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ABSTRACT: The recent Darfield earthquake caused failure of numerous parapets and 
unreinforced masonry (URM) buildings throughout the Canterbury region. While such 
collapses continue to be extensively studied, the effects these buildings have on their 
immediate surroundings are commonly overlooked. The threat local and global building 
failures pose to public streets and neighbouring buildings are presented in this paper. 
Examples from the Darfield earthquake are presented to identify a new category of hazard 
termed ‘adjacent building hazard’. In many instances, the safety of a building’s occupants 
was found to be primarily endangered by adjacent building hazards. Buildings likely to be 
at risk from neighbouring parapets or URM buildings are known to exist throughout New 
Zealand and can be easily identified. The authors argue that the severe consequences of 
this hazard, and the relative simplicity of identifying susceptible buildings produce a 
moral imperative to inform the public of adjacent building hazards. A process to inform 
all stakeholders of the risks from adjacent building hazard is proposed. This process is 
designed to provide all relevant parties with accurate information and to encourage 
retrofit of buildings that are likely to put neighbouring buildings at risk during 
earthquakes. Finally, this paper highlights how hazardous buildings greatly endanger 
people other than the building’s occupants. 

1 INTRODUCTION 

The poor response of unrestrained parapets and unreinforced masonry (URM) buildings in earthquakes 
has been widely recognized for decades (NZNSEE 1973). However, while the risks these buildings 
present to their occupants are frequently stated, the risks to their immediate neighbours are almost 
completely overlooked. This paper illustrates the threats such buildings pose to their surrounding 
neighbours and the immediately adjacent street. In this paper, parapet or URM building failure that 
endangers adjacent buildings is termed ‘adjacent building hazard’ or ABH. This term could be 
generalised to also include other types of structural failure that affects adjacent buildings, however this 
is outside the scope of this paper. Buildings with high susceptibility to parapet or URM failure are 
termed ‘failure prone buildings’. Examples from the 2010 Darfield earthquake are examined to 
demonstrate the extent of ABH in Christchurch city. The resulting damage is found to be extremely 
hazardous to occupants of adjacent buildings, in addition to the occupants of the failure prone 
building. Furthermore, very little effort is required to identify this hazard. The authors argue that ABH 
warrants nationwide notification to parties who may be affected by adjacent buildings during an 
earthquake. A process is subsequently proposed to inform all relevant stakeholders of this specific 
hazard with the aim of affecting meaningful changes to these failure prone buildings. This procedure 
differs from traditional approaches because it also produces social pressure encouraging owners to 
retrofit unrestrained parapets and unretrofitted URM buildings. 

2 ADJACENT BUILDING DAMAGE IN CHRISTCHURCH CITY 

Figure 1 illustrates two examples of the failure of URM buildings in Christchurch city in the 2010 
Darfield earthquake, while Figure 2 displays parapet failure from the same event. These types of 
failure were frequently observed in the Darfield event (Dizhur et al. 2010), despite the relatively low 
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excitations of buildings in this period range (Cousins and McVerry 2010). The effects these failures 
have on neighbouring buildings are immediately apparent. The out-of-plane URM wall failures cause 
dislodged masonry units to ‘rain’ upon the adjacent buildings. When the URM walls fail, the masonry 
units fall either into the building interior, or outwards to the building exterior. Based on the damage 
observed in the Darfield earthquake, failing masonry is more likely to fall outwards during an 
earthquake. This is attributed to the partial restraint provided by the roof and other walls of the failing 
building. Parapet failure behaves in a similar fashion, but is more likely to fall in large continuous 
sections. 

  
Figure 1 Examples of masonry failure affecting neighbouring buildings 

  
Figure 2 Examples of parapet failure onto adjacent buildings 

Damage to the adjacent building typically involves local or global failure of the roof structure due to 
falling debris. Failure of this form is often sudden and provides little to no warning to the building’s 
occupants, other than the shaking of the earthquake itself. Taller adjacent buildings may instead suffer 
damage to walls from adjacent flying debris. Wall damage is typically less severe because the 
dislodged debris’ trajectories generally cause glancing blows. While some residential buildings are at 
risk from neighbouring buildings, they are relatively infrequent. This is due to the comparatively large 
sections residential buildings typically occupy, which allows much greater separation between 
adjacent buildings. Instead, small commercial buildings within and immediately surrounding the 
central business district (CBD) are most likely to be affected. Throughout the CBD, little space exists 
between adjacent buildings due to the high value of the surrounding land. 

Adjacent buildings that are susceptible to damage from failure prone buildings are termed ‘at risk 
buildings’. The adopted terminology is illustrated well in the left photo of Figure 1, where the at risk 
single storey building suffered damage from the neighbouring failure prone second storey building. 
Based on observations from the Darfield earthquake, the buildings most at risk from ABH typically 
have little to no building separation and are shorter than the adjacent building by at least one storey. 
Smaller adjacent buildings at a greater risk due to the debris falling at a higher velocity onto their 
roofs. Single storey timber buildings with light weight roofing are particularly vulnerable. Small, light 
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weight buildings typically perform well in earthquakes and usually incur little or no structural damage 
from the earthquake ground motion. The safety of the occupants in this type of structure is thus 
primarily endangered by their neighbouring buildings. 

 
Figure 3 Falling brick hazard to pedestrians 

  
Figure 4 Falling brick hazard to traffic 

Falling debris also affects public access routes, including pedestrian footpaths and roading (Figure 3, 
Figure 4). Members of the public who happen to be walking or driving by an URM building or 
unrestrained parapet are at a similar level of risk to occupants of neighbouring buildings. The issue of 
public safety is further complicated because the risk to any one individual is low. This is because of 
the low probability that a specific person will be next to a specific at risk building when a large 
earthquake occurs. Informing every local individual about such a low risk is therefore inappropriate. 
However, the probability that any person will be next to a specific at risk building during an 
earthquake is considerably higher. Thus this issue is a valid concern for the communities that surround 
buildings with URM or unrestrained parapets.  

For the purposes of this paper, adjacent building hazard refers specifically to the risks to the occupants 
of adjacent buildings. The risk to the general public who are close to at risk buildings during an 
earthquake are not directly addressed in the rest of the paper due to the issues described above. 
However, the risk to the public is also indirectly mitigated through the proposed scheme. 

3 WHY IS ADJACENT BUILDING HAZARD (ABH) DIFFERENT? 

ABH differs from most other earthquake hazards in three aspects;  

• At risk buildings can be easily identified by a trained individual. 
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• The probability of human fatalities in a moderate to large earthquake is high. 

• The potentially affected parties are not explicitly aware of the risk.  

Other hazards fulfil one or two of these criteria; however only one other hazard has been identified to 
date that fulfils all three criteria: unreinforced masonry chimney collapse. The proposed approach 
could also be used to inform owners about the risk presented by chimneys, and this is encouraged by 
the authors. However, the chimney hazard does not present the same issues surrounding ownership 
and is thus excluded from the following discussion. With ABH, the affected parties may not have a 
direct relationship with any decision maker who can affect change to the building in question. This 
issue is addressed later in the paper. If other hazards are identified that fulfil the above criteria, it is 
envisioned that they could also be incorporated into the procedure outlined below. 

4 IDENTIFICATION OF AT RISK BUILDINGS 

The identification of buildings that are at risk from ABH can be quickly assessed by considering three 
basic factors: 

• Whether the distance between the building being considered and any failure prone building is 
sufficiently close to cause damage. 

• Whether any adjacent building is at least one storey shorter than the failure prone building. 

• Whether the failure prone building has been retrofitted. 

Assessment of this form can generally be performed from the street. However in some instances, 
confirmation of any prior retrofit may require consultation with the local territorial authority. 
Alternatively, many territorial authorities can identify potentially affected buildings from their existing 
databases on URM buildings and unretrofitted parapets. Any retrofit must include reasonable steps to 
secure any external wall or parapet that borders an adjacent property or public access route. 

5 THE IMPORTANCE OF NOTIFICATION OF ABH RISKS 

Information dissemination of ABH is important to both specifically inform the immediately affected 
parties and to generally raise earthquake safety awareness. Currently, many owners and tenants of at 
risk buildings are unaware of their building’s increased risk of damage or collapse during an 
earthquake. Knowledge of this risk may affect decisions made by the failure prone building’s owner, 
his/her tenants and the owner and tenants of adjacent at risk buildings. While the ‘diagnosis’ of at risk 
buildings is almost trivial, building owners have not and are not informed of these risks. In fact, 
providing this information to all affected parties is directly aligned with the primary aim of the New 
Zealand Building Act 2004, and the resulting guidelines from the New Zealand Society of Earthquake 
Engineers (NZSEE 1996); 

“The underlying aim of the New Zealand Building Act 2004 is to reduce the risk of death or injury that 
may result from the effects of a significant earthquake on buildings that represent a higher than 
normal risk in earthquake.” 

This aim is also underpinned by the IPENZ code of ethics (IPENZ 2010); 

“Protection of Life and Safeguarding People: Members shall recognise the need to protect life and to 
safeguard people, and in their engineering activities shall act to address this need.” 

It is these considerations that motivate the subsequent proposal.  

6 PROPOSED METHOD OF INFORMATION DISSEMINATION 

This paper proposes a systematic approach by which owners and occupants are informed of a specific 
hazard that is likely in the event of a large earthquake. It is intended that this process becomes a subset 
of the existing council policies on earthquake prone buildings. To the authors’ knowledge, no new 
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national government legislation is required to implement this system. However, both territorial 
authorities and consulting engineers need to ‘opt in’ to the system in order for it to be effective. The 
system is initially intended to specifically address ABH, however a similar system could be employed 
for notification of other hazards. In the view of the authors, consulting engineers can meet these 
responsibilities in the following manner: 

• Any engineer that performs a structural assessment on a building that is endangered by a 
neighbouring failure prone building shall inform their client of this risk. The engineer shall 
also notify the territorial authority of the specific hazard, the failure prone building, and all 
neighbouring at risk buildings. 

• Any engineer that performs a structural assessment of a failure prone building shall inform 
their client of the danger posed to neighbouring buildings. The engineer shall also notify the 
territorial authority of the specific hazard, the failure prone building, and all neighbouring at 
risk buildings. 

It is recommended that direct contact is avoided between the consulting engineer and parties other 
than their client. Instead, the relevant information should be provided to the local territorial authority, 
for its action. This procedure is consistent with the NZSEE guidelines and the New Zealand building 
act 2004, which require the territorial authority to take action on earthquake prone buildings. The 
procedure also ensures a consistent approach for all ABH within a region.  The proposed procedure is 
envisaged to be implemented nationwide, but primarily run by territory authorities. 

Territorial authorities can meet their responsibilities by informing failure prone building owners and 
their tenants of the risk to the building’s occupants and the surrounding buildings. This information 
will also be sent to the owners and the tenants of the adjacent at risk buildings. The information should 
be sent when either: 

• A database of failure prone buildings (or a subset thereof) exists that can be related to a GIS 
based system for identifying adjacent at risk buildings. 

• When information is provided by a qualified engineer, as detailed above. 

Concerned territorial authorities could also actively survey their respective CBDs and surrounding 
areas to quickly identify most ABH within their region. However, it is acknowledged that undertaking 
these surveys may be unfeasible for many territorial authorities. 

7 SOCIETAL IMPACTS OF INFORMING THE PUBLIC ABOUT ABH 

The proposed approach informs all affected occupants of a likely outcome given a large earthquake. 
This approach differs from traditional forms of information dissemination about structural earthquake 
hazards, where the building owner is usually the primary recipient of any supplied information.  Other 
affected parties are commonly only informed via indirect methods. The proposed approach is likely to 
cause arguments between many owners of neighbouring buildings. In the view of the authors, this 
approach is justified because much more serious repercussions will occur during a major earthquake, 
when property is destroyed and people are injured or killed. Most importantly, informing all parties is 
more likely to result in building retrofit, which will potentially save lives. 

The main form of tension between neighbouring building’s owners is likely to be the issue of who 
pays. Structural retrofit is usually expensive, and is commonly paid by the owner of the failure prone 
building. However, at risk building owners are likely to demand immediate action without providing 
any financial assistance. Resolution of these problems will vary in each instance and will ultimately be 
determined by the various building owners.  

Less obvious consequences also exist once all parties are aware of ABH. If no action is taken by the 
building owners they may become legally liable after any building failure caused by an earthquake. 
Insurance claims may also be affected, since the owner of the loss is not necessarily the owner of the 
asset causing damage. At this time, the authors can only speculate on the consequences of these two 
issues since the ultimate outcomes will be determined by other parties, including lawyers and 

5 



insurance companies. However, building owners’ awareness of these factors provides additional 
motivation for retrofit. 

The primary goal of providing this information is to facilitate informed decision making on behalf of 
all involved parties. The two building failure forms described above are particularly well suited to easy 
identification, and have a large probability of causing injury or death in a large earthquake. If no 
action is taken and people are killed by adjacent building hazards in the next large earthquake, 
relatives of those victims and others will justifiably ask “why?”. New Zealand society continues to 
place considerable trust in structural engineers to ensure they live in a safe environment. At an 
absolute minimum, it is our responsibility to warn our society when they are placing themselves at a 
great risk. How society chooses to respond to these risks then becomes a subject for public debate. 

8 CONCLUSIONS 

This paper highlights a common, but frequently overlooked, consequence of parapet and URM failure 
during an earthquake. Collapse of building elements onto adjacent properties is shown to be extremely 
hazardous to people in adjacent buildings. The adjacent buildings at risk from this type of failure are 
characterised by three factors and can be readily identified by either consulting engineers or territorial 
authorities. The authors argue that this hazard’s high risk to life safety and relative simplicity of 
diagnosis produce a moral imperative to inform the public and mitigate the hazard. A method to 
identify adjacent buildings hazards and to disseminate information about these hazards to the affected 
parties is proposed. The procedure could also be employed to include other public safety hazards that 
have high likelihoods. It is anticipated that the proposed approach will cause disagreements between 
some building owners. However this approach is justified because it informs the affected parties of 
their life safety risk during an earthquake, and encourages retrofit of hazardous buildings. The paper 
also illustrates how a single building’s collapse may seriously affect many more people than just the 
building’s owner and occupants. 
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