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ABSTRACT: Following a damaging earthquake, the ability to safely and rapidly re-

occupy buildings is of critical importance for both humanitarian and financial reasons. 

This paper proposes a scheme to hasten the reoccupation of evacuated buildings as well 

as help with the initial decision of whether or not to evacuate.  It combines features of the 

BORP scheme developed by the City of San Francisco with the use of accelerograph data 

supplied by a modest instrument network in the building. As in the BORP scheme, the 

building is inspected prior to the earthquake, structural engineers are retained for the 

formulation of a post-earthquake inspection plan as well as for its rapid execution after an 

event. In addition, threshold levels of shaking, corresponding to safe/moderate-

damage/unsafe safety states, are assessed and entered into the monitoring system. In the 

event of a significant earthquake, alerts are issued automatically by text, e-mail and 

electronic display, helping in any evacuation decision.  In addition, the accelerograph data 

is available for use in the post-earthquake damage assessment, allowing it to be carried 

out more precisely and rapidly, minimising disruption, speeding recovery and reducing 

both financial and human costs. 

1 INTRODUCTION 

1.1 The problem 

After a large earthquake it is of critical importance to be able to assess rapidly and correctly whether or 

not it is safe to occupy buildings.  However, as has been demonstrated in most recent earthquakes (e.g. 

Loma Prieta, California, 1989 and Gisborne, New Zealand, 2007), the number of building inspectors 

and engineers available for the task is not sufficient for rapid safety evaluations, and many days, 

weeks, and in some cases months, have elapsed before detailed assessments have been made, adding 

substantially to the humanitarian and financial burden of the event. 

This paper proposes a scheme to get around this problem, using a combination of pre-event 

preparation, instrumental data from the building during the earthquake and the activation of pre-

arranged assessment procedures after it. The scheme is inspired by the Building Occupancy 

Resumption Program (BORP) of the City of San Francisco (SF Gov. 2006), but adapted to local 

regulatory and other conditions and takes advantage of the increasing power and decreasing cost of 

building instrumentation.  Cost estimates presented below demonstrate that the scheme has the 

potential for large savings for the owner as well as less disruption to residents.   

The earthquake-resistance strategy implicit in building codes since the early 1980s and employed to a 

greater or lesser degree before that, is aimed at protecting life by avoiding collapse but not at avoiding 

damage. Indeed, controlled damage is used as a mechanism for absorbing energy and reducing the 

overall effect. Brunsdon and Clark (2001) show that for a typical post-1980 New Zealand building, 

some structural damage, together with considerable architectural damage, is likely to occur in MM 
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Intensity VIII or greater shaking. For Wellington, MMI VIII has a return period of about 140 years 

(which translates to a probability of 30% in any 50-year period); for Christchurch, the threat is of the 

same order but perhaps a little lower, depending on which paper one reads.  In brief, there is a 

significant likelihood of earthquake damage occurring during the life of most structures found in the 

more seismically-active parts of the country and planning and preparing to minimise the consequences 

is shown below to be well worth the investment. 

1.2 Overview of proposed solution 

The proposed scheme aims to improve life safety and disruption to the community at two critical 

stages following an earthquake. First, immediately after the earthquake, it seeks both to reduce the 

number of unnecessary evacuations and to identify unsafe but apparently unscathed buildings, both in 

real time.  Secondly, during the recovery stage, the scheme aims to hasten the reoccupation of 

evacuated buildings, thus minimising dislocation and inconvenience to tenants and loss of income for 

the building owner.   

With respect to the first aim, we note that it is important to evacuate any unsafe buildings that might be 

in danger of collapsing in aftershocks. But it is equally important also to not do so unnecessarily, 

adding to the number of people displaced and requiring emergency shelter and support. This is 

particularly so for hospitals and critical infrastructure, where conservative evacuation decisions can 

result in loss of life. By having an accelerograph system already installed in the building, precise 

information about the strength of shaking can be immediately available and compared with pre-

selected threshold levels corresponding to minor and major damage to the building.  The comparison 

can be made by the instrument system itself, and results transmitted automatically to the building 

custodian, owner, tenants and others by a number of methods, including display panels, text message, 

e-mail and triggered alarms. 

The second aim applies to buildings that have been evacuated and whose structural safety needs to be 

assessed. The traditional approach is based on a visual inspection of the structure, removing 

architectural lining at many beam-column joints to do so, a time-consuming and expensive process, 

which also adds to architectural damage that must be repaired.  In our proposal, the actual acceleration 

records would be used in an engineering analysis to determine whether or not structural damage is 

likely to have occurred.  If damage is likely, then the analysis should point to locations for visual 

inspection, minimising architectural damage, and generally speeding up the restoration process.  With 

down time costing of the order of many tens of thousands of dollars per day for a multi-storey 

building, the financial interest in hastening reoccupation is clear. 

The proposed scheme comprises two parts: 

1. A basic instrumentation, monitoring and warning service, which would be offered on a 

uniform annual fee basis. 

2. Structural engineering services that would: 

 Include an initial inspection of the building, gather drawings, and formulate a post-

earthquake inspection plan.  

 Attend to any formalities with the city and/or the Ministry of Civil Defence. 

 Determine the evacuation threshold levels of shaking. 

 Undertake to carry out inspections within a specified time after the event. 

 Undertake to carry out design and manage any repair work that may be necessary. 

The structural services would be offered at two or more levels of sophistication (and cost).  Fees would 

generally comprise lump sums and an annual retainer.  

We should note that this scheme is not intended to supplant the building safety evaluation procedures 

that are currently being drafted by the New Zealand Society for Earthquake Engineering (NZSEE, 

2008).  The NZSEE draft document, out for comment at the time of writing (February 2009),   
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provides guidelines to territorial authorities for basic, immediate post-earthquake inspection 

procedures whereas our scheme goes further in that it encourages the prudent building owner to make 

his own arrangements for inspection, aimed at rapid resumption of occupation, with the added element 

of instrumental records allowing the assessments to be made with greater speed and precision and with 

a certain degree of automation. 

Before going into more detail and examining costs and benefits of the scheme, we will review two 

other schemes in existence elsewhere.   They are the BORP scheme of the City of San Francisco and a 

European scheme being developed in Greece. 

1.3 The San Francisco BORP scheme 

The 1989 M7.1 Loma Prieta Earthquake brought the inspection/reoccupation problem to the forefront. 

At that time, the Department of Building Inspection (DBI) was the only body permitted to assess post-

earthquake safety of buildings in the City of San Francisco, and following the 1989 earthquake they 

focused on structures of high importance to the response effort and to the community, such as 

hospitals and schools. Just prior to the earthquake, the City had introduced a scheme to deputise 

certain engineers to make visual inspections and to green/yellow/red flag buildings. Despite this 

measure, it often took several days or more for preliminary inspections and flagging (or placarding in 

the parlance of the NZSEE, 2008 draft) to be made, with detailed analysis and inspection taking weeks 

for any suspect structures. From this experience, the City of San Francisco Building Occupancy 

Resumption Program (BORP) was born.  

While the BORP scheme cannot be transferred bodily to New Zealand because of differences in 

statutory responsibilities, it offers an excellent model for guidance. Because of its legal 

responsibilities, the City of San Francisco is heavily involved in all stages.  In New Zealand, post-

earthquake responsibility lies with Civil Defence and control is exerted in a more ad hoc fashion.  

The scheme is described in the formal City document (SF Gov, 2006) as well as in a PowerPoint 

presentation by Turner (2006a), both available on the Internet, and in the corresponding paper by 

Turner (2006b).  Briefly, there are three phases to the BORP process.  

 First, the building owner enters into an agreement with an engineer.  They jointly seek 

approval from the City to join the BORP scheme and perform an initial inspection of the 

building, following the ATC-20 (ATC, 1989) formula. Then they formulate a post-earthquake 

inspection plan, which is submitted to the San Francisco Department of Building Inspection 

(DBI) for approval.  

 The second, and less glamorous but very important, phase comprises annual exercises and 

maintenance of the plan, overseen by the DBI.  

 Phase three covers post-earthquake activities: the engineer makes a rapid visual check, with 

the benefit of having the plans and structural characteristics known in advance, posts the 

occupancy tags and arranges any barricading or shoring.  This is followed by a more detailed 

inspection of questionable structures.  The engineer is obliged to report to the DBI after both 

inspections, to report any impediment to traffic flow and damage to streets and services to the 

City Works Department, and to arrange for any securing of the building. 

A BORP initial inspection costs around $US 9000 for a typical major San Francisco building (Turner, 

2006a) but analysis of data from the Loma Prieta earthquake found that the average cost to building 

owners alone of being excluded from occupancy was $US 60000 per day for a 30 story building 

(Turner 2001). The post-earthquake inspection is expected to take about 12 hours of engineers’ time 

for a 7-storey building (SF Gov. 2009). 

While the main aim of the BORP scheme is to speed up reoccupation, it is built around delegation of 

the City’s responsibility for post-earthquake inspections, and on the pre-qualification of private 

engineering firms.  It is not directly transportable to our conditions, even though it serves as a rich 

guide. Further, we wish to make use of instrumental information from the outset, which while 

permitted in the BORP scheme, is not a central part of it.  Having said that, there are a few buildings in 
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BORP that have very sophisticated structural health monitoring systems installed as part of their plan.  

One of these is a 24-storey building in downtown San Francisco with a dense and very precise 

accelerograph system installed in it, which is capable of obtaining inter-story drifts at chosen locations 

by double integration of the acceleration records (Çelebi et al. 2004).  While that is the ideal, its cost is 

high, of the order of $US 150000, putting it beyond the reach of most projects.  What we are aiming at 

is something more modest, which nevertheless gives adequate acceleration data for the initial 

evacuation decision and for precise post-earthquake structural analysis, at a cost that can be borne by 

most buildings.   

1.4 The Greek scheme 

Anagnostopoulosa and his colleagues at the University of Patras have been working for many years 

refining a scheme for evaluating the post-earthquake safety of the masonry and reinforced concrete 

structures common in the Balkans (Anagnostopoulosa et al., 1989; Anagnostopoulosa and Moretti, 

2008a, b).  Their work has focused on the production of check sheets and manuals for a simple but 

robust visual inspection procedure, as well as on an overall system for the management and effective 

use of the resulting data.  All aspects, from pre-event planning to helping run the operation and 

collating and presenting the damage data, are aided by use of an expert system computer program, 

PEADAB, written for the project.  While their inspection procedures were developed specifically for 

the sorts of structures found in Greece and its neighbouring region, the overall scheme and its 

management system has general application, and the papers cited above contain much wisdom, born of 

three decades of experience in earthquake damage inspection.  

2 PROPOSED MONITORING SCHEME 

2.1 General outline 

The two aims of this scheme are to a) accurately determine when an evacuation is required during an 

earthquake and b) if damage has occurred, to substantially reduce the time that a building is evacuated 

following an earthquake.  Both of these aims will reduce the disruption and hardship to residents and 

tenants, and the losses to the building owner or the insurers.   

The administrators of the scheme will contract with the building owner for a minimum period of, say, 

five years to instrument the building with a modest but adequate accelerograph system and provide the 

owner and owner’s agent (typically the building manager or custodian) with near-instant automated 

electronic reports of any shaking that might possibly damage the building. Criteria for triggering a 

report will be chosen and agreed to according to locality and building.  The report will state where the 

strength of shaking lies with respect to two predetermined threshold levels (provided by the owner’s 

structural engineer) marking the estimated onset of mild to moderate damage, and serious damage.  

Where appropriate, green, orange or red flags will show on a warning panel in a suitable location.    

In parallel with the instrumentation, the administrators will work with the owner’s structural engineer 

to set up a BORP-like inspection plan, with the following objectives: 

 Assessing the current earthquake resistance of the building and setting the damage threshold 

values to be entered into the monitoring system. 

 Drawing up a plan for post-earthquake inspection and analysis based on the actual recorded 

motions.   

The structural engineer would contract with the owner to undertake annual updates of the plan and to 

carry out the post-earthquake inspections rapidly, within agreed delays (the BORP scheme calls for the 

initial inspection to be made within 8 hours of the following dawn).  The degree of sophistication used 

in setting the threshold values and in the post-event analysis would be agreed upon, noting that there 

would be a trade off between cost and conservatism.  In the case of a detailed computer model of the 

structure being employed, the engineer would set up the model in advance (for use in estimating 

threshold values) and keep it up to date and ready to use, as part of the annual maintenance exercise. 
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The administrators could advise the owner on the selection of an engineer from a group of 

acknowledged specialists in earthquake engineering. 

In the following paragraphs, the proposed scheme will be described in more detail, starting with the 

immediate post-earthquake evacuation decision. 

2.2 Immediately after the earthquake 

Advice as to whether or not to evacuate the building is given automatically by the accelerograph 

system, based on pre-determined threshold levels of shaking.  Three ranges may be entered: safe 

(green), alert (orange), evacuate (red).  The threshold values can be chosen by a variety of methods, 

ranging from simple but conservative criteria based on building type and age, through to sophisticated 

structural analyses.   

The instrumentation continuously computes peak motion values at sensor locations as well selected 

other measures of earthquake strength, such as ground-level Modified Mercalli and Arias Intensities, 

and displays these and the corresponding threshold values, together with green/orange/red flags, on a 

screen normally located in the building manager’s or custodian’s office.  In addition, text and e-mail 

messages may be sent to several nominated addresses.  Provision for the triggering of an evacuation 

alarm is included in the central instrument. Armed with this information, together with his or her own 

observations and guided by the inspection plan, the manager takes the decision to evacuate or not.   

2.3 Reoccupation 

If a building has been evacuated under a red or orange alert or has suffered obvious damage, it should 

be inspected thoroughly by a qualified structural engineer before being reoccupied.  In some 

jurisdictions this is mandatory.  For example, in the City of San Francisco, buildings that have been 

―red or yellow flagged‖ must have a detailed inspection carried out by a City-approved engineer to the 

provisions of ATC-20 before reoccupation is permitted.  There are two difficulties in arranging a 

detailed structural inspection after the event.  Firstly, qualified structural engineers will be in high 

demand, and are unlikely to be available at short notice.  After the 1989 Loma Prieta Earthquake in 

California, the average waiting time to engage an engineer was three weeks.  In a NZ context, similar 

delays were reported after the 2007 Gisborne Earthquake.  Secondly, The inspection is greatly aided 

by having as-built plans and a prepared inspection plan available.  Obtaining structural drawings in 

time of stress (often from rival firms) may not be easy.  These points suggest that there is value in 

having a structural engineer pre-engaged and equipped to carry out inspection rapidly, according to a 

plan prepared in advance, with any necessary structural drawings and documents ready and waiting.  

This is the essence of the City of San Francisco BORP scheme, introduced following the experience of 

Loma Prieta. 

Preparation of the inspection plan also ties in with the setting of the evacuation criteria.  Ideally, the 

engineer would determine the evacuation threshold levels of shaking with the help of a computer 

model of the structure. The modelling could also help identify the most likely points of damage in the 

structure, for priority attention in the inspection plan and for immediate inspection by the building 

manager in cases of doubt.  Further, the computer model could be kept available and run after the 

event with the actual input motions recorded during the earthquake, to more precisely estimate the 

likelihood and extent of any damage, and to help focus and minimise any disruptive visual inspection. 

2.4 Costs and benefits 

For primary care facilities, such as hospitals, the ability of the proposal to provide accurate real time 

evacuation information will reduce the times when difficult and life-threatening evacuations are 

needlessly performed.  While the direct financial costs of this are tangible, the reduction in risk to 

human life is invaluable. 

With respect to commercial structures, the amount of downtime for damaged buildings is difficult to 

predict (Comerio, 2006) since, while it depends on such obvious factors as the degree and extent of 
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damage, it also depends on many intangibles such as the financial conditions prevailing at the time of 

the event.  Nevertheless, reductions in the delays to inspection and planning of repairs resulting from 

the scheme proposed here will shorten the overall downtime, both directly and indirectly by placing 

the project further up the queue for scarce resources.  

The costs of the downtime between an earthquake and having the final reoccupation inspection 

completed are difficult to estimate.  We have attempted to do so for three scenarios, for both 

Christchurch and Wellington, New Zealand.  The estimations are necessarily crude, based on rough 

calculations or on vague data from the experiences of the 1991 Loma Prieta and 1994 Northridge 

earthquakes.  The factor that this proposed system aims to reduce is the delay time, which for Loma 

Prieta averaged three weeks for tall buildings in downtown San Francisco (Turner, 2006a). 

In the first scenario we consider is 30-storey high-rise building. Turner (2001) gives $US 60000 per 

day as the direct loss of rentals for a structure this size in San Francisco.  It is not clear if this includes 

the costs that will be incurred whether or not the building is occupied, such as loan servicing and 

utilities.  We will assume this figure as a lower limit and convert it to $NZ 90000 per day.   

The second scenario concerns a 6 story high-rise building, with the costs due to vacancy being taken as 

at 1/5
th
 of that of the 30-story building, or $NZ 18000 per day. 

The third scenario is for two hotels, one with 150 rooms in Wellington and the other with 50 rooms in 

Christchurch.  While we cannot accurately determine the costs due to vacancy, we can make some 

assumptions and give an indicative estimate.  We assume an 80% occupancy rate and a $NZ 200 per 

day room rate.  This gives an income per day of $NZ 24000 and $NZ 8000 for the 150 room 

Wellington hotel and the 50 room Christchurch hotel respectively.  On top of this, the hotel overheads 

can be estimated from an assumption of a 25% profit margin to $NZ 18000 and $NZ 6000 per day for 

the Wellington and Christchurch hotels respectively.  This gives and overall cost-of-vacancy of $NZ 

42000 and $NZ 14000 for the Wellington and Christchurch hotels respectively per day. 

For each of these scenarios we will consider a moderate earthquake of MMI VIII in Wellington and 

Christchurch, which would probably cause some damage and would make evacuation a consideration.  

For Wellington, the mean return time of such an event is 140 years, with the last event being in 1840 

(Brunsdon and Clark, 2001).  For Christchurch the mean return time is 150 years, similar to that of 

Wellington, (Brabhaharan et al 2005), although some evidence points to a much reduced return time, 

as low as 50 years (Elder et al., 1991).  The last major event was from the 1922 Motunau earthquake, 

with MMI VII observed in Christchurch (Elder et al., 1991) 

Dividing the costs of each of the scenarios by the full return time skews the analysis, since both cities 

are in a sense overdue for an event of intensity MM VII-VIII, the minimum likely to cause some 

damage and raise the question of evacuation.  Therefore, we will also work the analysis for 5 and 20-

year terms.  The results are shown in Table 1.  

Table 1. Cost estimates in NZD of a 21-day delay between the earthquake and inspection allowing 

reoccupation 

The cost of putting this scheme into practice will vary with the size of structure and degree of 

refinement chosen. As a first step, we can again use costs from San Francisco. The average cost of a 

BORP plan for a major building in San Francisco has been $US 9000 (Turner, 2006a), and this figure 

may be taken as a rough guide for the initial inspection, including the setting of the threshold 

acceleration values for the green/orange/red classification.  The post-earthquake work is more difficult 

to cost, and depends heavily on the size and state of the structure and on the degree of analysis to be 

Wellington Christchurch

6 story 30 story 150 rm hotel 6 story 30 story 50 rm hotel

Total cost per day vacant 18000 90000 42000 18000 90000 14000

Total cost of 21 day vacancy 378000 1890000 882000 378000 1890000 294000

Risk per annum over expected return time 2700 13500 6300 1512 7560 1176

Risk per annum w ith 5 year event likelihood 75600 378000 176400 75600 378000 58800

Risk per annum w ith 20 year event likelihood 18900 94500 44100 18900 94500 14700
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carried out.  We saw above that the expected time to carry out a basic BORP inspection of a 7-storey 

building in San Francisco is 12 engineering man-hours.  Doubling or trebling that leads to a cost of 

something of the order of $NZ 5-10,000.  The instrumentation and monitoring costs again will vary 

with the size of the structure.  However, since we are dealing with moderate-to-strong shaking, 

comparatively modest 12 to 14-bit systems will provide adequate resolution and not be hugely costly.  

Further, it is intended to offer the system itself together with the monitoring service on a monthly fee-

for-service basis, reducing the initial outlay by the building owner.  Preliminary costing estimates 

show that this should be well below the expected benefits, especially for larger structures in high-risk 

locations, such as Christchurch and Wellington.  Of course, for primary care facilities and critical 

infrastructure, essential in such times of emergency, the costs will be very small indeed beside the 

potential benefits. 

3 CONCLUSIONS 

With the aim of greatly reducing human and financial losses from earthquakes, this paper presents a 

scheme for assessing quickly and efficiently whether a building should be evacuated following a 

moderate-to-strong earthquake and for speeding up the reoccupation of evacuated buildings.  It is 

based on the acclaimed San Francisco BORP scheme, but differs from that scheme by incorporating 

accelerograph data into the heart of the procedure, thereby acquiring increased precision and a degree 

of automation.   

Principal points of the scheme are: 

1. The accelerograph system automatically signals whether the building should be evacuated or 

not by comparing the recorded motion with threshold values chosen from an initial 

engineering assessment of the building.   

2. It is envisaged that the seismic warning system, as well as transmitting alerts by text and e-

mail, would also be combined with the existing alarm systems monitoring fire, elevators and 

other building systems. 

3. Since the accelerograph system is used in conjunction with, and enhances, established 

methods of earthquake engineering, it does not have to be a costly, high-resolution one, but 

can be quite modest and affordable.  

4. Post-earthquake assessments of damage will be carried out more rapidly because of 

agreements between building owners and structural engineering firms, prepared in advance on 

entering the scheme.  The engineers will guarantee to perform the work within a contracted 

short interval after the earthquake and they will have building drawings, documents and 

inspection plans ready for the task.  

5. The accelerograms of the actual shaking undergone by the building will be available as input 

to computer analyses of structural response, thus enabling more precise post-earthquake 

damage analyses to be made, allowing better-focused visual inspections of the structural frame 

to be made, with greater speed and less disruption to interior linings and to the functioning of 

the building. 

6. The simple examples examined show that potential savings from the scheme are large, both 

financially for the building owner and tenants, but also for the people directly affected.  In 

turn, this aids the recovery of the community at large.  

7. Again from a broader perspective, the observations and quantitative records obtained through 

the scheme will add to our understanding of seismic building behavior, leading to safer and 

more economical construction.  

 



8 

4 ACKNOWLEDGEMENTS  

We thank many friends and colleagues for helpful discussions of the project, especially David 

Brunsdon, John Buchan, Des Bull, and Gregory MacRae and offer special thanks to Geoff Banks for 

his thoughtful reading of the manuscript. 

 

REFERENCES: 

ATC 1989. Procedures for Post-Earthquake Safety Evaluation of Buildings, ATC-20. Applied Technology 

Council (ATC), Redwood City, CA, 152pp. 

 Anagnostopoulos, S.A. & Moretti, M. 2008a. Post- earthquake emergency assessment of building damage, 

safety and usability- Part 2: Technical issues , Int. J. of Soil Dynamics and Earthquake Engineering, Vol 

28(3), 233-244. 

Anagnostopoulos, S.A. & Moretti, M. 2008b. Post-earthquake emergency assessment of building damage, safety 
and usability—Part 2: Organisation.  Soil Dynamics and Earthquake Engineering Volume 28(3), 233-244 

Anagnostopoulos, S.A., Petrovski, J. & Bouwkamp 1989.  Emergency Earthquake Damage and Usabilty 
Assessment of Buildings. Earthquake Spectra, Volume 5(3) 461–476.  

Brabhaharan, P., Davey, R., O'Riley, F. & Wiles, L. 2005. Earthquake risk assessment study. Part 1-Review of 
risk assessment methodologies and development of a draft risk assessment methodology for Christchurch. 
Report number U04/108:Final. Opus International Consultants Ltd. 

Brunsdon D.R. & Clark W.D.C. 2000. Modern Multistorey Buildings and Moderate Earthquakes. Proc Annual 
Conference NZSEE, Paper No 3.02.01 

Çelebi, M.,  Sanli, A., Sinclair, M., Gallant, S. & Radulescu, D. 2004. Real-Time Seismic Monitoring Needs of a 

Building Owner—and the Solution: A Cooperative Effort. Earthquake Spectra, Volume 20(2), 333–346. 

Comerio, M.C. 2006.  Estimating Downtime in Loss Modeling, Earthquake Spectra, Volume 22(2) 349–365.  

Elder, D.M.G., McCahon, I.F. & Yetton M. 1991. The earthquake hazard In Christchurch: a detailed evaluation. 
EQC funded report number 105, Earthquake Commission of New Zealand 

NZSEE 2008. Building Safety Evaluation During a Declared State of Emergency: Guidelines for Territorial 
Authorities, Draft for Comment, New Zealand Society for Earthquake Engineering,  Wellington, NZ. 51pp 

SFGov. (2006). Building Occupancy Resumption Program (BORP), 2006, Revised February 2006, City of San 

Francisco, Department of Building Inspection (http://www.ci.sf.ca.us/site/dbi_page.asp?id=11515) 

SFGov. (2009) BORP Guidelines for Engineers.  City of San Francisco, Department of Building Inspection. 

http://www.sfgov.org/site/dbi_page.asp?id=20303 

Turner, Z. 2001.  Building Occupancy Resumption Program. Presentation to Nevada Earthquake Safety Council, 

University of Nevada at Reno, November 2001. http://www.nbmg.unr.edu/nesc/Presentations/BORP.pdf  

Turner, Z, 2006a. ―Post Earthquake Building Assessment. 

http://www.1906eqconf.org/tutorials/PostEQBldgAssmt_Turner.pdf 

Turner, Z, 2006b. Building Occupancy Resumption Program (Borp) - A Public/Private Partnership for 

Preparedness. Proceedings of the 8th U.S. National Conference on Earthquake Engineering, April 18-22, 

2006, San Francisco, California, USA, Paper No. 311 

 

 

http://www.ci.sf.ca.us/site/dbi_page.asp?id=11515
http://www.sfgov.org/site/dbi_page.asp?id=20303
http://www.nbmg.unr.edu/nesc/Presentations/BORP.pdf
http://www.1906eqconf.org/tutorials/PostEQBldgAssmt_Turner.pdf

	INTRODUCTION
	The problem
	Overview of proposed solution
	The San Francisco BORP scheme
	The Greek scheme

	Proposed Monitoring Scheme
	General outline
	Immediately after the earthquake
	Reoccupation
	Costs and benefits

	CONCLUSIONS
	ACKNOWLEDGEMENTS

