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ABSTRACT: The February 22nd earthquake resulted in much damage to houses from 

lateral spreading and liquefaction, but with the epicentre close to the hill suburbs and 

Lyttelton substantial shaking damage to houses occurred.  Shaking damage in flatter areas 

was generally less due to the distance from the epicentre. Also, the slab on ground and 

low piled foundations with concrete walls on the flat in Christchurch provided a 

behavioural advantage.  Although the intensity of the shaking was similar to what might 

be expected from a larger earthquake on a fault such as the Wellington fault the duration 

was short.  Despite the short duration of shaking some houses moved on foundations and 

damage to foundation walls occurred.  Poor construction was observed to result in 

increased levels of damage.  At least some damage to brick claddings was very common, 

but mostly limited to cracking with little damage to flexible claddings such as 

weatherboard.  Newer brick veneer appeared to perform better.  Most damage to linings 

was at sheet joints in gypsum plasterboard, and cracks from opening corners with 

diagonal cracking more common in lathe and plaster and fibrous plaster linings. The 

paper will describe the behaviour of houses affected by shaking rather than liquefaction. 

1 INTRODUCTION 

Christchurch and the surrounding areas have been subjected to major earthquakes on 4
th
 September 

2010, 22nd February 2011 with a large number of aftershocks, the largest of which were two that 

occurred on June 13
th
 2011.  Shaking damage to houses in the September earthquake was mainly 

confined to the small number of houses close to the rural epicentre of the earthquake, with most 

damage due to liquefaction and lateral spreading, rather than directly from earthquake shaking.  The 

level of shaking damage from the February 22
nd

 and June 13
th
 events was located mostly around the 

Port Hills and Lyttelton, which were closest to the epicentre.   

The majority of houses in New Zealand are light timber frame construction. These generally perform 

well in earthquakes, with their inherent flexibility, low mass with resultant low inertial forces and 

good bracing in the superstructure provided by internal gypsum plasterboard linings. Known 

weaknesses are unreinforced brick chimneys, poorly secured brick claddings, unsecured hot water 

cylinders and header tanks, and poor foundation bracing.   

The performance of houses has been described as “good” and in terms of their performance with 

respect to the life safety expectations of the New Zealand Building Code (NZBC) it was good.  

However, the cost of damage, an aspect not currently considered in the NZBC, was significant, with 

the cost of repairing and replacing damaged houses likely to exceed $10 billion, the performance can 

hardly be described as good.  With about 1.5 million dwellings in New Zealand with an average 

replacement cost of say $250,000, there are about $375 billion worth of houses in New Zealand.  

Hence research into the performance of houses in earthquakes, and methods to improve it, is critically 

important.  To this end, damage to houses by the Christchurch earthquakes has been assessed in a 
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survey by BRANZ.  To our knowledge this is the only comprehensive randomised survey of 

earthquake damage to houses that has been carried out.  This paper is one of two at this conference 

regarding this survey.  The other is entitled “The influence of stiffness variation on the performance of 

houses in earthquakes”, By Graeme Beattie and Angela Liu. 

2 SURVEY METHODOLOGY 

BRANZ undertook a survey in August and September 2011 to assess the overall level of Damage.  

Randomly selected blocks of houses within randomly selected census mesh blocks were surveyed for 

their type of construction, size, geometry, claddings, external openings and other salient features.  

Type and extent of damage to the foundations, claddings, wall linings, structure and other features of 

the property were recorded.  The survey was focused on getting an overall picture of damage, rather 

than concentrating on the worst damage and a total of 314 houses were surveyed in an area ranging 

from Redwood and Marshland to North New Brighton and south to Halswell, Lyttelton and Taylors 

Mistake, with the survey blocks shown in Figure 1. 

 

Figure 1.  Extent of Survey Area. 

One of the aims of the survey was to compare damage with local shaking intensities in order to better 

predict overall damage in future earthquakes that may occur elsewhere in New Zealand or in 

Christchurch.  The results cannot be applied directly elsewhere, as the housing stock varies in style 

and other features, for example brick cladding and heavy tile roofs are more common in Christchurch 

than elsewhere.  As most of Christchurch is flat, foundations tend to be lower, less likely to be 

significantly higher on one side than the other and slab-on-ground and concrete perimeter wall 

foundations are more common than elsewhere.  By collecting details about the houses surveyed it is 

possible to modify the results to better predict damage ratios elsewhere by accounting for these 

differences.  

Much damage to light timber frame houses from the Canterbury Earthquake was due to liquefaction 

and lateral spreading.  The type of foundations used in Christchurch, with mostly flat or gently sloping 

sites, are slab on ground or perimeter concrete walls resisting gravity and lateral loads with internal 
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ordinary piles, which resist gravity loads only. These foundations are usually quite low with 600 mm 

or less of ground clearance below framing and have little difference in height across the plan of the 

building. This is in contrast to Wellington and other cities where fully piled foundations are more 

common. With a large proportion of sloping sites, heights of foundations may vary considerably 

across a building, causing significant torsional effects, resulting in higher displacements and/or loads 

on some foundation elements.  

The survey was carried out by BRANZ staff and contractors, and staff from Victoria and Canterbury 

Universities.  As with any survey there is some inconsistency between surveyors and as much 

information had to be gleaned from house occupants, many of whom were distressed by the damage to 

their houses, individual records may contain some inaccuracies but this is not thought to affect the 

overall results.  Due to pressure of time and difficulties of access, concealed spaces such as sub-floors 

and roof spaces were not always checked and reasonable assumptions about type of structure were 

made and it is likely that damage in these area was underestimated when it was not apparent from 

outside.  A detailed multi-variable analysis has not yet been carried out. 

3 SUMMARY OF DAMAGE 

Most houses were not significantly damaged in all three significant earthquakes, but some were 

significantly damaged by two of the three earthquakes and further damage was caused by other 

aftershocks.  Of the 314 houses surveyed 167 were damaged in the September earthquake, 237 in 

February, and 136 in June.  It is not known when 20 houses were damaged.  Some houses, notably in 

Lyttelton were damaged more in the June aftershock, than the February Earthquake despite the 

shaking intensity being lower.  Only 10% of houses surveyed had sustained no damage, but in many 

houses it was limited to joint cracks in plasterboard linings, cracking in fibrous plaster or plaster and 

lathe.  The results are preliminary only and detailed analysis on relationships between the variables has 

not been carried out.  There is overlap in the tables due to houses having more than one cladding, 

lining and/or foundation type which has not yet been removed  

3.1 Cladding systems 

Most houses had some type of masonry cladding on the lower floor (Table 1).  Weatherboard was 

next, then stucco.  The balance was plywood or fibre cement sheet, EIFS or similar monolithic 

systems and other systems.  It must be noted that the figure for masonry includes brick, stone and 

concrete block veneers as well as some structural brick houses as the data has not yet been reduced to 

differentiate these.  As some houses had more than one type of cladding the total adds to more than 

100%.  Details of damage to weatherboard, sheet and other systems were not specifically recorded as 

it was rare. 

Table 1.  Types of Claddings, note that the percentage totals more than 100% as some houses 

have more than 1 type of cladding on one or both floors. 

Exterior Cladding No. Houses % Houses  

ground floor  upper floor  ground floor  upper floor  

Weatherboard 98 36 31 44 

Stucco 42 7 13 9 

Masonry 162 14 52 17 

Sheet Product 22 17 7 21 

Monolithic/EIFS 21 7 7 9 

Other 17 15 5 19 

Total 362 96 115 119 

Some damage was sustained to 76% of the cladding on houses with stucco cladding in the surveyed 

area, 72% of houses with masonry cladding, and 67% of houses with monolithic cladding.  Damage to 
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stucco cladding was less severe than for masonry claddings with only 10% of the houses damaged 

having cracking over 50% or more of the exterior, and no record of stucco falling off the building 

(Table 2).  As well as having slightly higher levels of cracking, about a quarter of masonry clad 

buildings had a significant proportion where cladding fell off or was detached or unstable,  (Figure 2).  

Almost all masonry clad buildings with more than 10% of cladding fallen, detached or unstable were 

in hill suburbs, with the balance mostly being houses with separate foundations for the brick veneer 

and the internal framing that are structurally isolated.  Although with significant cracking a re-clad is 

likely to be required, immediate action to waterproof or make safe is not usually necessary.  Detached 

or unstable masonry is a hazard and fallen masonry exposes framing and internal wall linings to the 

elements whereas moisture entering cracked masonry is likely to be shed via the cavity.   

Table 2.  Percentage of stucco, masonry and monolithically clad houses with different types of 

damage. 

Cladding 
% Cracked 

% Fallen, Detached or  
Unstable 

% Cracks over Substrate 
joints 

>50% 10-49% <10% >50% 10-49% <10% >50% 10-49% <10% 

Stucco 10 26 38 0 0 0 - - - 

Masonry 12 18 41 11 6 8 - - - 

Monolithic 0 5 10 0 0 0 5 24 38 

 

Figure 1.  House with cracked, loose and dislodged bricks 

Generally houses with brick cladding built after 1980 had less damage to masonry claddings.  Many of 

the houses with significant damage to masonry veneers had few or no brick ties or ties were of older 

types, such as wire fixed to the framing with wire staples.  If the veneer was undamaged or was only 

cracked on a house it was not possible to see them, but it would be reasonable to assume that houses 

built after 1980 were far more likely to have good brick ties, properly spaced, and if built after 1995, 

should have screw fixed brick ties (Thurston 2012), which would result in more recently built houses 

with masonry veneers having less damage.   

The majority of houses surveyed with monolithic cladding suffered from some form of cracking, but 

only 21 houses of this type were surveyed.  Although these types of cladding are susceptible to 

damage from movement from earthquake shaking and ground movement it is generally confined to 

cracking around openings and is relatively east to fix (Buchanan et al. 2011). 
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Over half of the houses surveyed had sheet roofing (59%), 23% were heavy tiles and 15% metal tiles.  

The balance (3%) was shingles and other roofing types.  Overall damage to roofs, that is a split or 

miss-alignment only occurred in 4% of the sample and 2% were damaged by falling chimneys.  Heavy 

tiled roofs appeared to be about three times as likely to suffer this sort of damage, but as few houses 

had this type of damage this is inconclusive.  Details of the type of damage were assessed for tile 

roofs. One third of tile roofs had some damage that was observable from the ground, but most of these 

(60%) had damage to less than 10% of the roof area.  About half the damage was dislodged tiles 

(Figure 3).  These figures are likely to be under-reported as not all damage was obvious from ground 

level.   

 

Figure 3.  Dislodged tiles 

3.2 Lining systems 

Plasterboard linings were most common, with 70% of houses being lined with plasterboard, next was 

lathe and plaster, then fibrous plaster (Table 3).  Timber and other linings were present in 8% of 

houses.  The total adds to more than 100% as some houses had more than one lining type.  Most 

houses had damage to linings with 85% of houses having damage to wall linings and 73% with 

damage to ceiling linings (Table 4), although in many houses it was limited to some small cracks. 

Table 3.  Percentage of different types of wall linings with different types of damage. 

Joint cracks were the most common form of damage, with 72% of house suffering from them (Figure 

4).  Wall linings rarely became detached.  Diagonal cracks were rare in houses that only had 

plasterboard, most of those recorded were in houses that have plasterboard and other lining types, but 

the type of lining in which damage occurred in a house with more than one lining type was not 

recorded.  Most of the diagonal cracking that did occur in plasterboard appeared to be at the corners of 

openings, and some was observed in houses that suffered from severe sagging and hogging in the 

foundations due to ground movement.  Some data in the table initially seems incorrect, but can be due 

Wall Lining % 
% With other 
type of lining  

%  
Undamaged 

% Joint Cracks % Diagonal Cracks % Detached 

>50 10-49 <10 >50 10-49 <10 >50 10-49 <10 

Plaster-board 70 18 14 6 33 43 2 8 8 0 2 2 

Fibrous plaster 7 32 16 16 56 0 4 24 0 0 4 0 

Lath & plaster 16 57 7 4 32 34 5 32 11 0 7 2 

Timber 4 100 14 7 21 50 14 7 7 0 14 0 

Other 4 54 38 8 38 15 0 0 0 0 8 8 

Total  
 

32 15 6 34 38 3 13 8 0 3 2 
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to damage to other lining types, for example the 14% of houses that had lining detach in houses with 

timber linings are more likely to be other types of linings.    

Table 4.  Percentage of different types of ceiling linings with different types of damage. 

Ceiling Lining % % 

undamaged 

% Fixings popped % Joint cracks % Diagonal cracks % Sheets fallen 

>50 10-49 <10 >50 10-49 <10 >50 10-49 <10 >50 10-49 <10 

Plasterboard 97 28 1 2 10 4 18 28 1 3 4 0 1 2 

Fibrous Plaster 16 20 0 0 6 2 20 18 0 27 4 0 2 0 

Total 
 

25 1 1 9 3 19 27 1 6 4 0 1 1 

      

Figure 4.  Joint cracks in Gypsum Plasterboard (left) and Diagonal cracks in Fibrous Plaster (right) 

As with wall linings, joint cracks were the most common form of damage in ceiling linings, with 49% 

of houses suffering from them.  Diagonal cracks were relatively rare in plasterboard ceilings but far 

more common (27%) in fibrous plaster ceilings.  It was unusual for sheets to fall, but some popped 

fixings occurred in about 10% of houses.   

Diagonal cracks were far more common in wall linings than ceiling linings, probably due to the 

influence of openings in walls, when most ceilings are continuous.  There is some evidence of two 

general trends.  The first is that the percentage of joint cracks in plasterboard tends to increase with the 

age of the house.  This is in part due to better jointing methods, with earlier joints tending not to have 

any reinforcing and more recently the use of stronger, paper jointing tape.  In some cases the lack of 

jointing tape in newer houses appeared to have contributed to the damage.  The second, weaker trend 

is that houses with one wall that was mostly openings appeared to suffer more lining damage.  

3.3  Foundations 

The majority of houses in the sample had either a concrete perimeter wall and piles, or a slab on 

ground (Table 5).  The table shows what sort of foundations houses had, rather than defining a 

foundation layout.  The most common combination was a concrete perimeter wall with concrete piles, 

then slab on ground.  Some houses also had different foundation types in different areas of the house, 

particularly houses with additions or attached garages, or houses on sloping sites   

Table 5.  Types of foundations in the Sample. 

Foundation Type % 

Slab 31 

Piles & Concrete Perimeter Wall 63 

Poles 11 

Concrete Retaining Wall 4 

Timber retaining Wall 1 

Other 5 



7 

It can be difficult to distinguish between damage to foundations caused by shaking and that caused by 

ground movement.  In some cases it appeared that soft soil under houses allowed movement of the 

house relative to the ground.  Half of perimeter walls surveyed were cracked, and 10% of piles were 

miss-aligned and 10% leaning.  Piles under houses with perimeter walls were inspected by looking 

through access hatches, but frequently time constraints or lack of access precluded this, so damage to 

internal foundations may be under-reported.  The low levels of damage can be attributed to the 

perimeter walls providing good bearing and lateral load resistance with a stiff floor diaphragm 

transferring loads to it (Buchanan et al. 2011).  The low foundation heights, common in Christchurch, 

with 82% of the houses surveyed having a foundation height of 600mm means that most perimeter 

walls have very low aspect ratios and short piles are unlikely to undergo large displacements with the 

potential for piles to rotate in the soil and P-Δ effects.  Some houses had perimeter walls that 

supported the masonry veneer, and a separate pile system to support the framing.  Although not 

detailed in the survey this appeared to result in more cracking in masonry veneers and a higher 

likelihood they would fall off.  This was known to be a problem after the Edgecumbe earthquake 

(BRANZ 1987), as shown in Figure 5a.  

       

Figure 5a, Separation between isolated perimeter wall and pile foundations, Edgecumbe (left), (BRANZ 

1987) and Figure 5b, House moved off its foundations in Lyttelton (right). 

Slab on grade floors appeared to perform well under earthquake shaking, but assessing their 

performance is complicated by the effects of liquefaction and lateral spreading.  The performance of 

other types of foundation has been reported elsewhere, notably in Buchanan et al. (2011), and poor 

performance was observed in houses that were not part of the survey cohort (Figure 5b).  This 

information highlights a number of issues, but more analysis is required to draw any conclusions from 

this survey. 

3.4 Other Findings 

One observation of interest, that home owners made, was that their houses creaked more in the wind, 

even in houses with little or no damage, or where damage had been repaired.  This would be due to 

fixings loosening slightly during the earthquakes, reducing the stiffness of the house and allowing 

more movement.  

4 DISCUSSION 

This survey has produced a lot of very valuable information, and will continue to do so as further 

analysis is carried out.  The results should be used with caution however.  Types and methods of 

construction vary across the country, for example in a survey done in 2006 (Irvine 2007), in 
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Wellington 27% of houses had perimeter concrete walls compared with 63% in this survey in 

Christchurch.  Similarly 13% of houses had masonry wall or claddings compared with 52% in the 

Christchurch Survey.  Many of the results are conditional, for example types of claddings vary 

depending on the age of a house, and different suburbs have different age profiles for their houses.  As 

different suburbs also experienced different levels of shaking it is necessary to compensate for these 

factors before drawing strong conclusions about how shaking may have affected different types of 

claddings.  This applies to many of the variables, but as the analysis becomes more qualified and 

complex, the size of the sample reduces, reducing the level of confidence and increasing the margin of 

error. 

The conclusions from the BRANZ Information Bulletin on the Edgecumbe Earthquake (BRANZ 

1987), have been shown to still hold true by this survey and analysis. 

It also must be remembered that although this earthquake produced extremely high levels of shaking, 

it was of relatively short duration (DBH 2012).  It is likely earthquakes in other parts of New Zealand 

will have different characteristics that may well result in better performance of houses (and other 

buildings) in some ways, and worse in others.  It is possible with a longer duration of shaking houses 

with racking in the foundation level or a ground floor soft-storey may well have collapsed, due to the 

well known degrading stiffness of timber connections as load is cycled combined with P- Δ effects. 

5 CONCLUSIONS 

Almost all houses in the survey area had damage to linings, and most houses with masonry, stucco or 

monolithic claddings had at least some damage to claddings.  One quarter of houses with masonry 

cladding had loose, detached or masonry units that had fallen off.  Good modern workmanship, with 

screw fixed modern brick ties on masonry veneers and well taped joints in plasterboard appear to have 

helped to limited damage. 

Low foundation heights and the preponderance of concrete perimeter foundation walls in 

Christchurch, appear to have limited damage to foundations and due to foundation failure, through 

most of Christchurch.  Foundations issues in the hill suburbs have been found outside the survey 

cohort and the survey data requires further analysis. 

Survey results should be used with caution as other parts of New Zealand have different profiles of 

housing stock, and another earthquake is likely to exhibit different shaking characteristics.   
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