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ABSTRACT: Observing and reflecting on the earthquake practices of another country is one means 
of assessing the relative progress being made in one’s own country towards improving its seismic 
resilience. During a three month stay in California, personal observations broadly linked to structural 
engineering issues were made of a range of earthquake engineering endeavours. The areas discussed in 
the paper comprise seismic hazard awareness, construction of residential buildings, seismic retrofitting 
of earthquake-prone buildings, new construction, introduction of new technologies and architectural 
detailing for seismic movements. Overall, it appears New Zealand practice is in step with that of 
California. Even though both regions appear to have some similar strengths and weaknesses there are a 
number ways New Zealand can learn from current Californian practice. 

1  INTRODUCTION 

For three months from October 2007 the author was based in the Department of Architecture, 
University of California Berkeley. The purpose of the visit was to access the earthquake engineering 
resources available at that institution and to be able to visit and observe Californian examples of 
earthquake engineering as part of the research for a forthcoming publication on seismic design for 
architects (Charleson, 2008).  

While living and travelling in the San Francisco Bay Area, many aspects of earthquake engineering 
were observed. Some formed part of intentional research endeavours while others comprised informal 
observation such as construction of an adjacent wood-framed house or chancing upon unexpected 
construction sites or buildings. These discoveries were of interest when seeking material to introduce 
architects to a wide range of earthquake engineering issues. These observations have been grouped 
into six categories; seismic hazard awareness, residential construction, seismic retrofitting, new 
building construction, new technologies and architectural detailing. They are discussed and illustrated 
in the following sections with the aim providing readers with opportunities to compare and contrast 
them with New Zealand practice.  

One approach to gauging or assessing the effectiveness of local efforts in developing seismic 
resilience is to make relative comparisons with progress in other countries. In this case aspects of 
Californian practice are offered to aid reflection on the current situation in New Zealand.   

2 EARTHQUAKE ENGINEERING ISSUES 

2.1 Seismic Hazard Awareness 

There appears to be a high degree of seismic hazard awareness in California. In one of the first public 
buildings visited, the Berkeley Public Library, geological maps on permanent display show the 
locations of potential areas of liquefaction, earthquake-induced landslides and fault lines in the San 
Francisco Bay region. This information, and a lot more besides which is readily available from various 
websites, reflects the region’s high hazard level: a “sixty-two percent probability for one or more 
magnitude 6.7 or greater earthquakes from 2003 to 2032.” (USGS, 2006). 
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Local authorities are taking proactive steps to reduce seismic vulnerability by using a wide range of 
strategies ranging from legislation, as for unreinforced masonry buildings (URMs), to various means 
of encouraging home owners to undertake do-it-yourself strengthening. With respect to legislation, the 
Seismic Safety Commission reports at regular intervals on progress made  implementing the URM 
law. In 1995 approximately 50% of URM buildings in Seismic Zone 4 had their risks significantly 
reduced (SSC, 1995). The 2003 report indicates considerable progress since then, namely that 
California has 33 remaining jurisdictions within which only 613 officially classified URM buildings 
are not in compliance with the law.  

California homeowners have access to a number of booklets and handbooks explaining how to 
undertake seismic strengthening of their wood-framed houses. The City of San Leandro goes further 
by offering “a pre-construction inspection specifically for the earthquake retrofit work to assure that 
the job will be complete and cost-effective. Permit fees are set at low rates to minimize the number of 
households avoiding the work because of cost.” (San Leandro, 2008). The city also offers home 
strengthening workshops, a standard retrofit plan set, a list of qualified contractors, a tool lending 
library and limited financial assistance.  

One of the seismic hazard reduction measures incorporated into the URM law is the requirement for 
URM buildings that have not yet been retrofitted to be posted (Figure 1). Such a notice is required to 
be posted in a “conspicuous place at the entrance of the building.” Casual observation reveals most 
people entering such a building totally ignore the notice. Others, like the author, who have a reason to 
enter are given an unwelcome reminder of the risk they are taking by putting themselves in a helpless 
situation. It would be interesting to ascertain perceptions of the degree of success of this aspect of the 
URM law. 

 

 
Figure 1. A sign on the door of an historic adobe building, Monterey. 

 

2.2 Residential Construction 

From little more than footpath observation, wood-framed multi-storey apartments and domestic 
dwellings under construction incorporate structural systems and details consistent with a high standard 
of seismic performance. In all cases lateral bracing is provided by wood panel products, well anchored 
to resist horizontal shear forces and overturning moments (Figures 2 and 3). Although the construction 
standards appear to be high, no doubt there is room for improvement. A U.S. study of construction 
practice from the perspective of seismic resistance revealed that various seismic safety features of 
wood frame and commercial construction were lacking. ‘The results of both surveys show projects 
with few or no flaws, as well as projects with many flaws. Of the 28 items included in the mail survey, 
17 were missing or flawed in over 40% of recorded units. It is alarming that key items to resist 
seismic force are among those which are most frequently missing or flawed, including: shear 
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wall hold-downs, nailing, and proportion; wall-to-wall straps and tie-downs; diaphragm 
blocking and nailing; drag strut splices; roof-to-wall clips and tie-downs. These items are 
important links in the force path to transfer seismic or wind forces from roof to foundation.’ (Schierle, 
1993). Quite possibly there has been a considerable improvement in construction quality during the 
intervening fourteen years. 

 
Figure 2. House bracing provided by wood-based panel products. 

 

 
Figure 3.  A propriatory hold-down fixing detail in a house. 

 

2.3 Seismic Retrofitting 

Although there are many non-ductile reinforced concrete buildings in California, most unreinforced 
masonry buildings have been either demolished or retrofitted. The quality of this retrofitting work 
appears variable from both technical and aesthetic perspectives. Without reviewing retrofitting design 
reports, based on the slenderness of primary seismic bracing members it appears that, like former 
practice in New Zealand, seismic design forces are low and there may not be provision for ductility. 
Particularly in commercial buildings, often the retrofitting which is exposed to view is poorly 
integrated with existing architectural features. In many cases retrofit schemes utilizing cross-bracing 
show no respect whatsoever to the original architecture. Some moment frames are more compatible 
(Figures 4 and 5). 
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Figure 4.  A retrofitted diagonal brace awkwardly placed near the main entrance. 

 

 
Figure 5.  A moment frame solution located behind the perimeter structure relates better the existing 

architecture than a braced frame. 

While some high quality retrofit examples in San Francisco’s CBD, such as the base-isolated City Hall 
and the Asian Art Museum may be found, retrofit projects on the UC Berkeley campus appear to be of 
significantly higher quality. A tour of the campus reveals many different retrofit schemes which 
provide a high degree of seismic protection and are well integrated architecturally (Figures 6 to 8). 
(Comerio, 2006).  

 
Figure 6. New reinforced concrete partial-length perimeter frames added to a building. (Marks indicate 

where surface finish repairs are required.) 
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Figure 7.  This building is retrofitted by perimeter shear walls. 

 

 
Figure 8.  Longitudinal seismic resistance is provided by a new mega-frame. Original U-shaped columns 

are strengthened and connected to new beams at alternate storeys. 

 

2.4 New Construction 

The few buildings under construction appear to incorporate similar seismic resisting systems and 
details to what we in New Zealand are accustomed to. It was gratifying to see one of Prof. Tom 
Paulay’s innovations, diagonal coupling-beam reinforcement, used in twin forty-storey condominium 
apartment buildings in downtown San Francisco (Figure 9). In some other newly completed buildings 
the seismic resisting structure contributes elegantly and or clearly to the building façade while in 
others, like many retrofitted buildings, seismic resisting structure appears crude (Figures 10 and 11). 

 
Figure 9.  Diagonal coupling beam reinforcing steel on a high-rise building. 
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Figure 10. Elegant expression of seismic resisting moment frames. 

 

 

 
Figure 11. A building with architecturally poorly configured seismic resisting structure. 

 

2.5 New Technologies  

Although modern engineered seismic isolation has now been applied for about thirty years, it can still 
be considered a relatively new technology. Two historic buildings base-isolated during retrofit have 
already been mentioned. The Hearst Memorial Mining Center on the UC Berkeley Campus is a third 
notable example with its high-damped rubber bearings and fluid dampers. Several new high-profile 
public buildings also benefit from seismic isolation. At the San Francisco Airport International 
Terminal seismic demand upon the structure is reduced by the use of Friction PendulumTM bearings 
while high-damped rubber bearings and fluid dampers provide the seismic isolation of the new De 
Young Museum, San Francisco (Figures 12 and 13). In both of these buildings the public are generally 
unaware of the seismic isolation schemes. 
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Figure 12. The seismically isolated San Francisco Airport International Terminal. 

 

 
Figure 13. The low-rise base-isolated area of the De Young Museum lies in front of and to the left of the 

tower. 

  

Other examples of the application of new seismic resistant technologies that are hidden from view 
include the use of dampers in conjunction with a steel framed office building and PRESSS technology 
comprising post-tensioned unbonded tendon moment-frames in a 39-storey San Francisco apartment 
and retail building (Figure 14). 

 
Figure 14. Perimeter frames utilizing PRESSS technology provide seismic resistance. 

 

The most readily visible application of new technology is buckling restrained braces. They appear to 
be preferred over eccentrically braced frames especially since the cost of the braces has reduced in 
recent months. The braces are used for both retrofit and new projects (Figure 15). Unfortunately, in 
some cases they are poorly integrated architecturally so it would have been better to have them 
concealed. 
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Figure 15. Bucking restrained braces at the ground floor of a retrofitted building. 

2.6 Seismic Architectural Details   

Flashings covering seismic separation gaps between buildings are visible. Concertina neoprene or 
metal flashings are observed. In the San Francisco Museum of Modern Art, storey-height exterior 
panels have their separations filled with sealant in such a way as to create the perception of this being 
a load-bearing masonry building rather than one whose seismic resistance relies on interior steel 
braced frames.  

In the San Francisco Airport International Terminal cover plates are visible. They cover the wide 
separation gaps between independent seismically-isolated blocks.  

3. SUMMARY 

While many similarities exist between Californian and New Zealand efforts to improve seismic 
resilience, Californian seismic hazard awareness and mitigation seems to be more extensively 
developed. Its approaches based on legislation plus proactive initiatives taken by some Local 
Authorities are most commendable. In New Zealand similar encouragements for house owners to 
retrofit could possibly be realized by partnerships between Local Authorities and EQC. 
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