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Appendix A  

Costs for URM Seismic 

Rehabilitation in Victoria, BC 

A.1 Summary 

This appendix provides unit costs for common URM seismic rehabilitation 

activities, in 2014 Canadian dollars.  The purpose for the work was two-fold: firstly, 

the Victoria Civic Heritage Trust is the process of developing a new incentive grant 

program for partial upgrading as discussed in Chapter 3 and an estimate of the 

potential costs for such work is needed in order to select an appropriate dollar value 

for grants.  Secondly, costs for seismic upgrading measures were of course necessary 

in order to undertake the cost-benefit analysis, as presented in Chapter 5. The 

measures vary in scope from targeted measures, such as parapet bracing and veneer 

anchoring, to comprehensive seismic upgrading, in accordance with current 

Canadian design standards.   

 

A variety of sources were considered in developing the estimated costs, as 

enumerated below.   

1) Costs for projects completed in Victoria, BC 

2) Itemized estimates for specific upgrade details, based on published 

component costs from the RSMeans Building Construction Cost Data 2012 

catalog 

3) Published unit costs, primarily based on surveys of projects completed in 

California, U.S.A. 

 

As will be discussed herein, there is substantial uncertainty in deriving unit costs 

and each source has merits and drawbacks.  The sources are listed in terms of the 

author’s recommended preference for use.  For example, the Detailed Estimate 

value for “Parapet Bracing (Thru-Bolted)” should be given preference over the 

Published Survey value; the latter is simply provided to give the reader a sense of 
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the potential range of costs, since there can be substantial differences in the scope 

of work even for a specific upgrading activity. 

The following values were used in the cost benefit analysis, drawing from the 

information presented within this appendix. 

 

Table A.1    Summary of Unit Costs for Rehabilitation Measures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A.2 Targeted Upgrades 

Fall hazard mitigation & wall anchorage are commonly the first targeted upgrade in 

a URM seismic risk mitigation scheme because they are considered among the most 

vulnerable components and least expensive to upgrade (Rutherford & Chekene, 

1997).  As discussed in Chapter 3, several jurisdictions in the Pacific Northwest 

long ago adopted parapet-related seismic risk mitigation ordinances. 

 

A.2.1 Unit Costs from Published Sources 

A great deal of work on URM seismic rehabilitation, including quantification of 

costs, was undertaken from the late 1980’s to mid-1990’s in the United States, 

primarily based on California data.  The impetus for this was an ongoing movement 

towards mandatory URM seismic rehabilitation, including California’s 1986 URM 

Victoria 

Projects

(Pref. #1)

Detailed 

Estimates

(Pref. #2)

Published 

Surveys

(Pref. #3)

Parapet Bracing, Tall Parapet (Thru-Bolted) -- $274/LF $161/LF

Parapet Bracing, Short Parapet (Thru-Bolted) -- $142/LF --

Parapet Bracing, Tall Parapet (Epoxy Anchors) -- $429/LF --

Parapet Bracing, Short Parapet (Epoxy Anchors) -- $281/LF --

Veneer Anchors (Epoxy Dowels) -- $14/SF --

Veneer Anchors (Expansion Anchors) -- $10/SF --

Wall Tension Anchors (Thru-Bolted) -- $86/LF --

Wall Tension Anchors (Epoxy) -- $120/LF $202/LF

Bolts-Plus (Wall Anchors + OoP Bracing) -- -- $22/SF

Upgrade To High Seismic Zone Retrofit Standards $40/SF -- $35/SF

2
 For epoxy anchors, the URM wall must be 3-wythes wide; 2-wythe parapets are not uncommon; 

2-wythe walls are not common in Victoria, but have been reported in other regions

Unit Costs Derived From

C.2 - Targeted Upgrades

C.4 - Comprehensive Upgrades

Upgrade Description

1
 Costs shown are for construction only; taxes and soft costs not included; refer to specific 

sections for information on potential total costs

C.3 - Intermediate Upgrades
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Law (Paxton, Elwood, Barber, & Umland, 2013), as discussed in Chapter 3.  

Although most of the efforts focused on higher levels of seismic upgrading (since 

most of the affected communities had long ago implemented parapet ordinances), 

two publications were found to explicitly provide historical unit costs for parapet 

bracing (Wong, 1987; FEMA, 1988). 

 

“Seismic Strengthening of Unreinforced Masonry Buildings – A Design Guide for 

Architects and Engineers” (Wong, 1987) was published by the US National Science 

Foundation in 1987 and provides unit costs for various common URM retrofit 

details including parapet bracing.  Although quite dated, URM retrofit standards 

(including force levels) have changed relatively little since this time and thus the 

costs should be representative, provided one properly accounts for the time effects 

(inflation, changes in labour pricing, etc.).  The detail for parapet bracing is 

reproduced as Figure A.1.  The cost for this work is listed at $55/LF (in 1987 USD).  

Adjusting this cost from 1987 USD to 1987 CAD and converting from 1987 dollars 

to 2014 using RSMeans’ historical cost indices (Reed Construction Data, 2012) 

yields a cost of $161/LF as shown below.  Note that this does not include 

sheathing replacement, re-roofing, or repointing; however, this additional work is 

accounted for in the detailed estimates (see Section A.2.2). 

 

Wong 1987 cost converted to 2014 CAD:  $55/�� ∗
�		
�	(�
��)

.��	��	(�
��)
∗
���	(����)

��.�	(�
��)
= $���/�� 

 

The second publication is FEMA 156 (1988).  This document provides square-foot 

costs for various rehabilitation activities, based on a survey of just 199 buildings, of 

which 137 were located in the City of Los Angeles.  The costs presumably represent 

US Dollars, between 1981 and 1988, since Los Angeles brought its mandatory URM 

retrofit ordinance into effect in 1981.   

 

The document lists an average cost of $0.58/SF for parapet bracing; this is not a 

particularly useful number since a square-foot cost for parapet bracing would be 

highly dependent on the number of storeys. A large fraction of the buildings 

surveyed were 1-storey commercial buildings, so perhaps one could assume use the 

figure based on the building footprint area.  Another issue is that the study showed 
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that the cost of URM rehabilitation work varied greatly from city to city: the 

average cost of overall upgrading in Los Angeles was just $6.40/SF, compared to 

$14.60/SF in Long Beach and $34.00/SF in cities that did not have a URM retrofit 

ordinance.  This variation is postulated to be due primarily to three sources: 

differences among building forms, design practices, and the familiarity of the 

contractors with the work. In spite of these uncertainties, one may rationalize 

appropriateness of the unit cost since the buildings were primarily 1-storey and 

parapet bracing would be largely unaffected by occupancy, location, or contractor 

experience, since the design standards and resulting scopes of work do not vary 

greatly for this particular item.  Adjusting this cost from USD to CAD and from 

1987 to 2014 yields a cost of $1.70/SF (where SF is the footprint area, not the 

gross floor area).  Based on the aforementioned issues, however, this estimate is not 

thought to be particularly reliable.  Preference should be given to other cost 

estimates. 

 

FEMA cost converted to 2014 CAD:  
$�.��

��
∗
�		
�	(�
��)

.��	��	(�
��)
∗
���	(����)

��.�	(�
��)
= $�. ��/ � 

  

Figure A.1 - Parapet Bracing Detail (From Wong, 1987) 
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A.2.2 Unit Costs from Detail-Specific Estimates 

Although deriving costs from completed projects has value in that it implicitly 

reflects the market conditions and complete scope of work for the projects in 

question, this is also a potential pitfall: the market conditions and scope of work for 

the historical projects may not be representative of the desired conditions – in this 

case, present-day Victoria.  One method to overcome this is to complete a 

component-by-component estimate, for an explicitly defined scope of work (i.e. a 

design detail), similar to what would be performed by a contractor submitting a bid 

to perform the work.   

 

By breaking down the scope of work into various components (eg. structural steel 

braces, wood sheathing) one can account for the varying conditions: for example, 

the material cost of structural steel in Victoria may be above average, since it is a 

relatively small community located on an island, while the labour cost to install the 

steel may be below average because the cost of living in the smaller community is 

lower than for a larger community.  Of course, a great deal of data and a formal 

procedure is required to perform such as estimate.  The RSMeans Building 

Construction Cost Guide (Reed Construction Data, 2012) is such a publication, 

including detailed cost data based on U.S. national averages, which are then 

converted to the specific conditions through various adjustment factors.  

 

Detail-specific estimates were completed in this manner for two parapet bracing 

designs, and two veneer anchorage designs, and two wall tension anchor designs.  

Table A.2 summarizes the unit costs for the various details; the “Total Cost” 

column includes 15% for soft costs and 5% for taxes.  The individual estimates are 

presented at the end of this appendix. 
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Table A.2    Unit Costs for Targeted Seismic Upgrades in Victoria 

 

 

 

 

 

 

 

 

 

 

 

For the parapet upgrades, there is clearly a great deal of variation amongst the 

various details, illustrating the aforementioned pitfall in using historical data.  

Parapet detail 1a would be considered the most the representative of a typical 

parapet upgrade and is most consistent with the cost detail from (Wong, 1987).  

Wong’s cost did not include re-pointing or re-roofing, as this was covered under 

other items; it also did not include value-added taxes or soft costs.  Removing these 

components from the estimate for parapet detail 1a yields a unit cost of 

$146.58/LF.  This compares quite well to the previous unit cost of $161/LF 

provided by Wong. 

 

Note that for all the above epoxy anchor-type upgrades, the wall being anchored 

must be at least 3 wythes wide.  Two-wythe parapets are not unusual in Victoria, 

although three-wythe parapets are likely still more prevalent.  Two-wythe walls (i.e. 

at any floor below the roof) are uncommon in Victoria; however, they have been 

reported in other regions such as California (Rutherford & Chekene, 1997) and New 

Zealand (Ingham & Griffith, 2011). 

 

A.3 Intermediate Upgrades 

An intermediate level of seismic upgrading often considered involves measures to tie 

the entire building (i.e. all floors and walls), so that it responds as a unit.  It may 

Det.

#
Description

Constr.

 Cost

Total

 Cost

1a Thru-Bolt Tension Anchors (Tall Parapet) $274/LF $331/LF

1b Thru-Bolt Tension Anchors (Short Parapet) $142/LF $171/LF

2a Epoxy Shear and Tension Anchor (Tall Parapet) $429/LF $518/LF

2b Epoxy Shear and Tension Anchors (Short Parapet) $281/LF $339/LF

1 Epoxied Dowels in Mortar Joint From Exterior $14/SF $17/SF

2 Expansion Anchors in Mortar Joint From Exterior $10/SF $13/SF

1 Thru-Bolted Anchors, New Sheathing & Flooring Re and Re $86/LF $104/LF

2 Epoxy Anchors, New Sheathing & Flooring Re and Re $120/LF $145/LF

Veneer Retrofit Details

Wall Tension Anchor Details

Parapet Bracing Details
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also include bracing walls for out-of-plane demands.  The intent of such upgrading 

is primarily to reduce the vulnerability to out-of-plane collapse of the URM walls.  

Generally, this level stops short of strengthening elements such as walls and 

diaphragms for in-plane demands, because such measures generally require that the 

building be unoccupied. 

 

A.3.1 The ‘Bolts-Plus’ Approach 

Perhaps the most well-known intermediate upgrade approach is San Francisco’s 

Ordinance 225-92.  The ordinance, which mandated retrofitting/abatement of 

approximately 2000 identified URM bearing wall buildings, included a relaxation 

for buildings not containing certain occupancies (assembly>300; educational; 

institutional; or high-hazard) and having regular configuration, sufficient crosswalls, 

and percentage of solid wall (Paxton, Elwood, Barber, & Umland, 2013).  This 

“bolts-plus” relaxation called for just diaphragm to wall connections (for shear and 

tension) and out-of-plane bracing for walls exceeding specified height-to-thickness 

ratios.   

 

A study by Rutherford and Chekene (1990), which served as input in the city’s 

development of Ordinance 225-92, estimated the cost of this type of work for 15 

different building prototypes (eg. differing size and occupancy).  Based on the 

author’s judgment, the most likely candidate for this type of work are two and 

three storey commercial buildings (Prototypes G and H in the original publication).  

They are good candidates for the following reasons: 

� They are common throughout Victoria 

� They are unlikely to be unoccupied for an extended period of time because 

of their prominent location in downtown core, which would be required for 

more comprehensive upgrades 

� They are unlikely to undergo a change of use or occupancy which would 

trigger requirements for a more comprehensive upgrade 

� They are located in an area with a relatively high concentration of 

pedestrians, which are affected by the life-safety hazards from fall debris 

such as parapets and walls 
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The difference between the two prototypes is essentially their size, which has a 

significant effect on their cost per square foot.  Rutherford and Chekene’s (1990) 

estimates have been adjusted to 2014 Canadian dollars (using the 1990 CAD 

exchange rate of 0.85 and an inflation index of 2.04), and are provided below 

� Prototype G (Small area, 2-3 St., Commercial): $29.62/SF 

� Prototype H (Large area, 2-3 St., Commercial): $13.35/SF 

 

These figures provide reasonable bounds for the Bolts-plus type upgrading work.  

One could average the two figures, yielding a value of $21.49/SF, although this 

assumes a 50/50 split between large and small area buildings, which may not be the 

case. 

 

A.4 Comprehensive Seismic Upgrading 

Comprehensive seismic upgrading refers to an upgrade program that provides a 

complete seismic force resisting system, in accordance with current Canadian 

standards for seismic rehabilitation for URM buildings.  For a location with a high 

seismic hazard, such as Victoria, this would typically include the measures noted 

below.  Refer to Appendix B – Typical Rehabilitation Measures for a more detailed 

discussion.   

� Repointing deteriorated or deficient masonry 

� Mitigating fall hazards (eg. parapets, chimneys) 

� Providing wall-to-diaphragm tension anchors 

� Providing wall-to-diaphragm shear anchors 

� Out-of-plane bracing for URM walls which exceed certain height-thickness 

ratios (eg. strongbacks) 

� Providing new elements to resist in-plane loads where URM walls are absent 

or insufficient (eg. steel braced frames, concrete overlays or shear walls) 

� Strengthening floor/roof diaphragms to reduce deflections (eg. plywood 

overlay) 

 

Note that some items would not be required for areas of lower seismicity under 

current Canadian and American design standards.   
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A.4.1 Square-foot costs from Victoria projects  

As discussed in Chapter 3, the City of Victoria has implemented its Tax Incentive 

Program, which promotes adaptive re-use of its heritage buildings by offsetting the 

costs of the comprehensive seismic upgrading required under the BC Building Code 

due to the change occupancy (Paxton, Elwood, Barber, & Umland, 2013).  Because 

the cost of the seismic upgrading work is a parameter in determining the value of 

the incentive for each building, the cost of the work for each building is well-

documented. 

 

Costs for 34 buildings were available in total; the costs represent construction cost 

of the work, and exclude value added taxes and soft costs such as design and 

permit fees.  Square footage for each building was estimated based on the number 

of storeys and the building footprint.  Table A.3 provides the data for each building 

and the summary statistics.  As can be seen, the mean and median costs are quite 

similar, at $39.76/sq.ft and $37.26/sq.ft, respectively.  Of course, there is significant 

variation in the costs; there are a number of factors that could reasonably 

contribute to this including the following: 

� The form of the building (short and squat, tall and slender, isolated vs. row) 

� The economy at the time of construction 

� The design standard employed 

� The importance of the building 

� The local soils at the building site 

� The experience and judgment of the designers 

� The heritage/architectural sensitivity of the rehabilitation 
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Table A.3 - Costs for Comprehensive Seismic Upgrades in Victoria 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bldg # Project Cost Seismic Cost
%Cost 

Seismic

Seismic 

Cost/sq.ft
# Storeys

Total 

Sq. Ft.

1 $1,262,883

2 $412,406

3 $1,851,360 $414,964 22% $14.82 4 28000

4 $2,000,000 $317,559 16% $15.18 3 20922

5 $1,518,725 $407,921 27% $45.32 3 9000

6 $845,580 $283,558 34% $44.17 3 6420

7 $408,891 $176,968 43% $38.81 3 4560

8 $6,000,000 $2,171,520 36% $128.64 2 16880

9 $550,000 $212,000 39% $18.76 2 11300

10 $2,000,000 $370,000 19% $63.57 2 5820

11 $2,206,087 $440,967 20%

12 $9,500,000 $1,400,000 15% $21.03 4 66560

13 $400,000 $310,523 78% $69.01 3 4500

14 $3,400,000 $1,025,425 30% $44.97 3 22800

15 $8,000,000 $1,055,000 13%

16 $10,936,927 $1,265,069 12% $39.53 3 32000

17 $10,700,000 $7,048,000 66% 0

18 $4,465,000 0

19 $2,955,928 $752,698 25% $37.26 3 20200

20 $952,280 $149,528 16% $17.39 2 8600

21 $1,700,160 $318,780 19% 0

22 $3,099,840 $581,220 19% 0

23 $4,515,000 $412,162 9% $17.61 3 23400

24 $1,210,000 $143,837 12% $27.66 2 5200

25 $4,325,703 $1,871,991 43% $63.67 7 29400

26 $3,348,000 $400,000 12% $25.81 5 15500

27 $910,697 $365,357 40% 0

28 $5,500,000 $488,045 9% $22.18 3 22000

29 $4,113,560 $2,321,253 56% 0

Mean $3,416,863 $927,704 28% $40 3.16 14122

Med. $2,581,007 $413,563 21% $38 3.00 10150

CoV 0.89 1.47 0.64 0.69 0.38 1.07

21%$343,668
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A.4.2 Square-foot costs from Published Sources  

Several of the aforementioned sources have quantified the cost of comprehensive 

upgrading.  FEMA 156 (1988) contained survey data for various locations such as 

Los Angeles and Long Beach, California.  Rutherford and Chekene (1990) provided 

estimates for comprehensive upgrades to two different design standards for San 

Francisco’s URM buildings and Rutherford and Chekene (1997) provided estimates 

for upgrading to American standards (similar to current Canadian URM retrofit 

standards) for moderate vs. high seismic zones.  Table A.4 summarizes the figures 

from various sources. 

 

Table A.4 – Published Costs for Comprehensive Seismic Upgrades 

 

 

 

 

 

 

 

 

 

 

 

 

The unit costs vary significantly – by almost a factor of 10.  Also note that these 

are simply the mean values.  Where reported, upper and lower bounds often were 

up to 100% higher and lower than the mean value (eg. for a mean of $20/SF, the 

lower bound could be $10/SF and the upper bound could be $40/SF).  Comparing 

the values to Victoria, the mean value of $40/SF as well as the minimum 

($14.82/SF) and maximum ($128/SF) values appear quite consistent.  Note that 

the two highest estimates are for “typical building code” type of design standards.  

These standards rely on making the structure quite stiff and thus often require 

much more retrofitting work; “ABK” type standards design the structure to be 

more flexible (thereby reducing forces) and contain various other provisions to 

Los Angeles, California (Division 88) ABK High Yes $18.75/SF 1

Long Beach, California TBC High Yes $42.78/SF 1

Cities Without Ordinances TBC High No $99.63/SF 1

Schools in California TBC High Yes $127.79/SF 1

San Francisco (Prot. G), UCBC ABK High Yes1 $32.86/SF 2

San Francisco (Prot. H), UCBC ABK High Yes1 $19.80/SF 2

San Francisco (Prot. G), SF104(f) TBC High Yes1 $44.36/SF 2

San Francisco (Prot. H), SF104(f) TBC High Yes1 $26.90/SF 2

3-storey, 40'x80' Commercial Bldg ABK High UNK $53.26/SF 3

3-storey, 40'x80' Commercial Bldg ABK Moderate UNK $31.59/SF 3

4
 "ABK" denotes a standard that is based on research by ABK (1984); "TBC" denotes a standard that is based on 

typical building code provisions for seismic design

3
 Source 1= FEMA (1988), Source 2=Rutherford and Chekene (1990), Source 3=Rutherford and Chekene (1997)

2
 Unit costs adjusted to 2014 Canadian dollars assumign the following exchange rates as follows: 1987=$0.75USD, 

1990=$0.85USD, 1996=$0.73USD.  Inflation Index as per Reed Construction Data (2012).

Category

1
 At the time, San Francisco was considering mandating comprehensive URM retrofitting, but had not done so 

yet; however, many jurisdictions throughout California had and so familiarity of designers and contractors was 

Design 

Standard4
Seismicity Source3

Mandatory 

Retrofits
Unit Cost2
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make use of the existing structure.  As such, designs to these standards are 

typically less costly.  

 

A.5 Cost Estimate Data 

As discussed in Section A.2.2, detailed estimates were prepared by the author for 

various targeted upgrades.  The complete estimates are provided on the following 

pages. See Table A.2 for summary figures. 
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A.5.1 Parapet Bracing Estimate #1
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A.5.2 Parapet Bracing Estimate #2
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A.5.3 Veneer Anchor Estimate #1
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A.5.4 Veneer Anchor Estimate #2
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A.5.5 Wall Anchor Estimate #1

Costs for URM Seismic Rehabilitation in Victoria, BC

Wall Anchor Estimate #1  
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A.5.6 Wall Anchor Estimate #2

Costs for URM Seismic Rehabilitation in Victoria, BC

Anchor Estimate #2   
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Appendix E  

Cost-Benefit Analysis Calculations 

Cost-benefit analyses for various seismic rehabilitation measures were performed, as 

presented in Chapter 5, Section 5.9.  Three upgrading measures were considered: 

parapet bracing, partial rehabilitation (tension ties at all floors), and full 

rehabilitation (consistent with local practices in Victoria, BC), each represented by 

separate motion-damage relationships, as presented in Section 5.6.  The cost for 

each retrofitting measure was as discussed in Section 5.8.  The analyses were in 

terms of annual expected cost (converted to present value), based on the seismic 

hazard curve for Victoria, BC.  Because of the importance of site soils, the analyses 

were performed for Site Classes B through E, which represents a practical range of 

conditions.  The three strengthening measures and four site classes yield a total of 

12 cost-benefit results for the base case.  Results for the sensitivity analysis were 

calculated similarly and are not provided here.  The figures on the following pages 

provide the calculations for the 12 base case analyses.  See section 5.9 for a 

summary of the results. 
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Figure E.1 – Parapet Bracing (Site Class B) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= B

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 0.6 0.01 99.9% 0.00% 0.0000% 0.00000 0.00000 0.00000 0.00000 0.00% 0.0000% 0.00000 0.00000 0.00000 0.00000

0.02 0.082400 0.6 0.01 98.4% 0.03% 0.0017% 0.00000 0.00000 0.00120 0.00012 0.01% 0.0006% 0.00000 0.00000 0.00001 0.00000

0.06 0.031510 0.6 0.03 79.3% 0.32% 0.0035% 0.00000 0.00000 0.12967 0.00278 0.19% 0.0021% 0.00000 0.00000 0.00676 0.00034

0.08 0.020510 0.6 0.05 64.1% 0.59% 0.0048% 0.00000 0.00000 0.34963 0.00527 0.40% 0.0032% 0.00000 0.00000 0.02862 0.00090

0.11 0.012370 0.6 0.07 46.1% 1.35% 0.0113% 0.00000 0.00000 1.77122 0.01753 1.01% 0.0085% 0.00000 0.00000 0.25655 0.00441

0.22 0.003974 0.7 0.16 18.0% 6.94% 0.0149% 0.00000 0.00000 6.34706 0.03610 5.96% 0.0128% 0.00000 0.00000 2.52200 0.01673

0.34 0.001822 0.7 0.23 8.7% 13.13% 0.0111% 0.00000 0.00000 5.58582 0.02990 11.56% 0.0098% 0.00000 0.00000 3.10824 0.01678

0.45 0.000975 0.8 0.36 4.8% 22.62% 0.0091% 0.00000 0.00000 4.64441 0.03429 20.02% 0.0081% 0.00000 0.00000 3.31309 0.01689

0.56 0.000571 0.8 0.45 2.8% 26.42% 0.0045% 0.00000 0.00000 2.21762 0.01643 23.36% 0.0039% 0.00000 0.00000 1.68364 0.01200

0.67 0.000403 0.8 0.54 2.0% 33.57% 0.0057% 0.00000 0.00000 2.65805 0.02850 29.58% 0.0050% 0.00000 0.00000 2.20127 0.01533

0.78 0.000234 0.8 0.63 1.2% 40.02% 0.0020% 0.00000 0.00000 0.89625 0.00973 35.20% 0.0018% 0.00000 0.00000 0.78488 0.00559

0.89 0.000183 0.8 0.71 0.9% 45.77% 0.0023% 0.00000 0.00000 0.96574 0.01800 40.26% 0.0020% 0.00000 0.00000 0.87800 0.00898

1.01 0.000132 0.8 0.80 0.7% 50.86% 0.0051% 0.00000 0.00000 1.01636 0.01896 44.81% 0.0023% 0.00000 0.00000 0.94820 0.00989

1.12 0.000082 0.8 0.89 0.4% 53.18% 0.0015% 0.00000 0.00000 0.31392 0.00588 46.92% 0.0007% 0.00000 0.00000 0.29577 0.00312

1.23 0.000066 0.8 0.98 0.3% 57.41% 0.0015% 0.00000 0.00000 0.32363 0.00612 50.84% 0.0015% 0.00000 0.00000 0.30965 0.00558

1.34 0.000051 0.8 1.07 0.3% 61.15% 0.0015% 0.00000 0.00000 0.33089 0.00959 54.39% 0.0015% 0.00000 0.00000 0.32014 0.00582

1.45 0.000035 0.8 1.16 0.2% 64.47% 0.0007% 0.00000 0.00000 0.16192 0.00470 57.63% 0.0007% 0.00000 0.00000 0.15794 0.00290

1.56 0.000028 0.8 1.25 0.1% 67.42% 0.0007% 0.00000 0.00000 0.16393 0.00478 60.59% 0.0007% 0.00000 0.00000 0.16087 0.00299

1.68 0.000021 0.8 1.34 0.1% 68.78% 0.0003% 0.00000 0.00000 0.05579 0.00163 61.98% 0.0003% 0.00000 0.00000 0.05488 0.00156

1.79 0.000018 0.8 1.43 0.1% 71.27% 0.0003% 0.00000 0.00000 0.05625 0.00165 64.58% 0.0003% 0.00000 0.00000 0.05555 0.00159

1.90 0.000016 0.8 1.52 0.1% 73.51% 0.0003% 0.00000 0.00000 0.05662 0.00167 66.97% 0.0003% 0.00000 0.00000 0.05607 0.00161

2.01 0.000013 0.8 1.61 0.1% 75.53% 0.0003% 0.00000 0.00000 0.05690 0.00168 69.17% 0.0003% 0.00000 0.00000 0.05648 0.00163

2.12 0.000011 0.8 1.70 0.1% 76.46% 0.0003% 0.00000 0.00000 0.05702 0.00169 70.20% 0.0003% 0.00000 0.00000 0.05665 0.00164

2.23 0.000008 0.8 1.79 0.0% 78.20% 0.0000% 0.00000 0.00000 0.00098 0.00003 72.16% 0.0000% 0.00000 0.00000 0.00098 0.00003

UNRETROFITTED PARAPETS BRACED

2.23 0.000008 0.8 1.79 0.0% 78.20% 0.0000% 0.00000 0.00000 0.00098 0.00003 72.16% 0.0000% 0.00000 0.00000 0.00098 0.00003

2.1 0.000008 0.8 0.000006

Ʃ Ann. MDF= 0.08345% 0.00003 0.00003 0.25701 Ʃ Ann. MDF= 0.06673% 0.00001 0.00001 0.13632

Cost ($CAN) = $260/SF  Ann. Cost= $1,736 $382 $398 $28 $137  Ann. Cost= $1,388 $154 $189 $17 $73

Typical SF= 8000 50-Yr Cost= $86,790 $19,075 $19,881 $1,408 $6,854 50-Yr Cost= $69,399 $7,683 $9,431 $863 $3,635

Repl. Value= $2,080,000 PV= $31,689 $9,816 $10,231 $514 $2,502 PV= $25,339 $3,954 $4,853 $315 $1,327

Full Upgrade Cost= $33/SF Savings= $6,350 $5,862 $5,377 $199 $1,175

Partial Upgrade Cost= $10/SF Total Savings= $18,963 0.76 0.40

Parapet Upgrade Cost= $3/SF Upgrade Cost= $24,000

Value of Life= $9,100,000 B/C Ratio= 0.79

Relocation Expense= $2.90/SF

Rental Cost= $0.07/SF/day

Average Occupany Density= .0036 Occ/SF Time Horizon= 50 Years

Average No. of Occupants= 28.8 Discount Rate for Capital= 5%

Typical Streetfront Exposure= 30. lin. ft Discount Rate for Life-Safety= 3%

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9

#of serious injuries/fatalities= 4

%VSL assigned to injuries= 0.15

Occupancy Data

Building Data

Economic Parameters
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Figure E.2 – Partial Retrofit (Site Class B) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= B

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 0.6 0.01 99.9% 0.00% 0.0000% 0.00000 0.00000 0.00000 0.00000 0.00% 0.0000% 0.00000 0.00000 0.00000 0.00000

0.02 0.082400 0.6 0.01 98.4% 0.03% 0.0017% 0.00000 0.00000 0.00120 0.00012 0.01% 0.0005% 0.00000 0.00000 0.00000 0.00000

0.06 0.031510 0.6 0.03 79.3% 0.32% 0.0035% 0.00000 0.00000 0.12967 0.00278 0.14% 0.0015% 0.00000 0.00000 0.00431 0.00033

0.08 0.020510 0.6 0.05 64.1% 0.59% 0.0048% 0.00000 0.00000 0.34963 0.00527 0.28% 0.0023% 0.00000 0.00000 0.01903 0.00086

0.11 0.012370 0.6 0.07 46.1% 1.35% 0.0113% 0.00000 0.00000 1.77122 0.01753 0.73% 0.0061% 0.00000 0.00000 0.18100 0.00415

0.22 0.003974 0.7 0.16 18.0% 6.94% 0.0149% 0.00000 0.00000 6.34706 0.03610 4.58% 0.0099% 0.00000 0.00000 2.02442 0.01490

0.34 0.001822 0.7 0.23 8.7% 13.13% 0.0111% 0.00000 0.00000 5.58582 0.02990 9.28% 0.0079% 0.00000 0.00000 2.63838 0.01488

0.45 0.000975 0.8 0.36 4.8% 22.62% 0.0091% 0.00000 0.00000 4.64441 0.03429 16.85% 0.0068% 0.00000 0.00000 2.95694 0.01509

0.56 0.000571 0.8 0.45 2.8% 26.42% 0.0045% 0.00000 0.00000 2.21762 0.01643 19.95% 0.0034% 0.00000 0.00000 1.52477 0.01107

0.67 0.000403 0.8 0.54 2.0% 33.57% 0.0057% 0.00000 0.00000 2.65805 0.02850 25.85% 0.0044% 0.00000 0.00000 2.03911 0.01413

0.78 0.000234 0.8 0.63 1.2% 40.02% 0.0020% 0.00000 0.00000 0.89625 0.00973 31.26% 0.0016% 0.00000 0.00000 0.73916 0.00515

0.89 0.000183 0.8 0.71 0.9% 45.77% 0.0023% 0.00000 0.00000 0.96574 0.01800 36.17% 0.0018% 0.00000 0.00000 0.83717 0.00846

1.01 0.000132 0.8 0.80 0.7% 50.86% 0.0051% 0.00000 0.00000 1.01636 0.01896 40.61% 0.0021% 0.00000 0.00000 0.91272 0.00932

1.12 0.000082 0.8 0.89 0.4% 53.18% 0.0015% 0.00000 0.00000 0.31392 0.00588 42.68% 0.0007% 0.00000 0.00000 0.28582 0.00295

1.23 0.000066 0.8 0.98 0.3% 57.41% 0.0015% 0.00000 0.00000 0.32363 0.00612 46.52% 0.0007% 0.00000 0.00000 0.30120 0.00539

1.34 0.000051 0.8 1.07 0.3% 61.15% 0.0015% 0.00000 0.00000 0.33089 0.00959 50.02% 0.0015% 0.00000 0.00000 0.31300 0.00562

1.45 0.000035 0.8 1.16 0.2% 64.47% 0.0007% 0.00000 0.00000 0.16192 0.00470 53.22% 0.0007% 0.00000 0.00000 0.15505 0.00281

1.56 0.000028 0.8 1.25 0.1% 67.42% 0.0007% 0.00000 0.00000 0.16393 0.00478 56.16% 0.0007% 0.00000 0.00000 0.15844 0.00290

1.68 0.000021 0.8 1.34 0.1% 68.78% 0.0003% 0.00000 0.00000 0.05579 0.00163 57.54% 0.0003% 0.00000 0.00000 0.05413 0.00154

1.79 0.000018 0.8 1.43 0.1% 71.27% 0.0003% 0.00000 0.00000 0.05625 0.00165 60.14% 0.0003% 0.00000 0.00000 0.05492 0.00156

1.90 0.000016 0.8 1.52 0.1% 73.51% 0.0003% 0.00000 0.00000 0.05662 0.00167 62.55% 0.0003% 0.00000 0.00000 0.05554 0.00159

2.01 0.000013 0.8 1.61 0.1% 75.53% 0.0003% 0.00000 0.00000 0.05690 0.00168 64.78% 0.0003% 0.00000 0.00000 0.05603 0.00161

2.12 0.000011 0.8 1.70 0.1% 76.46% 0.0003% 0.00000 0.00000 0.05702 0.00169 65.84% 0.0003% 0.00000 0.00000 0.05624 0.00162

2.23 0.000008 0.8 1.79 0.0% 78.20% 0.0000% 0.00000 0.00000 0.00098 0.00003 67.84% 0.0000% 0.00000 0.00000 0.00097 0.00003

2.1 0.000008 0.8 0.000006

UNRETROFITTED PARTIAL RETROFIT

2.1 0.000008 0.8 0.000006

Ʃ Ann. MDF= 0.08345% 0.00003 0.00003 0.25701 Ʃ Ann. MDF= 0.05392% 0.00001 0.00001 0.12595

Cost ($CAN) = $260/SF  Ann. Cost= $1,736 $382 $398 $28 $137  Ann. Cost= $1,121 $98 $155 $15 $67

Typical SF= 8000 50-Yr Cost= $86,790 $19,075 $19,881 $1,408 $6,854 50-Yr Cost= $56,074 $4,917 $7,764 $768 $3,359

Repl. Value= $2,080,000 PV= $31,689 $9,816 $10,231 $514 $2,502 PV= $20,474 $2,530 $3,996 $281 $1,226

Full Upgrade Cost= $33/SF Savings= $11,215 $7,286 $6,235 $234 $1,276

Partial Upgrade Cost= $10/SF Total Savings= $26,245 0.92 0.66

Parapet Upgrade Cost= $3/SF Upgrade Cost= $80,000

Value of Life= $9,100,000 B/C Ratio= 0.33

Relocation Expense= $2.90/SF

Rental Cost= $0.07/SF/day

Average Occupany Density= .0036 Occ/SF Time Horizon= 50 Years

Average No. of Occupants= 28.8 Discount Rate for Capital= 5%

Typical Streetfront Exposure= 30. lin. ft Discount Rate for Life-Safety= 3%

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9

#of serious injuries/fatalities= 4

%VSL assigned to injuries= 0.15

Occupancy Data

Building Data

Economic Parameters
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Figure E.3 – Full Retrofit (Site Class B) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= B

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 0.6 0.01 99.9% 0.00% 0.0000% 0.00000 0.00000 0.00000 0.00000 0.00% 0.0000% 0.00000 0.00000 0.00000 0.00000

0.02 0.082400 0.6 0.01 98.4% 0.03% 0.0017% 0.00000 0.00000 0.00120 0.00012 0.01% 0.0003% 0.00000 0.00000 0.00011 0.00003

0.06 0.031510 0.6 0.03 79.3% 0.32% 0.0035% 0.00000 0.00000 0.12967 0.00278 0.10% 0.0011% 0.00000 0.00000 0.01592 0.00072

0.08 0.020510 0.6 0.05 64.1% 0.59% 0.0048% 0.00000 0.00000 0.34963 0.00527 0.20% 0.0016% 0.00000 0.00000 0.04789 0.00145

0.11 0.012370 0.6 0.07 46.1% 1.35% 0.0113% 0.00000 0.00000 1.77122 0.01753 0.49% 0.0041% 0.00000 0.00000 0.28995 0.00521

0.22 0.003974 0.7 0.16 18.0% 6.94% 0.0149% 0.00000 0.00000 6.34706 0.03610 2.99% 0.0064% 0.00000 0.00000 1.69857 0.01280

0.34 0.001822 0.7 0.23 8.7% 13.13% 0.0111% 0.00000 0.00000 5.58582 0.02990 6.07% 0.0051% 0.00000 0.00000 1.93443 0.01168

0.45 0.000975 0.8 0.36 4.8% 22.62% 0.0091% 0.00000 0.00000 4.64441 0.03429 11.30% 0.0046% 0.00000 0.00000 2.07886 0.01135

0.56 0.000571 0.8 0.45 2.8% 26.42% 0.0045% 0.00000 0.00000 2.21762 0.01643 13.64% 0.0023% 0.00000 0.00000 1.07512 0.00902

0.67 0.000403 0.8 0.54 2.0% 33.57% 0.0057% 0.00000 0.00000 2.65805 0.02850 18.52% 0.0031% 0.00000 0.00000 1.46608 0.01129

0.78 0.000234 0.8 0.63 1.2% 40.02% 0.0020% 0.00000 0.00000 0.89625 0.00973 23.55% 0.0012% 0.00000 0.00000 0.54603 0.00639

0.89 0.000183 0.8 0.71 0.9% 45.77% 0.0023% 0.00000 0.00000 0.96574 0.01800 28.53% 0.0014% 0.00000 0.00000 0.63647 0.00710

1.01 0.000132 0.8 0.80 0.7% 50.86% 0.0051% 0.00000 0.00000 1.01636 0.01896 33.31% 0.0017% 0.00000 0.00000 0.71352 0.00777

1.12 0.000082 0.8 0.89 0.4% 53.18% 0.0015% 0.00000 0.00000 0.31392 0.00588 35.59% 0.0005% 0.00000 0.00000 0.22642 0.00245

1.23 0.000066 0.8 0.98 0.3% 57.41% 0.0015% 0.00000 0.00000 0.32363 0.00612 39.91% 0.0006% 0.00000 0.00000 0.24459 0.00478

1.34 0.000051 0.8 1.07 0.3% 61.15% 0.0015% 0.00000 0.00000 0.33089 0.00959 43.85% 0.0007% 0.00000 0.00000 0.25993 0.00498

1.45 0.000035 0.8 1.16 0.2% 64.47% 0.0007% 0.00000 0.00000 0.16192 0.00470 47.44% 0.0004% 0.00000 0.00000 0.13137 0.00248

1.56 0.000028 0.8 1.25 0.1% 67.42% 0.0007% 0.00000 0.00000 0.16393 0.00478 50.67% 0.0007% 0.00000 0.00000 0.13667 0.00256

1.68 0.000021 0.8 1.34 0.1% 68.78% 0.0003% 0.00000 0.00000 0.05579 0.00163 52.17% 0.0003% 0.00000 0.00000 0.04707 0.00141

1.79 0.000018 0.8 1.43 0.1% 71.27% 0.0003% 0.00000 0.00000 0.05625 0.00165 54.94% 0.0003% 0.00000 0.00000 0.04848 0.00144

1.90 0.000016 0.8 1.52 0.1% 73.51% 0.0003% 0.00000 0.00000 0.05662 0.00167 57.44% 0.0003% 0.00000 0.00000 0.04968 0.00146

2.01 0.000013 0.8 1.61 0.1% 75.53% 0.0003% 0.00000 0.00000 0.05690 0.00168 59.71% 0.0003% 0.00000 0.00000 0.05071 0.00148

2.12 0.000011 0.8 1.70 0.1% 76.46% 0.0003% 0.00000 0.00000 0.05702 0.00169 60.77% 0.0003% 0.00000 0.00000 0.05117 0.00149

2.23 0.000008 0.8 1.79 0.0% 78.20% 0.0000% 0.00000 0.00000 0.00098 0.00003 62.74% 0.0000% 0.00000 0.00000 0.00089 0.00003

UNRETROFITTED RETROFITTED

2.23 0.000008 0.8 1.79 0.0% 78.20% 0.0000% 0.00000 0.00000 0.00098 0.00003 62.74% 0.0000% 0.00000 0.00000 0.00089 0.00003

2.1 0.000008 0.8 0.000006

Ʃ Ann. MDF= 0.08345% 0.00003 0.00003 0.25701 Ʃ Ann. MDF= 0.03726% 0.00001 0.00001 0.10938

Cost ($CAN) = $260/SF  Ann. Cost= $1,736 $382 $398 $28 $137 Ann. Cost= $775 $89 $118 $12 $58

Typical SF= 8000 50-Yr Cost= $86,790 $19,075 $19,881 $1,408 $6,854 50-Yr Cost= $38,748 $4,453 $5,894 $587 $2,917

Repl. Value= $2,080,000 PV= $31,689 $9,816 $10,231 $514 $2,502 PV= $14,147 $2,291 $3,033 $215 $1,065

Full Upgrade Cost= $33/SF Savings= $17,541 $7,525 $7,198 $300 $1,437

Partial Upgrade Cost= $10/SF Total Savings= $34,000 1.00 1.00

Parapet Upgrade Cost= $3/SF Upgrade Cost= $264,000

Value of Life= $9,100,000 B/C Ratio= 0.13

Relocation Expense= $2.90/SF

Rental Cost= $0.07/SF/day

Average Occupany Density= .0036 Occ/SF Time Horizon= 50 Years

Average No. of Occupants= 28.8 Discount Rate for Capital= 5%

Typical Streetfront Exposure= 30. lin. ft Discount Rate for Life-Safety= 3%

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9

#of serious injuries/fatalities= 4

%VSL assigned to injuries= 0.15

Occupancy Data

Building Data

Economic Parameters
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Figure E.4 – Parapet Bracing (Site Class C) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= C

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 1.0 0.01 99.9% 0.03% 0.0023% 0.00000 0.00000 0.00160 0.00017 0.01% 0.0008% 0.00000 0.00000 0.00001 0.00000

0.02 0.082400 1.0 0.02 98.4% 0.14% 0.0070% 0.00000 0.00000 0.07669 0.00284 0.07% 0.0035% 0.00000 0.00000 0.00199 0.00020

0.06 0.031510 1.0 0.06 79.3% 1.13% 0.0125% 0.00000 0.00000 1.68671 0.01812 0.83% 0.0092% 0.00000 0.00000 0.21753 0.00422

0.08 0.020510 1.0 0.08 64.1% 1.82% 0.0148% 0.00000 0.00000 2.93306 0.02540 1.41% 0.0115% 0.00000 0.00000 0.51737 0.00725

0.11 0.012370 1.0 0.11 46.1% 4.15% 0.0348% 0.00000 0.00000 11.71409 0.07528 3.45% 0.0290% 0.00000 0.00000 3.45577 0.02935

0.22 0.003974 1.0 0.22 18.0% 12.33% 0.0265% 0.00000 0.00001 13.20764 0.07074 10.84% 0.0233% 0.00000 0.00000 7.12471 0.03901

0.34 0.001822 1.0 0.34 8.7% 18.70% 0.0158% 0.00000 0.00001 8.14515 0.06116 16.55% 0.0140% 0.00000 0.00000 5.35377 0.02742

0.45 0.000975 1.0 0.45 4.8% 26.42% 0.0107% 0.00000 0.00001 5.30676 0.03932 23.36% 0.0094% 0.00000 0.00000 4.02895 0.02872

0.56 0.000571 1.0 0.56 2.8% 36.88% 0.0062% 0.00000 0.00000 2.83051 0.03046 32.47% 0.0055% 0.00000 0.00000 2.41752 0.01696

0.67 0.000403 1.0 0.67 2.0% 42.98% 0.0073% 0.00001 0.00001 3.10176 0.05801 37.80% 0.0064% 0.00000 0.00000 2.77263 0.02825

0.78 0.000234 1.0 0.78 1.2% 48.40% 0.0025% 0.00000 0.00000 0.99302 0.01849 42.59% 0.0022% 0.00000 0.00000 0.91560 0.00944

0.89 0.000183 1.0 0.89 0.9% 53.18% 0.0051% 0.00000 0.00000 1.03638 0.01940 46.92% 0.0024% 0.00000 0.00000 0.97647 0.01032

1.01 0.000132 1.0 1.01 0.7% 59.34% 0.0051% 0.00001 0.00000 1.08127 0.03135 52.66% 0.0051% 0.00000 0.00000 1.04080 0.01883

1.12 0.000082 1.0 1.12 0.4% 62.86% 0.0015% 0.00000 0.00000 0.33382 0.00969 56.05% 0.0015% 0.00000 0.00000 0.32439 0.00592

1.23 0.000066 1.0 1.23 0.3% 65.99% 0.0015% 0.00000 0.00000 0.33861 0.00985 59.15% 0.0015% 0.00000 0.00000 0.33135 0.00613

1.34 0.000051 1.0 1.34 0.3% 68.78% 0.0015% 0.00000 0.00000 0.34228 0.00999 61.98% 0.0015% 0.00000 0.00000 0.33668 0.00960

1.45 0.000035 1.0 1.45 0.2% 72.42% 0.0007% 0.00000 0.00000 0.16670 0.00489 65.80% 0.0007% 0.00000 0.00000 0.16487 0.00473

1.56 0.000028 1.0 1.56 0.1% 74.55% 0.0007% 0.00000 0.00000 0.16765 0.00494 68.09% 0.0007% 0.00000 0.00000 0.16623 0.00479

1.68 0.000021 1.0 1.68 0.1% 76.46% 0.0003% 0.00000 0.00000 0.05702 0.00169 70.20% 0.0003% 0.00000 0.00000 0.05665 0.00164

1.79 0.000018 1.0 1.79 0.1% 78.20% 0.0003% 0.00000 0.00000 0.05722 0.00170 72.16% 0.0003% 0.00000 0.00000 0.05693 0.00166

1.90 0.000016 1.0 1.90 0.1% 79.77% 0.0003% 0.00000 0.00000 0.05739 0.00171 73.97% 0.0003% 0.00000 0.00000 0.05716 0.00167

2.01 0.000013 1.0 2.01 0.1% 81.87% 0.0003% 0.00000 0.00000 0.05757 0.00172 76.43% 0.0003% 0.00000 0.00000 0.05742 0.00169

2.12 0.000011 1.0 2.12 0.1% 83.12% 0.0003% 0.00000 0.00000 0.05767 0.00173 77.93% 0.0003% 0.00000 0.00000 0.05755 0.00170

2.23 0.000008 1.0 2.23 0.0% 84.26% 0.0000% 0.00000 0.00000 0.00099 0.00003 79.32% 0.0000% 0.00000 0.00000 0.00099 0.00003

UNRETROFITTED PARAPETS BRACED

2.1 0.000008 1.0 0.000008

Ʃ Ann. MDF= 0.15784% 0.00005 0.00005 0.49868 Ʃ Ann. MDF= 0.12950% 0.00002 0.00002 0.25953

Cost ($CAN) = $260/SF  Ann. Cost= $3,283 $687 $697 $54 $266  Ann. Cost= $2,694 $299 $331 $30 $138

Typical SF= 8000 50-Yr Cost= $164,153 $34,359 $34,837 $2,688 $13,298 50-Yr Cost= $134,679 $14,951 $16,541 $1,522 $6,921

Repl. Value= $2,080,000 PV= $59,935 $17,681 $17,927 $981 $4,855 PV= $49,174 $7,694 $8,512 $556 $2,527

Full Upgrade Cost= $33/SF Savings= $10,761 $9,988 $9,415 $426 $2,328

Partial Upgrade Cost= $10/SF Total Savings= $32,918 0.75 0.37

Parapet Upgrade Cost= $3/SF Upgrade Cost= $24,000

Value of Life= $9,100,000 B/C Ratio= 1.37

Relocation Expense= $2.90/SF ann. death rate= 1.63879E-06 5.31693E-05 ann. death rate= 7.13079E-07 2.52456E-05

Rental Cost= $0.07/SF/day $3,603 $1,384 $2,862 $630

$65,772 $35,608 $52,256 $16,205

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $13,516 $19,403 $32,918

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 0.56 0.81 1.37

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Occupancy Data

Building Data

Economic Parameters

CostsCosts

Benefits
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Figure E.5 – Partial Retrofit (Site Class C) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= C

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 1.0 0.01 99.9% 0.03% 0.0023% 0.00000 0.00000 0.00160 0.00017 0.01% 0.0007% 0.00000 0.00000 0.00001 0.00000

0.02 0.082400 1.0 0.02 98.4% 0.14% 0.0070% 0.00000 0.00000 0.07669 0.00284 0.05% 0.0027% 0.00000 0.00000 0.00119 0.00020

0.06 0.031510 1.0 0.06 79.3% 1.13% 0.0125% 0.00000 0.00000 1.68671 0.01812 0.60% 0.0066% 0.00000 0.00000 0.15154 0.00399

0.08 0.020510 1.0 0.08 64.1% 1.82% 0.0148% 0.00000 0.00000 2.93306 0.02540 1.03% 0.0083% 0.00000 0.00000 0.37325 0.00675

0.11 0.012370 1.0 0.11 46.1% 4.15% 0.0348% 0.00000 0.00000 11.71409 0.07528 2.58% 0.0217% 0.00000 0.00000 2.65830 0.02651

0.22 0.003974 1.0 0.22 18.0% 12.33% 0.0265% 0.00000 0.00001 13.20764 0.07074 8.66% 0.0186% 0.00000 0.00000 6.01381 0.03459

PARTIAL RETROFITUNRETROFITTED

0.22 0.003974 1.0 0.22 18.0% 12.33% 0.0265% 0.00000 0.00001 13.20764 0.07074 8.66% 0.0186% 0.00000 0.00000 6.01381 0.03459

0.34 0.001822 1.0 0.34 8.7% 18.70% 0.0158% 0.00000 0.00001 8.14515 0.06116 13.69% 0.0116% 0.00000 0.00000 4.69423 0.02442

0.45 0.000975 1.0 0.45 4.8% 26.42% 0.0107% 0.00000 0.00001 5.30676 0.03932 19.95% 0.0081% 0.00000 0.00000 3.64877 0.02650

0.56 0.000571 1.0 0.56 2.8% 36.88% 0.0062% 0.00000 0.00000 2.83051 0.03046 28.62% 0.0048% 0.00000 0.00000 2.25936 0.01563

0.67 0.000403 1.0 0.67 2.0% 42.98% 0.0073% 0.00001 0.00001 3.10176 0.05801 33.77% 0.0057% 0.00000 0.00000 2.62845 0.02663

0.78 0.000234 1.0 0.78 1.2% 48.40% 0.0025% 0.00000 0.00000 0.99302 0.01849 38.44% 0.0020% 0.00000 0.00000 0.87744 0.00890

0.89 0.000183 1.0 0.89 0.9% 53.18% 0.0051% 0.00000 0.00000 1.03638 0.01940 42.68% 0.0022% 0.00000 0.00000 0.94362 0.00972

1.01 0.000132 1.0 1.01 0.7% 59.34% 0.0051% 0.00001 0.00000 1.08127 0.03135 48.31% 0.0025% 0.00000 0.00000 1.01513 0.01819

1.12 0.000082 1.0 1.12 0.4% 62.86% 0.0015% 0.00000 0.00000 0.33382 0.00969 51.65% 0.0015% 0.00000 0.00000 0.31784 0.00573

1.23 0.000066 1.0 1.23 0.3% 65.99% 0.0015% 0.00000 0.00000 0.33861 0.00985 54.72% 0.0015% 0.00000 0.00000 0.32585 0.00593

1.34 0.000051 1.0 1.34 0.3% 68.78% 0.0015% 0.00000 0.00000 0.34228 0.00999 57.54% 0.0015% 0.00000 0.00000 0.33207 0.00943

1.45 0.000035 1.0 1.45 0.2% 72.42% 0.0007% 0.00000 0.00000 0.16670 0.00489 61.37% 0.0007% 0.00000 0.00000 0.16316 0.00465

1.56 0.000028 1.0 1.56 0.1% 74.55% 0.0007% 0.00000 0.00000 0.16765 0.00494 63.68% 0.0007% 0.00000 0.00000 0.16479 0.00472

1.68 0.000021 1.0 1.68 0.1% 76.46% 0.0003% 0.00000 0.00000 0.05702 0.00169 65.84% 0.0003% 0.00000 0.00000 0.05624 0.00162

1.79 0.000018 1.0 1.79 0.1% 78.20% 0.0003% 0.00000 0.00000 0.05722 0.00170 67.84% 0.0003% 0.00000 0.00000 0.05659 0.00163

1.90 0.000016 1.0 1.90 0.1% 79.77% 0.0003% 0.00000 0.00000 0.05739 0.00171 69.70% 0.0003% 0.00000 0.00000 0.05687 0.00165

2.01 0.000013 1.0 2.01 0.1% 81.87% 0.0003% 0.00000 0.00000 0.05757 0.00172 72.27% 0.0003% 0.00000 0.00000 0.05719 0.001672.01 0.000013 1.0 2.01 0.1% 81.87% 0.0003% 0.00000 0.00000 0.05757 0.00172 72.27% 0.0003% 0.00000 0.00000 0.05719 0.00167

2.12 0.000011 1.0 2.12 0.1% 83.12% 0.0003% 0.00000 0.00000 0.05767 0.00173 73.84% 0.0003% 0.00000 0.00000 0.05735 0.00168

2.23 0.000008 1.0 2.23 0.0% 84.26% 0.0000% 0.00000 0.00000 0.00099 0.00003 75.31% 0.0000% 0.00000 0.00000 0.00099 0.00003

2.1 0.000008 1.0 0.000008

Ʃ Ann. MDF= 0.15784% 0.00005 0.00005 0.49868 Ʃ Ann. MDF= 0.10278% 0.00001 0.00002 0.24076

Cost ($CAN) = $260/SF  Ann. Cost= $3,283 $687 $697 $54 $266  Ann. Cost= $2,138 $198 $274 $27 $128

Typical SF= 8000 50-Yr Cost= $164,153 $34,359 $34,837 $2,688 $13,298 50-Yr Cost= $106,894 $9,886 $13,715 $1,343 $6,420

Repl. Value= $2,080,000 PV= $59,935 $17,681 $17,927 $981 $4,855 PV= $39,029 $5,087 $7,057 $490 $2,344

Full Upgrade Cost= $33/SF Savings= $20,906 $12,594 $10,869 $491 $2,511

Partial Upgrade Cost= $10/SF Total Savings= $47,372 0.91 0.66

Parapet Upgrade Cost= $3/SF Upgrade Cost= $80,000

Value of Life= $9,100,000 B/C Ratio= 0.59

Relocation Expense= $2.90/SF ann. death rate= 1.63879E-06 5.31693E-05 ann. death rate= 4.71504E-07 2.09318E-05

Rental Cost= $0.07/SF/day $3,603 $1,384 $2,293 $472

$65,772 $35,608 $41,863 $12,145

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $23,909 $23,463 $47,372

Costs Costs

Occupancy Data

Building Data

Benefits
Average Occupany Density= .0036 Occ/SF $23,909 $23,463 $47,372

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 0.30 0.29 0.59

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Economic Parameters

Benefits



A
p
p
en

d
ix E

 –
 C

o
st-B

en
efit A

n
a
ly

sis C
a
lcu

la
tio

n
s 

 

3
3
3
  

             
 

Figure E.6 – Full Retrofit (Site Class C) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= C

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 1.0 0.01 99.9% 0.03% 0.0023% 0.00000 0.00000 0.00160 0.00017 0.01% 0.0004% 0.00000 0.00000 0.00015 0.00004

0.02 0.082400 1.0 0.02 98.4% 0.14% 0.0070% 0.00000 0.00000 0.07669 0.00284 0.04% 0.0019% 0.00000 0.00000 0.00828 0.00068

0.06 0.031510 1.0 0.06 79.3% 1.13% 0.0125% 0.00000 0.00000 1.68671 0.01812 0.41% 0.0045% 0.00000 0.00000 0.26515 0.00530

0.08 0.020510 1.0 0.08 64.1% 1.82% 0.0148% 0.00000 0.00000 2.93306 0.02540 0.68% 0.0056% 0.00000 0.00000 0.51740 0.00778

0.11 0.012370 1.0 0.11 46.1% 4.15% 0.0348% 0.00000 0.00000 11.71409 0.07528 1.69% 0.0142% 0.00000 0.00000 2.62356 0.02508

0.22 0.003974 1.0 0.22 18.0% 12.33% 0.0265% 0.00000 0.00001 13.20764 0.07074 5.66% 0.0122% 0.00000 0.00000 4.45119 0.02734

RETROFITTEDUNRETROFITTED

0.34 0.001822 1.0 0.34 8.7% 18.70% 0.0158% 0.00000 0.00001 8.14515 0.06116 9.05% 0.0077% 0.00000 0.00000 3.31977 0.01856

0.45 0.000975 1.0 0.45 4.8% 26.42% 0.0107% 0.00000 0.00001 5.30676 0.03932 13.64% 0.0055% 0.00000 0.00000 2.57278 0.02160

0.56 0.000571 1.0 0.56 2.8% 36.88% 0.0062% 0.00000 0.00000 2.83051 0.03046 21.03% 0.0035% 0.00000 0.00000 1.64581 0.01243

0.67 0.000403 1.0 0.67 2.0% 42.98% 0.0073% 0.00001 0.00001 3.10176 0.05801 26.05% 0.0044% 0.00000 0.00000 1.96979 0.02242

0.78 0.000234 1.0 0.78 1.2% 48.40% 0.0025% 0.00000 0.00000 0.99302 0.01849 30.95% 0.0016% 0.00000 0.00000 0.67658 0.00744

0.89 0.000183 1.0 0.89 0.9% 53.18% 0.0051% 0.00000 0.00000 1.03638 0.01940 35.59% 0.0018% 0.00000 0.00000 0.74751 0.00809

1.01 0.000132 1.0 1.01 0.7% 59.34% 0.0051% 0.00001 0.00000 1.08127 0.03135 41.93% 0.0021% 0.00000 0.00000 0.83388 0.01611

1.12 0.000082 1.0 1.12 0.4% 62.86% 0.0015% 0.00000 0.00000 0.33382 0.00969 45.69% 0.0007% 0.00000 0.00000 0.26670 0.00507

1.23 0.000066 1.0 1.23 0.3% 65.99% 0.0015% 0.00000 0.00000 0.33861 0.00985 49.09% 0.0008% 0.00000 0.00000 0.27864 0.00524

1.34 0.000051 1.0 1.34 0.3% 68.78% 0.0015% 0.00000 0.00000 0.34228 0.00999 52.17% 0.0015% 0.00000 0.00000 0.28878 0.00866

1.45 0.000035 1.0 1.45 0.2% 72.42% 0.0007% 0.00000 0.00000 0.16670 0.00489 56.22% 0.0007% 0.00000 0.00000 0.14501 0.00428

1.56 0.000028 1.0 1.56 0.1% 74.55% 0.0007% 0.00000 0.00000 0.16765 0.00494 58.61% 0.0007% 0.00000 0.00000 0.14829 0.00435

1.68 0.000021 1.0 1.68 0.1% 76.46% 0.0003% 0.00000 0.00000 0.05702 0.00169 60.77% 0.0003% 0.00000 0.00000 0.05117 0.00149

1.79 0.000018 1.0 1.79 0.1% 78.20% 0.0003% 0.00000 0.00000 0.05722 0.00170 62.74% 0.0003% 0.00000 0.00000 0.05199 0.00151

1.90 0.000016 1.0 1.90 0.1% 79.77% 0.0003% 0.00000 0.00000 0.05739 0.00171 64.54% 0.0003% 0.00000 0.00000 0.05270 0.00153

2.01 0.000013 1.0 2.01 0.1% 81.87% 0.0003% 0.00000 0.00000 0.05757 0.00172 66.97% 0.0003% 0.00000 0.00000 0.05359 0.001562.01 0.000013 1.0 2.01 0.1% 81.87% 0.0003% 0.00000 0.00000 0.05757 0.00172 66.97% 0.0003% 0.00000 0.00000 0.05359 0.00156

2.12 0.000011 1.0 2.12 0.1% 83.12% 0.0003% 0.00000 0.00000 0.05767 0.00173 68.44% 0.0003% 0.00000 0.00000 0.05409 0.00157

2.23 0.000008 1.0 2.23 0.0% 84.26% 0.0000% 0.00000 0.00000 0.00099 0.00003 69.81% 0.0000% 0.00000 0.00000 0.00094 0.00003

2.1 0.000008 1.0 0.000008

Ʃ Ann. MDF= 0.15784% 0.00005 0.00005 0.49868 Ʃ Ann. MDF= 0.07108% 0.00001 0.00001 0.20814

Cost ($CAN) = $260/SF  Ann. Cost= $3,283 $687 $697 $54 $266 Ann. Cost= $1,479 $172 $211 $21 $111

Typical SF= 8000 50-Yr Cost= $164,153 $34,359 $34,837 $2,688 $13,298 50-Yr Cost= $73,926 $8,577 $10,550 $1,051 $5,550

Repl. Value= $2,080,000 PV= $59,935 $17,681 $17,927 $981 $4,855 PV= $26,992 $4,414 $5,429 $384 $2,027

Full Upgrade Cost= $33/SF Savings= $32,944 $13,268 $12,498 $597 $2,829

Partial Upgrade Cost= $10/SF Total Savings= $62,135 1.00 1.00

Parapet Upgrade Cost= $3/SF Upgrade Cost= $264,000

Value of Life= $9,100,000 B/C Ratio= 0.24

Relocation Expense= $2.90/SF ann. death rate= 1.63879E-06 5.31693E-05 ann. death rate= 4.09075E-07 1.61025E-05

Rental Cost= $0.07/SF/day $3,603 $1,384 $1,611 $383

$65,772 $35,608 $29,402 $9,843

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $36,370 $25,765 $62,135

Costs Costs

Occupancy Data

Building Data

Average Occupany Density= .0036 Occ/SF $36,370 $25,765 $62,135

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 0.14 0.10 0.24

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Economic Parameters

Benefits
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Figure E.7 – Parapet Bracing (Site Class D) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= D

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 1.4 0.01 99.9% 0.03% 0.0023% 0.00000 0.00000 0.00160 0.00017 0.01% 0.0008% 0.00000 0.00000 0.00001 0.00000

0.02 0.082400 1.4 0.03 98.4% 0.32% 0.0164% 0.00000 0.00000 0.59988 0.01284 0.19% 0.0099% 0.00000 0.00000 0.03128 0.00156

0.06 0.031510 1.4 0.08 79.3% 1.82% 0.0200% 0.00000 0.00000 3.96359 0.03432 1.41% 0.0155% 0.00000 0.00000 0.69915 0.00980

0.08 0.020510 1.4 0.11 64.1% 3.51% 0.0286% 0.00000 0.00000 8.76457 0.05927 2.88% 0.0235% 0.00000 0.00000 2.33832 0.02178

0.11 0.012370 1.4 0.16 46.1% 6.94% 0.0583% 0.00000 0.00001 24.76296 0.14085 5.96% 0.0500% 0.00000 0.00000 9.83955 0.06527

0.22 0.003974 1.3 0.29 18.0% 17.91% 0.0385% 0.00001 0.00001 19.82204 0.14990 15.85% 0.0341% 0.00000 0.00000 12.77804 0.06568

UNRETROFITTED PARAPETS BRACED

0.22 0.003974 1.3 0.29 18.0% 17.91% 0.0385% 0.00001 0.00001 19.82204 0.14990 15.85% 0.0341% 0.00000 0.00000 12.77804 0.06568

0.34 0.001822 1.2 0.40 8.7% 26.42% 0.0224% 0.00001 0.00001 11.13277 0.08248 23.36% 0.0198% 0.00000 0.00000 8.45211 0.06025

0.45 0.000975 1.1 0.49 4.8% 30.08% 0.0121% 0.00001 0.00001 5.87552 0.06328 26.55% 0.0107% 0.00000 0.00000 4.68245 0.03273

0.56 0.000571 1.1 0.61 2.8% 40.02% 0.0068% 0.00001 0.00001 2.97709 0.03232 35.20% 0.0059% 0.00000 0.00000 2.60717 0.01856

0.67 0.000403 1.1 0.74 2.0% 45.77% 0.0077% 0.00001 0.00001 3.20794 0.05978 40.26% 0.0068% 0.00000 0.00000 2.91650 0.02983

0.78 0.000234 1.1 0.86 1.2% 53.18% 0.0051% 0.00000 0.00000 1.03638 0.01940 46.92% 0.0024% 0.00000 0.00000 0.97647 0.01032

0.89 0.000183 1.1 0.98 0.9% 57.41% 0.0051% 0.00000 0.00000 1.06844 0.02019 50.84% 0.0051% 0.00000 0.00000 1.02229 0.01844

1.01 0.000132 1.1 1.11 0.7% 62.86% 0.0051% 0.00001 0.00000 1.10208 0.03198 56.05% 0.0051% 0.00000 0.00000 1.07094 0.01956

1.12 0.000082 1.1 1.23 0.4% 65.99% 0.0015% 0.00000 0.00000 0.33861 0.00985 59.15% 0.0015% 0.00000 0.00000 0.33135 0.00613

1.23 0.000066 1.1 1.35 0.3% 70.06% 0.0015% 0.00000 0.00000 0.34379 0.01005 63.30% 0.0015% 0.00000 0.00000 0.33887 0.00968

1.34 0.000051 1.1 1.47 0.3% 72.42% 0.0015% 0.00000 0.00000 0.34630 0.01016 65.80% 0.0015% 0.00000 0.00000 0.34250 0.00982

1.45 0.000035 1.1 1.60 0.2% 74.55% 0.0007% 0.00000 0.00000 0.16765 0.00494 68.09% 0.0007% 0.00000 0.00000 0.16623 0.00479

1.56 0.000028 1.1 1.72 0.1% 77.35% 0.0007% 0.00000 0.00000 0.16871 0.00500 71.20% 0.0007% 0.00000 0.00000 0.16774 0.00487

1.68 0.000021 1.1 1.84 0.1% 79.00% 0.0003% 0.00000 0.00000 0.05731 0.00170 73.08% 0.0003% 0.00000 0.00000 0.05705 0.00166

1.79 0.000018 1.1 1.97 0.1% 81.20% 0.0003% 0.00000 0.00000 0.05752 0.00172 75.64% 0.0003% 0.00000 0.00000 0.05734 0.00168

1.90 0.000016 1.1 2.09 0.1% 82.51% 0.0003% 0.00000 0.00000 0.05762 0.00173 77.19% 0.0003% 0.00000 0.00000 0.05749 0.00170

2.01 0.000013 1.1 2.21 0.1% 84.26% 0.0003% 0.00000 0.00000 0.05775 0.00174 79.32% 0.0003% 0.00000 0.00000 0.05766 0.001712.01 0.000013 1.1 2.21 0.1% 84.26% 0.0003% 0.00000 0.00000 0.05775 0.00174 79.32% 0.0003% 0.00000 0.00000 0.05766 0.00171

2.12 0.000011 1.1 2.33 0.1% 85.31% 0.0003% 0.00000 0.00000 0.05781 0.00175 80.61% 0.0003% 0.00000 0.00000 0.05774 0.00172

2.23 0.000008 1.1 2.46 0.0% 86.73% 0.0000% 0.00000 0.00000 0.00099 0.00003 82.38% 0.0000% 0.00000 0.00000 0.00099 0.00003

2.1 0.000008 1.1 0.000009

Ʃ Ann. MDF= 0.23564% 0.00007 0.00007 0.75546 Ʃ Ann. MDF= 0.19694% 0.00003 0.00003 0.39757

Cost ($CAN) = $260/SF  Ann. Cost= $4,901 $994 $1,074 $86 $403  Ann. Cost= $4,096 $418 $490 $49 $212

Typical SF= 8000 50-Yr Cost= $245,069 $49,697 $53,719 $4,298 $20,146 50-Yr Cost= $204,818 $20,900 $24,521 $2,452 $10,602

Repl. Value= $2,080,000 PV= $89,479 $25,574 $27,644 $1,569 $7,356 PV= $74,783 $10,755 $12,618 $895 $3,871

Full Upgrade Cost= $33/SF Savings= $14,696 $14,819 $15,025 $674 $3,485

Partial Upgrade Cost= $10/SF Total Savings= $48,699 0.77 0.35

Parapet Upgrade Cost= $3/SF Upgrade Cost= $24,000

Value of Life= $9,100,000 B/C Ratio= 2.03

Relocation Expense= $2.90/SF ann. death rate= 2.37033E-06 8.19887E-05 ann. death rate= 9.9684E-07 3.74246E-05

Rental Cost= $0.07/SF/day $5,390 $2,068 $4,357 $908

$98,404 $53,218 $79,549 $23,373

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $18,855 $29,844 $48,699

Occupancy Data

Building Data

Costs Costs

Benefits
Average Occupany Density= .0036 Occ/SF $18,855 $29,844 $48,699

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 0.79 1.24 2.03

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Economic Parameters

Benefits



A
p
p
en

d
ix E

 –
 C

o
st-B

en
efit A

n
a
ly

sis C
a
lcu

la
tio

n
s 

 

3
3
5
  

         
 

Figure E.8 – Partial Retrofit (Site Class D) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= D

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 1.4 0.01 99.9% 0.03% 0.0023% 0.00000 0.00000 0.00160 0.00017 0.01% 0.0007% 0.00000 0.00000 0.00001 0.00000

0.02 0.082400 1.4 0.03 98.4% 0.32% 0.0164% 0.00000 0.00000 0.59988 0.01284 0.14% 0.0072% 0.00000 0.00000 0.01993 0.00153

0.06 0.031510 1.4 0.08 79.3% 1.82% 0.0200% 0.00000 0.00000 3.96359 0.03432 1.03% 0.0113% 0.00000 0.00000 0.50440 0.00912

0.08 0.020510 1.4 0.11 64.1% 3.51% 0.0286% 0.00000 0.00000 8.76457 0.05927 2.15% 0.0175% 0.00000 0.00000 1.77487 0.01978

0.11 0.012370 1.4 0.16 46.1% 6.94% 0.0583% 0.00000 0.00001 24.76296 0.14085 4.58% 0.0385% 0.00000 0.00000 7.89826 0.05815

0.22 0.003974 1.3 0.29 18.0% 17.91% 0.0385% 0.00001 0.00001 19.82204 0.14990 13.06% 0.0281% 0.00000 0.00000 11.15900 0.05844

UNRETROFITTED PARTIAL RETROFIT

0.22 0.003974 1.3 0.29 18.0% 17.91% 0.0385% 0.00001 0.00001 19.82204 0.14990 13.06% 0.0281% 0.00000 0.00000 11.15900 0.05844

0.34 0.001822 1.2 0.40 8.7% 26.42% 0.0224% 0.00001 0.00001 11.13277 0.08248 19.95% 0.0169% 0.00000 0.00000 7.65456 0.05558

0.45 0.000975 1.1 0.49 4.8% 30.08% 0.0121% 0.00001 0.00001 5.87552 0.06328 22.96% 0.0093% 0.00000 0.00000 4.29279 0.03017

0.56 0.000571 1.1 0.61 2.8% 40.02% 0.0068% 0.00001 0.00001 2.97709 0.03232 31.26% 0.0053% 0.00000 0.00000 2.45529 0.01711

0.67 0.000403 1.1 0.74 2.0% 45.77% 0.0077% 0.00001 0.00001 3.20794 0.05978 36.17% 0.0061% 0.00000 0.00000 2.78085 0.02811

0.78 0.000234 1.1 0.86 1.2% 53.18% 0.0051% 0.00000 0.00000 1.03638 0.01940 42.68% 0.0022% 0.00000 0.00000 0.94362 0.00972

0.89 0.000183 1.1 0.98 0.9% 57.41% 0.0051% 0.00000 0.00000 1.06844 0.02019 46.52% 0.0024% 0.00000 0.00000 0.99437 0.01781

1.01 0.000132 1.1 1.11 0.7% 62.86% 0.0051% 0.00001 0.00000 1.10208 0.03198 51.65% 0.0051% 0.00000 0.00000 1.04933 0.01891

1.12 0.000082 1.1 1.23 0.4% 65.99% 0.0015% 0.00000 0.00000 0.33861 0.00985 54.72% 0.0015% 0.00000 0.00000 0.32585 0.00593

1.23 0.000066 1.1 1.35 0.3% 70.06% 0.0015% 0.00000 0.00000 0.34379 0.01005 58.87% 0.0015% 0.00000 0.00000 0.33465 0.00951

1.34 0.000051 1.1 1.47 0.3% 72.42% 0.0015% 0.00000 0.00000 0.34630 0.01016 61.37% 0.0015% 0.00000 0.00000 0.33895 0.00966

1.45 0.000035 1.1 1.60 0.2% 74.55% 0.0007% 0.00000 0.00000 0.16765 0.00494 63.68% 0.0007% 0.00000 0.00000 0.16479 0.00472

1.56 0.000028 1.1 1.72 0.1% 77.35% 0.0007% 0.00000 0.00000 0.16871 0.00500 66.85% 0.0007% 0.00000 0.00000 0.16663 0.00480

1.68 0.000021 1.1 1.84 0.1% 79.00% 0.0003% 0.00000 0.00000 0.05731 0.00170 68.79% 0.0003% 0.00000 0.00000 0.05674 0.00164

1.79 0.000018 1.1 1.97 0.1% 81.20% 0.0003% 0.00000 0.00000 0.05752 0.00172 71.44% 0.0003% 0.00000 0.00000 0.05709 0.00166

1.90 0.000016 1.1 2.09 0.1% 82.51% 0.0003% 0.00000 0.00000 0.05762 0.00173 73.07% 0.0003% 0.00000 0.00000 0.05728 0.00168

2.01 0.000013 1.1 2.21 0.1% 84.26% 0.0003% 0.00000 0.00000 0.05775 0.00174 75.31% 0.0003% 0.00000 0.00000 0.05749 0.001692.01 0.000013 1.1 2.21 0.1% 84.26% 0.0003% 0.00000 0.00000 0.05775 0.00174 75.31% 0.0003% 0.00000 0.00000 0.05749 0.00169

2.12 0.000011 1.1 2.33 0.1% 85.31% 0.0003% 0.00000 0.00000 0.05781 0.00175 76.69% 0.0003% 0.00000 0.00000 0.05760 0.00170

2.23 0.000008 1.1 2.46 0.0% 86.73% 0.0000% 0.00000 0.00000 0.00099 0.00003 78.60% 0.0000% 0.00000 0.00000 0.00099 0.00003

2.1 0.000008 1.1 0.000009

Ʃ Ann. MDF= 0.23564% 0.00007 0.00007 0.75546 Ʃ Ann. MDF= 0.15771% 0.00002 0.00003 0.36746

Cost ($CAN) = $260/SF  Ann. Cost= $4,901 $994 $1,074 $86 $403  Ann. Cost= $3,280 $276 $404 $43 $196

Typical SF= 8000 50-Yr Cost= $245,069 $49,697 $53,719 $4,298 $20,146 50-Yr Cost= $164,021 $13,820 $20,196 $2,157 $9,799

Repl. Value= $2,080,000 PV= $89,479 $25,574 $27,644 $1,569 $7,356 PV= $59,887 $7,112 $10,393 $788 $3,578

Full Upgrade Cost= $33/SF Savings= $29,592 $18,462 $17,251 $782 $3,778

Partial Upgrade Cost= $10/SF Total Savings= $69,865 0.92 0.64

Parapet Upgrade Cost= $3/SF Upgrade Cost= $80,000

Value of Life= $9,100,000 B/C Ratio= 0.87

Relocation Expense= $2.90/SF ann. death rate= 2.37033E-06 8.19887E-05 ann. death rate= 6.59164E-07 3.08238E-05

Rental Cost= $0.07/SF/day $5,390 $2,068 $3,520 $680

$98,404 $53,218 $64,253 $17,505

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $34,152 $35,713 $69,865

Occupancy Data

Building Data

Costs Costs

Benefits
Average Occupany Density= .0036 Occ/SF $34,152 $35,713 $69,865

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 0.43 0.45 0.87

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Economic Parameters

Benefits
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Figure E.9 – Full Retrofit (Site Class D) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= D

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 1.4 0.01 99.9% 0.03% 0.0023% 0.00000 0.00000 0.00160 0.00017 0.01% 0.0004% 0.00000 0.00000 0.00015 0.00004

0.02 0.082400 1.4 0.03 98.4% 0.32% 0.0164% 0.00000 0.00000 0.59988 0.01284 0.10% 0.0051% 0.00000 0.00000 0.07366 0.00332

0.06 0.031510 1.4 0.08 79.3% 1.82% 0.0200% 0.00000 0.00000 3.96359 0.03432 0.68% 0.0075% 0.00000 0.00000 0.69918 0.01051

0.08 0.020510 1.4 0.11 64.1% 3.51% 0.0286% 0.00000 0.00000 8.76457 0.05927 1.40% 0.0114% 0.00000 0.00000 1.86241 0.01939

0.11 0.012370 1.4 0.16 46.1% 6.94% 0.0583% 0.00000 0.00001 24.76296 0.14085 2.99% 0.0251% 0.00000 0.00000 6.62694 0.04994

0.22 0.003974 1.3 0.29 18.0% 17.91% 0.0385% 0.00001 0.00001 19.82204 0.14990 8.61% 0.0185% 0.00000 0.00000 7.91318 0.04457

UNRETROFITTED RETROFITTED

0.22 0.003974 1.3 0.29 18.0% 17.91% 0.0385% 0.00001 0.00001 19.82204 0.14990 8.61% 0.0185% 0.00000 0.00000 7.91318 0.04457

0.34 0.001822 1.2 0.40 8.7% 26.42% 0.0224% 0.00001 0.00001 11.13277 0.08248 13.64% 0.0116% 0.00000 0.00000 5.39728 0.04530

0.45 0.000975 1.1 0.49 4.8% 30.08% 0.0121% 0.00001 0.00001 5.87552 0.06328 16.05% 0.0065% 0.00000 0.00000 3.05175 0.02431

0.56 0.000571 1.1 0.61 2.8% 40.02% 0.0068% 0.00001 0.00001 2.97709 0.03232 23.55% 0.0040% 0.00000 0.00000 1.81376 0.02124

0.67 0.000403 1.1 0.74 2.0% 45.77% 0.0077% 0.00001 0.00001 3.20794 0.05978 28.53% 0.0048% 0.00000 0.00000 2.11417 0.02357

0.78 0.000234 1.1 0.86 1.2% 53.18% 0.0051% 0.00000 0.00000 1.03638 0.01940 35.59% 0.0018% 0.00000 0.00000 0.74751 0.00809

0.89 0.000183 1.1 0.98 0.9% 57.41% 0.0051% 0.00000 0.00000 1.06844 0.02019 39.91% 0.0020% 0.00000 0.00000 0.80748 0.01578

1.01 0.000132 1.1 1.11 0.7% 62.86% 0.0051% 0.00001 0.00000 1.10208 0.03198 45.69% 0.0023% 0.00000 0.00000 0.88047 0.01673

1.12 0.000082 1.1 1.23 0.4% 65.99% 0.0015% 0.00000 0.00000 0.33861 0.00985 49.09% 0.0008% 0.00000 0.00000 0.27864 0.00524

1.23 0.000066 1.1 1.35 0.3% 70.06% 0.0015% 0.00000 0.00000 0.34379 0.01005 53.59% 0.0015% 0.00000 0.00000 0.29327 0.00874

1.34 0.000051 1.1 1.47 0.3% 72.42% 0.0015% 0.00000 0.00000 0.34630 0.01016 56.22% 0.0015% 0.00000 0.00000 0.30124 0.00889

1.45 0.000035 1.1 1.60 0.2% 74.55% 0.0007% 0.00000 0.00000 0.16765 0.00494 58.61% 0.0007% 0.00000 0.00000 0.14829 0.00435

1.56 0.000028 1.1 1.72 0.1% 77.35% 0.0007% 0.00000 0.00000 0.16871 0.00500 61.77% 0.0007% 0.00000 0.00000 0.15237 0.00444

1.68 0.000021 1.1 1.84 0.1% 79.00% 0.0003% 0.00000 0.00000 0.05731 0.00170 63.66% 0.0003% 0.00000 0.00000 0.05236 0.00152

1.79 0.000018 1.1 1.97 0.1% 81.20% 0.0003% 0.00000 0.00000 0.05752 0.00172 66.19% 0.0003% 0.00000 0.00000 0.05331 0.00155

1.90 0.000016 1.1 2.09 0.1% 82.51% 0.0003% 0.00000 0.00000 0.05762 0.00173 67.72% 0.0003% 0.00000 0.00000 0.05385 0.00156

2.01 0.000013 1.1 2.21 0.1% 84.26% 0.0003% 0.00000 0.00000 0.05775 0.00174 69.81% 0.0003% 0.00000 0.00000 0.05453 0.001582.01 0.000013 1.1 2.21 0.1% 84.26% 0.0003% 0.00000 0.00000 0.05775 0.00174 69.81% 0.0003% 0.00000 0.00000 0.05453 0.00158

2.12 0.000011 1.1 2.33 0.1% 85.31% 0.0003% 0.00000 0.00000 0.05781 0.00175 71.08% 0.0003% 0.00000 0.00000 0.05491 0.00160

2.23 0.000008 1.1 2.46 0.0% 86.73% 0.0000% 0.00000 0.00000 0.00099 0.00003 72.83% 0.0000% 0.00000 0.00000 0.00095 0.00003

2.1 0.000008 1.1 0.000009

Ʃ Ann. MDF= 0.23564% 0.00007 0.00007 0.75546 Ʃ Ann. MDF= 0.10767% 0.00002 0.00002 0.32231

Cost ($CAN) = $260/SF  Ann. Cost= $4,901 $994 $1,074 $86 $403 Ann. Cost= $2,240 $244 $315 $33 $172

Typical SF= 8000 50-Yr Cost= $245,069 $49,697 $53,719 $4,298 $20,146 50-Yr Cost= $111,978 $12,184 $15,750 $1,672 $8,595

Repl. Value= $2,080,000 PV= $89,479 $25,574 $27,644 $1,569 $7,356 PV= $40,885 $6,270 $8,105 $610 $3,138

Full Upgrade Cost= $33/SF Savings= $48,594 $19,304 $19,539 $959 $4,217

Partial Upgrade Cost= $10/SF Total Savings= $92,614 1.00 1.00

Parapet Upgrade Cost= $3/SF Upgrade Cost= $264,000

Value of Life= $9,100,000 B/C Ratio= 0.35

Relocation Expense= $2.90/SF ann. death rate= 2.37033E-06 8.19887E-05 ann. death rate= 5.81121E-07 2.40377E-05

Rental Cost= $0.07/SF/day $5,390 $2,068 $2,445 $559

$98,404 $53,218 $44,634 $14,374

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $53,770 $38,843 $92,614

Occupancy Data

Building Data

Costs Costs

Benefits
Average Occupany Density= .0036 Occ/SF $53,770 $38,843 $92,614

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 0.20 0.15 0.35

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Economic Parameters

Benefits
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Figure E.10 – Parapet Bracing (Site Class E) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= E

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 2.1 0.02 99.9% 0.14% 0.0093% 0.00000 0.00000 0.10247 0.00380 0.07% 0.0047% 0.00000 0.00000 0.00265 0.00027

0.02 0.082400 2.1 0.05 98.4% 0.59% 0.0300% 0.00000 0.00000 2.18586 0.03295 0.40% 0.0202% 0.00000 0.00000 0.17890 0.00561

0.06 0.031510 2.1 0.12 79.3% 4.15% 0.0456% 0.00000 0.00000 15.34719 0.09863 3.45% 0.0380% 0.00000 0.00000 4.52757 0.03845

0.08 0.020510 2.1 0.16 64.1% 7.68% 0.0625% 0.00000 0.00001 27.55995 0.15412 6.63% 0.0540% 0.00000 0.00000 11.58536 0.07376

0.11 0.012370 2.1 0.23 46.1% 13.13% 0.1102% 0.00001 0.00003 55.37675 0.29639 11.56% 0.0970% 0.00000 0.00001 30.81449 0.16631

0.22 0.003974 2.0 0.45 18.0% 26.42% 0.0569% 0.00002 0.00003 28.28872 0.20959 23.36% 0.0503% 0.00001 0.00001 21.47708 0.15310

UNRETROFITTED PARAPETS BRACED

0.22 0.003974 2.0 0.45 18.0% 26.42% 0.0569% 0.00002 0.00003 28.28872 0.20959 23.36% 0.0503% 0.00001 0.00001 21.47708 0.15310

0.34 0.001822 1.9 0.64 8.7% 40.02% 0.0339% 0.00003 0.00003 14.94547 0.16227 35.20% 0.0298% 0.00001 0.00001 13.08840 0.09318

0.45 0.000975 1.7 0.76 4.8% 48.40% 0.0195% 0.00002 0.00002 7.89347 0.14701 42.59% 0.0172% 0.00001 0.00001 7.27802 0.07505

0.56 0.000571 1.7 0.95 2.8% 55.36% 0.0169% 0.00001 0.00001 3.49975 0.06580 48.93% 0.0083% 0.00001 0.00001 3.32505 0.03565

0.67 0.000403 1.7 1.14 2.0% 62.86% 0.0169% 0.00002 0.00001 3.66081 0.10622 56.05% 0.0169% 0.00001 0.00001 3.55739 0.06498

0.78 0.000234 1.7 1.33 1.2% 68.78% 0.0051% 0.00001 0.00000 1.13001 0.03297 61.98% 0.0051% 0.00001 0.00000 1.11152 0.03170

0.89 0.000183 1.7 1.52 0.9% 73.51% 0.0051% 0.00001 0.00000 1.14673 0.03373 66.97% 0.0051% 0.00001 0.00000 1.13568 0.03265

1.01 0.000132 1.7 1.71 0.7% 77.35% 0.0051% 0.00001 0.00000 1.15710 0.03430 71.20% 0.0051% 0.00001 0.00000 1.15045 0.03340

1.12 0.000082 1.7 1.90 0.4% 79.77% 0.0015% 0.00000 0.00000 0.35207 0.01049 73.97% 0.0015% 0.00000 0.00000 0.35069 0.01026

1.23 0.000066 1.7 2.09 0.3% 82.51% 0.0015% 0.00000 0.00000 0.35353 0.01060 77.19% 0.0015% 0.00000 0.00000 0.35269 0.01041

1.34 0.000051 1.7 2.28 0.3% 84.80% 0.0015% 0.00001 0.00000 0.35451 0.01069 79.97% 0.0015% 0.00000 0.00000 0.35400 0.01053

1.45 0.000035 1.7 2.47 0.2% 86.73% 0.0007% 0.00000 0.00000 0.17097 0.00518 82.38% 0.0007% 0.00000 0.00000 0.17082 0.00511

1.56 0.000028 1.7 2.66 0.1% 88.37% 0.0007% 0.00000 0.00000 0.17119 0.00520 84.46% 0.0007% 0.00000 0.00000 0.17111 0.00515

1.68 0.000021 1.7 2.85 0.1% 89.43% 0.0003% 0.00000 0.00000 0.05801 0.00177 85.84% 0.0003% 0.00000 0.00000 0.05799 0.00175

1.79 0.000018 1.7 3.04 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 87.47% 0.0003% 0.00000 0.00000 0.05804 0.00176

1.90 0.000016 1.7 3.23 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 87.47% 0.0003% 0.00000 0.00000 0.05804 0.00176

2.01 0.000013 1.7 3.42 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 87.47% 0.0003% 0.00000 0.00000 0.05804 0.001762.01 0.000013 1.7 3.42 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 87.47% 0.0003% 0.00000 0.00000 0.05804 0.00176

2.12 0.000011 1.7 3.61 0.1% 93.10% 0.0003% 0.00000 0.00000 0.05811 0.00178 90.70% 0.0003% 0.00000 0.00000 0.05811 0.00178

2.23 0.000008 1.7 3.80 0.0% 93.10% 0.0000% 0.00000 0.00000 0.00100 0.00003 90.70% 0.0000% 0.00000 0.00000 0.00100 0.00003

2.1 0.000008 1.7 0.000014

Ʃ Ann. MDF= 0.42432% 0.00018 0.00016 1.42884 Ʃ Ann. MDF= 0.35877% 0.00009 0.00008 0.85439

Cost ($CAN) = $260/SF  Ann. Cost= $8,826 $2,623 $2,374 $164 $762  Ann. Cost= $7,462 $1,274 $1,198 $101 $456

Typical SF= 8000 50-Yr Cost= $441,296 $131,134 $118,704 $8,199 $38,102 50-Yr Cost= $373,121 $63,676 $59,910 $5,046 $22,784

Repl. Value= $2,080,000 PV= $161,125 $67,481 $61,085 $2,994 $13,912 PV= $136,233 $32,767 $30,830 $1,842 $8,319

Full Upgrade Cost= $33/SF Savings= $24,892 $34,714 $30,255 $1,151 $5,593

Partial Upgrade Cost= $10/SF Total Savings= $96,605 0.72 0.35

Parapet Upgrade Cost= $3/SF Upgrade Cost= $24,000

Value of Life= $9,100,000 B/C Ratio= 4.03

Relocation Expense= $2.90/SF ann. death rate= 6.25451E-06 0.000181172 ann. death rate= 3.03706E-06 9.14381E-05

Rental Cost= $0.07/SF/day $9,752 $4,997 $8,019 $2,472

$178,031 $128,566 $146,395 $63,597

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $31,636 $64,969 $96,605

Occupancy Data

Building Data

CostsCosts

Benefits
Average Occupany Density= .0036 Occ/SF $31,636 $64,969 $96,605

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 1.32 2.71 4.03

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Economic Parameters

Benefits
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Figure E.11 – Partial Retrofit (Site Class E) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= E

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 2.1 0.02 99.9% 0.14% 0.0093% 0.00000 0.00000 0.10247 0.00380 0.05% 0.0036% 0.00000 0.00000 0.00159 0.00026

0.02 0.082400 2.1 0.05 98.4% 0.59% 0.0300% 0.00000 0.00000 2.18586 0.03295 0.28% 0.0144% 0.00000 0.00000 0.11894 0.00540

0.06 0.031510 2.1 0.12 79.3% 4.15% 0.0456% 0.00000 0.00000 15.34719 0.09863 2.58% 0.0284% 0.00000 0.00000 3.48276 0.03473

0.08 0.020510 2.1 0.16 64.1% 7.68% 0.0625% 0.00000 0.00001 27.55995 0.15412 5.13% 0.0417% 0.00000 0.00000 9.38064 0.06559

0.11 0.012370 2.1 0.23 46.1% 13.13% 0.1102% 0.00001 0.00003 55.37675 0.29639 9.28% 0.0779% 0.00000 0.00001 26.15641 0.14749

0.22 0.003974 2.0 0.45 18.0% 26.42% 0.0569% 0.00002 0.00003 28.28872 0.20959 19.95% 0.0429% 0.00000 0.00001 19.45048 0.14124

UNRETROFITTED PARTIAL RETROFIT

0.22 0.003974 2.0 0.45 18.0% 26.42% 0.0569% 0.00002 0.00003 28.28872 0.20959 19.95% 0.0429% 0.00000 0.00001 19.45048 0.14124

0.34 0.001822 1.9 0.64 8.7% 40.02% 0.0339% 0.00003 0.00003 14.94547 0.16227 31.26% 0.0265% 0.00001 0.00001 12.32591 0.08590

0.45 0.000975 1.7 0.76 4.8% 48.40% 0.0195% 0.00002 0.00002 7.89347 0.14701 38.44% 0.0155% 0.00001 0.00001 6.97469 0.07072

0.56 0.000571 1.7 0.95 2.8% 55.36% 0.0169% 0.00001 0.00001 3.49975 0.06580 44.64% 0.0075% 0.00000 0.00001 3.22433 0.03361

0.67 0.000403 1.7 1.14 2.0% 62.86% 0.0169% 0.00002 0.00001 3.66081 0.10622 51.65% 0.0169% 0.00001 0.00001 3.48561 0.06281

0.78 0.000234 1.7 1.33 1.2% 68.78% 0.0051% 0.00001 0.00000 1.13001 0.03297 57.54% 0.0051% 0.00000 0.00000 1.09630 0.03112

0.89 0.000183 1.7 1.52 0.9% 73.51% 0.0051% 0.00001 0.00000 1.14673 0.03373 62.55% 0.0051% 0.00001 0.00000 1.12494 0.03212

1.01 0.000132 1.7 1.71 0.7% 77.35% 0.0051% 0.00001 0.00000 1.15710 0.03430 66.85% 0.0051% 0.00001 0.00000 1.14283 0.03292

1.12 0.000082 1.7 1.90 0.4% 79.77% 0.0015% 0.00000 0.00000 0.35207 0.01049 69.70% 0.0015% 0.00000 0.00000 0.34890 0.01012

1.23 0.000066 1.7 2.09 0.3% 82.51% 0.0015% 0.00000 0.00000 0.35353 0.01060 73.07% 0.0015% 0.00000 0.00000 0.35140 0.01029

1.34 0.000051 1.7 2.28 0.3% 84.80% 0.0015% 0.00001 0.00000 0.35451 0.01069 76.02% 0.0015% 0.00000 0.00000 0.35306 0.01042

1.45 0.000035 1.7 2.47 0.2% 86.73% 0.0007% 0.00000 0.00000 0.17097 0.00518 78.60% 0.0007% 0.00000 0.00000 0.17049 0.00507

1.56 0.000028 1.7 2.66 0.1% 88.37% 0.0007% 0.00000 0.00000 0.17119 0.00520 80.87% 0.0007% 0.00000 0.00000 0.17086 0.00511

1.68 0.000021 1.7 2.85 0.1% 89.43% 0.0003% 0.00000 0.00000 0.05801 0.00177 82.40% 0.0003% 0.00000 0.00000 0.05792 0.00174

1.79 0.000018 1.7 3.04 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 84.23% 0.0003% 0.00000 0.00000 0.05799 0.00175

1.90 0.000016 1.7 3.23 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 84.23% 0.0003% 0.00000 0.00000 0.05799 0.00175

2.01 0.000013 1.7 3.42 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 84.23% 0.0003% 0.00000 0.00000 0.05799 0.001752.01 0.000013 1.7 3.42 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 84.23% 0.0003% 0.00000 0.00000 0.05799 0.00175

2.12 0.000011 1.7 3.61 0.1% 93.10% 0.0003% 0.00000 0.00000 0.05811 0.00178 87.93% 0.0003% 0.00000 0.00000 0.05808 0.00177

2.23 0.000008 1.7 3.80 0.0% 93.10% 0.0000% 0.00000 0.00000 0.00100 0.00003 87.93% 0.0000% 0.00000 0.00000 0.00100 0.00003

2.1 0.000008 1.7 0.000014

Ʃ Ann. MDF= 0.42432% 0.00018 0.00016 1.42884 Ʃ Ann. MDF= 0.29802% 0.00006 0.00007 0.79373

Cost ($CAN) = $260/SF  Ann. Cost= $8,826 $2,623 $2,374 $164 $762  Ann. Cost= $6,199 $887 $1,005 $90 $423

Typical SF= 8000 50-Yr Cost= $441,296 $131,134 $118,704 $8,199 $38,102 50-Yr Cost= $309,945 $44,356 $50,274 $4,483 $21,166

Repl. Value= $2,080,000 PV= $161,125 $67,481 $61,085 $2,994 $13,912 PV= $113,167 $22,826 $25,871 $1,637 $7,728

Full Upgrade Cost= $33/SF Savings= $47,959 $44,656 $35,214 $1,357 $6,184

Partial Upgrade Cost= $10/SF Total Savings= $135,369 0.89 0.61

Parapet Upgrade Cost= $3/SF Upgrade Cost= $80,000

Value of Life= $9,100,000 B/C Ratio= 1.69

Relocation Expense= $2.90/SF ann. death rate= 6.25451E-06 0.000181172 ann. death rate= 2.11559E-06 7.67307E-05

Rental Cost= $0.07/SF/day $9,752 $4,997 $6,712 $1,893

$178,031 $128,566 $122,532 $48,696

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $55,499 $79,869 $135,369

Costs

Occupancy Data

Building Data

Benefits

Costs

Average Occupany Density= .0036 Occ/SF $55,499 $79,869 $135,369

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 0.69 1.00 1.69

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Benefits

Economic Parameters



A
p
p
en

d
ix E

 –
 C

o
st-B

en
efit A

n
a
ly

sis C
a
lcu

la
tio

n
s 

 

3
3
9
  

     

Figure E.12 – Full Retrofit (Site Class E) 

Cost-Benefit Analysis for Seismic Upgrades

Site Class= E

RGC (Class 'C') Adjusted

Sa(1) Ann. Exceedance Fv Sa(1) %/50 Yrs MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days MDF(Sa(1)) Ann. MDF Indoor Fatality Outdoor Fatality Ann. Reloc. Exp. Ann. Lost Rnt'l Days

0.01 0.150400 2.1 0.02 99.9% 0.14% 0.0093% 0.00000 0.00000 0.10247 0.00380 0.04% 0.0025% 0.00000 0.00000 0.01107 0.00090

0.02 0.082400 2.1 0.05 98.4% 0.59% 0.0300% 0.00000 0.00000 2.18586 0.03295 0.20% 0.0101% 0.00000 0.00000 0.29941 0.00904

0.06 0.031510 2.1 0.12 79.3% 4.15% 0.0456% 0.00000 0.00000 15.34719 0.09863 1.69% 0.0186% 0.00000 0.00000 3.43725 0.03286

0.08 0.020510 2.1 0.16 64.1% 7.68% 0.0625% 0.00000 0.00001 27.55995 0.15412 3.34% 0.0272% 0.00000 0.00000 7.66256 0.05540

0.11 0.012370 2.1 0.23 46.1% 13.13% 0.1102% 0.00001 0.00003 55.37675 0.29639 6.07% 0.0509% 0.00000 0.00001 19.17756 0.11576

0.22 0.003974 2.0 0.45 18.0% 26.42% 0.0569% 0.00002 0.00003 28.28872 0.20959 13.64% 0.0294% 0.00000 0.00001 13.71467 0.11512

UNRETROFITTED RETROFITTED

0.22 0.003974 2.0 0.45 18.0% 26.42% 0.0569% 0.00002 0.00003 28.28872 0.20959 13.64% 0.0294% 0.00000 0.00001 13.71467 0.11512

0.34 0.001822 1.9 0.64 8.7% 40.02% 0.0339% 0.00003 0.00003 14.94547 0.16227 23.55% 0.0199% 0.00001 0.00001 9.10536 0.10662

0.45 0.000975 1.7 0.76 4.8% 48.40% 0.0195% 0.00002 0.00002 7.89347 0.14701 30.95% 0.0125% 0.00001 0.00001 5.37806 0.05912

0.56 0.000571 1.7 0.95 2.8% 55.36% 0.0169% 0.00001 0.00001 3.49975 0.06580 37.79% 0.0064% 0.00000 0.00000 2.58684 0.05128

0.67 0.000403 1.7 1.14 2.0% 62.86% 0.0169% 0.00002 0.00001 3.66081 0.10622 45.69% 0.0077% 0.00001 0.00001 2.92469 0.05558

0.78 0.000234 1.7 1.33 1.2% 68.78% 0.0051% 0.00001 0.00000 1.13001 0.03297 52.17% 0.0051% 0.00000 0.00000 0.95338 0.02858

0.89 0.000183 1.7 1.52 0.9% 73.51% 0.0051% 0.00001 0.00000 1.14673 0.03373 57.44% 0.0051% 0.00000 0.00000 1.00621 0.02960

1.01 0.000132 1.7 1.71 0.7% 77.35% 0.0051% 0.00001 0.00000 1.15710 0.03430 61.77% 0.0051% 0.00000 0.00000 1.04499 0.03046

1.12 0.000082 1.7 1.90 0.4% 79.77% 0.0015% 0.00000 0.00000 0.35207 0.01049 64.54% 0.0015% 0.00000 0.00000 0.32331 0.00939

1.23 0.000066 1.7 2.09 0.3% 82.51% 0.0015% 0.00000 0.00000 0.35353 0.01060 67.72% 0.0015% 0.00000 0.00000 0.33037 0.00959

1.34 0.000051 1.7 2.28 0.3% 84.80% 0.0015% 0.00001 0.00000 0.35451 0.01069 70.45% 0.0015% 0.00000 0.00000 0.33573 0.00976

1.45 0.000035 1.7 2.47 0.2% 86.73% 0.0007% 0.00000 0.00000 0.17097 0.00518 72.83% 0.0007% 0.00000 0.00000 0.16360 0.00477

1.56 0.000028 1.7 2.66 0.1% 88.37% 0.0007% 0.00000 0.00000 0.17119 0.00520 74.93% 0.0007% 0.00000 0.00000 0.16514 0.00483

1.68 0.000021 1.7 2.85 0.1% 89.43% 0.0003% 0.00000 0.00000 0.05801 0.00177 76.35% 0.0003% 0.00000 0.00000 0.05623 0.00165

1.79 0.000018 1.7 3.04 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 78.08% 0.0003% 0.00000 0.00000 0.05658 0.00166

1.90 0.000016 1.7 3.23 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 78.08% 0.0003% 0.00000 0.00000 0.05658 0.00166

2.01 0.000013 1.7 3.42 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 78.08% 0.0003% 0.00000 0.00000 0.05658 0.001662.01 0.000013 1.7 3.42 0.1% 90.68% 0.0003% 0.00000 0.00000 0.05805 0.00177 78.08% 0.0003% 0.00000 0.00000 0.05658 0.00166

2.12 0.000011 1.7 3.61 0.1% 93.10% 0.0003% 0.00000 0.00000 0.05811 0.00178 81.70% 0.0003% 0.00000 0.00000 0.05717 0.00170

2.23 0.000008 1.7 3.80 0.0% 93.10% 0.0000% 0.00000 0.00000 0.00100 0.00003 81.70% 0.0000% 0.00000 0.00000 0.00098 0.00003

2.1 0.000008 1.7 0.000014

Ʃ Ann. MDF= 0.42432% 0.00018 0.00016 1.42884 Ʃ Ann. MDF= 0.20786% 0.00005 0.00005 0.73704

Cost ($CAN) = $260/SF  Ann. Cost= $8,826 $2,623 $2,374 $164 $762 Ann. Cost= $4,324 $734 $763 $69 $393

Typical SF= 8000 50-Yr Cost= $441,296 $131,134 $118,704 $8,199 $38,102 50-Yr Cost= $216,175 $36,702 $38,143 $3,445 $19,655

Repl. Value= $2,080,000 PV= $161,125 $67,481 $61,085 $2,994 $13,912 PV= $78,930 $18,887 $19,628 $1,258 $7,176

Full Upgrade Cost= $33/SF Savings= $82,196 $48,595 $41,456 $1,736 $6,736

Partial Upgrade Cost= $10/SF Total Savings= $180,718 1.00 1.00

Parapet Upgrade Cost= $3/SF Upgrade Cost= $264,000

Value of Life= $9,100,000 B/C Ratio= 0.68

Relocation Expense= $2.90/SF ann. death rate= 6.25451E-06 0.000181172 ann. death rate= 1.75051E-06 5.82157E-05

Rental Cost= $0.07/SF/day $9,752 $4,997 $4,785 $1,497

$178,031 $128,566 $87,364 $38,515

Bldg Owner Public Bldg Owner Public

Average Occupany Density= .0036 Occ/SF $90,667 $90,051 $180,718
Benefits

Costs

Occupancy Data

Building Data

Costs

Average Occupany Density= .0036 Occ/SF $90,667 $90,051 $180,718

Average No. of Occupants= 28.8 Bldg Owner Public Total

Typical Streetfront Exposure= 30. lin. ft BCR 0.34 0.34 0.68

Average Pedestriab Desnity= .03 Ped./ft

Average No. of Pedestrians= 0.9 Time Horizon= 50 Years

#of serious injuries/fatalities= 4 Discount Rate for Capital= 5%

%VSL assigned to injuries= 0.15 Discount Rate for Life-Safety= 3%

Benefits

Economic Parameters



 



 



 



 



 


