7.2 occurred on 24th (L.T.) May 1968. In a recent study of
this event by the present authors (Dowrick et al., 2003) of insurance claims, the vulnerability of
domestic property was evaluated in terms of damage ratios, Dr, defined as:
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In the 2003 study, we examined the effects of microzoning and foundations on damage levels for
houses and contents. This was done for six towns, Inangahua, Reefton, Westport, Greymouth,
Runanga and Hokitika, covering a range of intensities from MM10.5 down to MM7.0. A range of up
to four ground classes was considered, based on the three classes described in the New Zealand
loadings standard. The present study extends the 2003 microzoning study to Nelson, 116 km from the
fault rupture, where the intensity was MM 6.4, thereby extending the lower limit of the intensity range
considered.  Murchison (MM8.1) was also included.

A full version of this paper is to be submitted to “Earthquake Spectra”.

2 DESCRIPTION OF THE HOUSES

The houses were basically of one and two-storeys, although some built on sloping ground had partial
extra storeys (semi-basements). Nearly all of the houses considered were timber framed. Foundations
of houses were initially divided into three classes, as follows:

(i) Unbraced piles.  This class includes houses which were fully piled or where partial concrete
restraints to foundation sway existed.
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(ii) Concrete foundation walls around the complete house perimeter.

(iii) Hybrid foundations, i.e. stiff, predominantly timber foundations, comprising piles braced by
weatherboards (some with partial concrete walls) or timber pole construction.

Nelson has some very steep terrain, so has many houses with foundations of the “hybrid” class. In a
sensitivity study it was found that the damage levels for houses with hybrid foundations were too
variable to be considered as a class worth reporting on, so only the first two classes of foundations are
considered here.

3 THE MICROZONES

For the purposes of this study, Nelson and Murchison were assigned intensities of MM6.4 and
MM8.1, determined by linear interpolation of the locations of the centroids of their urban areas
between the isoseismals, which were determined by Adams et al. (1968). The basis of the microzones
was the geology of any deposits overlying bedrock, as mapped for Nelson by Johnston (1979) and for
Murchison by Suggate and Wood (1979).  The geology was converted to ground classes for the
purposes of this study by our colleague R.D. Beetham using the definitions for Ground Classes AB, C
and D of the draft new New Zealand loadings standard. These definitions are as follows:

Ground Class AB – Rock

Rock with less than 3m thickness of stiff overburden.  (Classes A and B in the draft New
Zealand loadings standard.)

Ground Class C – Shallow Soil

Sites where the low amplitude natural period is less than or equal to 0.6s, or sites with depths of
soil not exceeding specified limits but excluding very soft soil sites.

Ground Class D – Deep or Soft Soil

Sites where the low-amplitude natural period is greater than 0.6s, or sites with depths of soils
exceeding specified limits but excluding very soft soil sites.

Ground Class CD

Soil sites which were uncertain, but would be either Class C or D.

For Nelson, the resulting ground class (i.e. microzone) map is complex. This arises from Nelson’s
varied terrain which includes a number of steep-sided valleys with varying depths of alluvium in them,
plus a margin of coastal deposits.  Murchison, by contrast, is built solely on gravels from the last
glaciation period, which is all Ground Class C.

4 THE DATA

In each of the localities studied, every house was accounted for, either to be included in (i.e. if
insured) or excluded from the database.  First the study area for each town was defined, such that only
houses within the borough boundary were considered. In the Nelson data set there are 5367 one-storey
and 861 two-storey houses. For the determination of damage ratios for contents the number of
uninsured households was assumed to be 30 percent, as adopted previously (Dowrick et al., 2003).

5 DAMAGE RATIOS

The damage ratios presented below were calculated from equation (1) in terms of the Replacement
Values for houses and Insured Values for contents.  The Replacement Values used were those
determined in our previous study.
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5.1 Statistical Distributions of Damage Ratios

The damage ratio (Dr) for each house and each parcel of contents was calculated as defined by
equation (1) above.  All other studies by two of the present authors, e.g. Dowrick et al. (1995), of
damage in other earthquakes, have shown the shape of the statistical distribution of non-zero damage
ratios for various classes of property to be well approximated by a truncated lognormal distribution.
The lognormal distribution has the density function:
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Here the parameters µ and σ are approximated by the sample mean and standard deviation of the
natural logarithm of the damage ratio of damaged items. The estimates of the parameters µ and σ,
found for the selected data sets are given in Tables 1 and 2. Also tabulated are the number of damaged
items n, and the total population (damaged + undamaged) N.

5.2 Mean Damage Ratios

The mean damage ratio for all buildings in a given MM intensity zone is a useful parameter for
various purposes, e.g. in comparing the earthquake resistance of different classes of property.
Considering all N buildings (damaged and undamaged) in an MM intensity zone, our preferred mean
damage ratio is:
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The other commonly defined mean damage ratio, which may be useful for some purposes, is
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The values of Drm and rD for the various classes of domestic property considered in this study are
presented in Tables 1 and 2, but otherwise only Drm is discussed here.

5.3 Effects of Foundation Construction on Damage to Houses

The effects of foundation construction type on mean damage ratio over a wide range of intensities
were examined. The comparisons are made for one-storey houses on Ground Class C, with
weatherboard wall cladding, and excluding and including chimney damage.  It was found that houses
with concrete foundations perform better than those on unbraced pile foundations right through the
intensity range MM6.4 to MM10.5.  At most intensities Drm for houses on unbraced pile foundations is
two or three times greater than it is for houses with concrete foundations.

5.4 Effects of Microzoning and Structure on Damage to Houses

On Figure 1 are plotted the mean damage ratios for one-storey weatherboard houses (excluding
chimney damage) at intensities MM6.4 and MM7.5, with two types of foundation, and on the four
different ground classes described above.  Very different and complex patterns are seen.

First consider the simplest case: at intensity MM7.5 houses with concrete foundations have steadily
increasing damage levels as the ground becomes more flexible.  This pattern follows the well
established trends of peak ground acceleration (PGA) and peak spectral acceleration (SA), both of
which usually increase (at this intensity) as the ground becomes more flexible.  However, at the lower
intensity of MM6.4 the pattern is quite different, albeit not statistically significant.
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Second, at intensity MM7.5 houses with piled foundations respond very differently, with those on
Ground Class CD being the most damaged, and the least damaged being on the most flexible soil
(just).  The behaviour of the houses on piles in Figure 1(b) is surprising, but is presumably explained
by dynamic response effects.  The peak response at Ground Class CD may mean that some resonance
is occurring i.e. that the fundamental periods of the houses and the ground are similar in value.  In fact
it is likely that the natural period of vibration for piled weatherboard houses and Ground Class CD are
both about 0.4 seconds.

Next we turn our attention to differences in damage levels on Ground Classes C and D over a wide
range of intensities, MM6.4-MM10.5, as plotted on Figure 2. The different response characteristics of
houses with the two different foundations are clearly seen. Houses on concrete foundations generally
are more damaged on Ground Class D than those on Ground Class C over a wide range of intensities,
while the reverse is the case for houses on unbraced pile foundations.  This phenomenon appears to be
a result of the difference in fundamental periods of vibration of the houses depending on their
foundation type.

One anomalous point warrants discussion.  Consider houses with concrete foundations on Ground
Class D and at intensity MM7.0 (Figure 2(a)), for which Drm is zero. It seems likely that this data
point, based on only 11 houses, is not representative, and that a larger sample would have resulted in a
Drm value greater than that found for houses on Ground Class C.

A feature of Figure 2(b) requiring explanation is the values of Drm for Napier at intensity MM10.5.
These values are much lower than that of 0.30 for piled houses in the village of Inangahua.  The
absolute values of the damage ratios for houses in Napier are much lower than they would be
otherwise, because repair costs were minimized because of the economic slump at the time of the
earthquake in 1931.

6 DISCUSSION

The relative damage levels found for houses on unbraced piles and their contents on Ground Classes C
and D are the reverse of what was expected.  The mean damage ratio is mostly lower for Ground Class
D than it is for Ground Class C, the difference being statistically significant in about half of the
comparisons made. A possible explanation for Ground Class D showing smaller responses than
Ground Class C (particularly for MM7.0 and MM7.5) is that it is a frequency content effect.  In these
cases the response spectrum amplitudes at periods close to the fundamental period of the houses may
have been much smaller on Ground Class D than on Ground Class C.

A feature of the microzoning carried out in this study (as in that for Napier (Dowrick et al., 1995))
which is not ideal, is that the ground classes were assigned only from interpretation of the surface
geology and minimal good subsurface information on material variability and depths to bedrock. This,
of course, is a common problem in the creation of microzoning maps, except in limited areas. It
follows that in order to understand properly the complex behaviour observed in this study, much more
insight into the physical nature and dynamical properties of a representative range of sites in each
locality, as well as the periods of vibration of the structures, appear to be necessary.  It also seems that
the ground classes themselves should be examined, including the intermediate class CD, and the most
appropriate criteria determined for them. The question also needs to be asked as to what are the
minimum information and modelling which would be required to predict theoretically the results
found here.

7 CONCLUSIONS

1. Over the range of intensities MM6.4 and MM10.5, Drm for weatherboard houses on unbraced
pile foundations is generally higher than for houses on concrete foundations, sometimes by a
factor of  two or three.

2. At intensity MM7.5, Drm for weatherboard houses on unbraced pile foundations is twice as high
on Ground Class CD as on Ground Classes AB, C and D. This difference is statistically
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significant at the 0.01 level, and could indicate that some soil-structure resonance occurs on
Ground Class CD. This effect is also seen in the contents of the houses.

3. In Greymouth at intensity MM7.5, Drm for weatherboard houses on concrete foundations
excluding chimney damage increases 2.4 times with increasing ground flexibility (or decreasing
strength) from Ground Class AB to CD, the difference between Drm for Ground Classes CD and
AB being statistically significant at the 0.01 level.

4. For houses on unbraced piles, Drm is mostly lower for houses and contents for Ground Class D
than for Ground Class C, for intensities MM6.4 to MM10.5 (except when ground damage
occurs), the difference being statistically significant in about half of the comparisons made. This
may result from differences in frequency content of the ground shaking.

5. Microzoning maps need to be based on more information than that on surface geology maps,
and the required extra criteria (such as engineering properties of the soil and structures) need to
be better understood.  The importance of soil-resonance cannot be over-emphasised.
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Table 1. Sample of basic statistics of the distribution of damage ratio by class of domestic
property, in the 1968 Inangahua earthquake, for intensity MM6.4.

Property Class n N µ σ Drm rD
MM6.4 Nelson excl. chimney damage
1 storey houses, w/b, unbraced piles
GC AB 6 174 -5.96 1.13 13x10-5 9.4x10-5

GC C 19 64 -5.86 1.37 8.1x10-5 6.0x10-5

GC CD 9 418 -5.85 1.32 12x10-5 10x10-5

GC D 6 218 -5.99 0.87 8.2x10-5 7.3x10-5

1 storey houses, w/b, concrete foundations
GC AB 3 224 -5.30 0.76 8.2x10-5 9.0x10-5

GC C 9 599 -6.17 0.98 4.0x10-5 4.4x10-5

GC CD 2 92 -6.02 1.27 3.2x10-5 2.1x10-5

GC D 3 53 -6.68 1.15 20x10-5 16x10-5

* w/b = weatherboard

Table 2. Sample of basic statistics of the distribution of damage ratio by class of domestic
property, in the 1968 Inangahua earthquake, for intensity MM7.5 (from Dowrick et al. (2003),

revised)
Property Class n N µ σ Drm rD
MM7.5 Greymouth excl. chimney damage
1 storey houses, w/b, unbraced piles
GC AB 21 60 -5.54 1.13 0.0020 0.0019
GC C 343 934 -5.71 1.12 0.0021 0.0018
GC CD 198 391 -5.43 1.15 0.0041 0.0040
GC D 14 40 -5.45 1.12 0.0020 0.0017

1 storey houses, w/b, concrete foundations
GC AB 14 60 -6.16 1.41 0.0008 0.0010
GC C 70 216 -5.84 1.25 0.0017 0.0018
GC CD 84 242 -5.67 1.08 0.0018 0.0021
GC D 0 0 - - - -

Household contents, unbraced piles
GC AB 21 66 -5.03 1.01 0.0030 0.0031
GC C 238 985 -4.78 1.07 0.0036 0.0031
GC CD 151 399 -4.45 1.10 0.0074 0.0073
GC D 6 41 -4.32 1.68 0.0034 0.0020

* w/b = weatherboard
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Figure 1. Comparison of vulnerabilities of one-storey weatherboard houses on four different ground
classes and two types of foundation.  Mean damage ratios with their 95% confidence limits for houses in
(a) Nelson (MM6.4), and (b) Greymouth (MM7.5).
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Figure 2. Comparison of vulnerabilities of one-storey weatherboard houses on Ground Classes C and D over a
wide range of intensities.  Mean damage ratios with their associated 95% confidence limits for houses with (a)
concrete foundations, and (b) unbraced piles.
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