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ABSTRACT: Five days after the 2010 Darfield earthquake, an external photo survey of
pounding damaged structures was performed in Christchurch’s Central Business District
(CBD). This paper presents three case studies with unique pounding damage
characteristics identified during the survey. Typical building configurations where
pounding was anticipated but not observed are also described and reasons for the apparent
lack of damage are examined. This paper compliments a recent paper by the authors in
the NZSEE bulletin, which examined the typical and extreme forms of pounding damage
observed during the damage survey.
1 INTRODUCTION
During earthquakes, buildings with inadequate separation to neighbouring buildings can collide. This
type of collision can cause significant damage to one or both buildings and is termed ‘building
pounding’. On the 4th of September 2010, a 7.1 Mw earthquake occurred 30 km west of Christchurch,
New Zealand (Wood et al. 2010). Five days after this event, an external photo survey of pounding
damaged structures was performed in Christchurch’s Central Business District (CBD). Pounding
damage was surveyed throughout the CBD, in an area roughly bordered by Gloucester St, Madras St,
St Asaph St and Oxford Tce. This paper presents case studies of buildings observed during the survey
to provide a more detailed insight into types of pounding damage observed in the Darfield event.
Other building configurations are also presented where pounding damage was anticipated but not
observed.
This paper compliments the work presented by the authors in a recent NZSEE bulletin (Cole et al.
2010a), which describes the typical and the extreme forms of pounding damage observed in the
Darfield event. The bulletin paper concludes that predominantly minor pounding damage was
observed in Christchurch CBD, with the more severe pounding damage observed only in unreinforced
masonry buildings. However, when evidence of pounding was observed, the damage patterns typically
displayed the initial stages of collapse mechanisms forming within the buildings.
It is intended that the combination of the NZSEE bulletin paper (Cole et al. 2010a) and the paper
present herein will provide a clearer understanding of both typical and unsusual pounding damage
sustained during the Darfield event.
2 CASE STUDIES OF POUNDING DAMAGE
This section presents three case studies of pounding damage from the 2010 Darfield earthquake. The
case studies are indicative of the typical severity of pounding damage. However, each case study was
selected due to their unique damage characteristics. These characteristics should not be considered
typical for Christchurch’s building stock. Further information on typical pounding damage is
presented in (Cole et al. 2010a).
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2.1 Corner High St and Tuam St
Figure 1 to Figure 4 present the building layout and pounding damage observed at the corner of High
St and Tuam St. Note some photos in this paper have image distortion as a result of being assembled
from multiple smaller photos. Photos that have been manipulated are indicated in their captions.
Pounding damage of varying degrees occurred at the interfaces of all buildings outlined with colour
borders in Figure 1. Damage between buildings 4 and 5 was limited to a single vertical crack located
in the centre of a shared party wall, and is not illustrated. The party wall is actually two separate walls
with a cold form joint running the length of the interface. Relative movement between the walls
caused a minor crack at this joint.
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Figure 1 Plan of Corner High St and Tuam St (Google 2010)
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Figure 2 High St facade (assembled photo)
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Figure 3 Tuam St facade (assembled photo)
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Figure 4 Details of High St/Tuam St facade damage

The facade damage observed between building 1 and building 2 (labelled A in Figure 4) occurred at
the roof level and parapet of building 1. The damage is primarily caused by the change in the facade
line between the two buildings. Any loading due to pounding induces out of plane shear in the
protruding interface wall. This form of damage is considered to be particularly dangerous, as it could
cause complete separation of the front facade and the interface wall running perpendicular to the
street. Such damage greatly increases the chance of failure of either wall. No pounding damage was
observed in building 2 at this location.
The damage to the facade either side of building 3 (labelled B and C in Figure 4) is minor and
cosmetic. The damage at B is consists of cracking of masonry, a small amount of which fell from
building. This damage may not have actually been caused by pounding, but its location at the building
interface means pounding is likely to have contributed to the damage. The damage at C occurs only in
the ornamental stonework which protrudes from the wall. Two small decorative sections fell from the
facade. No damage to structural components of the wall was observed in these locations. Parapet
collapse also occurred at the top of the wall running along the interface between buildings 3 and 4.
While pounding is a contributing factor to this collapse, it is unlikely to be the primary cause (Cole et
al. 2010a).
The damage observed in the above buildings is not attributed to irregular geometry, despite one
building being located on a corner of two roads. This is because no signs of torsional damage were
observed. The susceptibility of these buildings is instead attributed to their masonry construction and
age.
2.2 Madras St
A.

B.
C.

Figure 5 Madras St building layout (assembled photo)

Figure 5 and Figure 6 display the pounding damage observed between three buildings along Madras
St. Pounding damage occurred predominantly in two of the buildings’ parapets (Figure 6A). Cracking
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was also observed in the parapet at the right corner of the central building, which cannot be attributed
to pounding (Figure 6B). However, additional parapet damage is evident at A. Typically, building
parapets sustain damage at their connection to the roof since this is the location of maximum flexural
stress. The initiation of this form of failure can be seen in Figure 6A as a 45 degree crack starting at
the roof level of the central building’s edge. Cracking of this type is consistent with parapet failure
along the wall perpendicular to the street face. However, another form of damage is present at the top
corners of the two parapets. The top corners of both parapets have ‘broken off’ and fallen from the
buildings. This damage is caused by a brittle fracture resulting from collision.
A.

B.
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Figure 6 Madras St pounding damage details (Contrast increased and greyscaled to emphasize cracks)

Figure 6C displays a cracking pattern only observed in one other building in the CBD. The observed
cracking is similar to column shear cracking, however the it passes directly through a beam column
joint. The cracking could be due to local concrete crushing from momentum transfer between the
buildings.
2.3 Manchester St

A.

Figure 7 Manchester St building layout (Google 2010)

Figure 7 and Figure 8 present an atypical form of damage only observed in one building on
Manchester St. A single wide crack ran from the adjacent building parapet to a nearby window frame.
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Another crack ran from the apex of this window frame to the window immediately above. The
cracking is noteworthy as no other window in the building displayed this form of damage, despite their
almost identical geometry. The structural significance of these cracks are difficult to determine
without more detailed internal surveys.
A.

Figure 8 Manchester St damage at building interface (Contrast increased and greyscaled to emphasize cracks)

3 BUILDING CONFIGURATIONS WITHOUT APPARENT POUNDING DAMAGE
3.1 Buildings with sufficient separation to prevent pounding

Figure 9 Evidence of relative moment between buildings: deformed separation cover/flashing
(left photo assembled)

Building pounding can be avoided by providing separation to neighbouring structures. The required
building separation is dependent upon both buildings’ heights and structural system. Typical building
separation ranges between 0 to 200 mm in New Zealand cities. When gaps form between adjacent
buildings, they are frequently covered with some form of flashing. In an earthquake, the relative
movement of buildings damages these flashings. During the CBD survey, evidence of flashing damage
was sought. However, only one damaged flashing was observed (Figure 9). The lack of evidence of
relative movement is attributed to the prevalence of low rise structures in Christchurch, and the
infrequent use of flashings between buildings in Christchurch.
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3.2 Performance of buildings in series
Building configurations susceptible to pounding damage have been identified from numerous previous
earthquakes (Jeng and Tzeng 2000; Cole et al. 2010b). One of these configurations is characterised by
multiple buildings in series with zero separation. Typically, the two end buildings in a given row
suffer much greater damage due to the additional momentum transferred from the internal buildings.
In the course of the Christchurch building survey, the authors specifically sought buildings with this
type of configuration to observe the resulting damage. However, only one building’s damage could be
attributed to being located in a series. This building has been described in detail previously (Cole et al.
2010a).

Figure 10 Plan of buildings in series on High St (Google 2010)

Figure 11 Front elevation of buildings in series on High St (assembled photo)

Figure 10 and Figure 11 present a plan and an elevation for one example of buildings that were
expected to suffer damage but were observed to be undamaged. The buildings vary from three to four
storeys, frequently have irregular plan layouts and also vary widely in age. The lack of damage can be
attributed to multiple factors, including the orientation of the street, and the low level of excitation of
buildings with periods of less than 0.3 seconds (Cousins and McVerry 2010). However, even taking
these factors into consideration, some pounding damage was expected and yet very little was
observed.
3.3 Adjacent buildings with greatly differing total heights
Adjacent buildings with largely differing overall heights are also known to be particularly vulnerable
to pounding, due to the large differences in natural period (Jeng and Tzeng 2000). Figure 12 and
Figure 13 were observed to show no signs of external damage, despite multiple buildings having no
apparent signs of building separation and greatly differing heights. This absence of damage cannot be
explained by the level of earthquake excitation, as the taller buildings are known to have been excited
to around the design basis earthquake, or greater (Cousins and McVerry 2010). It possible that internal
seismic gaps exist between the tower structures and their surrounding podiums. Seimic gaps in these
locations would allow relative movement between the taller buildings tower and their podiums, greatly
reducing the podium’s deflections. This reduction in displacement may be enough to prevent
significant collision with adjacent buildings.
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While the configurations presented in this section did not suffer pounding damage, similar building
configurations are still considered vulnerable to pounding damage in a large earthquake. Severe
damage to buildings of this type of configuration has been observed in numerous previous earthquakes
(Bertero 1986; Kasai and Maison 1997).

Figure 12 Plan view of buildings (Google 2010)

Figure 13 Elevation of buildings (assembled photo)

4 CONCLUSIONS
Three aspects of interbuilding pounding damage have been presented;
• Three case studies detail unique forms of damage resulting from pounding. The observed
damage includes cracking and failure of parapets, and both column and wall cracking in
masonry buildings.
• Evidence of relative building movement due to damage of building flashings was not generally
observed. This is attributed to the predominately low building height in Christchurch CBD and
the infrequent use of flashing between buildings.
•

Two building types where pounding damage was expected but not observed are described.
Multiple buildings in series, and adjacent structures of greatly differing overall heights were
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both not typically observed to have pounding damage. The absence of these forms of damage
is attributed to the characteristics of the ground motion and unique building details. Similar
building configurations are still considered to be vulnerable to pounding damage in a large
event.
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