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EXECUTIVE SUMMARY 
 

The purpose of this benefit-cost analysis is to compare the costs and the benefits of 
the proposed levels of seismic retrofits for unreinforced masonry (URM) buildings in 
Portland as objectively and quantitatively as possible, within the constraints of 
available data, to support the City’s in-process decision-making about the prospective 
seismic retrofit ordinance.  Benefit-cost results contribute to rational decision-making 
but should not be the sole basis of decision-making about seismic safety issues in 
Portland.  
 
Life safety is the predominant motivation for Portland’s consideration of mandatory 
retrofits of unreinforced masonry buildings.  Public safety is a paramount priority for 
the City of Portland and this applies to seismic safety in the same sense that 
providing effective fire, police and emergency medical services are extremely high 
priorities for the City and its residents.  Historic preservation and economic vitality are 
also motivating factors, but are secondary to life safety. 
 
The perspective of this benefit-cost analysis of seismic retrofits is holistic – that is, the 
primary focus is on the overall costs and overall benefits for the City and its residents.  
However, it is very important to recognize that neither the costs nor the benefits of 
seismic retrofits are distributed homogeneously to all stakeholders in Portland: 

The costs of seismic retrofits are likely to be borne primarily by building 
owners, but may also be partially borne by the City and/or State and 
their taxpayers – depending on possible to-be-determined financial 
credits or incentives that may be offered to owners – and partially borne 
by tenants via higher post-retrofit rents. 
However, the life safety risks are borne predominantly by tenants.  
This dichotomy between who pays and who benefits is central to the 
public policy discussion of the risks from Portland’s URM buildings. 

 
Benefit-cost analysis of seismic retrofits is inherently probabilistic.  The probability of 
future earthquakes affecting Portland is relatively well understood.  However, it is not 
possible to predict when any specific earthquake will occur.  For example, a M9.0 
earthquake on the Cascadia Subduction Zone might happen tomorrow, or next year, 
or a few decades from now or not for 100 or more years.  The latest estimate is that 
this earthquake has a 12% to 18% chance of occurring in the next 50 years4.  There 
are also many other possible earthquakes than can significantly affect Portland. 
 
Benefit-cost analysis of seismic retrofits considers the probabilities of earthquake 
ground motions over the full range of ground motions large enough to cause building 
damage.  The average annual damages and economic losses are estimated for two 
states of a URM building: the existing building and the building after completion of a 
seismic retrofit to a defined seismic performance level.  The long-term expected 
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average annual benefits are the difference between the average annual damages 
and economic losses between the existing building and the retrofitted building.  
The net present values of the average annual benefits are calculated from the 
discount rate, which accounts for the time value of money, and the useful lifetime of 
buildings.  The benefit-cost ratio is calculated by dividing the net present value of 
benefits by the retrofit costs. 

Portland’s database of URM buildings includes 1,661 URM buildings, excluding one- 
and two- family homes.  The costs and benefits of seismic retrofits may differ for each 
one of these URM buildings.  However, existing building data are inadequate to 
complete benefit-cost analyses on a building-by-building basis.  Therefore, the 
benefit-cost analyses are done for Portland’s defined URM Classes for a “typical” 
building with input parameters approximately representative of the average Portland 
URM building. 
 
A “typical” Portland URM building for benefit-cost analysis is defined as:  10,000 
square feet, low-rise (1 or 2 stories) located at the approximate centroid of Portland 
URM buildings, on firm soil (Site Class D), with an average occupancy of one person 
per 1,000 SF and additional parameters as defined in the body of this report. 
Uncertainty in the benefit-cost results arises from the combined uncertainty and 
variability of the input parameters.  Uncertainty is addressed by evaluating the effects 
on benefit-cost results – the benefit-cost ratios – for ranges of values for each of the 
most important input variables.   
 
The benefit-cost results summarized on the following page represent the results for 
each of Portland’s defined URM Classes for the defined “typical” building. 

 
 

The numerical benefit-cost ratios shown on the above apply to the defined 
“typical” URM building, with the specific defined input parameters, except for 
Class 5.  Benefit-cost ratios for seismic retrofits of individual buildings will 
vary because benefit-cost ratios vary with all of the input parameters.   

  

Portland URM Class
Estimated          

Retrofit Costs Per 
Square Foot

Typical Building 
Benefit-Cost Ratio

Class 1 $111.45 N/A
Class 2 $82.62 1.474
Class 3 $68.77 1.661
Class 4-A $68.77 1.661
Class 4-B $51.00 1.967
Class 5 $20.00 1.940
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The parameters that have the greatest impact on benefit-cost ratios include: 

• Estimated seismic retrofit costs, 

• Site Class, 

• Average 24/7/365 occupancy,  

• Estimated casualty rates for each of the defined building damage states, and 

• The combination of discount rate and postulated building useful lifetime. 

For the defined “typical” URM, life safety benefits – the reduction in injuries and 
deaths – account for about 55% of total benefits.  Thus, the benefits and benefit-cost 
ratios will be significantly higher or lower for buildings with higher or lower 
occupancies per 1,000 square feet than the defined “typical” building. 

To the extent that the defined “typical” building represents the average Portland URM 
building and that the input parameters for the benefit-cost analyses are reasonable, 
the results represent the average benefit-cost ratio for seismic retrofits in Portland for 
each URM Class. 
 
The benefit-cost analyses presented in this report are necessarily incomplete:  
detailed data is not available on a building-by-building basis and there are 
parameters for which meaningful data simply don’t exist or could not be estimated 
quantitatively within the scope of this effort. The non-quantified benefits and the non-
quantified costs are addressed qualitatively at the end of this report. On balance, the 
non-quantified benefits are likely to exceed the non-quantified costs.  Thus, a more 
comprehensive analysis, with all other factors held constant, would likely yield higher 
benefit-cost ratios. 
 

Conclusions and Further Considerations 

Unreinforced masonry buildings in Portland unequivocally pose substantial life safety 
risks not only to their occupants but also to people on adjacent sidewalks and streets.  
The “do-nothing” option – to simply hope that a major earthquake doesn’t occur – 
does not appear to be the best policy.  The question is not whether something should 
be done to reduce the risks from URM buildings, but rather what should be done to 
reduce risks.   
 
The benefit-cost results indicate that the benefits of the URM building seismic retrofits 
current under consideration exceed the retrofit costs for the defined “typical building” 
for each URM Class of buildings.  However, both the benefits and costs will vary 
significantly from building to building.   
 

The trend in benefit-cost ratios vs. URM Class indicates that lower cost retrofits to 
lower performance levels generally have higher benefit-cost ratios than higher cost 
retrofits with higher performance levels.  That is, the lower seismic performance with 
less reduction in future damages, losses and casualties is offset by the lower cost. 



v 
 

The lower-cost less-comprehensive seismic retrofits will perform relatively well at low 
to moderate levels of earthquake ground shaking.  However, buildings retrofitted to 
lower seismic performance levels will perform substantially poorer than buildings 
retrofitted to higher performance standards in major earthquakes with high levels of 
ground shaking and/or long duration ground shaking including large magnitude M8 or 
M9 Cascadia Subduction Zone earthquakes as well as M6+ or M7 local earthquakes 
on the Portland Hills Fault or other crustal faults within or near Portland.  Thus, the 
lower-cost seismic retrofits reduce earthquake risk – future casualties, damages and 
other economic impacts – to a lesser extent than do the higher-cost seismic retrofits. 
 
The benefit-cost results – benefit-cost ratios above 1.0 – indicate that the benefits of 
the proposed seismic retrofits for URM buildings exceed the costs for the City of 
Portland and its residents.  Thus, these results support and help to justify the 
proposed seismic retrofit ordinance. 
 
The above conclusion notwithstanding, there are other aspects of the City’s decision 
making about the details of the ordinance that are not addressed by the present 
benefit-cost results, including: 

• Are the proposed seismic performance levels for each URM Class appropriate 
and achievable or are there alternatives that provide an adequate level of life 
safety at a lower cost? 

• Are financial incentives necessary to make retrofits more affordable to building 
owners? 

• Will the proposed ordinance have undesired effects, such as the demolition of 
many URM buildings, including those with historical significance, and/or 
severe financial hardship for building owners? 
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1.0 Introduction 
 
There are approximately 1,660 unreinforced masonry (URM) buildings in Portland1 

including public, commercial, industrial and multi-family buildings, excluding one- and 
two-family homes.  These URM buildings date from 1870 to 1966.  575 of the URM 
buildings, about 35% of the total, are included in the City’s listing of historic buildings, 
including 111 of the URM buildings that are listed on the National Register of Historic 
Buildings. 
 
Unreinforced masonry buildings are universally recognized as the most seismically 
vulnerable building type, based on their poor performance in past earthquakes in the 
United States and worldwide.  To date, only about 12% of the URM buildings in the 
City’s inventory have had seismic improvements, with most of the improvements 
being limited incremental strengthening of some building elements, rather than 
complete seismic retrofits. 
 
The City of Portland began the URM Seismic Retrofit Project with a kick-off meeting 
on December 10, 2014.  The main agencies involved in this project are the Bureau of 
Development Services, the Bureau of Emergency Management and the Portland 
Development Commission. 
 
Three project committees that addressed the numerous aspects of this project were 
formed: 

• Retrofit Standards Committee  

• Seismic Retrofit Support Committee, and 

• Policy Committee. 
These committees held committee meetings and public forums beginning in early 
2015.  The Retrofit Standards Committee and the Retrofit Support Committee 
published their final reports on April 24, 2015 and December 9, 2015, respectively.  
The Policy Committee published the latest draft report in August 2016, with further 
refinements still in process. Full documentation of the planning process, including 
dates for future meetings is posted on Portland’s website: 
http://portlandoregon.gov/pbem/66306 
 
The City of Portland is considering an ordinance that would require seismic retrofits 
for URM buildings, with the level of seismic retrofit varying between five categories of 
buildings depending on a building’s occupancy, number of stories and criticality of 
function. 
 
Life safety is the predominant motivation for Portland’s consideration of 
mandatory retrofits of unreinforced masonry buildings.  Public safety is a 
paramount priority for the City of Portland and this applies to seismic safety in the 
same sense that providing effective fire, police and emergency medical services are 

http://portlandoregon.gov/pbem/66306
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extremely high priorities for the City and its residents.  Historical preservation and 
economic vitality are also motivating factors, but are secondary to life safety. 
The geographic distribution of Portland’s URM buildings is shown in Figure 1. 

Figure 1 
Geographic Distribution of URM buildings in Portland2 
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The purpose of this benefit-cost analysis is to compare the costs and the benefits of 
the proposed levels of seismic retrofits for URM buildings in Portland as objectively 
and quantitatively as possible, within the constraints of available data, to support the 
City’s in-process decision-making about the prospective seismic retrofit ordinance.  
Benefit-cost results are useful in decision-making but should not be the sole basis of 
decision making about seismic safety issues in Portland. 
 
The perspective of this benefit-cost analysis of seismic retrofits is holistic – 
that is, the primary focus is on the overall costs and overall benefits for the 
City and its residents.  However, it is very important to recognize that neither 
the costs nor the benefits of seismic retrofits are distributed homogeneously to 
all stakeholders in Portland: 

• The costs of seismic retrofits are likely to be borne primarily by building 
owners, but may also be partially borne by the City and/or State and their 
taxpayers – depending on possible to-be-determined financial credits or 
incentives that may be offered to owners, and partially borne by tenants via 
higher post-retrofit rents. 

• The benefits of seismic retrofits are widely distributed: 
o Owners benefit in future earthquakes from reduced building damages, 

reduced loss of building function and loss of rental income, and likely 
reductions in liability and litigation costs for tenants’ injuries and death. 

o Owners also benefit immediately from increased market values of 
buildings, higher rents, higher occupancies and lower insurance costs 
for buildings with reduced seismic risks. 

o Tenants benefit from a reduction in the probability of injuries and deaths 
and reductions in damage to their property, loss of function and 
displacement costs in future earthquakes.  

o All residents and visitors to Portland benefit from a reduction in the 
probability of injuries and deaths on sidewalks and streets from collapse 
of adjacent URM buildings, especially URM buildings of more than one 
story.  These life safety benefits are in addition to those that accrue to 
tenants within a URM building.  

o The City of Portland and all of its residents benefit from reductions in 
the loss of historically important buildings in future earthquakes and 
also from faster post-earthquake recovery with fewer displaced 
businesses and residents, some of whom may permanently relocate out 
of the city.  

The main steps in the benefit-cost analysis of seismic retrofits for Portland’s URM 
buildings include: 

1. Estimate the levels of building damage for existing URM buildings expected 
over the full range of earthquake ground motions and then estimate contents 
damages, disruption and displacement costs and casualties. 
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2. Estimate the levels of building damage for retrofitted URM buildings, for each 
of the proposed post-retrofit performance levels, expected over the full range 
of earthquake ground motions and then from the building damages estimate 
contents damages, disruption and displacement costs and casualties. 

3. From the results of the two previous steps, calculate the long-term expected 
average annual damages and economic losses for the existing URM buildings 
and the retrofitted URM buildings.  This step integrates the probability, 
damage and loss relationship over the full range of damaging earthquake 
ground motions.   

4. The average annual benefits are the reduction in average annual damages 
and losses between the value for the existing URM buildings and value for the 
retrofitted URM buildings. 

5. Calculate the net present value of the expected reduction in average annual 
damages and losses over the projected useful lifetime of buildings, taking the 
time value of money into account by an appropriate discount rate. 

6. The resulting benefit-cost ratio is calculated as the net present value of 
benefits divided by the retrofit cost. 

The accuracy of benefit-cost results depends on the completeness and accuracy of 
all of the input parameters.  The uncertainties in the input data unavoidably result in 
uncertainties in benefit-cost results.  The level of uncertainty is evaluated by 
systematically exploring the effects of varying the key input data on the benefit-cost 
results - that is, on the benefit-cost ratio of seismic retrofits.   

The benefit-cost analysis draws heavily on FEMA’s HAZUS Earthquake Loss 
Estimation methodology, but also draws on: 

• The benefit-cost analysis software** used by Oregon’s Seismic Rehabilitation 
Grant Program for grants for schools and emergency response facilities, 

• The benefit-cost analysis software** used by the Oregon Department of 
Administrative Services for evaluation of seismic retrofits for state buildings, 

• The performance of URM buildings in past earthquakes, including owner 
decisions about demolition vs. repair, 

• The significant differences between URM buildings and other building types, 
and 

• Portland specific seismic hazard data, building data and policies. 
** Disclosure Statement:  Kenneth A. Goettel, the author of this benefit-cost analysis, 
was the lead technical consultant for development of the benefit-cost software 
versions used by the Seismic Rehabilitation Grant Program (Business Development 
Department) and the Department of Administrative Services. 

Further details of the benefit-cost analysis are provided in the following sections. 
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2.0 Portland Seismic Data 
 
Benefit-cost analysis of seismic retrofits for URM buildings requires data and/or 
estimates of many parameters, including:  

• Seismic hazard data – the frequency and level of earthquake ground 
motions, 

• Seismic vulnerability of URM buildings in both their as-is condition and in 
the after-retrofit to a defined performance level condition, 

• Retrofit costs, including not only construction costs but also displacement 
costs for retrofits and others, 

• Building occupancy, 

• Building and contents values, and 

• Economic parameters including the discount rate, the useful lifetime of 
buildings and many others. 

Some of these input parameters are well defined by data and consensus, while 
others are less well defined with considerable uncertainty.  Some costs or benefits 
cannot be easily quantified, because of limited data and are, therefore, addressed 
qualitatively, rather than quantitatively. 
 
The present benefit-cost analysis addresses these uncertainties by first considering a 
“typical” URM building with typical parameters and then exploring the parameter 
space to evaluate the sensitivity of the results to various possible input parameters.  
 
Seismic risk assessment is inherently probabilistic.  The current state-of-the-art 
understanding of earthquakes provides consensus estimates of the probability of 
future earthquakes, their likely magnitudes and the intensity of ground shaking 
expected at any given location.  However, it is not yet possible to predict when any 
given earthquake will occur.  For example, a M9.0 earthquake on the Cascadia 
Subduction Zone could occur next week, next year, several decades in the future or 
100 or more years in the future. 
 
The level of seismic hazard – the probability of any given level of earthquake ground 
shaking – varies with location in Portland.  Data for the level of seismic hazard at 
various locations in Portland are available from two sources: 

• United States Geological Survey (USGS) national seismic hazard data for grid 
points covering the entire county, and 

• Mapping of “Site Class” – the soil/rock type - by the Oregon Department of 
Geology and Mineral Industries (DOGAMI). 
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Figure 2 
2014 USGS Probabilistic Earthquake Ground Motions: 10% Chance of Exceedance in 50 Years 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 
2014 USGS Probabilistic Earthquake Ground Motions: 2% Chance of Exceedance in 50 Years 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The red stars in the above maps show the approximate location of Portland. It is 
important to note that the earthquake ground motion color coding scales differ in the 
above two figures. 
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The maps on the previous page show that the level of seismic hazard in western 
Oregon, including Portland, generally decreases from west to east.  This effect 
reflects, in large part, the distance from the Cascadia Subduction Zone.   Figure 4 
shows the USGS Shakemap for a Cascadia Subduction Zone M9.0 earthquake.   

Figure 4 
USGS Shakemap for Cascadia Subduction Zone M9.0 Earthquake 

Earthquake Ground Motions (Peak Ground Acceleration) for Multnomah County 

 
 

Within Portland, the level of seismic hazard varies with location from three effects:   
1) the general west to east trend in western Oregon, 2) proximity to crustal faults in or 
near Portland, and 3) with Site Class.  Of these factors, the variation with site class 
has the most effect.  The USGS Shakemap shown above doesn’t have enough 
spatial resolution to fully show the variation in earthquake ground motions for 
locations within Portland. 
Site Class as defined in the International Building Code and elsewhere includes six 
types: 

• Site Class A – Hard Rock 

• Site Class B – Rock 

• Site Class C – Very Dense Soil and Soft Rock 

• Site Class D – Stiff (Firm) Soil 

• Site Class E – Soft Soil 

• Site Class F – Requires Site-Specific Evaluation. 
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The USGS seismic hazard data are published for a “standard” site class at the 
boundary between Site Class B and Site Class C.  For estimating ground motions at 
any given location, the USGS data are adjusted for Site Class using the site class 
amplification factors in ASCE 7-10.3   

Earthquake ground motions for Site Class D and Site Class E are amplified and are 
higher than for Site Classes A, B, or C, except at very high levels of ground shaking.  
Thus, the level of seismic risk to URM buildings is higher at locations that are Site 
Class D or E than for URM buildings on Site Class C or lower. 

The benefit-cost ratios (BCRs) of seismic retrofits will vary with Site Class, with 
buildings located on Site Class E having higher BCRs, those on Site Class D having 
intermediate BCRs and those on Site Class C having lower BCRs if all other building 
parameters are identical.  

Existing site class maps for Portland have conflicting estimates.  The t benefit cost 
analysis for “typical” URM buildings in Portland addresses the variation in benefits 
with Site Class by evaluating the changes in BCRs as a function of Site Class. 

For reference, Figures 5 and 6 show the USGS Shakemaps for M6.0 and M7.05 
earthquakes on the Portland Hills fault. 

Figure 5 
USGS Shakemap for Portland Hills M6.0 Earthquake 

Earthquake Ground Motions (Peak Ground Acceleration) for Multnomah County 
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Figure 6 
USGS Shakemap for Portland Hills M7.05 Earthquake 

Earthquake Ground Motions (Peak Ground Acceleration) for Multnomah County 

 
 
The earthquake ground motions in Portland are somewhat higher for the M6.0 
earthquake on the Portland Hills Fault, and substantially higher for the M7.05 
earthquake on this fault than the ground motions for the Cascadia M9.0 map shown 
previously in Figure 4.  The higher ground motions from the Portland Hills fault occur 
because the fault is a shallow crustal fault within Portland and because the Cascadia 
Subduction Zone is a considerable distance west of Portland. 

In simple terms, a Cascadia M9.0 earthquake is the most likely major earthquake to 
affect Portland, while a Portland Hills M7 earthquake is the worst case scenario.  The 
probability of a Cascadia M9.0 earthquake is estimated to be 12% to 18% over the 
next 50 years4.  The updated 2014 USGS estimated return period for the Portland 
Hills Fault for a M6.5 to M7 earthquake is approximately 14,000 years5.  This 
corresponds to a probability of about 0.36% in the next 50 years.   

In addition to the Cascadia Subduction Zone and the Portland Hills Fault there are 
other active faults within or near Portland.  Figure 7 on the following page shows 
mapped faults near Portland.



10 
 

Figure 7 
Earthquake Faults Within or Near Portland 
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Benefit-cost analysis of seismic retrofits necessarily considers the entire range of 
possible earthquake ground motions.  Considering only a few scenario earthquakes 
would undercount the benefits of seismic retrofits.  A “seismic hazard curve” shows 
the annual probability of earthquake grounds motions over the full range of possible 
ground motions.   

As discussed previously, for a given Site Class the level of earthquake hazard in 
Portland generally decreases from west to east.  The approximate centroid location 
for Portland’s URM buildings is estimated to be halfway between the two locations 
below: 

1. West Edge of Portland’s Core:  W. Burnside and 14th Avenue.                
Latitude 45.522956, Longitude 122.658271, and 

2. East Edge of Portland’s Core: E. Burnside and Sandy Blvd.                         
Latitude 45.522899, Longitude 122.653246. 

3. Approximate Centroid Location for Portland’s URM buildings                                      
Latitude: 45.522928, Longitude 122.669259. 

The seismic hazard curve shown below is for the approximate centroid location of 
URM buildings in Portland for a Site Class D Stiff (Firm) Soil.  These data are drawn 
from the 2014 USGS National Seismic Hazard Data, adjusted for Site Class D, using 
the Site Class amplification factors in ASCE-7-10.3 This figure shows the annual 
probabilities   of a given Peak Ground Acceleration or higher.  The annual probability 
decreases with increasing ground motions. 

Figure 8 
Seismic Hazard Curve: Approximate Centroid Location of Portland’s URM buildings 
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Figure 9 
Liquefaction Susceptibility Map with URM Building Locations2 
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The liquefaction map on the previous page is based on DOGAMI data that mapped 
liquefaction susceptibility (potential) in five categories:  None, Low, Moderate, High 
and Very High.   

Table 1 
URM Buildings in DOGAMI Mapped Liquefaction Hazard Areas 

 

The above table should be interpreted cautiously: “liquefaction susceptibility” does 
not mean than liquefaction will occur at every site in every earthquake and if 
liquefaction does occur it isn’t necessarily severe enough to meaningfully increase 
building damages.     

However, for some locations, especially within the areas mapped as “high” 
liquefaction susceptibility, liquefaction may significantly increase building damages in 
earthquakes in which liquefaction does occur.  Liquefaction can substantially 
increase the level of building damages in an earthquake because liquefaction may 
result in significant ground settlements and/or lateral spreading.  Quantitative 
evaluation of liquefaction potential for a given site requires site-specific geotechnical 
data.   

For buildings on sites were significant liquefaction does occur in a future earthquake, 
the level of damage and the likelihood that a building would not be repairable from 
the engineering perspective or the economic perspective may be substantially higher 
than that for a similar building on a site where liquefaction does not occur. 

For each liquefaction susceptibility level, the probability of liquefaction and the 
severity of liquefaction increases with the intensity and duration of earthquake ground 
shaking.  Thus, a Cascadia M9.0 earthquake with extremely long duration shaking or 
a major earthquake on the Portland Hills Fault will have substantially more 
widespread liquefaction impacts those from smaller earthquakes.   

For buildings on sites with high liquefaction risk, seismic retrofit costs may be 
significantly higher and/or it may not be deemed feasible to complete a seismic 
retrofit.  That is, a higher percentage of buildings on such sites are likely to be 
demolished rather than retrofitted. 

The possible effects of liquefaction on increased building damages or increased 
retrofit costs were not explicitly considered in the benefit-cost analyses. The more 
detailed building-specific data that would be necessary were not available.  

DOGAMI              
Liquefaction 

Susceptibility

Number               
of URMs

 Percent      
of URMs

Low 513 30.89%

Moderate 221 13.31%

High 128 7.71%

Total 862 51.91%
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3.0 Portland URM Building Data 

 3.1 URM Building Inventory Data 

The existing data on Portland’s 1600+ URM buildings are limited.  The available data 
potentially relevant to benefit-cost analysis include: latitude and longitude (which 
govern the seismic hazard level), year built, number of stories, total building square 
footage, use and occupancy.  The occupancy data are not based on detailed 
building-specific data, but are estimates in ranges such as 1 to 10, or 100+, without 
documentation of the number of hours per day or week a given building has a given 
occupancy.  Tables 2 and 3 summarize the construction dates and numbers of 
stories for Portland’s URM building inventory. 

                                   Table 2                                                                    Table 3  
                       URM Buildings Dates1                                     URM Buildings by Number of Stories1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
As shown above, the majority of URM buildings (more than 60%) were built before 
1930.  The vast majority, about 79%, are low-rise 1 or 2 story buildings, about 19% 
are mid-rise 3 to 5 story buildings, while only about 1.5% are taller buildings between 
6 and 9 stories.  The Portland URM buildings vary in size from 100 square feet 
(public restroom in Rose City Park) to 225,156 square feet (Cathedral Park Place).  
The majority of the URM buildings are relatively small buildings as shown in Table 4. 

Time Period Count Percent1

<1900 114 6.95%
1900-1909 184 11.21%
1910-1919 313 19.07%
1920-1929 399 24.31%

1930-1939 91 5.55%
1940-1949 255 15.54%
1950-1959 279 17.00%
1960-1966 6 0.37%
Subtotal 1,641 100.00%
Missing Date 19
1988 Date? 1 not URM?

Total 1661
1 Percent of buildings with dates

Number of 
Stories Count1 Percent2

1 913 55.10%
2 397 23.96%
3 184 11.10%
4 87 5.25%
5 50 3.02%
6 16 0.97%
7 6 0.36%
8 3 0.18%
9 1 0.06%

Subtotal 1,657 100.00%
Missing 4

Total 1,661

2 Percent of buildings with number of 
stories data

1 Counts for 1, 2 and 3 story buildings 
include a total of 19 buildings with 
other numbers of stories:  1-2, 1.5, 2+, 
2.5, 2-3 or 3+.  These are assigned to the 
lower whole number of stories.
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Table 4 
Size Distribution of Portland URM Buildings1 

 

As shown above, most the buildings are small with over 63% being less than 10,000 
square feet and only 13% with 25,000 or more square feet. The City’s inventory1 of 
URM buildings shows as total of 20,681,808 gross square feet, which corresponds to 
an average of 12,451 square feet per URM building. 

The seismic performance of individual URM buildings varies substantially depending 
on a wide range of building characteristics including: condition of the mortar, 
condition of structural building elements, foundations, wall heights, wall thicknesses, 
strength of floor and roof diaphragms and their connections to the walls, vertical 
irregularities such as soft stories, plan irregularities such as irregular shapes, details 
of interior partition walls, length of shear walls, fractions of walls with windows and 
others. 

The present benefit-cost analysis does not consider each building separately. The 
detailed data necessary to do this simply doesn’t exist.  Rather, the analysis 
considers the URM building inventory in the aggregate by assuming that on average 
Portland’s URM buildings are “typical” URM buildings.   

 3.2 Building Earthquake Damage Estimates 

As discussed in the following section, the seismic vulnerability assessment for 
Portland URM’s is based on the vulnerability parameters for “typical” URM buildings 
from FEMA’s HAZUS6 Earthquake Loss Estimate methodology, with adjustments to 
consider effects not considered at all in HAZUS or only partially considered in 
HAZUS  

A key step in the benefit-cost analysis of seismic retrofits for Portland’s URM 
buildings is to estimate the extent of building damage as a function of the level of 
earthquake ground motions.  At very low levels of earthquake ground shaking, most 
URM buildings will have little or no damage.  As the level of ground shaking 
increases, the level of damage to URM buildings will increase markedly.  At high 
levels of ground shaking, nearly all URM buildings will have significant or substantial 
damage and the percentages of buildings with partial or complete collapse will 
increase. 

Building Size         
(Gross Square Feet)

Building 
Count

Percent

Less than 10,000 1,051 63.28%
Less than 25,000 1,445 87.00%
Less than 50,000 1,592 95.85%
Less than 100,000 1,652 99.46%
100,000 or More 9 0.54%
Total URMs 1,661 100.00%
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FEMA’s HAZUS Earthquake Loss Estimate methodology6 defines four damage 
states for each building.  The HAZUS damage state definitions for URM buildings 
are: 

” Slight Structural Damage: Diagonal, stair-step hairline cracks on 
masonry wall surfaces; larger cracks around door and window openings 
in walls with large proportion of openings; movements of lintels; cracks 
at the base of parapets. 
 
Moderate Structural Damage: Most wall surfaces exhibit diagonal 
cracks; some of the walls exhibit larger diagonal cracks; masonry walls 
may have visible separation from diaphragms; significant cracking of 
parapets; some masonry may fall from walls or parapets. 
 
Extensive Structural Damage: In buildings with relatively large area of 
wall openings most walls have suffered extensive cracking. Some 
parapets and gable end walls have fallen. Beams or trusses may have 
moved relative to their supports. 
 
Complete Structural Damage: Structure has collapsed or is in 
imminent danger of collapse due to in-plane or out-of-plane failure of 
the walls. Approximately 15% of the total area of URM buildings with 
complete damage is expected to be collapsed.” 

 
HAZUS6 expresses building damages as a percentage of a building’s replacement 
value.  Replacement value means the cost to build a new building of the same size 
and function, and the same level of amenities as the existing building.  For URM’s 
this does not mean replacing a URM building with a new URM, because new URM 
buildings are not permitted in Portland per the current International Building Code 
and the Oregon Structural Specialty Code.  Rather, the replacement value would be 
for a generally similar building such as a reinforced masonry building. Replacement 
value is used instead of market value as the best available metric for estimating 
earthquake damage repair costs.   
 
HAZUS estimates building damages as a percentage of a building’s replacement 
values in three sub-categories:  1) Structural repair costs, 2) Acceleration sensitive 
non-structural repair costs and 3) Drift sensitive non-structural repair costs.  These 
damage percentage estimates are made for building uses, not building structural 
types.  The distribution of damages between the three categories above varies 
markedly by building uses, but the overall damage percentages are nearly identical, 
independent of building use.  Representative examples are shown in Table 5 on the 
following page. 

The HAZUS typical default damage percentages are 2%, 10%, ~40%, and 100% of 
building replacement value for the slight, moderate, extensive and complete damage 
states, respectively. 
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Table 5 
HAZUS Typical Building Damage Percentages 

 

The benefit-cost analysis software tools used by the Oregon Seismic Rehabilitation 
Grant Program (Business Development Department, Infrastructure Finance Authority) 
and the Department of Administrative Services have higher estimates of the building 
damage percentages of 5%, 20% and 50% for the slight, moderate and extensive 
damage states, respectively. 

An important caveat on the above building damage estimates is that they 
assume that all URM buildings with less than “complete” damage will be 
repaired.  In reality, many URM buildings with less than “complete” damage 
will likely be deemed unrepairable by owners and thus a complete loss.  Also, 
buildings that are a complete loss will also require significant additional costs 
for demolition.  See Section 4.3 for further discussion of this important issue. 

The impact on the benefit-cost results of the differences in the two sets of the 
estimated building damage percentages is evaluated by exploring the sensitivity of 
calculated benefit-cost ratios to changes in all of the input parameters that materially 
affect results. 

Slight Moderate Extensive Complete

Multi-Family Structural 0.3 1.4 6.9 13.8
NS-Acceleration 0.8 4.3 13.1 43.7
NS-Drift 0.9 4.3 21.3 42.5
Total 2.0 10.0 41.3 100.0

Retail Trade Structural 0.6 2.9 14.7 29.4
NS-Acceleration 0.8 4.4 12.9 43.1
NS-Drift 0.6 2.7 13.8 27.5
Total 2.0 10.0 41.4 100.0

Structural 0.4 1.9 9.6 19.2
NS-Acceleration 0.9 4.8 14.4 47.9
NS-Drift 0.7 3.3 16.4 32.9
Total 2.0 10.0 40.4 100.0

Light Industrial Structural 0.4 1.6 7.8 15.7
NS-Acceleration 1.4 7.2 21.8 72.5
NS-Drift 0.2 1.2 5.9 11.8
Total 2.0 10.0 35.5 100.0

Structural 0.3 1.8 9.0 17.9
NS-Acceleration 1.0 4.9 14.8 49.3
NS-Drift 0.7 3.3 16.4 32.8
Total 2.0 10.0 40.2 100.0

Structural 0.4 1.9 9.6 19.2
NS-Acceleration 1.0 5.1 15.4 51.3
NS-Drift 0.6 3.0 14.8 29.5
Total 2.0 10.0 39.8 100.0

Percent of Building Replacement ValueBuilding Damage 
Category

HAZUS Occupancy Class 
(Building Use)

Professional, Technical,  
and Business Service

Average of Above 
Categories

Government - General 
Service
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The damage estimates presented above represent only the repair of seismic 
damage.  There are several other important factors that may substantially raise repair 
costs in future earthquakes: 

• The vast majority of URM buildings likely contain significant amounts of 
asbestos in roofing, floors, pipe insulation and other building elements, 
because of their vintage.  Even low levels of building damage would likely 
include disturbance of existing asbestos-containing materials.  Therefore, 
debris removal and repair would likely have to include treating at least some 
and perhaps most of the debris as hazardous waste and the repairs would 
likely have to include further abatement of asbestos, at a substantial increase 
in costs.   

• Portland’s Charter, Code and Policies Title 24 Building Regulations Chapter 
24.85 Seismic Design Requirements for Existing Buildings has trigger 
thresholds for alterations or repairs that mandate that the entire building shall 
be improved to meet the ASCE 31 (now ASCE 41) improvement standard. 

o The cost triggers are $40/SF and $30/SF for single-story buildings and 
two or more story buildings, respectively, over a two-year period.  
However, these values are indexed annually for inflation and the current 
values are $57.57/SF and $43.13, respectively.  Repairs, including 
asbestos abatement, that exceed these thresholds would trigger a full 
building retrofit (or demolition in lieu of repair). 

o Modifications to these regulations have been proposed by the Retrofit 
Standards Committee that would extend the time period for alternations 
or repairs that trigger the mandated upgrade from two years to five 
years.  The committee also proposed expanding the $43.13 trigger to 
include “buildings in relative hazard categories 5 or with vertical or plan 
irregularities.” 

A further consideration, if mandatory seismic retrofits for URM buildings are not 
implemented in the near future, is that a future earthquake with significant damage to 
considerable numbers of URM buildings would likely trigger adoption of mandatory 
seismic retrofits.  An analogous public policy occurred after the 1933 Long Beach 
M6.3 earthquake in California which resulted in major damage to several URM 
schools.  The Field Act, which prohibited future construction of URM schools, was 
passed by the California legislature on April 10, 1933 – exactly 30 days after the 
earthquake.   
 
 3.3 Building Seismic Vulnerability Parameters 

The level of seismic damage to buildings depends on the vulnerability of a given 
building – the capacity of a building’s structural system to resist seismic forces – and 
on the intensity of ground shaking.  Seismic vulnerability is expressed mathematically 
by what are known as “seismic fragility curves” that allow quantitative estimate of the 
extent of damage.   Specifically, they allow calculation of the probability that a URM 
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building is in the slight, moderate, extensive or complete damage states as defined 
previously on Page 19. A schematic example of seismic fragility curves is shown 
below in Figure 10. 

Figure 10 
Seismic Fragility Curve Generic Example 

Exceedance Probabilities of Being in a Given Damage State or Higher 

 
The fragility curves shown above are a generic example – the numerical values are 
not specifically for URM buildings.  However, the general trends apply to all building 
types, including URM buildings: 

• At very low levels of ground shaking, the probability of building damage is 
nearly nil. 

• At low levels of earthquake ground shaking, a little below 0.1 g (10% of the 
acceleration of gravity) for the generic example above, buildings are expected 
to begin to have low levels of damage, but the probability of the complete 
damage state is nearly nil. 

• With increasing earthquake ground shaking the probability of being in the 
higher damage states, including the complete damage state, increases while 
the probability of having no damage, low damage or moderate damages 
diminishes.  

The fragility curves in Figure 10 can be interpreted quantitatively, as shown in Table 
6 on the following page.  
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Table 6 
Interpretation of Fragility Curves in Figure 10 

For 0.20 g Earthquake Ground Shaking1 

 
1 The numerical values above are shown for the sole purpose of 
demonstrating how seismic fragility curves are interpreted. 
These specific values do not apply to Portland’s URM buildings 

For earthquake ground shaking of 0.20 g (20% of the acceleration of gravity), the 
example building has the shown probabilities of being is in each damage state.  Or, 
equivalently for a large population of similar buildings, the results would be 
interpreted as estimating that: 

• 51% of the buildings are expected to have no damage, 

• 15% of the buildings are expected to have slight damage, 

• 23% of the buildings are expected to have moderate damage, 

• 11% of the buildings are expected to have extensive damage, and 

• 0% (or very close to 0%) of the buildings are expected to have complete 
damage. 

The example damage state probabilities shown above reflect that the seismic 
performance of a given class of buildings – including URM buildings – in any given 
earthquake will vary significantly depending on the characteristics of each building 
and the characteristics of the earthquake ground motions.   

HAZUS6 has two sets of fragility curves.  One set uses peak ground acceleration 
which is expressed as a percentage of “g” the acceleration of gravity and uses one 
set of fragility curves for each building of a given structural type.  The other more 
complex set uses spectral ground motions (ground motions of different periods) and 
breaks building damages into three different categories of structural damage, 
acceleration sensitive non-structural damage and drift sensitive non-structural 
damages.  This benefit-cost analysis uses fragility curves with peak ground 
acceleration as the ground motion parameter. 

Exceedance Probabilities Percent
Slight Damage State or Higher 49%
Moderate Damage State or Higher 34%
Extensive Damage State or Higher 11%
Complete Damage State Nearly Nil

Damage State Probabilities Percent
No Damage 51%
Slight Damage State 15%
Moderate Damage State 23%
Extensive Damage State 11%
Complete Damage State Nearly Nil
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HAZUS6 has sets of fragility curves for typical buildings of each building type for four 
defined levels of earthquake design: Pre-Code, Low-Code, Moderate-Code and 
High-Code.  

All of Portland’s URM buildings that have not been retrofitted are deemed Pre-Code 
buildings because they were predominantly designed and built well before there were 
seismic design requirements.  That is, the URM buildings are deemed to have been 
built with no or very minimal consideration of seismic forces on buildings.  As shown 
previously in Table 2, more than 60% of Portland’s URM buildings were built before 
1930 and about 83% were built before 1950.  Only 0.37%, six URM buildings, were 
built after 1959, with the last one built in 1966. 

 3.3.1 Seismic Vulnerability Parameters:  Existing URM buildings 

HAZUS6 fragility parameters for Pre-Code URM buildings are shown in Table 7 
below, along with fragility parameters for reinforced masonry buildings which are 
included for reference.  Per HAZUS, two types of reinforced masonry buildings are 
defined:  RM1 buildings have flexible wood or metal diaphragms, while RM2 buildings 
have rigid concrete or pre-cast concrete diaphragms.  The “L”, “M” and “H” suffixes 
mean low-, mid- and high-rise buildings as defined by HAZUS. 

Table 7 
HAZUS Building Damage Fragility Parameters 

Pre-Code Buildings 

 
1 Peak Ground Acceleration, measured relative to the acceleration of 
gravity, “g”. 
2Beta is a log-normal dispersion parameter for the uncertainty, 
analogous to a standard deviation. 

  
The yellow-shaded HAZUS fragility parameters for URM buildings shown above are 
the starting point for the seismic vulnerability calculations for the benefit-cost 
analysis.   
 
However, the fragility parameters shown above for the low-rise URM buildings (URM-
L) don’t appear to be entirely credible. URM-L buildings are shown as having lower 
seismic vulnerability than low-rise reinforced masonry buildings, RM1-L and RM2-L. 
That is, for URM-L buildings, the HAZUS median ground motions for the slight, 

Slight Moderate Extensive Complete
URM-L 0.13 0.17 0.26 0.37 0.64 1 - 2
URM-M 0.09 0.13 0.21 0.38 0.64 3+
RM1-L 0.13 0.16 0.24 0.43 0.64 1 - 3

RM1-M 0.11 0.15 0.28 0.50 0.64 4+
RM2-L 0.12 0.15 0.22 0.41 0.64 1 - 3

RM2-M 0.10 0.14 0.26 0.47 0.64 4 - 7
RM2-H 0.09 0.13 0.27 0.50 0.64 8+

Building 
Type

Pre-Code
Number     

of StoriesMedian PGA1 (g) for Each Damage State Beta2
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moderate and extensive damage states are higher than those for either RM1-L or 
RM2-L buildings, with the exception of the median ground motion for slight damage 
for URM-L buildings which is the same as that for RM1-L buildings. 
The higher median ground motions for URM-L buildings means that URM-L buildings 
are stated to have lower probabilities of damage at low to moderate levels of ground 
shaking than low-rise reinforced masonry buildings.  This pattern conflicts with 
common sense and the broad consensus that low-rise URM buildings are more 
seismically vulnerable than reinforced masonry buildings.   
As documented in the HAZUS6 earthquake technical manual, the PGA-based seismic 
fragility parameters are derived mathematically from the parameters using spectral 
accelerations for structural damage, acceleration-sensitive nonstructural damage and 
drift-sensitive nonstructural damage.  These detailed HAZUS parameters reflect the 
consensus that URM buildings are more seismically vulnerable than reinforced 
masonry buildings.   

However, the HAZUS conversion of spectral fragilities to PGA fragilities has many 
simplifying assumptions and there appears to be inconsistencies in the mathematical 
calculations in HAZUS to convert spectral ground motion based fragility parameters 
to peak ground acceleration fragility parameters. 

Given these inconsistencies and uncertainties, we consider two sets of URM seismic 
fragility parameters for the benefit-cost analysis of Portland’s low-rise (1 or 2 stores):  
the HAZUS values verbatim and the HAZUS values with minor adjustments.   

Table 8 
Seismic Fragility Parameters: Existing URM Buildings 

 
1 Peak Ground Acceleration, measured relative to the acceleration of 
gravity, “g”. 
2Beta is a log-normal dispersion parameter for the uncertainty, 
analogous to a standard deviation. 

RM1-L buildings – reinforced masonry buildings with wood or metal diaphragms are 
deemed the best reference building type vis-à-vis URM buildings.  The adjusted 
median PGAs for low-rise URM buildings for the slight, moderate and extensive 
damage states are each estimated to be 0.02 g less than the values for RM1-L 
buildings. 

Slight Moderate Extensive Complete

URM-L 0.13 0.17 0.26 0.37 0.64 1 - 2
URM-M 0.09 0.13 0.21 0.38 0.64 3+
RM1-L 0.13 0.16 0.24 0.43 0.64 1 - 3

URM-L 0.11 0.14 0.22 0.37 0.66 1 - 2
URM-M 0.09 0.13 0.21 0.38 0.66 3+

HAZUS:

HAZUS Adjusted:

Building 
Type

Pre-Code
Beta2 Number     

of StoriesMedian PGA1 (g) for Each Damage State
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The default fragility parameters in HAZUS include a “beta” value, as defined in 
Tables 7 and 8, of 0.64 for every building type.  Lower beta values mean lower 
uncertainty and, conversely, higher beta values mean higher uncertainty.   Beta 
values affect the shape of the fragility curves shown previously in Figure 10. 

For Portland’s URM buildings there is significantly more uncertainty about seismic 
performance than for the city’s building inventory over all because the URM buildings 
were built over a nearly 100-year time period, starting in 1870, with very wide 
variation in construction details and in the current condition of mortar and other 
building elements that strongly affect seismic performance. 

Therefore, as shown in Table 8, we consider not only the default HAZUS fragility 
parameters but also the HAZUS adjusted parameters, including a slightly higher beta 
value. 

Caveat:  The HAZUS-based fragility parameters summarized in Table 8 may 
underestimate the vulnerability of URM buildings in Portland and may underestimate 
the performance expected from retrofitted buildings. 

The HAZUS fragility parameters were largely developed in the mid-1990s and are 
predominantly California-centric in the sense that the majority of historical URM 
building damage data were from California as were the majority of the engineers 
developing the fragility parameters.  California was known to be “earthquake country” 
from the time of first European settlers and known to Native Americans before that.   

In contrast, in Oregon overall and in Portland, awareness and concern about 
earthquakes in general and specifically concern about URM buildings occurred much 
later than in California. In the time period when the majority of URM buildings in 
Portland were built, Oregon was considered to be nearly aseismic.  Given this 
history, it appears unlikely that Pre-Code URM buildings in Oregon are fully 
comparable to those in California. The enormously greater awareness in earthquakes 
in California would have likely have resulted in some measures in at least some URM 
buildings to improve seismic resistance in URM buildings even in the Pre-Code time 
period. 

The fragility parameters provide estimates of the percentages of existing URM 
buildings in the four defined damage states.  The estimated repair costs are 
addressed in Chapter 4, including consideration that many URM buildings with 
nominally less than complete damage are likely to be demolished and thus be a 
complete loss. 
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3.3.2 Seismic Vulnerability Parameters:  Retrofitted URM buildings 
 
The Retrofit Standards Committee Report defines 5 Classes of URM buildings with 
different retrofit performance standards for each Class.  Our understanding is that 
these proposed performance standards are draft only and may be revised in 
response to inputs received after the report was finished.  The full definitions for each 
URM Class are tabulated on Pages 13 and 14 of the report referenced above.  
Excerpts from these tables are shown on the following two pages. 
 
The Retrofit Standards Committee Report includes estimates of the number of URM 
buildings by Class. However, these early estimates have been superseded by later 
refinements and corrections.  The City’s current estimates are shown below. 
 

Table 9 
URM Buildings by Class 

 
1As shown in Table 10 on the following pages, Class 4 has a defined subcategory.  
For the benefit-cost analysis, Class 4 is considered in two parts:  Part A being the 
primary definition and Part B being the defined subcategory.  The retrofit 
requirements for Class 4-B are essentially those of Class 5. 

 
More than 80% of the URM buildings are low-rise, as defined by Portland (1 – 3 
stories) in Class 4 and Class 5 with lower life safety risk, due to lower occupancies or 
criticality than the higher risk buildings assigned to Classes 1, 2 and 3.

URM Class Count Percent
Class 1 10 0.60%
Class 2 92 5.54%
Class 3 220 13.25%
Class 4-A1

Class 4-B1

Class 5 213 12.82%
Total 1661 100.00%

1,126 67.79%
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Table 10 
Excerpts from Retrofit Standards Committee Report 
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Table 10 (Continued) 
Excerpts from Retrofit Standards Committee Report 
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The retrofit performance levels outlined in Table 10 are defined in technical 
engineering terms from ASCE 41-13.7  For further details, see Chapter 2 in ASCE 41-
13.  The key terms are defined as follows: 

• BPON – Basic performance objective equivalent to new building standards, 
based on a building’s Risk Category. 

• BPOE – Basic performance objective for existing buildings, based on a 
building’s Risk Category. 

• BSE-2N Earthquake ground motion for Maximum Considered Earthquake per 
ASCE 7-10, typically ground shaking with a 2% chance of exceedance in 50 
years (2,475 year return period). 

• BSE-1N Two/thirds of the BSE-2 earthquake ground motion, the ground 
motion used for new buildings per the International Building Code. 

• BSE-1E Earthquake ground motion with 20% chance of exceedance in 50 
years, but not greater than the BSE-1N (225 year return period). 

• BSE-2E Earthquake ground motion with a 5% chance of exceedance in 50 
years (975 year return period). 
 

The seismic performance levels for Portland’s five URM Classes are summarized 
below, in simplified terms. 

Table 11 
Seismic Performance Levels for Portland’s Five URM Classes 

 
Note:  For Portland, the 20% in 50-year ground motion is quite low.  Therefore, for 
Class 2 and Class 3, the “secondary” design requirement of life safety or collapse 
prevention for the 5% in 50-year ground motion is likely to govern the retrofit designs.  

URM Class Count Simplified Definition
Seismic Performance Level 

(Simplified)
Class 1 10 Critical Facilities Comparable to a new critical facility

Class 2 92
Schools and Public Assembly 

Buildings

Damage control for 20% in 50 year 
ground motion and life safety for 5 % 
in 50 year ground motion

Class 3 220
Buildings with >4 stories, or 

>300 occupants or residential 
buildings with >100 units

Life safety for 20% in 50 year ground 
motion and collapse prevention1 for 
5% in 50 year ground motion

Class 4-A3 Same as Class 3, unless exception2 

applies

Class 4-B3 Very similar to Class 5, if exception2 

applies

Class 5 213
1 and 2-story buildings with     

0 - 10 occupants
Bolts Plus, retrofit of only specified 
building elements.

1 IF ASCE 41-13 requires Tier 3 evaluation
2See Table 9 for building characteristics that meet the exception requirements

1,126
"Ordinary Buildings" not in 

the other Classes

3As shown previously in Table 9, Class 4 has a defined subcategory.  For the benefit-cost 
analysis, Class 4 is considered in two parts.
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The seismic performance of retrofitted URM buildings varies significantly depending 
on the performance levels for each of Portland’s defined URM Classes.  The 
improvement in performance is greatest for URM Class 1 and least for URM Class 5.  
Conversely, estimated costs per square foot are highest for URM Class 1 and lowest 
for URM Class 5. 

The improvement in seismic performance for each URM Class is estimated by the 
seismic fragility parameters which have been developed as described below. 

The seismic fragility parameters for low-rise URM buildings are estimated first.  Table 
12 shows a range of fragility curves for reference.  All of these fragility parameters 
are HAZUS values, with the exception of the adjusted values for URM buildings.   

Table 12 
Reference Seismic Fragility Parameters: Low Rise Buildings 

HAZUS Fragility Parameters, Except as Noted 

 

Higher values for the median PGAs in the table above means better seismic 
performance – that is, it takes higher earthquake ground motions to reach each 
damage state. 
 
Estimated seismic fragility parameters for Portland URM buildings retrofitted to the 
performance levels specified for Classes 1 to 5 are shown in Table 13. 
  

Slight Moderate Extensive Complete

URM1 Pre-Code 0.11 0.14 0.22 0.37
URM Pre-Code 0.13 0.17 0.26 0.37
URM Low-Code 0.14 0.20 0.32 0.46
URM Low-Code Special4 0.19 0.28 0.47 0.68
RM12 Pre-Code 0.13 0.16 0.24 0.43
RM1 Low-Code 0.16 0.20 0.29 0.54
RM1 Moderate-Code 0.22 0.30 0.50 0.85
RM1 High-Code 0.30 0.46 0.93 1.57

C23 High-Code 0.24 0.45 0.90 1.55
C2 High-Code Special4 0.33 0.66 1.42 2.40

HAZUS Seismic 
Code Level

1HAZUS with adjustments, see Table 7
2RM1 Building Type: reinforced masonry with wood or metal diaphragms
3C2 Building Type:  concrete shear walls
4Special Buildings with seismic design importance factor of 1.5

Building 
Type

Low-Rise Buildings
Median PGA1 (g) for Each Damage State
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Table 13 
Seismic Fragility Parameters for Retrofitted URM Buildings by URM Class 

 
 

The fragility parameters for Class 3 and Class 4-A are identical because Portland’s 
retrofit requirements appear to be identical.  See further discussion in Chapter 5. 

Note:  The above seismic fragility parameters are applied to all retrofitted 
Portland URM buildings, regardless of the building size or number of stories 
because Portland’s proposed seismic upgrade levels by URM Class apply 
equally to all URM buildings within each Class. 

 
  

Slight Moderate Extensive Complete
Class 1 0.285 0.555 1.160 1.975 0.64
Class 2 0.228 0.428 0.855 1.473 0.64
Class 3 0.180 0.338 0.675 1.163 0.64

Class 4-A 0.180 0.338 0.675 1.163 0.64
Class 4-B 0.176 0.295 0.549 0.887 0.64
Class 5 0.171 0.252 0.423 0.612 0.64

Class 1
Class 2
Class 3

Class 4-A
Class 4-B
Class 5

Portland URM 
Class

Retrofitted URMs
BetaMedian PGA (g) for Each Damage State

C2  High Code less 25%
C2 High Code Less 25%
Halfway between Class 4-A and Class 5
Low Code Special less 10%

Halfway between C2 High Code and C2 High Code Special

Portland URM 
Class

Numerical Basis of Fragility Parameter Estimates             
with References to Table 10

C2  High Code less 5%



30 
 

4.0 Economic Parameters 

There are numerous economic parameters necessary for benefit-cost analysis of 
seismic retrofits.  Each of these input parameters for the benefit-cost analysis are 
documented below. The values shown for each of these parameters are the values 
deemed “typical.”   

As noted previously, there is uncertainty about each of these parameters.  The effect 
of varying each of the major input parameters is evaluated by evaluating the 
sensitivity of the calculated benefits (benefit-cost ratios) to variations in these 
parameters. 

 4.1 Typical Retrofit Costs  

The Retrofit Standards Committee developed typical retrofit costs per square foot for 
the five proposed seismic retrofit performance levels for the five defined URM 
Classes.  These cost estimates which include construction costs, relocation costs 
and the usual soft costs (architectural and engineering fees and others) are shown in 
Table 14. 

Table 14 
Estimated Typical Retrofit Costs per Square Foot2 

 

The cost estimates for Classes 1 to 3 were based on FEMA 1568 updated to 2016 
values based on historical construction costs indices.  The cost estimates for Classes 
4 and 5 were based on local experience, not from a published value. These retrofit 
costs were published in April 2015.   

Portland’s historic building construction costs rose sharply over the past decade, but 
the increase between the two year period (2014 to 2016) has been only about 1.7% 
per RS Means Square Foot Costs.9  This cost increase has minimal effects on the 
benefit-cost results.  However, to be conservative, we increase the costs in Table 15 
by 2% and use these updated cost estimates for the benefit-cost analysis. 
  

URM Class Upgrade Standard
Construction Cost 
Per Square Foot

Total Costs Per 
Square Foot

Class 1 Immediate Occupancy $70.32 $109.26

Class 2 Damage Control $48.39 $81.00

Class 3 Life Safety $38.43 $67.42

Class 4 Modified Bolts Plus $25.00 $50.00

Class 5 Parapet/Wall Bracing $20.00 $20.00
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Table 15 
Estimated Typical Retrofit Costs per Square Foot: Updated by 2% 

 
   
The typical costs in Tables 14 and 15 include estimated construction costs, plus 30% 
for architectural and engineering fees and other soft costs, plus $18/SF for relocation 
costs during the construction of the retrofits for URM Classes 1 to 4.  For URM Class 
5, parapet/wall bracing only, the construction cost is deemed the full retrofit cost. The 
retrofit cost estimate for URM Class 5 seems low, given the defined scope and the 
likely need for at least some engineering design costs. 

For each individual URM building, the retrofit costs may be significantly higher or 
lower than the typical costs.  Retrofit costs for a given building depend strongly on 
many factors, including: 

• The extent and severity of seismic deficiencies,  

• The target seismic performance level for the retrofit, 

• The size and condition of the existing building, 

• The extent to which retrofit measures require demolition and replacement of 
architectural finishes or utility lines,  

• The extent to which seismic retrofit measures are affected by historic 
preservation issues,  

• Whether or not liquefaction is a significant risk at a given location, and 

• Many other factors. 

Retrofit costs are likely to be higher for buildings designated as historically important 
because of constraints on retrofit measures and restoration of historical architectural 
finishes and other building elements contributing to historical significance. 

Retrofit costs for industrial buildings and some commercial buildings may be lower 
than those for office and residential buildings to the extent that structural elements 
are more exposed, reducing the costs for demolition and replacement of architectural 
finishes. Retrofit costs may also vary with the size of buildings, with retrofits for large 
buildings having some economies of scale. 

 
 

URM Class Upgrade Standard
Construction Cost 
Per Square Foot

Total Costs Per 
Square Foot

Class 1 Immediate Occupancy $71.73 $111.45

Class 2 Damage Control $49.36 $82.62

Class 3 Life Safety $39.20 $68.77

Class 4 Modified Bolts Plus $25.50 $51.00

Class 5 Parapet/Wall Bracing $20.40 $20.40
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Table 16 
Retrofit Cost Variation with Size 

 
The above data on retrofit cost versus building size are from the Department of 
Administrative Services Benefit-Cost Analysis software based on cost estimates for 
URM buildings updated from FEMA 156.8 

The effect of the estimated variation in retrofit costs is minor for the Portland URM 
buildings.  As shown previously in Table 4, almost 96% of the URM buildings are less 
than 50,000 square feet and only about 0.5% of the URM buildings are 100,000 
square feet or more. 

As noted previously in Chapter 1, the perspective of this benefit-cost analysis of 
seismic retrofits is holistic – that is, the primary focus is on the overall costs and 
overall benefits for the City and its residents.  However, it is important to recognize 
that neither the costs nor the benefits of seismic retrofits are distributed 
homogeneously to all stakeholders in Portland.   

In addition to the direct construction costs and relocation costs, owners may incur 
other economic impacts during or after retrofits.  For example, post-retrofit vacancies 
might increase to the extent that previous tenants don’t return after completion of a 
retrofit that requires relocation for construction of the retrofit.  On the other hand, 
post-retrofit vacancies may fall because tenants may prefer retrofitted buildings.        
A variety of less-direct possible costs, along with less-direct possible benefits, are 
addressed later in this report.  

The benefit-cost results (benefit-cost ratios) depend strongly on retrofit costs.   
 
However, the benefit-cost results do not depend on who pays: owners, tenants, 
City of Portland, or the State of Oregon.  Nevertheless, the economic viability 
of the proposed retrofit ordinance does depend significantly on the distribution 
of costs between the stakeholders.  The distribution of costs between owners 
and others may have a profound impact on owners’ decisions about retrofit vs. 
demolition of existing URM buildings and decisions about repair vs. demolition 
of earthquake damaged URM buildings in the future. 

 

  

Building Size Square Feet Retrofit Cost Ratio1

Small Less than 10,000 100.00%

Medium 10,000 to 49,999 99.05%

Large 50,000 to 99,999 94.10%
Very Large 100,000 or greater 79.26%
1 Relative to the costs for small buildings.
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 4.2 Building Replacement Values 
 
As noted previously, HAZUS6 expresses building damages as a percentage of a 
building’s replacement value.  Replacement value means the cost to build a new 
building of the same size and function, and the same level of amenities as the 
existing building.  Replacement value is used instead of market value as the best 
available metric for estimating post-earthquake damage repair costs.   
 
For URM buildings this does not mean replacing a URM building with a new URM 
building because new URM buildings are not permitted in Portland per the current 
International Building Code and the Oregon Structural Specialty Code.  Rather, the 
replacement value would be for an approximately similar building such as a 
reinforced masonry building.  
 
Replacement costs for buildings very depending on the size, use and level of 
amenities as shown in the following tables. 

Table 17 
Distribution of URM Buildings by Use2 

 
 

  

Square Feet Percent

6,153,686 28.18%

4,758,002 21.79%

3,058,443 14.00%

2,352,789 10.77%

1,846,364 8.45%

1,539,899 7.05%

1,377,194 6.31%

753,154 3.45%

21,839,531 100.00%Total2

2 Total square footage differs from other estimates, as the City's 
inventory of URMs has been refined over time.

1 Presumably includes mixed use buildings with other commercial 
usages, such as retail trade.

Schools

Theaters, Clubs and Restaurants

Churches and Recreation 

Industry

Hotels, Motels and Group Homes

URM Uses

Offices1

Apartments

Storage
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Table 18 
Distribution of URM buildings by Size1 

 

As noted previously, the average size for Portland’s entire inventory of URM buildings 
is approximately 12,500 square feet.  

Table 19 on the following page shows “typical” building costs are from RS Means 
Square Foot Costs9.  The values shown are national averages.  Per RS Means, 
building costs in Portland are equal to the national averages.   That is, the RS Means 
location factor which adjusts national average costs regional variations is 1.00 for 
Portland for both residential and commercial buildings. 

  

Building Size         
(Gross Square Feet)

Building 
Count

Percent

Less than 10,000 1,051 63.28%
Less than 25,000 1,445 87.00%
Less than 50,000 1,592 95.85%
Less than 100,000 1,652 99.46%
100,000 or More 9 0.54%
Total URMs 1,661 100.00%
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Table 19 
Representative RS Means Typical Building Costs 

 

The eight building types/sizes shown above are the closest matches in RS Means to 
the eight Portland use categories shown in Table 17.  The matches aren’t perfect but 
provide a starting point for estimating typical building replacement costs.   
 

Size (Square Feet) 5,000 8,000 12,000 16,000 20,000 35,000 50,000

Cost per Square Foot $264.20 $225.60 $203.35 $187.20 $178.95 $162.91 $157.00

Description

Size (Square Feet) 8,000 12,000 15,000 19,000 22,500 25,000 36,000

Cost per Square Foot $198.60 $187.65 $183.65 $174.90 $172.80 $271.45 $158.15

Description

Size (Square Feet) 10,000 15,000 20,000 25,000 30,000 35,000 40,000

Cost per Square Foot $177.90 $159.55 $151.45 $141.60 $136.35 $133.05 $130.55

Description

Size (Square Feet) 50,000 65,000 80,000 95,000 110,000 125,000 140,000

Cost per Square Foot $196.55 $194.00 $192.75 $191.60 $190.80 $190.40 $190.05

Description

Size (Square Feet) 9,000 10,000 12,000 13,000 14,000 15,000 16,000

Cost per Square Foot $201.80 $196.35 $186.15 $182.75 $179.80 $177.25 $174.15

Description

Size (Square Feet) 2,000 7,000 12,000 17,000 22,000 27,000 32,000

Cost per Square Foot $325.05 $225.75 $204.00 $187.65 $181.55 $177.80 $170.05

Description

Size (Square Feet) 12,000 18,000 24,000 30,000 36,000 42,000 48,000

Cost per Square Foot $159.80 $149.45 $144.85 $137.65 $135.40 $132.55 $131.25

Description

Size (Square Feet) 35,000 55,000 75,000 95,000 115,000 135,000 155,000

Cost per Square Foot $205.40 $193.00 $187.85 $182.80 $180.60 $179.05 $176.25

Description Brick veneer on reinforced concrete (no data for concrete block)
1 M.460 and other similar codes are RS Means Identifiers.

Church 1 Story M.090

Face brick on concrete block

Factory 1 Story M.200

Face brick on concrete block

Hotel 4-7 Story M.350

Brick veneer on reinforced concrete (no data for concrete block)

School (Junior High) 2-3 Story M.580

Brick veneer on reinforced concrete (no data for concrete block)

Theater 1 Story  M.440

Face brick on concrete block

Office 2-4 Story M.4601

Brick veneer on reinforced concrete (no data for concrete block)

Apartment 1-3 Story  M.010

Brick veneer on reinforced concrete (no data for concrete block)

Warehouse  1 Story  (M.690)
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There are several reasons why the current RS Means “typical” costs may significantly 
underestimate the replacement value of Portland’s URM buildings, including: 

• Typical costs in Portland may be higher than shown in Table 19 to the extent 
that the location factor for Portland is more realistically above 1.0, the RS 
Means estimate. 

• The replacement cost estimates are for “generic” buildings, but many of the 
URM buildings have architectural details that significantly increase the building 
replacement values. 

• For some of the use categories, especially schools and hotels, the size of 
many Portland URM buildings are significantly smaller than the smallest 
building size for which RS Means provides square foot costs.  Smaller 
buildings have significantly higher square foot costs as shown by the values in 
Table 19. 

• The building replacement cost estimates do not consider the historical value of 
the existing URM buildings.  575 of the URM buildings are listed in the City’s 
listing of historic buildings, with 111 of these listed on the National Register of 
Historic Buildings and there are two National Historic Landmark buildings and 
one National Historic Landmark district. 

The Oregon Seismic Rehabilitation Grant Program benefit-cost analyses consider 
historic values for buildings by adding multipliers on building replacement values.  
The multipliers are 1.50 for eligible or locally designed historic buildings, 2.00 for 
buildings listed in the National Register of Historic Buildings and 5.00 for National 
Historic Landmarks.   

For example, the RS Means building costs for a Junior High School (intermediate 
square foot costs between the lower costs for elementary schools and the higher 
costs for high schools) are approximately $190 per square foot.  The Portland Public 
Schools estimate of costs for new schools is approximately $300/ per square foot10, 
about 50% higher than the RS Means “typical” costs. 

The sensitivity of benefit-cost results to estimate building replacement values is 
explored by considering a wide range of building replacement values from $100 per 
square foot to $300 per square foot. 

 4.3 Post-Earthquake Demolition Thresholds for Damaged URM buildings 

 4.3.1 Christchurch, New Zealand Post-Earthquake Demolition Data 

The default HAZUS assumption is that all buildings in the slight, moderate or 
extensive damage state are repaired after an earthquake.  That is, after an 
earthquake only buildings in the complete damage state are demolished.   

This default assumption is profoundly unrealistic and results in a substantial 
underestimation of the benefits of seismic retrofits.  In past earthquakes in the 
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United States and worldwide, many buildings of all structural types, but 
especially URM buildings were demolished with far less than complete 
damage. 

The best statistical data on post-earthquake demolition of URM buildings are from the 
2011 Christchurch, New Zealand earthquake.  New Zealand has a long history of 
earthquakes and has a modern building code for seismic design that is roughly 
comparable to that in the United States.  The February 11, 2011 M6.3 earthquake 
occurred on a previously unknown fault very near the central business district.   

In this earthquake, widespread liquefaction substantially exacerbated the level of 
building damage not only for URM buildings but also for other building types.  
Furthermore, some of the buildings previously suffered damage from a M7.1 
earthquake that occurred on September 4, 2010 in Darfield, about 25 miles from 
Christchurch.  The 2010 earthquake caused much less damage in Christchurch than 
the smaller 2011 earthquake because of the difference in proximity to the city center. 
This earthquake sequence also included about 50 aftershocks of M5 or higher 
 
A post-earthquake study of URM buildings11 included approximately 650 clay brick 
URM buildings and 90 stone URM buildings.  The main outcomes were:  

• 97% of non-retrofitted URM buildings were either seriously damaged (severe 
or major damage) or collapsed. 

• None of the buildings that had been strengthened to 100% or more of the 
seismic design required for new buildings were seriously damaged or 
collapsed.    

• The URM buildings partially retrofitted or retrofitted to less than the new 
building standards substantially reduced the fractions of buildings with high 
damage levels and greatly reduced the fraction of buildings that suffered 
collapse. 

• Approximately 90% of non-retrofitted URM buildings were demolished.12  

A detailed study13,14 of the performance of reinforced concrete buildings in 
Christchurch yielded unexpected results.  The seismic performance of reinforced 
concrete buildings was generally acceptable, given the level of ground shaking and 
the extent of liquefaction.  Nevertheless, more than 60% of the reinforced concrete 
buildings were demolished.  This demolition percentage was lower than that for URM 
buildings but still surprisingly high. 

The figures13 on the following page show the percentage of demolition vs. percent 
building damage for four variables: year built, heritage or non-heritage, commercial or 
residential, and number of stories.   

Key results of this study of the demolition of reinforced concrete buildings include: 
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• About 50% of buildings with damage of 1%, about 70% with 2% to 10% 
damage, about 90 % with 10% to 30% damage and nearly all with over 30% 
damage were demolished  

• The demolition percentage increased with increasing building age, 

• The demolition percentage for heritage buildings was high, but significantly 
lower than that for non-heritage buildings, 

• The demolition percentage for residential buildings was high, but significantly 
lower than that for commercial buildings, 

• The demolition percentage increased with the number of stories. 

Figure 11 
Christchurch, New Zealand 2011 Earthquake 

Demolition Percentages for Reinforced Concrete Buildings12 

 
The data above are for reinforced concrete buildings.  However, the same factors 
that governed owners’ decisions to demolish buildings rather than to repair and 
retrofit are logically the same for URM buildings.  The conclusions drawn from this 
study12 include: 

• Many engineers were not comfortable proposing repairs for damaged 
buildings which led to more conservative assessments of buildings’ residual 
strength and integrity.  This, in turn led to more extensive repair designs with 
higher repair costs. 
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• Most demolitions were not because the buildings were dangerous or beyond 
repair from an engineering perspective, but because they were deemed 
uneconomical to repair to current standards, especially if owners lacked 
sufficient insurance coverage. 

• For owners with insurance, cash settlements were preferred over repairs, 
because they provided building owners with maximum flexibility, less 
uncertainty and reduced future financial risks for both owners and insurers. 

• Repaired damaged buildings would also face higher future insurance costs 
than new buildings. 

• Both owners and tenants preferred new current code buildings to repaired old 
buildings, presumably not only for seismic safety but also for having more 
modern features and amenities. 

• In some cases, the tax implications of repair vs. construction provided further 
incentives for demolition and rebuild, rather than repairs. 

Caveats:   
• The factors that governed owners’ decision to repair or demolish damaged 

buildings in Christchurch would very likely apply to Portland owners as well.  

• However, the framework of legal issues, insurance issues and building codes 
and other regulations differ significantly between Christchurch and Portland.   

• It is also important to recognize that the severity of damage to URM buildings 
and other buildings in the Christchurch earthquake was probably more severe 
than that expected in Portland for the most likely major earthquake –a M8 or 
M9 earthquake on the Cascadia Subduction Zone.    

o A Cascadia earthquake will probably have lower levels of ground 
shaking, because of the distance between Portland and the fault and 
less extensive liquefaction because the fraction of Portland subject to 
liquefaction is lower than that in Christchurch. 

o However, for Cascadia Subduction Zone earthquakes, the most likely 
severe earthquake for Portland, the extremely long duration of shaking 
– 4 to 6 minutes vs. less than 30 seconds in the M6.3 Christchurch 
earthquake – is likely to substantially increase damage levels in URM 
buildings. 

• Therefore, while the factors in decision making in Christchurch apply to 
Portland, the specific demolition outcomes in the Christchurch 
earthquake should not be extrapolated verbatim to Portland.  

In any earthquake, including the Christchurch earthquake and a future earthquake in 
Portland that results in significant damage to URM buildings, there is likely to be an 
important psychological effect:  people’s fear of URM buildings will increase.  In 
Christchurch, URM buildings became the building-equivalent of a pariah – someone 
that has been soundly rejected by their community. To the extent that such occurs in 



40 
 

a future earthquake, the demolition percentage for damaged URM buildings is likely 
to be high. 

 4.3.2 Portland Post-Earthquake Demolition Estimates 

It is difficult to estimate the percentage of Portland’s URM buildings with various 
levels of damage that will be demolished in any given future earthquake.  The table 
below shows low, mid-point and high estimates for the percentages of URM buildings 
likely to be demolished for each nominal damage level.   

As robustly documented by the Christchurch data presented in the preceding section, 
the default HAZUS assumption that all buildings with less than “complete” damage 
are repaired is simply not realistic.  

 In any earthquake that damages buildings, some buildings with less than complete 
damage are demolished when owners make a decision that repair (with or without 
retrofit) is simply not the best economic choice. 

Table 20 
Estimated Demolition Percentages for Existing URM buildings 

 
All of the estimates above, including the “High” estimates have lower percentages of 
post-earthquake demolition that what occurred in Christchurch.  To the extent that 
asbestos abatement is expensive and required for all or nearly all damaged URM 
buildings and that existing triggers for mandatory whole building retrofits are met, the 
percentage of demolished URM buildings could approach that seen in Christchurch.  

Damage State Repair Costs1 Low Mid-Point High Low Mid-Point High

Slight 2% 5% 15% 25% 6.9% 16.7% 26.5%

Moderate 10% 20% 35% 50% 28% 42% 55%

Extensive 40% 70% 80% 90% 82% 88% 94%

Complete 100% 100% 100% 100% 100% 100% 100%

Damage State Repair Costs1 Low Mid-Point High Low Mid-Point High

Slight 5% 5% 15% 25% 9.8% 19.3% 28.8%

Moderate 20% 20% 35% 50% 36% 48% 60%

Extensive 50% 70% 80% 90% 85% 90% 95%

Complete 100% 100% 100% 100% 100% 100% 100%
1 Percent of building replacement value.

3 Excluding possible combinations of demolition costs, asbestos abatement and triggered mandatory 
whole building seismic retrofit costs.

Revised Estimates

2 Estimated Post-Earthquake Demolition Percentages are by the consulting team.

Post Earthquake Demolition Percent2 Effective Damage Costs1,3

Post Earthquake Demolition Percent2HAZUS Default Effective Damage Costs1,3
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To varying degrees, the same reasons that so many buildings in Christchurch were 
demolished are applicable to Portland.  
 
However, the above estimates notwithstanding, the percentage of demolitions for 
designated historically important buildings is likely to be significantly lower than that 
for non-historical buildings, as happened in Christchurch.  
 
After seismic retrofit, the percentages of buildings in each damage state will be 
substantially reduced.  Furthermore, especially for buildings in the low and moderate 
damage states, the percentages of buildings that will be demolished in future 
earthquakes are likely to be reduced.  Estimated post-earthquake demolition 
percentages for retrofitted URM buildings are shown in the following table. 
 

Table 21 
Estimated Demolition Percentages for Retrofitted URM buildings 

 
 
The sensitivity of benefit-cost results to the demolition percentages will be evaluated 
by considering a range of demolition percentages. 
  

Damage State Repair Costs1 Low Mid-Point High Low Mid-Point High

Slight 2% 2.5% 7.5% 12.5% 4.5% 9.4% 14.3%

Moderate 10% 10% 17.5% 25% 19% 26% 33%

Extensive 40% 60% 70% 80% 76% 82% 88%

Complete 100% 100% 100% 100% 100% 100% 100%

Damage State Repair Costs1 Low Mid-Point High Low Mid-Point High

Slight 5% 2.5% 7.5% 12.5% 7.4% 12.1% 16.9%

Moderate 20% 10% 17.5% 25% 28% 34% 40%

Extensive 50% 60% 70% 80% 80% 85% 90%

Complete 100% 100% 100% 100% 100% 100% 100%

HAZUS Default Post Earthquake Demolition Percent2 Effective Damage Costs1,3

1 Percent of building replacement value.
2 Estimated Post-Earthquake Demolition Percentages are by the consulting team.
3 Excluding possible combinations of demolition costs, asbestos abatement and triggered mandatory 
whole building seismic retrofit costs.

Revised Estimates Post Earthquake Demolition Percent2 Effective Damage Costs1,3
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4.4 Contents Value and Damage Functions 

 4.4.1 Contents Value 

For earthquake loss estimation and for benefit-cost analysis of seismic retrofits, the 
value of contents is typically expressed as a percentage of the building replacement 
value.  The contents value of URM buildings varies greatly depending on the use and 
occupancy of each building.  HAZUS6 default values for contents values for 
representative building uses are shown in Table 22. 

Table 22 
Contents Value 

 
The above HAZUS6 typical values for contents are used for the benefit-cost analysis.  
Building contents means furnishings, supplies, records, computers and other 
equipment.  However, HAZUS-defined contents does not include commercial or 
industrial product inventory, which is estimated separately, or building nonstructural 
elements (lighting, ceilings, mechanical and electric equipment) that are included in 
building values.   

Representative HAZUS values (percent of building value) for inventory include: 

• Retail Trade: 13%, 

• Wholesale Trade: 10% 

• Heavy Industrial: 5% 

• Light Industrial: 4% 

• Values of other categories of limited relevance for Portland’s URM buildings 
range from 2% to 5%. 

HAZUS OCCUPANCY CLASS
Contents Value              

Percent of Building 
Replacement Value

Residential1 50%

Commercial2 100%

Industrial3 150%

Church/Membership Organization 100%

Government - General Services 100%

Government - Emergency Services 150%

Schools/Libraries 100%

Colleges/Universities 150%
1 All six residential classes
2 All commercial classes except Hospital, Medical 
Office/Clinic and Parking
3 All classes except Construction
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Building specific contents values for Portland’s URM buildings are not available.  The 
benefit cost analysis explores the sensitivity of the benefit-cost results to variations in 
URM buildings’ contents values over the HAZUS range of 50% to 150% of building 
replacement values.   
 
The HAZUS values for commercial and industrial inventory are a small percentage of 
the contents values and only apply to building uses that are a relatively small fraction 
of Portland’s total URM inventory.  Given the overall uncertainty in contents values 
and the minor effects of inventory, the values of commercial and industrial inventory 
are not considered in the benefit-cost analysis.  This omission results in a slight 
undercount of the benefits for buildings that have inventory.  However, this omission 
is essentially negligible for the overall benefit-cost analyses. 

 4.4.2 Contents Damage Functions 

The HAZUS default values for the percentage damage to contents and commercial or 
industrial product inventory are defined for each of the four building damage levels – 
slight, moderate, extensive and complete – as 1%, 5%, 25% and 50%, respectively.  
The 50% contents damage estimate for the complete damage state is predicated on 
the potential for salvage. 

More realistically, for URM buildings in the complete damage state with partial or full 
collapse or on the brink of collapse the likelihood of contents salvage is very low.  
Essentially 100% of buildings in the complete damage state will be “red-tagged” 
which means no entry, unless the building is shored up and stabilized.  Similarly, the 
vast majority of URM buildings in the extensive damage state are also nearly certain 
to be “red-tagged.”  As discussed previously, a very high percentage of buildings in 
the extensive damage state are likely to be demolished.   

In many red-tagged buildings, the contents will be a complete or nearly complete loss 
because the building is deemed too dangerous to allow access, even to remove 
contents.  The estimated contents damages percentages shown in Table 23 take into 
account the “red-tagged” factor discussed above. 

Table 23 
Contents Damage Functions 

 

For retrofitted URM buildings, contents damages are potentially reduced for two 
reasons: 

Building             
Damage State

Contents          
Damage Percentage

Slight 2%

Moderate 10%

Extensive 70%

Complete 95%
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• Substantially reduced probabilities of the retrofitted URM being in the higher 
damage states, and 

• Reduced damages for buildings in a given damage state, to the extent that the 
retrofit includes bracing and anchoring of contents. 

Portland’s proposed retrofit requirements for the 5 URM Classes do not explicitly 
include bracing of contents.  Meeting the ASCE 41-13 requirements for life safety 
does require bracing of contents that pose life safety risk such as tall heavy 
bookcases or file cabinets or tall equipment.  This requirement applies for retrofits for 
URM Classes 1, 2, 3 and 4-A, but not for Classes 4-B and 5.   

The percentage of contents that might be braced for the life safety retrofits is likely to 
be a very small percentage of total contents values.  Thus, the impact on the benefits 
of reduced contents damage is low and the impact on the overall benefit-cost results 
is essentially negligible. 

The benefit-cost analysis considers only the benefits of reduced contents damages 
from the reduced probabilities that a retrofitted URM building will be in the higher 
building damage states. 

The sensitivity of benefit-cost results to the contents damage percentages will be 
evaluated by considering a range of contents damage percentages. 

 4.5 Casualties: Monetized Values and Casualty Rates 

 4.5.1 Monetized Values of Casualties 
The latest FEMA statistical monetized values for casualties are in the FEMA 
Earthquake Benefit-Cost Module, Version 5.2.1.  These values are shown in Table 
24. 

Table 24 
FEMA 2014 Monetized Values for Casualties 

 

The FEMA values shown above have not been updated since Version 5.0 of the 
FEMA software which was released on April 4, 2014.  The above values were 
updated to the 4th Quarter of 2016 using the United States Department of Labor’s 
Bureau of Economic Analysis (BEA) quarterly Price Indices for the Gross Domestic 
Product. The BEA data have been published only through the 2nd Quarter of 2016, 
the increase to the 4th quarter of 2016 used the increase for the two most recent 
quarters with BEA data.  The increase from the FEMA values is 3.882%.  This 
increase is commensurate with the increase in retrofit costs as previously estimated. 

FEMA                  
Casualty Level

FEMA                
Monetized Value

Minor Injury $13,000

Major Injury $1,687,500

Death $6,600,000
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The updated values for casualties are shown in Table 25. 

Table 25 
FEMA Monetized Values for Casualties 

Update to 4th Quarter of 2016. 

 

 4.5.2 Casualty Rates 

Casualty rates for URM buildings are among the most difficult parameters to estimate 
because they depend strongly on many different factors including: 

• Extent of collapse for the complete damage state, 

• Structural and nonstructural details of each building, 

• Structural details of adjacent structures, especially taller or shorter buildings 
that may fall on a building or exacerbate damage from pounding, 

• Condition of a URM building’s mortar and other structural building elements, 

• Intensity, duration and spectral content of earthquake ground motions, 

• Extent to which liquefaction, settlement and lateral spreading exacerbate 
damage levels,  

• Building occupancy and outdoor occupancy adjacent to a building at the time 
of an earthquake, 

• The effectiveness and rapidity of emergency medical and rescues crews, 
especially for people with immediately life-threatening injuries, and 

• Many other factors. 

The HAZUS6 methodology for estimating casualties explicitly omits 
consideration of many casualty-causing mechanisms that commonly occur 
during earthquakes: 

 “The model estimates casualties directly caused by structural or 
nonstructural damage although non-structural casualties are not directly 
derived from nonstructural damage but instead are derived from structural 
damage output.  
The method excludes casualties caused by heart attacks, car accidents, falls, 
power failure which causes failure of a respirator, incidents during post-
earthquake search and rescue or post-earthquake clean-up and construction 
activities, electrocution, tsunami, landslides, liquefaction, fault rupture, dam 
failures, fires or hazardous materials releases.” 

Death $6,856,212

Major Injury $1,753,009

Minor Injury $13,505

FEMA                  
Casualty Level

FEMA                
Monetized Value
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The HAZUS Earthquake Technical Manual also states: 
“The casualty rates used in the methodology are relatively uniform across 
building types for a given damage level, with differentiation to account for 
types of construction that pose higher-than-average hazards at moderate 
damage levels (e.g., falling of pieces of unreinforced masonry) or at severe 
levels (e.g., complete collapse of heavy concrete construction as compared 
to complete collapse of wood frame construction).  
For example, indoor casualty rates at slight structural damage are the same 
for all model building types. This is because at low levels of structural 
damage casualties most likely would be caused by non-structural 
components or contents, which do not vary greatly with model building type.” 

For Portland’s URM buildings, the HAZUS casualty rate estimates appear 
unreasonably low, in part from the explicitly omitted mechanisms that result in 
casualties in earthquakes, from insufficient consideration of the differences 
between URM buildings and non-URM buildings and lack of consideration of 
the long duration shaking in Cascadia Subduction Zone earthquakes. 
HAZUS casualty rate estimates for URM buildings (low-rise and mid-rise) are shown 
below. 

Table 26 
HAZUS Casualty Rate Estimates 

 
1 For URM buildings in the complete damage state, the percentages without collapse 
and with collapse are estimated to be 85% and 15%, respectively. 

For the complete damage state, the total casualty estimates for indoor and outdoor 
(taking into the account the percentages of URM buildings with and without collapse) 
are shown in Table 27 on the following page. 
  

Slight Moderate Extensive
Complete w/o 

Collapse1

Complete     
w/ Collapse1

Complete 
Outdoor

Severity 1 Minor medical treatment 0.05% 0.350% 2.000% 10.00% 40.00% 5.00%

Severity 2 Hospital treatment 0.00% 0.400% 0.200% 2.00% 20.00% 2.00%

Severity 3 Immediate Life Threatening 0.00% 0.001% 0.002% 0.02% 5.00% 0.40%

Severity 4 Death 0.00% 0.001% 0.002% 0.02% 10.00% 0.60%

HAZUS Structural Damage StatesHAZUS 
Casualty 

Level

HAZUS Casualty Level 
Definition (Simplified)
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Table 27 
Casualty Rate Estimates for the Complete Structural Damage State 

 
The analysis and commentary below focus primarily on the estimated death rates, 
but the same effects apply to injuries as well. The estimated death rates for the slight, 
moderate, extensive and complete damage states are:  

• Slight Damage State:  None, 

• Moderate Damage State:  0.001% (1 per 100,000 people),  

• Extensive Damage State: 0.002% (2 per 100,000 people), and 

• Complete Damage State: 2.12%, including the probability of collapse. 

In addition to the immediate death rates noted above, HAZUS includes immediately 
life threatening injuries if not treated adequately and expeditiously.  In the immediate 
post-earthquake chaos most communications are down and the demand for 
emergency medical response far exceeds the capacity, it appears likely that many – 
indeed perhaps most – victims with immediately life threatening injuries will die.  In 
this case, the death rate for the complete damage state would be approximately 3% 
rather than the 2.12% quoted above.  
These very low death rates do not appear consistent with the HAZUS damage state 
definitions for URM buildings shown previously on Page 19 or with URM building-
specific nonstructural elements such as hollow clay tile partition walls that pose 
significant life safety risks, separate from structural damage states: 

• At slight damage state, there are possible injuries and a small, but nonzero 
possibility from localized failures of unrestrained hollow clay tile partition walls. 

• At the moderate damage state, the likelihood of casualties noted above for the 
slight damage state increase and the URM building damage state description 
includes falling masonry from walls or parapets which poses life safety risks 
higher than the HAZUS estimates. 

• At the extensive damage state, where HAZUS notes that some parapets and 
gable end walls have fallen, the potential for injuries of every class and deaths 
appears to be substantially higher than the absolutely minimal HAZUS rates: 
only 2% with even minor injuries, only 0.2% with injuries requiring hospital 
medical services and only 2 in 100,000 people with immediately life 
threatening injuries or deaths. 

Severity 1 Minor medical treatment 19.50%

Severity 2 Hospital treatment 6.70%

Severity 3 Immediate Life Threatening 1.17%

Severity 4 Death 2.12%

Complete 
Structural 

Damage State 
Total

HAZUS 
Casualty 

Level

HAZUS Casualty Level 
Definition (Simplified)
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• At the complete damage state, the casualty rates likewise appear very low 
with a substantially higher likelihood of failures of nonstructural hollow clay tile 
partition walls and a substantially increased likelihood of parapets and gable 
end walls falling. 

Furthermore, the HAZUS assumption that the fraction of collapse in the complete 
damage state is only 15% doesn’t reflect that the fraction of collapse will increase at 
higher levels of shaking, especially for URM buildings, the least ductile building type.   

Given the above factors and the explicitly omitted mechanisms for deaths, a more 
realistic lower bound estimate of the fraction of deaths likely for URM buildings in the 
complete damage state would be about 5%. 
For Portland URM buildings, there are several factors that appear likely to raise the 
casualty rates: 

• Higher damage levels, including an increased fraction of URM buildings in the 
complete damage state with collapse from liquefaction induced settlement and 
lateral spreading which can result in complete collapse.  Slightly more than 
50% of Portland’s URM buildings are located on soils mapped has having 
liquefaction potential. 

• Higher damage from earthquake induced landslides. 

• Higher damage from surface rupture of the Portland Hills Fault or of the other 
crustal faults within Portland. 

• Substantially increased damage levels from the extremely long duration 
earthquake ground shaking for Cascadia Subduction Zone earthquakes, which 
are the most likely major earthquake to impact Portland. 

• Collapse of multi-story URM buildings has the potential for mass casualties. 

As noted previously, casualty rates for URM buildings are among the most difficult 
parameters to estimate because they depend strongly on many different factors.  
Low, medium and high casualty rate estimates are shown in Table 28 on the 
following page. 

The “medium” casualty rate estimates are used for the “typical” benefit-cost 
calculations.  The sensitivity of benefit-cost results to variations in the casualty rate 
estimates is evaluated. 
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Table 28 
Casualty Rate Estimates 

 

. 
 
 4.6 Displacement Costs 

For benefit-cost analysis of seismic retrofits, we use FEMA’s definition:  the extra 
costs for occupants displaced because of earthquake damage to a building.  These 
costs include increased post-earthquake rents in alternative buildings, round trip 
moving expenses, set-up costs for commercial tenants (information technology and 
others) and other possible costs such as increased travel times and costs.  These 
costs are typically small compared to building and contents damages, but are 
included for completeness.  The typical values are $2.00 per square foot per month, 
plus a one-time cost of $2.00 to account for the non-time dependent costs.  The 
duration of displacement varies with the estimated severity of building damage, up to 
a maximum of one year.   
 
Typically, the benefits of reduced displacement costs are roughly 3% of total benefits, 
so the impact on calculated benefit-cost ratios is minor.  

Damage Minor Major
State Injuries Injuries
Slight 0.050% 0.005% 0.0005%

Moderate 1.00% 0.10% 0.01%
Extensive 5.00% 0.50% 0.15%
Complete 15.00% 7.50% 5.00%

Damage Minor Major
State Injuries Injuries
Slight 0.200% 0.010% 0.001%

Moderate 1.50% 0.20% 0.05%
Extensive 7.50% 1.50% 0.20%
Complete 30.00% 15.00% 12.50%

Damage Minor Major
State Injuries Injuries
Slight 0.50% 0.03% 0.00%

Moderate 2.50% 0.40% 0.05%
Extensive 12.50% 2.50% 0.50%
Complete 40.00% 20.00% 20.00%

Deaths

Low Estimate

Medium Estimate

Deaths

High Estimate

Deaths



50 
 

5.0 Benefit-Cost Results 

5.1 Typical URM Building Parameters and Best Estimate Input 
Parameters 

Portland’s database of URM buildings includes 1,661 URM buildings, excluding one- 
and two- family homes.  The costs and benefits of seismic retrofits are likely different 
for each one of these URM buildings.  However, existing building data are 
inadequate to complete benefit-cost analyses on a building by building basis.  
Therefore, the benefit-cost analyses are done for each of Portland’s defined URM 
Classes for a “typical” building with input parameters representative of the “average” 
Portland URM. 

Uncertainty in the benefit-cost results arises from the combined uncertainty and 
variability of the input parameters.  Uncertainty is addressed by evaluating the effect 
on benefit-cost results – the benefit-cost ratios – for ranges of values for each of the 
important input variables.  The sensitivity of benefit-cost ratios to variations in 
input data is evaluated in Chapter 6. 
 
A “typical” Portland URM building is defined as follows: 

1. Location: Approximate centroid of Portland URM buildings, Latitude 
45.522928, Longitude 122.669259 

2. Site Class: D Stiff (Firm) Soil 
3. Building Size: 10,000 square feet.  The average size of Portland URM 

buildings is approximately 12,500 square feet and 63% of the URM buildings 
are less than 10,000 square feet. 

4. Number of Stories: Low Rise (1or 2 stories).  79% of Portland’s URM buildings 
are 1 or stories.  With the HAZUS adjusted seismic fragility parameters in 
Table 7 for low rise and mid-rise URM buildings and all other parameters 
identical, the benefit-cost ratio for a 3+ story URM building is about 4.2% 
higher than that for a low rise URM building.  The slightly higher benefit cost 
ratio is likely balanced out by slightly higher retrofit costs per square for 3+ 
story URM buildings.  Therefore, all of the benefit-cost calculations use the 
seismic fragility parameters for low rise URM buildings. 

5. Seismic Fragility Parameters Existing URM buildings: HAZUS-based adjusted 
parameters in Table 8 for low-rise URM buildings. 

6. Seismic Fragility Parameters Retrofitted URM buildings: estimated fragilities in 
Table 13 for each of Portland’s URM Classes. 

7. Demolition Percentages for Each Damage State: Mid-point of estimates in 
Tables 20 and 21 for existing URM buildings and retrofitted URM buildings. 

8. Building Damage Percentages Slight, Moderate, Extensive and Complete 
Damage States:  Revised estimates, including demolition percentages, in 
Tables 20 and 21. 
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9. Contents Damage Percentages for Each Building Damage State:  Estimates in 
Table 23, which include consideration of the likelihood that the vast majority of 
URM buildings with extensive damage are likely to be red-tagged and thus 
that salvage of contents is generally not possible. 

10. Building Replacement Value: $200 per square foot. 
11. Contents Replacement Value: 100% of building value, which is the HAZUS 

typical value for most building uses other than residential. 
12. Displacement Costs: $2.00 per square foot one-time cost, plus $2.00 per 

square foot per month. 
13. Occupancy: one person per 1,000 square feet. 
14. Casualty Rates for Minor Injuries, Major Injuries and Deaths for Each Damage 

State: per Table 28. 
15. Retrofit Costs: City of Portland’s Retrofit Standards Committee 2015 estimates 

by URM Class, updated by 2% to reflect current costs. 
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5.2 Benefit-Cost Results for Portland URM Classes 2, 3, 4-A, 4-B and 5. 

The Retrofit Standards Committee Report’s definitions of structural performance 
objectives have two components:  a primary objective and a secondary objective at a 
higher level of ground shaking.  See page 27 for definitions of the earthquake ground 
motions in the performance objectives defined below. 

5.2.1 Portland URM Class 2 

The benefit-cost results for a “typical” URM building as defined previously are shown 
in Table 29 for URM Class 2: Schools and International Building Code Risk Category 
III Buildings. 

Table 29 
Benefit-Cost Results: URM Class 2 

Seismic Performance Level: Damage Control at BSE-1 and Limited Safety at BSE-2E 

 
 

URM Class 2 has the highest performance objective, other than Class 1 Critical 
Facilities.  The seismic performance of the description for this Class in the Retrofit 
Standards Committee Report was deemed to be similar to a HAZUS High Code C2 
building, with median PGAs for each damage state 5% lower than those for a C2 
building.  Achieving this level of performance would  in effect largely replace the URM 
structural systems with concrete shear wall or braced steel frame structural systems. 

Building Damage $11,271
Contents Damage $7,479
Displacement Costs $2,002
Casualties $21,935
Total $42,686

Building Damage $1,861
Contents Damage $780
Displacement Costs $344
Casualties $940
Total $3,925

Net Present Value
of Benefits

Building Damage $9,410 $295,658 24.28%
Contents Damage $6,699 $210,484 17.28%
Displacement Costs $1,658 $52,082 4.28%
Casualties $20,995 $659,660 54.16%
Total Benefits $38,761 $1,217,883 100.00%

Cost $826,200
Benefit-Cost Ratio 1.474

Percent of 
Benefits

Summary of Annualized Damages & Losses
Before Mitigation

After Mitigation

Benefit-Cost Results
Reductions in Annualized Damages & Losses
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5.2.2 Portland URM Class 3 

The benefit-cost results for a “typical” URM building as defined previously are shown 
in Table 30 for URM Class 3: Buildings >4 Stories, Occupancy >300 or Residential 
with > 100 Units. 

Table 30 
Benefit-Cost Results: URM Class 3 

Seismic Performance Level: Life Safety at BSE-1E and Collapse Prevention at BSE-2E 

 
 

The seismic performance of the description for this Class in the Retrofit Standards 
Committee Report was deemed to be not as close to a HAZUS High Code C2 
building as a Class 2 building, with median PGAs for each damage state 25% lower 
than those for a C2 building.  This level of performance was deemed to in effect 
partially replace the URM structural systems with concrete shear wall or braced streel 
frame structural systems, but to a lesser extent than required to meet the 
performance objective for Class 2 buildings. 
 
The benefit cost ratio is about 12% higher than that for Class 2 because the 
somewhat lower seismic performance is more than offset by the lower cost.  
However, especially at very high levels of earthquake ground shaking, the seismic 
performance is expected to be less than that for Class 2. 

Building Damage $11,271
Contents Damage $7,479
Displacement Costs $2,002
Casualties $21,935
Total $42,686

Building Damage $2,766
Contents Damage $1,269
Displacement Costs $499
Casualties $1,795
Total $6,329

Net Present Value
of Benefits

Building Damage $8,505 $267,223 23.39%
Contents Damage $6,210 $195,120 17.08%
Loss of Function Costs $1,503 $47,237 4.14%
Casualties $20,139 $632,778 55.39%
Total Benefits $36,358 $1,142,358 100.00%

Cost $687,700
Benefit-Cost Ratio 1.661

Percent of 
Benefits

Before Mitigation

After Mitigation

Benefit-Cost Results
Reductions in Annualized Damages & Losses

Summary of Annualized Damages & Losses
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5.2.2 Portland URM Class 4 

The benefit-cost results for a “typical” URM building as defined previously are shown 
in Table 31 for URM Class 4: Buildings not in Classes, 1, 2, 3 or 5. 

The structural performance objective for this Class 4 is identical to that for Class 3, 
but the retrofit cost estimate is lower, $ 51.00 per square foot, than that for Class 2, 
$68.77.  There is also a set of “exception” criteria, which if met limits the required 
retrofit measures to a defined list which is very similar, but not identical to those 
required for Class 5.   

Given the different criteria for the “main” Class 4 group of buildings and the Class 4 
buildings that qualify for the exception, it is difficult to see how the performance levels 
and costs per square foot could be the same for these two subgroups of Class 4. 

For benefit-cost analysis, the consulting team split this URM Class 4 into two 
subgroups, with the following assumptions: 

• Class 4-A, with seismic performance, retrofit costs per square foot and benefit-
cost results identical to that for URM Class 3.  That is, that the benefit-cost 
results shown under URM Class 3 apply also to URM Class 4-A. 

• Class 4-B, with seismic performance intermediate between Class 3 and Class 
5, with a typical cost of $51.00 per square foot.  The exclusion criteria met for 
Class 4-B imply that these buildings have better than “average” URM 
buildings, because they lack the building characteristics that increase seismic 
vulnerability. 

The benefit-cost results are shown in Table 31 on the following page. 

The benefit cost ratio is higher than that for Class 3 or Class 4-A because the 
somewhat lower seismic performance is more than offset by the lower cost.  
However, especially at very high levels of earthquake ground shaking, the seismic 
performance is expected to be less than that for Class 3 or Class 4-A 
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Table 31 
Benefit-Cost Results: URM Class 4-B 

 
  

Building Damage $11,271
Contents Damage $7,479
Casualties $21,935
Total $42,686

Building Damage $3,384
Contents Damage $1,812
Displacement Costs $619
Casualties $3,483
Total $9,298

Net Present Value
of Benefits

Building Damage $6,563 $206,212 20.56%
Contents Damage $5,667 $178,047 17.75%
Displacement Costs $1,239 $38,940 3.88%
Casualties $18,452 $579,751 57.80%
Total Benefits $31,921 $1,002,950 100.00%

Cost $510,000
Benefit-Cost Ratio 1.967

Summary of Annualized Damages & Losses
Before Mitigation

After Mitigation

Benefit-Cost Results
Reductions in Annualized Damages & Losses

Percent of 
Benefits
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5.2.2 Portland URM Class 5 

The benefit-cost results for a “typical” URM building as defined previously are shown 
in Table 32 for URM Class 5: 1- and 2-story buildings with zero to 10 occupants.    

For Class 5 buildings only the specified list of building elements are required to be 
upgraded per ASCE 41-13 for Life Safety at BSE-1E and Collapse Prevention at 
BSE-2E. 

Table 32 
Benefit-Cost Results: URM Class 5 

Limited Performance Objective 

 
 

Caveat:  The extremely high benefit-cost ratio shown above is not meaningful, 
because this URM Class differs from the “typical” building used for the benefit-
cost analyses.  A better estimate is approximately 50% of the above value or 
about 1.94.   

The extremely high benefit cost ratio would be credible if these buildings were 
“typical” Portland URM buildings as defined previously.  However, Class 5, which 
includes 12.8% of Portland’s URM buildings, is defined as 1- and 2-story buildings 
with very low occupancy, such as storage facilities and other low occupancy uses.  
For zero occupancy, an extreme assumption, the benefit-cost ratio would be only 
about 45% of that shown above, or about 1.75.   

Building Damage $11,271
Contents Damage $7,479
Displacement Costs $2,002
Casualties $21,935
Total $42,686

Building Damage $4,435
Contents Damage $2,850
Displacement Costs $780
Casualties $7,964
Total $16,029

Net Present Value
of Benefits

Building Damage $5,512 $173,193 21.88%
Contents Damage $4,629 $145,433 18.38%
Displacement Costs $1,078 $33,884 4.28%
Casualties $13,970 $438,944 55.46%
Total Benefits $25,190 $791,454 100.00%

Cost $204,000
Benefit-Cost Ratio 3.880

Percent of 
Benefits

After Mitigation

Benefit-Cost Results
Reductions in Annualized Damages & Losses

Summary of Annualized Damages & Losses
Before Mitigation
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With low but non-zero occupancy and somewhat lower than typical building and 
contents values, the benefit-cost ratio would be about 50% of the nominal value, as 
stated above.   
 
It is also possible that the retrofit cost estimate understates the cost for Class 5. The 
retrofit cost differential between the estimate for Class 4-B and Class 5 appears 
significantly larger than the relatively small difference in seismic retrofit measures.  In 
this case, the benefit-cost ratio may be somewhat less than 50% of the nominal value 
shown in Table 32. 
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6.0 Benefit-Cost Results:  Sensitivity of Benefit-Cost Ratios to 
Variations in Input Data 

 6.1 Discount Rates and Useful Lifetimes 

Benefit-cost ratios are calculated as the net present value of future benefits divided 
by the cost of the seismic retrofits.  The benefit-cost results for “typical” buildings 
were completed using a 2% discount rate and a 50-year useful lifetime.  The discount 
rate accounts for the time value of money:  benefits received in future years have a 
lower present value than benefits received immediately. 

The benefit-cost calculations assume that a retrofit is completed in a given year and 
that the benefits of the retrofit accrue statistically over the useful lifetime of the 
building which is typically assumed to be 30, 50, or 100 years.  For commercial 
buildings, FEMA assumes a 50-year useful lifetime.  For historical buildings, a 100-
year useful lifetime is more appropriate.  

The benefit-cost analysis computes the average annual damages and losses for two 
conditions: 1) an existing URM building and 2) the URM building retrofitted to a 
defined seismic performance level. The average annual benefits are simply the 
difference between the average annual damages and losses for the existing URM 
building and the retrofitted URM building.  For example, if the average annual 
damages and losses for the existing URM building are $10,000 and the average 
annual damages and losses for the retrofitted URM building are $2,000, then the 
average annual benefits are $8,000. 

The average annual benefits are converted to the net present value of these 
statistical future benefits by multiplying by the present value coefficient, which 
depends on the discount rate and the retrofitted building’s useful lifetime.  These 
relationships are shown below. 

Table 33-A 
Present Value Coefficients 

 
Table 33-B 

Multipliers to Adjust Benefit-Cost Ratios to Other Discount Rates or Useful Lifetimes 

 

1% 2% 3% 4% 5% 6% 7%
30 25.81 22.40 19.60 17.29 15.37 13.76 12.41
50 39.20 31.42 25.73 21.48 18.26 15.76 13.80

100 63.03 43.10 31.60 24.50 19.85 16.62 14.27

Useful Lifetime 
(years)

Present Value Coefficient vs. Discount Rate and Useful Lifetime

1% 2% 3% 4% 5% 6% 7%
30 0.82 0.71 0.62 0.55 0.49 0.44 0.39
50 1.25 1.00 0.82 0.68 0.58 0.50 0.44

100 2.01 1.37 1.01 0.78 0.63 0.53 0.45

Useful Lifetime 
(years)

Benefit-Cost Ratio Relative to 2% Discount Rate and 50 Year Lifetime
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For example, the net present value of $1,000 per year in average annual benefits 
with a 2% discount rate and a 50-year useful lifetime is 31.42 times $1,000 or 
$31,420. 

Table 33-B shows how the benefit-cost ratio varies with discount rate and/or useful 
lifetime.  For example, if a retrofit has a benefit-cost ratio of 1.5 with a 2% discount 
rate and a 50-year lifetime, the benefit-cost ratio with a 3% discount rate would be 
1.50 x 0.82 or 1.230.  With a 3% discount rate and a 100-year lifetime, the benefit-
cost ratio would be 1.50 x 1.01 or 1.7675. 

For low discount rates, such as 1%, 2% or 3% assuming a 100-year useful lifetime 
increases the benefit-cost ratio substantially over that assuming only a 50-year useful 
lifetime.  For discount rates of 1%, 2% and 3% the benefit-cost ratios for a 100-year 
useful lifetime are 60.8%, 31.2% and 22.8% percent higher, respectively than that for 
a 50-year lifetime.   

However, for higher discount rates, the increase in benefit-cost ratio from a 50-year 
lifetime to a 100-years lifetime gets markedly smaller.  With a 7% discount rate the 
difference is only 3.5%.  The smaller change arises because with a very high 
discount rate of 7%, the benefits from years far into the future are very small.   

The discount rates used for benefit-cost analysis are what economists define as 
“real” discount rates, separate from the rate of inflation.  This effect is analogous to 
an investor buying a bond that yields 5% interest per year.  If inflation is 2% per year, 
then the real yield is 3%. Similarly, if a building owner borrows for a seismic retrofit at 
a 6% interest rate and the rate of inflation is 3%, the real cost of the money is 3%. 

Portland’s general obligation bond debt is rated Aaa by Moody’s Investors Services, 
the highest rating.  Current typical interest rates on Aaa rated municipal bonds with 
10, 20,and 30 year maturities are 2.41%, 3.18% and 3.04% respectively, per 
Vanguard quotations (October 25, 2016).   

The latest inflation rate, Consumer Price Index – Urban (CPI-U) for the 12 months 
through September 2016 is 0.49%.  The average inflation rate for the past 5 years, 
1.03%, is probably a better metric for the average interest rate in the medium-term 
future.   

Assuming a 1% average future inflation rate, the real rate on Portland’s 10, 20 and 
30 year bonds are 1.41%, 2.18% and 2.04%.  These data suggest that an 
appropriate discount rate for City funded retrofits might be about 1.5% to 2%.  A 
similar discount rate may apply to state-funded retrofits. 

For retrofits funded by an owner’s mortgage, rates for apartments and offices are 
shown in the following table (RealtyRates.com, 2016 Second Quarter Data).  These 
rates are for a wide range of durations.   
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Table 34 
Commercial Mortgage Rates 

 

Assuming a 1% average future inflation rate, the real rates would be 1% lower than 
shown above.  Given Portland’s robust economy, mortgage rates for owners with 
sound financials might be between the low and the average rates, especially for 
shorter duration mortgages.  To the extent that this is true, the average real rate may 
be between 1.69% and 3.86% or roughly in the range of 2% to 3%. 

As discussed previously, benefit-cost ratios calculated for a 2% discount rate and 50-
year lifetime can easily re-calculated from the ratios in Table 33-B. 

 6.2 Retrofit Costs 

For any seismic retrofit, the benefit-cost ratio is inversely proportional to the retrofit 
cost.  For example, if a retrofit to a defined seismic performance level costs 
$1,000,000 and the net present value of benefits is $2,000,000 then the benefit cost 
ratio is 2.00 – the net present value of benefits divided by the cost.  If the same 
retrofit could be completed for $500,000 then the benefit cost ratio would be 4.0.  If 
instead, the same retrofit cost $2,500,000 then the benefit cost ratio would only be 
0.8. 

6.3 Building Values, Contents Values, Displacement Costs and 
Casualties 

The percentage of benefits between the categories of avoided damages and losses 
varies slightly between the URM Classes, because the seismic performance levels 
for retrofitted buildings differ.  The average percentages are shown below in Table 
35. 

Table 35 
Percentages of Benefits by Categories 

 
The sensitivity of the benefit-cost ratio to changes in the above values is easily 
calculated.  For example, if the building replacement value is reduced by 50% then 

Low Average High
Apartments 2.51% 4.53% 8.50%
Offices 2.86% 5.18% 8.50%
Combined 2.69% 4.86% 8.50%

Mortage Rates1
Type

Building Damage 22.74% 23%
Contents Damage 17.37% 17%

Displacement Costs 4.10% 4%
Casualties 55.79% 56%

Total Benefits 100.00% 100%

Benefits Category Percent of 
Benefits

Percent of Benefits 
(Rounded)
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the benefits of reduced building damages is reduced by 50%.  Since the 23% of the 
total benefits are attributed to reduced building damages, this change lowers the total 
benefits by 11.5% (50% of 23%).  Similarly, if the value of contents is double the 
typical value, then the benefits will increase by 17%.  
 
Similarly, if the number of casualties per 1,000 square feet for a given building is 50% 
lower or 50% higher than for a “typical” building, then the benefits will decrease or 
increase by 28% (50 % of 56%). 
 
 6.4 Site Class 

The “typical” building used for the exploratory benefit cost analyses was assumed to 
be on Site Class D Stiff (Firm) soil.  The effects on benefit-cost results for Site Class 
C Very Dense Soil and Soft Rock and Site Class E Soft Soil are shown below in 
Table 36. 

Table 36 
Sensitivity of Benefit-Cost Results to Site Class 

  

As shown above Site Class has a profound impact on benefit-cost results.  Site 
Classes D and E significantly amplify earthquake ground motions compared to those 
of Site Class C, except at very high levels of ground shaking.3 

  

.  

Site Class
Relative 

Benefit-Cost 
Ratios

Percent 
Change

Site Class E 2.258 68.26%
Site Class D 1.342 None
Site Class C 0.961 -28.39%
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7.0 Qualitative Discussion of Benefits and Costs Not Quantified in 
the Benefit-Cost Analyses 

As noted previously, the benefit-cost analyses presented in this report are 
necessarily incomplete:  detailed data is not available on a building by building basis 
and there are parameters for which meaningful data simply don’t exist or could not be 
estimated quantitatively within the scope of this effort.  

There are many reasons why the calculated benefits may significantly undercount the 
total benefits of retrofitting URM buildings: 

1. The seismic fragility parameters for building damage as a function or the 
intensity of earthquake ground motions don’t include the likelihood of 
increased damages for URM buildings that are: 

a. Located on sites with mapped liquefaction potential, especially in 
Cascadia Subduction Zone earthquakes with extremely long durations 
of shaking.  More than 50% of the URM buildings are subject to 
increased damage from liquefaction, settlement and lateral spreading 
that can great exacerbate building damage levels. 

b. Located on sites subject to earthquake induced landslides 
c. Located on sites downslope for water reservoirs than may fail in a major 

earthquake with resulting flood damages. 

2. The building damage estimates don’t include damage in buildings adjacent to 
URM buildings, as occurred during the 2014 Napa earthquake in California. 

3. Fire following earthquake damage. 

4. Water damage from failed water pipes than can occur at any level of 
earthquake ground shaking. 

5. The building damage estimates in future earthquakes don’t include the extra 
costs, which may be substantial, to the extent that many or most URM 
buildings likely have asbestos.  The costs of debris removal for asbestos 
contaminated debris would be much higher than “normal” debris removal 
costs. 

6. Building damages in future earthquake may exceed the dollar per square foot 
amounts for repairs or alterations that trigger Portland’s existing mandatory 
seismic upgrade of the entire building.  The 2016 trigger values are $57.57 per 
square foot for 1-story URM buildings and $42.18 for 2-story URM buildings. 

7. The economic losses other than building and contents damages, include 
displacement costs for temporary quarters, but don’t include short-term or 
long-term business income losses, which may be significant for some 
businesses.   
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8. The building equivalent of “pariah” where increasing awareness of the life 
safety risks and other risks from non-retrofitted URM buildings may gradually 
make it increasingly difficult to rent space in URM buildings and significantly 
decrease the market value of URM buildings.  After any earthquake in 
Portland which resulting in damage to a significant number of URM buildings, 
the “pariah” effect could be substantial.  

9. Increasing awareness of URM building risks may result in higher insurance 
premiums or the unavailability of insurance. 

10. Building owners of URM buildings in which tenants or visitors or people 
outside the building are injured or killed may face substantial legal costs and 
possibly large liability settlements that could range in the millions of dollars.  

11. The extent to which completing a seismic retrofit for a URM building increases 
the market value of a URM building has not been evaluated.  In an ideal world, 
the increase in market value might be equal to the cost of the retrofit.  
However, more realistically, the increase in market value is likely to be a 
relatively modest fraction of the cost of a retrofit, in the same sense that 
remodeling a building may not increase the value of the building equal to the 
cost of remodeling.   

12. The extent to which a retrofitted URM building would support higher rents and 
a higher occupancy rate has not been evaluated.   

13.  A seismic retrofit may extend the useful life of a URM building. 

14.  The community value of historic URM buildings and historic districts were not 
counted in the benefit-cost analysis, although a possible metric used by the 
Oregon Seismic Rehabilitation Grant Program and the Department of 
Administrative Services was suggested for individual buildings. Using the 
multipliers for various levels of historic importance would significantly raise the 
benefits of reduced building damage for historic buildings, but would not affect 
the other benefit categories. 

15.  The possible long term economic effects of businesses and residents 
displaced by earthquake damage to URM buildings in Portland who move out 
of Portland and don’t return. 

There are also several possible reasons why the benefits and/or the benefit-cost ratio 
for seismic retrofits may be overestimated: 

1. Seismic retrofit costs may be higher than the estimates used for the benefit-
cost analysis calculations for several reasons, including discovery of greater 
deficiencies than anticipated or discovery of asbestos issues during 
construction. 
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2. The time necessary to complete seismic retrofits may be longer than 
estimated in the cost estimates, with increased displacement costs and 
increased duration of loss of rental income. 

3. Owner loan rates may be higher than estimated, which may affect the 
appropriate discount rate. 

The possible reasons that the benefits for seismic retrofits may be underestimated or 
overestimated were summarized in the preceding lists.  On balance, the non-
quantified benefits appear to be significantly larger than the non-quantified costs.  
Thus, the stated benefit-cost analysis results in this report may be best interpreted as 
lower bounds on the potential benefits of seismic retrofits for Portland’s URM 
buildings. 
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8.0 Conclusions and Further Considerations 

Unreinforced masonry buildings in Portland unequivocally pose substantial life safety 
risks not only to their occupants but also to people on adjacent sidewalks and streets.  
The “do-nothing” option – to simply hope that a major earthquake doesn’t occur – is 
neither rational nor credible.  The question is not whether something should be done 
to reduce the risks from URM buildings, but rather what should be done to reduce 
risks.   
 
The benefit-cost results indicate that the benefits of the URM building seismic retrofits 
current under consideration exceed the costs for the defined “typical building” for 
each URM Class of buildings.  However, both the benefits and costs will vary 
significantly from building to building.   
The trend in benefit-cost ratios vs. URM Class indicates that lower cost retrofits to 
lower performance levels generally have higher benefit-cost ratios than higher cost 
retrofits with higher performance levels.  That is, the lower seismic performance with 
less reduction in future damages, losses and casualties is offset by the lower cost. 

The lower-cost less-comprehensive seismic retrofits will perform relatively well at low 
to moderate levels of earthquake ground shaking.  However, buildings retrofitted to 
lower seismic performance levels will perform substantially poorer than buildings 
retrofitted to higher performance standards in major earthquakes with high levels of 
ground shaking and/or long duration ground shaking including large magnitude M8 or 
M9 Cascadia Subduction Zone earthquakes as well as M6+ or M7 local earthquakes 
on the Portland Hills Fault or other crustal faults within or near Portland.  Thus, the 
lower-cost seismic retrofits reduce earthquake risk – future casualties, damages and 
other economic impacts – to a lesser extent than do the higher-cost seismic retrofits. 
 
The benefit-cost results – benefit-cost ratios above 1.0 – indicate that the benefits of 
the proposed seismic retrofits for URM buildings exceed the costs for the City of 
Portland and its residents.  Thus, these results support and help to justify the 
proposed seismic retrofit ordinance. 
 
The above conclusion notwithstanding, there are other aspects of the City’s decision 
making about the details of the ordinance that are not addressed by the present 
benefit-cost results, including: 

• Are the proposed seismic performance levels for each URM Class appropriate 
and achievable or are there alternatives that provide an adequate level of life 
safety at a lower cost? 

• Are financial incentives necessary to make retrofits more affordable to building 
owners? 

• Will the proposed ordinance have undesired effects, such as the demolition of 
many URM buildings, including those with historical significance, and/or 
severe financial hardship for building owners?  
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