JOB AID
Benefit-Cost Analysis for Seismic Risk Mitigation (Building Retrofit Projects)

Background

This Job Aid provides guidance for potential subappplicants when performing benefit-cost analysis (BCA) for
proposed projects to seismically retrofit buildings that are submitted through one of FEMA’s mitigation grant
programs, including the HMA (Hazard Mitigation Assistance programs, which include the Hazard Mitigation
Grant Program (HMGP), the annual Building Resistant Infrastructure and Communities (BRIC) and Legislative
Pre-Disaster Mitigation Program (LPDM).

BCAs compare risk from natural hazards before a proposed project is initiated to after a project is completed.
Risk is an important concept in benefit-cost analysis, and it is defined as expected future losses from natural
hazards. Losses are monetized in BCAs, meaning they are expressed in terms of dollars — this is so there is a
basis to compare them to other projects, and to the project cost. Risks fall into three general categories.

1. Direct damages
2. Loss of function
3. Injuries and deaths (life safety)

These risks become benefits when a project eliminates or reduces them during earthquakes (or other natural
hazards). Building seismic retrofit projects may address any of these three risk/benefit categories, and (unlike
most other hazard/project types) the life safety component is often very significant. FEMA generally limits the
use of deaths and injuries in BCAs to low-warning/high-impact events, and earthquakes fall into this category.
Also, injuries and deaths are assigned very high dollar values in FEMA BCA guidance, which can greatly increase
the calculated benefits of a proposed project, insofar as they are reduced or eliminated by the mitigation
action. Direct damages are fairly self-explanatory, and refer to the cost to repair the building and contents
after they are damaged by an earthquake. Loss of function occurs when a critical facility is damaged by an
earthquake and there is an impact to a utility (electricity, potable water, wastewater, IT) or a public service
such as police, fire or EMS. Life safety risks (and benefits) are related to the occupancy of a building and the
estimated damage to the building that would occur in various earthquake scenarios, which is in turn related to
the injury and fatality rates.

Note that starting in 2023 (via the BRIC and FMA programs) FEMA established a policy whereby benefit-cost
analysis is optional for under $1M total project cost. Subapplicants have the option of submitting a narrative
and quantitative data in lieu of a benefit-cost analysis. This policy was expanded to the HMGP and FMA
programs in a 2024 guidance document. See the bibliography at the end of this document for a link that
provides additional information about process less than $1M. Building seismic retrofit projects generally
exceed this dollar threshold, so the use of narratives to replace BCAs is uncommon for this project type.

BCA Software

In most cases, FEMA requires the use of its software to complete benefit-cost analyses of proposed mitigation
projects (as noted above, cost effectiveness determinations for projects under $1M may be addressed via a
narrative that is supported with quantitative data). The end section of this document includes a link where
users can download the software. The FEMA BCA software is based on MS Excel, which may be run via the on-
line version of MS Office or in the desktop environment. Users who encounter difficulties downloading or
installing the program should contact FEMA’s BC Helpline at the email address or the telephone number listed
below. In some (rare) cases, system administrators will want to discuss potential security issues prior to
allowing the software to be installed. This is best addressed by having the system administrator work directly
with the BC helpline.



BCA Methodology

Building seismic retrofit projects nearly always use the Modeled Damages approach in the BCA. Unlike other
natural hazards and project types where different damage-frequency methodologies may be used depending
on the available information, seismic projects rarely have the option to use the Historical Damages approach in
the BCA because there is normally no earthquake loss history to use as a basis. It would not be practical to use
the Professional Expected Damages approach because it would need to replicate the elaborate analysis with
built-in FEMA libraries in the modeled damages approach. The BCA data inputs are quite detailed and specific,
but the software provides extensive libraries for seismicity and damage functions for all three loss categories,
which helps to streamline the process.

The data requirements to perform a building seismic structural retrofit modeled damages BCA are:

Building properties and plans (building area, height, layout, materials, age)

Seismic Vulnerability Assessment and ASCE 41-17 Tier 1 Assessment (structural or seismic engineer)
Geotechnical engineering studies (geotechnical or civil engineer)

Average occupancy

Annual operating budget (for loss of service)

This section of the job aid describes specific steps required to complete a benefit-cost analysis of a proposed
building seismic retrofit project, using the modeled damages approach.

1)

2)

3)

4)

Project information (title, location, structure type, etc.). The project configuration section in the BCA
software must be filled out first. For building seismic retrofit projects, the Property Structure type must
be entered as either a residential or a nonresidential building. Even if the building is a critical facility,
do not choose that as the property type, choose nonresidential building. It is also essential to enter an
accurate project location, either as an address or geocoordinates.

Mitigation project costs. Analysts (subapplicants or their consultants) must include accurate project
costs in BCAs. Project costs are usually developed by engineers or whoever designed a project.
However, in many cases costs are preliminary, particularly when projects are phased. When this is the
case, the first phase may be used to develop specifications and accurate costing and scheduling. In
cases where project costs are preliminary or estimated, it is still important to make them as accurate
as possible, and to provide credible documentation. The project cost entered in the BCA must match
the total included in the budget section of the subapplication.

Maintenance costs. The maintenance costs for building seismic retrofit projects may vary considerably
depending of the type of project. In many cases, projects require little or no maintenance other than
occasional inspections to ensure structural integrity. While maintenance costs may be a relatively
minor component of a BCA, they must still be reasonably accurate, originate from a valid source
(usually the project engineer or a public agency with the maintenance responsibility), and match the
figures used in the project subapplication.

Project useful Life. The project useful life (PUL) is simply the period in years over which the project will
be effective in preventing earthquake damages. Information about specific project types is found in
the BCA software help screen in the applicable section, using the “1” icon at the top right of the screen.
The value is entered in the indicated data field. In cases where analysts wish to exceed the standard
value, documentation must be provided.




5)

6)

7)

8)

9)

Seismicity at the project site. Seismicity is the specific earthquake characteristics at a site, including
probability, magnitude and the mechanism of shaking that can be expected for a range of potential
earthquakes. The term seismicity is often used interchangeably with “earthquake hazard”. Seismicity is
usually expressed as a series of shaking parameters and probabilities. The level of shaking is expressed
as Percent Ground Acceleration (PGA) or Spectral Acceleration (SAO3 and SA10). Seismicity is generally
presented as a series of PGAs and their associated probabilities. The modeled damages approach in the
BCA includes a table of seismicity data with recurrence Intervals (Rls) for the project location entered

in the project configuration tab. The table is generated by the software based on the analyst entering
the address or geocoordinates. The soil type must also be entered by the analyst in the dop-list in this
section.

Building parameters. The required data includes the building use (i.e. residential, commercial), the
building structure type (i.e. unreinforced masonry, wood), the design level (which may be based on
building age), the number of stories, building height, building area and the building replacement value.
Many of these properties are based on categorizations from FEMA’s HAZUS program.

Seismic Vulnerability Assessment and ASCE 41-17 Tier 1 Assessment. Vulnerability is the degree to
which the building is likely to be damaged at different levels of shaking in scenario earthquakes (i.e.
discreet events with known PGAs and probabilities), and this forms the primary basis of a benefit-cost
analysis of this type. The modeled damages approach in the BCA assists in the process of quantifying
vulnerability. The toolkit asks a series of evaluation questions based on the ASCE 41-17 Tier 1
assessment that refine the default seismic capacity and vulnerability parameters used in the analysis.
An ASCE 41-17 Tier 1 assessment must be completed by a technically qualified individual, typically a
structural or seismic engineer, in order for the modeled damages approach in the BCA to be used.

Direct Damages. Building and contents damages are based on the total building value and the building
use. Building value is calculated from the building area and the building replacement value (BRV). BRV
is not the same as the property real estate value but should be documented as a cost to replace the
building in kind if it were to be damaged. Analysts can use either the FEMA default building data in the
BCA software, or consult with a standard source such as RS Means, Craftsman or BNI. All building
values must be documented.

Life Safety. Buildings that have higher occupancy will have a higher life safety benefit. The challenge
for this input is calculating a 24/7/365 average occupancy rather than using an average daytime
occupancy. Because earthquakes can occur at any time, the occupancy must be averaged over a 24hr
period and must consider weekends as well as weekdays and seasonal occupancies.

10) Loss of Service. Loss of service pertains to nonresidential buildings that support a critical function,

such as a hospital, or a public service, such as a library. The modeled damages approach in the BCA
asks specific questions, depending on the service. These include questions on the service population
and the distance to the next nearest analogous facility. For non-critical services, the loss of function is
calculated based on the annual operating budget.

11) Other Benefits. Additional benefits may include displacement costs, loss of business income, loss of

revenue, and volunteer costs.



Example of a BCA for a Building (School) Seismic Retrofit Project

The following narrative and screen captures show the standard sequence of data entries for a building seismic
retrofit benefit-cost analysis based on a structural retrofit for a school. Note that there may also be non-
structural retrofit measures included in the project scope of work. When structural and nonstructural
measures are included in one project, it is recommended to complete only the structural mitigation action first
before adding any nonstructural mitigation actions to the BCA. If the project is cost effective without adding
the nonstructural elements into the BCA, the project would only increase in benefits so can be considered
complete without them. More discussion about nonstructural building retrofit projects can be found near the
end of this job aid.

There are many types of buildings and building uses, so this school example is intended only as a generic
demonstration for how to perform a seismic structural retrofit BCA. Figure 1 is the initial Project Configuration
area in the software.

Figure 1
Project Configuration Screen for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Project Configuration 0o X
Project Title: Example_ School Seismic Retrofit Project
Property Location: 1900 Main St, Vancouver, Washington, 98660 Use Property Location? .: Yes
OR

456357321 -122.6717780

98660 Washington Clark e
Property Structure Type: Non-Residential Building v
Hazard Type: Seismic e
Mitigation Action Type: Structural ™
Property Title: Structural @ 1900 Main St, Vancouver, Washington, 986...
Damage and Frequency Relationship based on: @) Modeled : Historical : Professional

Damages Damages Expected Damages

The analyst enters the Project Title, Location (address or latitude/longitude), Structure Type (drop list), Hazard
Type (drop list), and Mitigation Action Type (drop list). This guide will use an example of a school, so the Non-
Residential Building is selected. The structure type must be Residential or Non-Residential for the Modeled
Damages option to appear. If the building is a critical facility (which is an option in the drop down menu)
choose Non-Residential Building instead. Critical facility information can still be entered in the analysis later.

The lower part of the same BCA screen is used to enter the Project Cost and Maintenance Cost. The project
cost must include all construction and soft costs including engineering, design and permitting, and must
correspond exactly to the costs in the budget section of the grant subapplication. The maintenance cost is the
cost to maintain the seismic retrofit components of the project. Only the cost of the mitigation maintenance
should be entered, not the ordinary, ongoing maintenance of the facility. For structural building components
that are often closed behind walls, it is not uncommon for there to be no required maintenance. Nonstructural
components will have some maintenance costs. Note that FEMA expects to see at least a nominal value, so
analyses will typically include a small dollar figure related to periodic inspections or some similar activity.
Maintenance is entered as an annual value, so if it is performed on a 10-year cycle (for example), 1/10% of the




total figure should be entered. In this same table is Project Useful Life (PUL). For buildings, the PUL is between
25 years and 50 years depending on the building type. This can be found in the BCA help menu in the FEMA
PUL Standard Values table under seismic retrofit.

Figure2
Project and Maintenance Cost Screen for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Cost Estimation 0
Discount Rate (%): Use Default? '.:‘ Yes =
Enter the Project Useful Life (years): 50 =
Enter the Initial Project Costs ($): 1,250,000 =
Enter the Number of Maintenance Years: 50 Use Default? .: Yes =
Enter the Annual Maintenance Costs (3): 0 =
Total Mitigation Project Cost ($): 1,250,000

After entering the project cost and maintenance cost, use the Next button to proceed to the next screen.
Figure 3 shows the seismicity data for the subject site. This data is automatically generated from USGS ground
motion data (See https://earthquake.usgs.gov/hazards/interactive/ for more detailed information) and is
based on the GPS coordinates shown in grey. If these coordinate do not map directly to the building’s location
they must be updated in the Project Configuration section at the start of the BCA. Ground motion values are
specific to an exact location so it is important that the location is correct. Sometimes when an address is
entered instead of GPS coordinates the latitude and longitude assigned to that address can map off of the
building and must be corrected.

Figure 3
Seismicity Table for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Building Parameters

Latitude: 45.6357321
Longitude: -122.6717780

*If this location information is incorrect or blank, please return to the Project Configuration Screen to update or enter the Lat/Lon info
Lat/Lon is required for earthquake analysis

Return Period (years)

Parameter 10 20 35 50 72 200 475 975 1500 2475
PGA (g) 0.003 0.010 0.018 0.026 0.038 0.032 0.166 0.247 0304 0379
SA02 (g) 0.008 0.019 0.034 0.048 0.068 0165 0.310 0471 0584 0732
SA10 (g) 0.002 0.007 0.012 0.077 0.023 0.060 0127 0.208 0.263 0339

The USGS ground motions are associated with Recurrence Intervals (Ris). It should be noted that earthquake
Rls are higher (longer statistical periods between expected events) than other hazards, which means that the
annual probability of damages occurring is lower. However, in the modeled damages approach, specific
earthquake events do not need to be chosen — the software does this work based on the location and soil type
(entered by the analyst), and mathematically integrates the probabilities.


https://earthquake.usgs.gov/hazards/interactive/

To refine the ground motions and analysis, further information is required. As shown in Figure 4 the soil site
classification must be entered. This is found in a geotechnical report. In the absence of a report, the default
site class of “D” may be used. Building properties are also entered. This includes the building age, building use,
model building type, design level, number of stories, and height. Some structural retrofit projects change the
building model type so there are two columns showing a before and an after mitigation condition. The design
level is provided by a structural engineer or can be estimated based on the building age as explained in the
BCA Help menu. The design level almost always changes between the before mitigation and after mitigation
columns due to the retrofit action (improved seismic performance). When the building model type is entered a
default building height and number of stories is determined. Default values are in cells that are greyed out. To
override the defaults, which is optional in this case, the Use Default? toggle button can be changed to “No”
and new entries can be provided. Anytime a default is overridden, documentation must be provided to
support the new values. If the building height, which is typically supported by architectural drawings, cannot
be supported, it is acceptable to use the defaults instead.

Figure 4
Building Parameters for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

HEH '
Building Parameters 0
Latitude: 45.6357321
\_C.ﬂg'tudej -122.6717780
*If this location information is incorrect or blank, please return to the Project Configuration Screen to update or enter the Lat/Lon information for the structure.
Lat/Lon is required for earthquake analysis
Return Period (years)

Parameter 10 20 35 50 72 200 475 975 1500 2475 5000 10000

PGA (g) 0.005 0.010 0.018 0.026 0.038 0.092 0.166 0.247 0304 0.379 0.498 0.635

SA03 (g) 0.008 0.019 0034 0048 0.068 0165 0310 0471 0584 0732 0977 1238

SA10(g) 0.003 0.007 0012 0.017 0.023 0.060 0127 0.208 0.263 0339 0457 0.586
Year Property was Built: 1909 =
Site Class: D - Stiff soil v =
Building Use: EDU1: Education - Schools/Libraries ~ =+
Building Parameters Use Default? (@) Yes =

Before Mitigation After Mitigation

Building Model Type: C1 Concrete Moment Frame hd C1 Concrete Moment Frame ~

Design Level: Pre-Code v High Code v

Number of Stories in the Building 2 2

Height in feet (Based on Stories): 20 20

A recent (2023) addition to the BCA toolkit seismic structural modeled damages module is the Structural
Evaluation section shown in Figure 5. These evaluation questions are based on an ASCE 41-17 Tier 1 Checklist
for the Seismic Evaluation of Existing Buildings. This checklist is a way to summarize building seismic
vulnerability. There are more tiers than just a Tier 1 assessment. Some buildings have a Tier 2 or 3 evaluation
and these results may be used as well. If a Tier 1 evaluation has not been performed for a project site, then
this BCA section must be completed by a qualified engineer. The next section is a non-structural evaluation
section. Non-structural Tier 1 assessments are not always included in the structural assessment. If this is the
case a qualified engineer can respond to the nonstructural questions in the BCA, or “Unknown” may be
selected. The results of both the structural and nonstructural evaluation section is an overall Collapse
Performance Category. Before mitigation the category may be below baseline (Sub-base or Ultra Sub-base)



and after mitigation this may be Baseline because of the mitigation actions. The category is automatically
chosen as a result of scoring based on the selections made and cannot be overridden.



Figure 5
Questions based on the ASCE 41-17 Tier 1 Checklist for a Benefit-Cost Analysis of a Seismic Structural Retrofit
project

Structural Evaluation

Structural Evaluation

Structural Evaluation Category Before Retrofit After Retrofit
Non-Compliant with High Concern (NCH) Compliant (C)
Load Path ° ®
Not Applicable (NA) Not Applicable (NA)
Adjacent Buildings ° ®
Not Applicable (NA) Not Applicable (NA)
Mezzanines ° °
B Compliant (C) Compliant (C)
Weak Story ° °
i Compliant (C) Compliant (C)
Soft ° °
N Non-Compliant with Limited Concern (NCL) Compliant (C)
Vertical Irregularities ° °
~ Non-Compliant with Limited Concern (NCL) Compliant (C)
Geometry ° °
) Unknown (U) Unknown (U)
Mass ° °
Unknown (U) Unknown (U)
Torsion ° °
7 7 Non-Compliant with Limited Concern (NCL) Compliant (C)
Deterioration or Existing Damage ° °
Unknown (U) Unknown (U)
Design, Materials, and Waorkmanship ° °
- Non-Compliant with High Concern (NCH) Compliant (C)
Connections P ®
Collapse Performance Category Ultra Sub-Base Baseline

Building vulnerability parameters includes seismic capacity parameters and drift ratio values to quantify the
strength and flexibility of the building in response to seismic loading. This section of the BCA, as shown in
Figure 6, is automatically generated based on the building properties and structural and nonstructural
evaluation answers provided. The values are estimated but relate to the building type, building height and
identified vulnerable or non-compliant concerns. To use the default values, shown in the greyed-out cells, no
action is needed. If one or more of these parameters are to be overridden, supporting documentation
prepared by a structural or seismic engineer must be provided with the BCA. The analyst must select the
location of acceleration-sensitive components.



Figure 6
Building Vulnerability Parameters for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Building Vulnerability Parameters

Vulnerability Parameters Use Default? (@ ) Yes =
Capacity Parameters Before Mitigation After Mitigation
Elastic Period (Te) 0.4 04
Design Strength (Cs): 0.046 0.079
Elastic Damping: e A
Degradation Factor (Kappa): s v

Drift Sensitive Thresholds (Drift Ratio):

Complete Structural Damage (STR): 0.025 0.06

Complete Non-Structural Damage (NSDY): 0.03 0.05

Complete Non-5tructural Damage (NSA): 0.5 15

Location of Acceleration-sensitive Components: Uniformly Distributed ™ Uniformly Distributed ~

NSD Details NSA Details

The first benefits that are calculated following these inputs are the physical damages to the building. Figure 7
shows the two inputs that are necessary for this calculation. The total building area must be documented.
Typically, this is found in a seismic vulnerability assessment. The other required input is Building Replacement
Value or BRV. This is the cost, per square foot, to replace or repair the building to its pre-mitigation condition.
It is not the market or tax-assessed value of the building. The FEMA default value is $100/SF. In order to
override the default, supporting documentation must be provided (there are numerous acceptable sources for
this information, including Craftsman guides, RS Means and Marshall & Swift. Support for the BRV may be from
cost estimating books or software, recent project costs of a similar structure, or based on historical building
values.

Figure 7
Standard Benefits for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Standard Benefits - Building

Enter the Total Building Area (sq.ft): 10,129 =
Building Replacement Value (BRY) ($/sq.ft): 225.00 Use Default? o No =
BRV Distributional Weight Multiplier: 17

Total Building Replacement Value ($): 3.874343

Percentage of Building Replacement Value by:

Structural Frame Sensitive to Drift (STR) (%): 189 Use Default? (@ ) Yes =
MNon-Structural Frame Sensitive to Drift (NSD) (%): 487 Use Default? ‘.:‘ Yes =
Non-Structural Frame Sensitive to Acceleration (NSA) 324 Use Default? ‘. ‘ Yes =

(%):

The next section computes the life safety benefit. Life safety is based on expected occupancy at the time of an

earthquake. Because earthquakes can occur at any time, day or night, an average occupancy estimate must be
found and the work to derive this should be shown. For instance, a school may have high occupancy during the
day, reduced occupancy in the evening, and no occupancy overnight. The weekdays are busier than the



weekends. The daily occupancy counts should individually be supported as best as possible. School enroliment
and staffing documentation can be provided to support the day time occupancy. Then a 24/7/365 calculator
can be used to average this, and other supported occupancies, over time. WAEMD can provide an occupancy
calculator spreadsheet to anyone who needs one. The result is an average occupancy. This one value is
entered in the BCA as shown in Figure 8.

Figure 8
Life Safety for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Life Safety

Average Number of Occupants: 61 =

Casualty Cost Values:

A

Minor Injuries for 61 Occupant(s) ($/10,000 38,000

population/y

Major Injuries for 61 Occupant(s) ($/10,000 3,160,000
population/year)

Deaths for 61 Occupant(s) ($/10,000 population/year): 12,500,000
Expected Average Annual Losses due to Casualties 60,414

before mitigation ($):

Expected Average Annual Losses due to Casualties after 4

Expected Average Annual Benefits due to Casualties (3):  gp,3090

Displacement is the cost to temporarily relocate the function of the building to a new location, and the
monthly rental cost to continue to use this temporary space. These two values are in dollars per square foot
and dollars per square foot per month. FEMA standard values are automatically generated based on the
building use. It is acceptable to use these default values without the need to provide supporting
documentation. However, if the default values are going to be overridden, supporting documentation must be
prepared and submitted. This may include information on the rental market for a similar sized facility near the
project location.

Figure 9
Displacement for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Standard Benefits - Displacement

Monthly Cost of Temporary Space ($/sq.ft/month): 137 Use Default? .7 Yes =

One-time Displacement Cost ($/sq.ft): 128 Use Default? L Yes =

e Annual Losses due to Relocation 542

Expected Aver:

before mitigation ($):

Expected Average Annual Losses due to Relocation after 47

mitigation ($):

Expected Average Annual Benefits due to Displacement  5p4

(%)

Loss of rental income and loss of business income, as shown in Figure 10, are applicable to some project types.
For instance, if an apartment building is damaged in an earthquake the residents need to move out. There are
displacement costs for the residents and the landlord would also lose rental income. Both may be true,
however, only one benefit can be counted because considering both the displacement costs and the loss of
rental income are double counting benefits for the same action- the residents temporarily moving out. In this



case either benefit may be used but the analyst must choose which one to use which is often a question of
which is easier to justify, or what brings in more benefits. The other benefit must be entered as $0 so no
duplication of benefits exists. For a school, the loss of income is not applicable. Loss of business income may
exist in properties that have businesses. The same is true that this can be a double counted benefit for the cost
to the business to relocate so only one benefit should be used.

Figure 10
for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Standard Benefits - Loss of Income

Loss of Rental Income ($/month): 0 =

Loss of Business Income ($/month): 0 =

Expected Average Annual Losses due to Loss of Rental

Income before mitigation ($):

Expected Average Annual Losses due to Loss of Rental ¢

Income after mitigation ($):

Expected Average Annual Losses due to Loss of Business g

Income before mitigation ($):

Expected Average Annual Losses due to Loss of Business g

ion ($):

Income after mitigat

Expected Average Annual Benefits due to Loss of 0

Function ($):

Loss of Function is the cost to society of a critical or essential service interruption. The critical facility type drop
down menu, shown in Figure 11, is for a hospital, police station, fire station or other. If the facility is “Other”,
such as a school, the loss of function is calculated based on the annual operating budget of the essential
service in the facility. For example, if the school project is a high school but the annual operating budget
documentation, such as an annual report, shows a budget for the whole school district, further documentation
is required to show the budget for just the high school. Only the high school budget should be entered.

Figure 11
Loss of Function for a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Additional Benefits - Loss of Function

Critical Facility Type: Other e =
Other Facilities Table: =
+ Add Row ]E
SElL_ECT SERVICE NAME ANNUAL OPERATING BUDGET (5)
O School 8,622,682.00

Total ($/day): 23,624




Results
After all the BCA inputs are completed, the software compares the predicted pre-mitigation damages to the
post-mitigation damages for a series of scenario earthquakes. The results, the difference between the pre- and
post-mitigation damages, are the project benefits. The benefits are evaluated over the life of the project (the
PUL) and probabilities are weighed in to calculate overall benefits. Then these benefits are brought to present
day value and compared to the project costs. If the ratio is 1.0 or greater, the project is considered cost
effective. Figure 12 shows the results field in the FEMA software.

Figure 12
Results of a Benefit-Cost Analysis of a Seismic Structural Retrofit project

Benefit-Cost Summary 0
Total Average Annual Loss before mitigation ($): 73,773

Total Average Annual Loss after mitigation ($): 1,399

Discount Rate (%): 31

Total Standard Mitigation Benefits ($): $ 2423774

Total Mitigation Project Benefits ($): $ 2,423,774

Total Mitigation Project Cost ($): $ 1,250,000

Benefit-Cost Ratio - Standard: 194

Benefit-Cost Ratio - Standard + Social: 194

Additional Discussion and Points of Emphasis

Factors that Suggest Elevated Seismic Risk. Before a full BCA is completed, it may be beneficial to assess the
likelihood of a project being cost effective. Because earthquake probabilities are lower than some other hazard
types, the benefit cost ratios are not typically very high, meaning these projects are sensitive to the many
required data inputs. The first indicator of an elevated risk are details about the local seismicity and soil
conditions. If a geotechnical evaluation has been completed, the soil site class is known. Certain ground
conditions increase the vulnerability of the structure. If the project location is in an area with a high local
seismicity, the probability of earthquake damage is higher.

Factors that Suggest Elevated Building Risk. The age and structure type can indicate elevate risk before a full
BCA is completed. Older buildings were designed based on building codes that pre-date certain seismic
building requirements. The older the building, the more susceptible the building is to seismic risk because that
loading and behavior was not as well understood and enforced at the time. There are building types, such as
unreinforced masonry structures, that are known to perform poorly in an earthquake. Buildings lacking steel
reinforcement or updated seismic design are at higher risk. Other factors that suggest elevated building risk
which can be evaluated before the BCA is started are occupancy, critical function, vulnerable or high value
equipment or contents in the building (such as a hospital), and high value operations (big budget). Buildings
with higher value, higher occupancy, higher operating budget and/or are harder to reestablish or move the
building function to a temporary location are buildings that may be good candidates for this mitigation project
type.

Nonstructural Seismic Retrofit. There is another type of BCA that can be run for nonstructural seismic retrofit
projects. The modeled damages approach can be used which means that the seismicity and damage costs are



calculated by the software. Specific inputs are required for each nonstructural component type and can vary.
An example is shown in Figure 13. Typically, the inputs require the unit cost of the nonstructural component,
the number of units, the fall or impact area around these components, and/or the pre-mitigation seismic
design or anchoring condition. Example nonstructural seismic retrofit projects include the bracing or
reinforcement of hung ceilings, sprinklers, HVAC equipment, racks and shelves, chimneys, mechanical
equipment, generators, elevators and other.



Figure 13
Example Non-Structural Inputs for a Benefit-Cost Analysis of a Seismic Nonstructural Retrofit project

Non-Structural Parameters 0 X

For non-structural elements not shown in this list, use the "Historical Damages" or "Professional Expected Damages" option on the Project Configuration screen.

cracks in place, but remains standing (extensive):

Additional days of functional downtime if wall or chimney 1 Use Default? @ Yes =
collapses (fully or partially; typically, 50% damage is

considered collapse) (complete):

Non-Structural Element: Parapet walls and chimneys v =
Parapet walls and chimneys: No options to select

Percent damage if wall or chimney cracks in place (but 50 Use Default? @ Yes —
remains standing) (extensive):

Percent damage if wall or chimney collapses (fully or 100 Use Default? @ Yes =
partially; typically, 50% damage is considered collapse)

(complete):

Additional days of functional downtime if wall or chimney g1 Use Default? @ Yes =

Benefit-Cost Analysis Technical Report

WAEMD recommends that subapplicants prepare a BCA technical report that explains the methodologies and
supporting documentation used in the analysis. The technical report is typically structured to match the
general subsections of the BCA. Recommended sections of the report include the following:

Introduction: Brief explanation of the project, from the Scope of Work.

Project Useful Life (PUL): Brief explanation or indicate FEMA standard value was used.

Project Cost: Indicates the total project cost and references documents that support the project cost
Annual Maintenance Cost: Provide basis of the cost, refer to documentation.

Building Properties: Support the type of building, building use, building size and site class of the facility.
Seismic Vulnerability: Provide the ASCE 41-17 Tier 1 checklist and any other documentation prepared
in a vulnerability assessment performed by an engineer. Identify the noncompliant components of the
project and how the mitigation action will address them. Note, perhaps not every noncompliant
component will be upgraded by the project scope. Some vulnerability will still exist.

Occupancy: Explain how the 24/7/365 day occupancy was calculated.

Loss of Function: Provide maps, reports or any other required supporting documentation for this
section depending on critical facility type.

Other Benefits: Summarize any other benefits that are included in the analysis that aren’t using default
values.

BCA Results: Summarize the results of the analysis and BCR.



Pre-Testing Cost-Effectiveness

It is important to pre-test projects for cost effectiveness early in the subapplication development process.
Pre-test BCAs are often described as bounded analyses wherein the minimum and maximum possible
benefits are estimated based on preliminary or partial data. For a seismic structural retrofit project, a
lower bound analysis can be performed by entering basic building information. Enter accurate site GPS
coordinates and project cost. Then enter rough values for building properties and use the default values
throughout. Under estimate occupancy and keep the other benefits at $0. If, based on these under-
estimated inputs, the result is a benefit-cost ratio over the required 1.0 (the minimum to show cost-
effectiveness), then when more accurate data is obtained an input, the results will only increase. An upper
bound analysis is based on the opposite principle, i.e. to use over-estimated data about these inputs, and if
the result is a benefit-cost ratio of less than 1.0, then obtaining and inputting more accurate data would
only decrease the ratio. It is important to recognize that if a lower bound analysis yields a BC ratio of less
than 1.0, this is not definitive, and the analyst must proceed with more data collection. The opposite is the
case with an upper bound analysis, i.e. if the result shows a benefit-cost ratio of greater than 1.0, then
more analysis is required.



Links to FEMA Software and Benefit-Cost Analysis Guidance

Starting point for software and guidance documents
https://www.fema.gov/grants/tools/benefit-cost-analysis

Help with the software or BCA technical questions (the helpline will not review BCAs)
bchelpline@fema.dhs.gov
Or 1-855-540-6744

Link to download the BCA software
https://www.fema.gov/grants/tools/benefit-cost-analysis#toolkit

Training materials
https://www.fema.gov/grants/tools/benefit-cost-analysis/training

Pre-calculated benefits (hospital generators, certain categories of flood mitigation projects, post-wildfire
mitigation actions — see the long table)
https://www.fema.gov/grants/guidance-tools/benefit-cost-analysis/streamlined-bca#tpre-calculated-
benefits

Note that the Pre-Calculated Benefits link above includes information and links to various parts of the
FEMA HMA Program and Policy Guide that address cost-effectiveness subjects and most other aspects of
the different mitigation grant programs.

2024 streamlined BCA guidance
https://www.fema.gov/sites/default/files/documents/fema policy-206-23-001-bca-discount-rate-and-
streamlined-approaches april-24-2024.pdf

Hospital Generator Pre-Calculated Benefit-Cost Analysis — Methodology Report, December, 2021

September 29, 2021 memorandum: Pre-Calculated Benefits for Certain Hospital Generators to
Demonstrate Cost-Effectiveness

ASCE 41-17 Tier 1 Checklist
https://ascelibrary.org/doi/book/10.1061/9780784483718



https://www.fema.gov/grants/tools/benefit-cost-analysis
mailto:bchelpline@fema.dhs.gov
https://www.fema.gov/grants/tools/benefit-cost-analysis#toolkit
https://www.fema.gov/sites/default/files/documents/fema_policy-206-23-001-bca-discount-rate-and-streamlined-approaches_april-24-2024.pdf
https://www.fema.gov/sites/default/files/documents/fema_policy-206-23-001-bca-discount-rate-and-streamlined-approaches_april-24-2024.pdf
https://ascelibrary.org/doi/book/10.1061/9780784483718

Extra image

Nonstructural Evaluation

Nontructural Evaluation
Nonstructural Evaluation Category Before Retrofit After Retrofit
) ) Unknown (U) Unknown (U)
Life-safety Systems ® ®
Hazardous, Flammable, or Explosive Unknown (U) Unknown (U)
Materials ° O
Unknown (U) Unknown (U)
Heawvy, Unbraced Partitions ° ®
Unknown (U) Unknown (U)
Asbestos ® ®
N Unknown (U) Unknown (U)
Above-ceiling Items ® ®
Heawvy Precast Concrete or Unknown (U) Unknaown (U)
Nonstructural Panels ® ®
Unknown (U) Unknown (U)
Heavy, Unreinforced Masonry ° ®
Unknown (U) Unknown (U)
Full Height Partitions ° ®
) Unknown (U) Unknown (U)
Exit Stairways ® ®
Unknown (U) Unknown (U)
Building Service Equipment ® ®
Nonstructural Life-Safety Performance Poor Poor

Standard Benefits - Volunteer Costs

Number of Volunteers Required: 0 =
Enter the Number of Days Lodging for Volunteers: 0 =
Enter the Per-Person Cost of Lodging for a Volunteer ($): 165 Use Default? @ Yes =

Expected Annual Volunteer Benefits (5): 0.00




