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

Unit Costs Derived From

Upgrade Description Victoria Detailed | Published
Projects | Estimates Surveys
(Pref. #1) (Pref. #2) (Pref. #3)
C.2 - Targeted Upgrades
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
C.3 - Intermediate Upgrades
Bolts-Plus (Wall Anchors + OoP Bracing) | -- | -- | $22/SF

C.4 - Comprehensive Upgrades
Upgrade To High Seismic Zone Retrofit Standardsl $40/SF | -- | $35/SF

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

sections for information on potential total costs
? For epoxy anchors, the URM wall must be 3-wythes wide; 2-wythe parapets are not uncommeon;

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

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
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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).

1 CAD (1987) % 100 (2014)

Wong 1987 cost converted to 2014 CAD: $55/LF 7505 (1987 255 (1987)

= $161/LF

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 l-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.

$0.58 " 1 CAD (1987) % 100 (2014)

FEMA cost converted to 2014 CAD: s 75 Us (1987 * 155 (1957)

= $1.70/SF

REINFORCED CONCRETE
__, TIEBEAM WITH
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= LAG BOLTED TO RAFTERS
OR NEW BLOCKING

METAL TIE STRAP
NEEDED UNDER

NEW BLOCKING

Figure A.1 - Parapet Bracing Detail (From Wong, 1987) 271
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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

Det. Constr. Total
Description
7 Cost Cost
Parapet Bracing Details
la, |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
Veneer Retrofit Details
Epoxied Dowels in Mortar Joint From Exterior $14/SF $17/SF
2 |Expansion Anchors in Mortar Joint From Exterior $10/SF $13/SF

Wall Tension Anchor Details
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

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 la 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 la 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
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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 Appendiz 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
=  Qut-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

%Cost Seismic Total
Bldg #| Project Cost | Seismic Cost # Storeys
Seismic | Cost/sq.ft Sq. Ft.
! $1,262,883 $343,668 21%
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 4500
14 $3,400,000 $1,025,425 30% $44.97 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 20200
20 $952,280 $149,528 16% $17.39 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
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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

Design Mandatory
Category Seismicity Unit Cost?| Source®
Standard? Retrofits
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 Yes! $32.86/SF 2
San Francisco (Prot. H), UCBC ABK High Yes! $19.80/SF 2
San Francisco (Prot. G), SF104(f) TBC High Yes! $44.36/SF 2
San Francisco (Prot. H), SF104(f) TBC High Yes! $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

! 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

? Unit costs adjusted to 2014 Canadian dollars assumign the following exchange rates as follows: 1987=%$0.75USD,
1990=8$0.85USD, 1996=8$0.73USD. Inflation Index as per Reed Construction Data (2012).

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

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

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
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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.

279



Appendix A — Costs for URM Seismic Rehabilitation in Victoria, BC

A.5.1 Parapet Bracing Estimate #1

Parapet Bracing Estimate - Detail #1: Thru-Bolted Anchors

SCOPE OF WORK:

Repoint parapet & provide parapet bracing along a 30" streetfront fagade for a 1-3 storey building (i.e. accessible by
ladder) as shown in 5K-2. Parapet bracing designed to force levels as specified in 1993 NRC Seismic Evaluation
Guidelines.

COST SUMMARY
Construction Cost (incl. OH&P) 58,216
Soft Costs (15%) 51,232
Subtotal= $9,448
GST (5%) 5472.40
Total= $9,920.49
Construction Cost/LF= $273.86 (Tall Parapets - h/t=1,5:1)
Construction Cost/LF= $141.61 (Short Parapets - h/t<1.5:1)
Cost/LF= $330.68 (Tall Parapets - h/t>1.5:1)
Cost/LF= $171.00 (Short Parapets - h/t<1.5:1)

THEU—BOLTED ANCHOR:
(" THREADED ROD C/W PLATE AND NUT @ & 0.C.)

i _ Coamiions LERoER: AMOLE.
- (L3x3:4" STEEL ANGLE C/W CONNECTION TABS)
8 BRACE:
"L (L3x3x}" STEEL ANGLE @10" 0.C.)
o —— NEW_PLYWOOD SHEATHING:
8 NALED TO BLOCKING & JOISTS
— STEEL ANGLE C/W 4-1"x3" LAGS
ROOFING REPLACEMENT:
REMOWE AND REPLACE
PERIMETER STRIP:; PROVIDE
, ol : URETHANE MODIFIED BITUMINOUS
) |_'|: — =l _LiQ_UIU REFAIR AT PEMETRATIONS
ﬁ=====

LLEHELQH_E&!.J._J'NLH.Q&
SIMPSON HTT4 C/W §"® THREADED
ROD & PLATE AT & 0O/C

EXISTING JOISTS:
ASSUMED ROUGH CUT 2x12 @18" O.C.
RUNNING PARALLEL TO FRONT FACADE

HEW BLOCKING:
—AT BRACE: 4x6 C/W HANGERS
—ELSEWHERE: 2-2x6 OR 4x6
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ITEMIZED ESTIMATE

OHAP=10% OHEF=50% OHEF=10% Baslc Linit Total Total
item Div Cost Code Itern Description any Unit  Mat"l (Loc) Lebour (Loc) Equip. (Loc) UnitTetal  (OSP+LF)
1 4 040120200300 Repointing Inside Face 120 5F 053 LG7 S441 09 5000 094 54548 57.18 586221
Cut and repaint brick, hord mortar,
running band
2 5 051223400474  Steel Angles [Braces & Ledger) 40.4 LF 54.43 1.07 518.45 0.ar SL87 0.37 52475 562.31 5251733
L 3x2x3/8, Field Fabricated
3 5 051223652100 Steal Plates (B3 E) 3.0 SF 51284 107 sS000 087 5000 087 S1184 530,31 590,493
Ij4thk, no shop fobrication
4 5 050513505800 Galvanize Angles & Plates 0.2% Ten 5810000 1.07 50.00 087  50.00 0.87 5810.00 SOZE 04 4231501
Galvonizing ir shop, under 1 ton
5 5 050523102100 Threaded Rod/Bolts 12 Ea. 59.21 1.07 51200 .87 50.00 0.87 %2121 52657 5318.83
5/8" digrm, 10" long
(3 6 060505106096  Strip oid sheathing 240 5F 0000 0.98 S0.40 0.85 S0.00 0.85 £0.40 5102 4245.09
Demo, board sheathing from roaf
76 DB1636100205 New Sheathing 240 SF S062 098 S045 085 S0.00 085 5107 52,49 $597,52
Flywood on reof, 58" thick,
pneumatic nailed
a 6 0605231607032 Simpson HTTA Holdd owns a Ea. S20.00 0.98 50.20 .85 S0.00 0.85 520.20 2188 513126
Tension Ties, 19-1/8" long, 16 ga.,
3/4" anchor bolt
9 6 061110022660 4x6 Blocking 0.05 MBF 356500 0.98 51,30000 Q.85 5000 (.85 5186500 52,270.38 $113.52
Miscellaneous, to weod
construction, 2x8
10 6 06052360 Hangers for 4x6 Blocking 24 Ea. 52.82 0.88 52.28 a.as 50,00 0.85 35.10 55.496 5143.03
Jdoist ond bearm hongers, 18go.,
galy, for 4x6 to 4210 foist
7 2-ply Roofing 240 F 8200 115 4400 085 S000 088 %600 8785 4135 39
Strip & replace
Subtotal Construction Cost=  $7,144.11
General Requirements (15%)=  $1,071.62
Total Construction Cost=  58,215.73]

g ‘DL0OLA UL UOWDINIYDYIY DNUSIIG T[] 40f §1500) —  wrpuaddy
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A.5.2 Parapet Bracing Estimate #2

Parapet Bracing Estimate - Detail #2: Epoxy Anchors

SCOPE OF WORK:

Repoint parapet & provide parapet bracing along a 30" streetfront fagade for a 1-3 storey building (i.e. accessible by
ladder) as shown. Parapet bracing designed to force levels as specified in 1993 NRC Seismic Evaluation Guidelines.
Note that for 2-wythe walls, epoxy anchors are not acceptable.

COST SUMMARY
Construction Cost (incl. OH&P) 512,859
Soft Costs (15%) 51,929
Subtotal= $14,788
GST (5%) $739.39
Total= $15,527.13
Construction Cost/LF= $428.63 (Tall Parapets - h/t>1.5:1)
Construction Cost/LF= $280.75 (Short Parapets - h/t<1.5:1)
Total Cost/LF= $517.57 (Tall Parapets - h/t>1.5:1)
Total Cost/LF= $339.00 (Short Parapets - h/t<1.5:1)

EPQXY PARAPET ANCHOR:
i"s THREADED ROD DRILLED & EPOXIED
AT 22.5 @ 6" 0/C

CONTIMUOUS |EDGER ANGLE:
{L3x3x}" STEEL ANGLE C/W CONMECTION TABS)

L300 MIN

BRACE:
(L3x3xd" STEEL ANGLE @10° O.C.)

1200

NEW PLYWOOD SHEATHING:
NAILED TO BLOCKING & JOISTS

STEEL ANGLE C/W 4—{"x3" LAGS

ROQFIN P MENT:
REMOVE AND REPLACE
PERIMETER STRIP; PROVIDE
URETHANE MODIFIED BITUMINOUS
LIGUID REPAIR AT PEMETRATIONS

CONT. LS5x3x1/4 LAGGED
TO JOIST @ 8™ 0/C &
WELDED TO TEMSION STRAFP

Lmuglgu STRAP:
PL4.Bx50xB00 C/W 6—1"x3" LAGS
ASSUMED ROUGH CUT 2x12 @16 0.C.
RUNNING PARALLEL TO FROMT FACADE

ol 1"# THREADED ROD DRILLED & HEW BLOCKING:
EPOXIED AT 225 @ 18" O/C =AT BRACE: 4x8 C/W HANGERS
=ELSEWHERE: 4x6 (NO HAMGERS REQ'D)
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ITEMIZED ESTIMATE

DHEPRL0% O Peilrn UHAP 1 Basic Unit Tatal —
ltem  Div Cost Code ltem Description ary Unit  Matl  [Loc)  Llabowr (loc)  Equip.  (Loc) Unit Total  (CREP+LF)

1 4 p40120200300 Repointing Inside Face 120 SF =053 167 5441 094 5000 o024 494 57189 S852.21
Cut and repaint Brick, hara
martar, rupmning o

F = 021223400474 Steel Angles (Braces & Ledger} a4 LF 2443 107 31345 087 3LET 0BT H24.75 26231 54 G98.18
{ 3x2x38, Fleld Fabricoted

3 5 051223.65Z100 SteelPlates (BxGu3fa) 0.0 SF g4 107 000 087 5000 QBT R2Se4 F30.31 $0.00
1fddthk, no shop Fabrcation

4 5 051233652100 Stesd Strap [2"k32"43/16) 1.0 aF Sh,4% 10y =000 0,87 4000 ey %6.49 21531 51531
1/thk, no shop fobrication

5 5 050521904010 Weld Angle to Strap La r 5422 107 520600 O.87 51520 OB7 S225.42 $289.01 $289.01
Fleld Weelding, 1787 E6MN1, cost
per welder, ho engineer

[ 3 0R0223.300080 Lagsoews g1 £a. 014 207 200 0E7 000 QBT 3214 78 5225.28
Steal, LAY x 27 long

7 L 050513505800 Galvanize Angles & Plates 040 Ton SEIOO0O0 107 5000 047  S000 087 S210.00 COnCId £382.42
Gahanizing in shog, under 1 fon

| 5 050523151430 Epoxy Anchors b1 Ea I048 107 52400 087 S40DE QBT S4ESE 25047 51,724.59
Chemical amchar, wy sod,
39, 5" lang

8 & 060505106086  Sirip abd sheathing 2480 EF 50000 D58 5040 0.85 50000 &S S0k40 s1.02 5245.09
Dema, bosnd sheathing from raof

0 6 061636100205  NewSheathing 240 SF 5062 098 5045 085 5000 085 SLOY 5249 $597.52
Piwwood on roaf, 5/87 thick,
pneumatic noiled

11 & 060523607032  Simpson HTTS Holddowns o Ea 52000 058 5020 0.8 5000 QES S0 521,88 H0.00
Tewsion Ties, 18- 1/8" long, 15 go,,
3/4" amchor bait

12 6 06111002 2660 dué Blocking 0.05 MBF  SGRC.OD 058 5130000 0.85 S000 085 SLEESO0  SRITIE 5113.52
Migcellanee g, fo wood
consiraction, 2e2

13 b 060523.60 Hangers for 456 Blocking 24 Ea. 5282 Dsg  52.23 0,85 50.00 085 $5.10 55.95 5143.03
Jofst and beam hengers, 1870,
g, fosr dx6 to Tell joist

w7 2-ply Roofing 240 SF S0 115 5400 083 5000 QB G600 57.86 £1,885.3%
Sirip & replace

Subtotal Construction Cost= 311,181,
General Requirements (15%)= 51,677.25

Twtal Construction Cost=

512 B5E.
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Appendix A — Costs for URM Seismic Rehabilitation in Victoria, BC

A.5.3 Veneer Anchor Estimate #1

Veneer Anchor Estimate - Detail #1: Epoxied Dowels (From Exterior)

SCOPE OF WORK:

Provide retrofit veneer anchors from the exterior for a 30" long two storey wall (24" high). Anchors are epoxied
dowels installed from the exterior, with scaffolding for access. Anchors are assumed to be 3/8" diam. x 8" long,
placed at 2'-0" o/c vertically and horizontally.

COST SUMMARY:
Construction Cost {incl. OH&P) 510,160
Soft Costs (15%) 51,524
Subtotal= 511,684
GST (5%) 5584.21
Total= $12,268.49
Construction Cost/5F= 514.11
Total Cost/SF= 517.04
VENEER BACKING
__EXTERIDR '!'W'THE‘ WYTHES T |NTERIDR-_
Dowel in center |
of brick is more N ! ! | Use stainless steel
reliable, but less [s I dowels and screen
aesthetically | I | tubes for exterior
sensilive | | | applications.
I . |
DRILjD DOWEL. | I ‘ |
/ See B |for location l
g options. [ | | |
} [ |
L E-l | i Dowel in bed joint. | ‘ |
Recess and repoint, '
ta help hide dowel. | |
This is easier with :
wider bed joints.
INSTALLATION FROM INTERIOR I A | INSTALLATION FROM EXTERIOR DB
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JTEMIZED ESTIMATE
| Daily  Crews  OFERP=10% CHEP=50% OHEP=10M% Biasic Unit Total Fordt
itern  DHv Cost Code item Diescription ary Unit Crew Output Days Mat'l [ Loc) Labour |Lac) Equilp. [Love) Unit Totall  [D&P+LF}
1 5 050523151430 Epoxy Dowels @2'oc Hor. & Vert. 180 Ea. BB3A 27  BEEEGT 5460 1.o7 52021 0.87 £3.35 0.87 52816 535.08 56,313.65
Chemical Anchor, w rod & eposy, 15w
34" diam. X 3.5" lang 1lab
2 4 040120020 0300  Spot repoint over dowels 7 SE 1Bnc 20 135 50.53 167 341 0.94 50.00 054 S 94 514.37 5388.00
Cut & Repoint hard mortor,
runming bomd
3 1 015423700090 Scaffelding - Erect & Dismanthe 12 €5F FCarp 4 18 50.00 108 $132.00 1.08 $0.00 108 $132.00 521384 5153965
Bldig ext wall, no plank, 1-5 stories
4 1 015423700906 Scaffolding - Mat'l Rental 1.z CSF - - - 536.00 108 50.00 1.08 50,00 108 $35.00 L4277 5307.93
Cammplete System far face of walls,
no plank, rental/mth,
5 1 OL5423 705700 Scaff planks - Erict & Disrnantle 1z Ea 3 Carp Tl 0. 1GEET S0.00 1.08 514,70 Los £0,00 108 514,70 52381 LIRS TV
Plans, 2x10x186° up to 50° high
Subtotal Construction Cost= 58,834,099
General Requirements (15%)=  §1,325.25
Total Construction Cost= 510,160.24
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Appendix A — Costs for URM Seismic Rehabilitation in Victoria, BC

A.5.4 Veneer Anchor Estimate #2

Veneer Anchor Estimate - Detail #2: Expansion Anchors (From Exterior)

SCOPE OF WORK:

Provide retrofit veneer anchors from the exterior for a 30 long two storey wall (24" high). Anchors are mechanical
expansion anchors installed from the exterior, with scaffolding for access. Assumed to be placed at 2' ofc vertically
and horizontally.

COST SUMMARY:
Construction Cost {incl. OH&P) 57,542
Soft Costs {15%) 51,131
Subtotal= 58,674
GST [5%) 5433.69
Total=  $9,107.52
Construction Cost/SF= 510.48
Total Cost/SF= $12.65
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JTEMIZED ESTIMATE
I Daily Crew-  OHE&P=10% OH&P=50% OHEP=10% Basic Unit Total Total
item Div Cost Code Item Description ary Unit  Crew Output Days Mat'l {Loc) Labour  [Log) Equip. (Loc)  UnitTotal  (Q8P+LF)
1 5 050523200500 Exp Anchors @2%c Hor, & Vert, 180 Ea. 1Carp 93333 1.92857 5$6.93 1.07 4315 087 50.00 87 $10.08 51230 52213 94
Wedge onchars, 3/8" diam. X 5"
Fang {no layout & drilling]
i 3 D38216,100200  Drill holes for anchors 180 Ea. 1Carp 175 1.02857 S0.07 1.51 57.42 Q.90 5000 0.90 5749 510.13 51,823.38
1/2° diometer, up to 4" (+2"]
3 4 04012020 0300 Spot repoint over dowels 7 5F 1 Bric 20 1.35 £0.53 167 5441 .94 S0.00 0.94 5494 514,37 5388.00
Cut & Repaint hard mortar,
running bond
4 1 015423700080 Scaffolding - Erect & Dismantle T C5F i Carp 4 18 50.00 1.08 5132.00 108 50.00 1.08 5132.00 521384 51,539 65
Bidg ext wall, mo plank, 1-5 stories
5 1 DI5423700805 Scaffelding - Mat'l Rental 72 C5F 2 = = $3600 108 5000 108  50.00 1.08 $36.00 44277 4307.93
Compiete System for foce of walls,
nc plank, rental/mth.
] 1 015423705700 Scaff planks - Erect & Dismantie 12 Ea. Ifamp T2 016667 $0.00 1.08 S14.70 1.08 S0.00 1.08 514.70 52381 S285.77
Plans, 2x10x16" up to 50 high
Subtotal Construction Coste 46,558.66
General Requirements (15%)= $S983.80
Total Construction Cost=  $7,542.46
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Appendix A — Costs for URM Seismic Rehabilitation in Victoria, BC

A.5.5 Wall Anchor Estimate #1

Wall Anchorage Estimate - Detail #1: Thru-Bolted Anchors (Tension Only)

SCOPE OF WORK:

Provide thru-bolted wall tension anchors at 4ft o/c. Provide new sheathing and install new blocking where joists are
parallel to the wall. Removal of floor finishes within +4 feet of the wall required; existing flooring to be reinstated
(assumed carpet/laminate; tile flooring would increase costs significantly)

COST SUMMARY

Construction Cost (incl. OH&P) 52,577
Soft Costs (15%) 5386
Subtotal= 52,963
GST (5%) $148.15
Total= $3,111.21
Construction Cost/LF= $85.89
Total Cost/LF= $103.71
REMOVE & REPLACE EXISTING p LAG BOLTS
FLOORING WITH WOOD STRUCTURAL ] Py PREBORED ON
PANEL SHEATHING AND UNDERLAYMENT — / CENTER LINE OF
) 4 EXISTING JOISTS
AT | // y STRAP
1 ., [ L ! F
. N /A | 7
| /| ADD4x6 BLKG FLAT WY / /i EXISTING JOISTS
. | / | QIR AR IS N // /| ANDSHEATHING
™ | | :l S . —’,_, A £ f l‘\
. ! £
A [ N "\\.- ™~ A Fi
o Y ADD 24 /
| { \ _ CONTINUOUS LEDGER [ THouGHBOLT
N |\ ancHoRsTRaP | (E)URMWALL
SN AY BAR WITH LAG BOLTS Structural elements can also be located
koS CENTER ON NEW 4x6 BLKG. = beneath sheathing similar to | A | .
\ WELD BOLT TO ANCHOR STRAP JOISTS PERPENDICULAR TO WALL EI
JOISTS PARALLEL TO WALL EI {ACCESS FROM TOP OF FLOOR)
(ACCESS FROM TOP OF FLOOR)
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ITEMIZED ESTIMATE

CHER P=10% OHER=5, OHAN=1E% Basic Unit Total
: s g 3 3 Todal
tern  Div Cost Coce Iter Deseription any Unit Mat! (Loc] Labour (Loc) Equip. (Loc) Unit Total  [O&PHLF)
i S 051223652100 Steel Mates [6x6x3/8 + 15":48") 6.0 5F 52568 107 000 087 5000 087 51568 56062 3363.72
Iy4thk no shop fabrcotion
2 © 080521904010 Weld Anchor to Strap 1.00 hr 5477 107 SMAOO DAY SI520 DRY 573542 32R9.01 SI89.m
Field We'ding, 1/8" 6011, tost
per weldzr, no engineer
3 5 UsUs 2310200 Threaced fod/Bolts @ 4'o/c 8 Ea 921 10/ S1200 UBsS  SLLU DEF 52121 51654 521455
5/8" diam, 10" kang
A € D&050510E006 Strip o/dsheathing 120 SF 000 09§ 040 085 S000 085 $0.40 £1.02 £122,54
Dema, board sheathing from roaf
b} € 0G1C3GLI0C205  Mew Sheathing 120 SF S0.G2 05E G042 0.85  50.00 0ED 51.07 5249 5290.70
Plywood on roof, 5/8" thick,
prepmatic nalled
(5} £ 0605 23.60 Hangers for 4xb Blocking 54 Ea. S52.82 098 52.2E 085 50,00 0LE5 55.10 55,96 332182
Joist ond beam hangers, 1850,
yolv, fur dx6 lu 4410 juist
7 6 0611 10.02 2660 46 3locking 0.1 MBF 556500 098 5130000 085 5000 0.85 5136500 52,270.18 5127.04
Miscolanceus, 10 wood
Construction, 2x8
B S MOS0 20 AWN Remove flooring 1720 SF SN 11F SN GF MA5  Snon NES N SR a7 535 3R
Vil compuosition tik, 12%x12"
9 £ 09091310C100 Re-instate flooring 120 SF S0.00 118 s200 029 0.83  S2.00 5266 531968
Average labour cost for instafing
flaaring
Subtotal Construction Cost= 52,240,
General Requirements (155 )= $33€,
Total Construction Cost=_ 51,57€,
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Appendix A — Costs for URM Seismic Rehabilitation in Victoria, BC

A.5.6 Wall Anchor Estimate #2

Wall Anchorage Estimate - Detail #2: Epoxy Anchors (Tension Only)

SCOPE OF WORK:

Provide epoxied wall tension anchors at 16" o/c for 30ft storefront. Provide new sheathing and new blocking where
joists are parallel to the wall. Removal of floor finishes within +4 feet of the wall; existing flooring to be reinstated
(assumed carpet/laminate; tile flooring would increase costs significantly)

COST SUMMARY

Construction Cost (incl. OH&P) 53,609
Soft Costs (15%) 5541
Subtotal= 54,150
GST (5%) $207.49
Total= $4,357.37
Construction Cost/LF= 5120.29
Total Cost/LF= $145.25
REMOVE & REPLACE EXISTING

FLOORING WITH WOOD STRUCTURAL

CORE DRILL HOLE
Typically 1° dismeter

SCREEN TUBE

PANEL SHEATHING AND UNDERLAYMENT

A EXISTING JOIST AND

/| SHEATHING
/| ADD 4x6 BLKG FLAT
[ | / | WITH NAILING —
¢ Y ."’ . lll / r .
SN ARV . /1!
pd [ Y \ ! g} J
.t N\ ADD 24 /
%  CONTINUOUS LEDGER
% ANCHOR STRAP
Wy BAR WITH LAG BOLTS
\ CENTER ON NEW 4x6 BLKG.
b WELD BOLT TO ANCHOR STRAP
JOISTS PARALLEL TO WALL E
[ACCESS FROM TOP OF FLOOR)

— PREBENT THREADED ROD

Typically 34 diameter
DRILLED DOWEL FOR USE AS n
TENSION AND/OR SHEAR TIE
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ITEMIZED ESTIMATE

| OHEP=10% OH&EP=50% OH&EP=10% Basic Unit Total Total
item Div Cost Code Item Description ary U nit Mat'l (Loc) Llabour (loc) Equip. (Loc) UnitTotal  (O&P+LF)
1 5 051223652100 Stesl Plates (B-1.5"x48"long) 11.00 SF S8.65 107 S0.00 087 4000 087 SRES 52042 532481
1/4thk, no shop fabrication
2 5 050521904010 Weld Anchor to Strap 1.00 hr 5422 1.07 S206.00 087 51520 087 522542 5289.01 5289.01
Field Welding, 1/8" E6011, cost
per welder, no engineer
3 5 050523.151430 Epoxy Anchors @16" o/c 22 Ea. 52048 107 S2400 087 S408 087 54856 S46.46 §1,022.02
Chemical anchor, w/ rod,
3/4"%x9.5" long
4 6 060505106036 Strip old sheathing 120 SF S0.00 0.98 5040 085 5000 085 35040 51.02 5122.54
Dema, bodrd sheathing from roaf
5 6 061636100205 New Sheathing 120 5F 5062 088 $045 085 S0.00 085 5107 52.49 5298.76
Plywood on rogf, 5/8" thick,
pneumatic nailed
& 6 06052360 Hangers for 4x6 Blocking 34 Ea. s2.82 0.98 5228 085 000 085 5510 $5.96 S321.82
Joist and beam hongers, 18ga.,
galv, for 4x6 to 4x10 joist
7 6 061110022660 dx6 Blocking 0.2 MBF $565.00 0.98 $1,300.00 0.85 S0.00 085 51,86500 5227038  5454.08
Miscellaneous, to wood
construction, 2x8
8 9 090505202000 Remove flooring 120 SF S000 116 S056 0B85 5000 085  S0.56 $0.71 $85.38
Vinyl composition tile, 12"x12"
9 9 090913100100 Re-instate flooring 120 SF S0.00 115 S200 089 089 5200 52.66 5319.68
Average labour cost for installing
floaring
Subtotal Construction Cost=  $3,137.90)
General Requirements (15%)= $470.69)
Total Construction Cost=  $3,608.59
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Appendix B

Observed Damage Data

B.1 Observed Damage Data

URM damage statistics were obtained for four historical earthquakes, as discussed
in Chapter 4. The statistics were collected by others as noted below:
1) Whittier Narrows Earthquake: obtained from Wiggins (1994)
2) Loma Prieta Earthquake: obtained as raw data from Mr. Bret Lizundia of
Rutherford 4+ Chekene engineers (see Lizundia, 1993)
3) Northridge Earthquake: obtained from Mr. Bret Lizundia of Rutherford +
Chekene engineers (see Rutherford & Chekene, 1997)
4) Canterbury Earthquakes; obtained from Dr. Jason Ingham of the University
of Auckland (see Ingham & Griffith, 2011a, 2011b)

Some form of additional work by the author was required in all cases (see Chapter

4). Provided on the following pages are the damage probability matrices (DPM’s)

that were derived using the procedures discussed in Chapter 4.
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Appendix B — Observed Damage Data

DAMAGE STATISTICS FROM 1987 WHITTIER NARROWS EARTHQUAKE

ORIGINALLY FROM WIGGINS (1uag) IN TERMS OF MMI: NOW CONVERTED TO Saf1)

RETROFIT:

UNRET.

AVG MMT=6.0

AVG MMI-5.5

AVG MMI-T.0

AVE MMI=7.5

AVE MUT-81

MBI=5%5 to g0 BARI=6.0 to &5 BMI=H5% to T.0 MMI=T.00 to T.5 MMI=T5 to =0
ATCAS Seoam. | AVG Sa{1)=.07 | AVG Sa(1)=.11] AVG Sa(1)=.18 | AVG Sa(l)=.24 | AVG Sa(l)=.34
Damng\u Sa(l]=A410 to 089 Sall)=.0f s 13 Sa(l)=.13 we 1% Sall)=.1% to 2% Sal}=.29 to .39
LLRTrze Ratlo |# Bldes % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs |+ Bldgs % Bldgs
Mone (195 LIRLLE] o a90.0%% 29 BY.O% 18 TR b 1 A2.1% S .05
H]|_|:||T =171 IR 1 10 1 A Lh] 0,05 45 13.1% i1} L
r,.._(lr. (1= 0,0k32 1} 0% 5 o 1% | 4, 3% i 025 230 18,4%
Dlowderatse (100005 0,173 1] 07 ] 0L ¥4 B. T 2 8559 |2 O
Heavs aarg) 0.424 1} 07 ] 06T, 1 4. F7 2 067 20 2.1'%
Blafor (oo LIS 0775 1} 0% ] 0L, 1 4.3 2 067 [ 0.5%
Dlestroyed (1000 1.0 1} AR u L] 0L, 0 L0 L] 0.0%
Tatal 11 1000 44 { 29 1000, 33 10000, 1250 L0 0
MDF= 0.06% | MDF= 0.81% | MDF= 6.86% | MDF= 2.71% | MDF= 3.56%
SD= [L1E% sDh= 0925 sh= 15.25% sSD= 5087 Sh= 9215
BBy pe=  O06% | 8Egp=  016% | SEyp=  381% | 8Ege= 044% | 8Eopy=  0.26%

RETROFIT:

PART'L

AVEG MM

AVG MMImsG.5

AVG MMI=T.0

AVG MMIs=T.5

AVEG MIMI=80

MAMI=55 10 60 BIMI=t.0 to 6.0 BIMI=6S to 7.0 MMI=T.00 to 7.0 MMI=T.0 to =0
e Geom, | AVG Sa(1)=07 | AVEG Sa(1)=.11 ]| AVG Sa(1)=.16 | AV Sa(1)=.24 | AVE Sa(l)=.34
Damage Gaf1]=A10 to A9 Sl 1)=.0% te 13 Ha(1)=.13 toe 1% Ha(1)=1% fa 2P Bafl}=.21 to .30
LT Ratlo |# Bldgs % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs
MNone (0% 0,000 1 33.3% 1 A0 | 6. T a4 66 1% 1% LRI
Slight i ] 0,5 il 0% 1] 0,05 L] 0,0, & 1025 21 AT
Light 11007 0,032 2 b T | G0, 1 0 o 67 3.7
Moderate (10109 0.173 il 0% 0 0.0, [} 0.0 5 855 20 12.0%
Heavy (#0605 0424 u [URTjeS il 0L, 1 1673 L] 005 2z 0.8%
BLafor (o LM ) il LRI 0 LAV, 0 0L 0 0.5 0 0%
Destraed (1 1. u [URTjES il L, i DL, V] L% i 0h.0%
L'astal k] 100 0% 2 100, [ 10005, 549 10005 211 100, 0%
MDF= 211% | MDF= 160% | MDF= 760% | MDF= .00% | MDF= 3,23%
1N 1.52% = 2.2 =0 17.11'% =0 L 5 .57
SEymy 1.05% | SEyp 1.58% SEun; 985 SEyng 0635 SEymr 0.42%
RETROQOFIT: FLLL
AVG MMI=40 AV MMI=G.5 AVG MMI=T.0 AVG MMI=TG AVE MMI=8.1)
MMI=5.5 10 G0 BAMI=6.0 to 6l DMI=iG ) o BMMI=T.6 ta 80
ATC-13 LGoome | AVG Sa(l)=.07 | AVG Sa{l)=.11 ]| AVG Sa{l)=.16 | AVG Sa(l)=.24 | AVG Sa(l)=.34
Damiage Sail )= 05 to 08 Bl ] . 4 bz 13 Ba(Tm. 13 b 19 Sl U e 2 Safl}m.20 to .38
vy Ratio |# Bldgs % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs
MNone (05} 0,000 2 100 0 [H 00,0, ] 0L [E] R 56 T5.A%
Slight i0.17%) L0058 i} (0 i) 0L, [i] 0T & B1%
Light [1-10%) 0,032 il 00 0 005, 1 1007, 11 04% 53 15.6%
Bloderats (100%) 0173 il (L0 0 LAV, 0 0L 0 0%, 16 1.7%
Heavy |20-60%) 0424 u [URTjES il LA, (1] L, 2 LTH 1 1.2%
bl i LIHFE 0.775 1] 0% il 105 (] LA, L] A% 1] 0h.0%
Dlesbroged (10007 10K} il IR n N 0 0.5 [i] 0.5 i 0%
Total 2 100 0% B TONLANE, 10 1005 117 100405 i L. 0%
MDF= o0.01% | MDF= 00% | MDF= o0453% | MDF= 1L06% | MDF= 1.88%
Sh=  000% sh= (L EN= 1.0 Sh= B 56 Sh= B S
SEppp=  000% | 8Egp=  000% SEppe= 0327 SEupr=  051% | fEaw= 0.81%
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Appendix B — Observed Damage Data

/!

ORIGINALLY FROM LIZT

RETROFIT:

UNRET.
AVE MMI=65

QR

AVEG MMI=T.5

WG MBII=85

DA (raes) IN TERMS OF MME NOW CONVERTED TO Safl)

AVG MMI=%5

Genm, | AVG Sa(1)=17

AVG Saf1)=.20

AVG Sa(1)=.52

AVG Sa(1)=.T5

ATC-13
Dnm:igt‘. Sall)=.13 10 21 Eall}=.22 to .38 Salll=_38 ta &Y Sall)=.T 1.3
[EErrrte Ratlo |# Bldgs % Bldgs|# Bldgs % Bldgs|+# Bldgs % Bldgs|# Bldgs % Bldgs
Moms (0% L0 Wrn LIS an TR 2% &2 15,85 (1] .05
Slight 17 0,005 HE] 1667 141 0.2% ) 1125 [3 12.2%
Light {1-10%) 0,032 53 G.0% 111 T.2% pal} 16,27 14 51.9%
Mlesderate (10w a4 12 6,75 3 11.0%
5 26 33 18,47 3 1117
0.775 3 0.5% 2 1 AT
Dressbreyed {nood 1.000 0 0L 1 L] 0%
Total a2 1000 174 100,057 2% 106,047
MDF= 2.18% MDF= 1098% | MDF= 11.26%
Eh= 00005 ED= 18.02% SD= 18.63%

STOREYS:
RETROFIT:
PARAPETS:

SEypr=

0235

SEypr= LAL%

SEgpr= 3585

ALL
UMNRET
UNBRACED

AT Geom. | AVG Sa(l)=.15 | AVG Sa(l)=.20 | AVG Sa(l)=.25 | AVG Sa(l)=.30 | AVG Sa(l)=.35
Damage Damage

Ratio [|# Bldgs ™ Bldgs] s Bldgs % Bldgs]# Bldgs % Bldgs]# Bldgs % Bldgs]# Bldgs % Bldgs
MNomne (05 0 14 BR.ONT 1 59.4% 5 AT it 52.9'% 325 GO
Slight (1% L0 1 8.0 11 15.9% 15 17.3% 28 116 21.5%
Light (1-1080) 0032 1 Pl [ B.TH 15 14.4% 13 .3 108
Wlasdemrate {10005 0,173 1 2.0 S 11.6% 14 2.50% [ 28 5.2
Heavy (30.607%) 1] { 2 2.9% i} IKVE L] 0.0 0.49%
Mlajor (in-100% ) L1 (LKA 1 1.4% 2 A 1 1.0 T 1.8,
l'otal Al L0 G0 10005 04 007, 12 L. P 539 100007

MDF= D.43% MDF= 4.68% MDF= 4.138% MDF= 2.21% MDF= 2.67TH

Sh= 2.48% SD= 1E46% shr= SD= &58% Shi=  10.22%

SEwn 0.35% SEymnr 1.50%, SEnpr 1.15% SEuny A% SEamr A%,

STOREYS:
RETROFIT:
PARATETS:

ALL
UNRET
ERACED

ATC-15 Geom. AVG Sa(l)=.10 AVEG Sa(l)=.20 AVEGE Sa(l)=.25 AVG Sall)=.30 AVEG Safl)=.35
Damage Damaga

Ratio | # Bldgs % Bldgs|s# Bldgs % Bldgs|# Bldgs % Bldgs|# Bldgs % Bldgs]# Bldgs % Bldgs
Nomne jo01) 0 42 BT 141 B 1% T L5.8T 1 IV 525 HT.TH
LN 18 1549 iz 14.7% 3 1R85, L] L5 153 19.7%:
Light (1-10:) L032 1 il 14.2% i 1R.8%, L] 0.0%% il T7-0%
Mederate (10-3005) L] 17 T.8% 1 [.55 ] .09 20 1.7
Heawy [50-600% ) L1} 3 1.4% .45 (1] LI H 1.0%
Wlajor (di-100% 0,770 L1} i 1.8% 6.3% (1] 0K 1] 00
Total al [ECER 218 1O 146 100X k1 106K TG TR

MDF= L10% MDEF= 3.83% MDF= 8.18% MDF= 001% MDIF= 1.38%

S0=0.44% SD= 1207 D= 21.26% D= 0.00% Shi=  5.36%

EEune 0.06% EEynr 0.82% SEune 5317 BB une 0.00% EEmr 0107,
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Appendix B — Observed Damage Data

AN

S

L

M 4

H

CQRIGINALLY FROM LIZUNDIA (18970 IN TERMS OF MMI; NOW CONVERTED T Safl)

K

RETROFIT: FULLY RETROFITTED
AVG BIAIT=55 AN e BB =65 ANVEG MKMI=T.5 AVG MKIT=55
ATC-13 Leom, | AVG Sa(l)=.00 AVE Sa(l)=.10 | AVG Sa(l)=.19 AVEG Sa(l)=.36
Dharmage Za(1)=A2 to A Salli—. ¥ to 13 Sa{l)]=.13 ta 20 Sa[l}=26 te 48
Damage
Ratio |# Bldgs " Bldgs| # Bldgs % Bldgs| # Bldgs % Bldgs|# Bldgs % Bldgs
Mone () 0.000 134 a7.9%, 131 48.5% 2339 45.9% G 33.0%
Slight (0-1%) 0.005 3 1.4% 133 19 3% 1503 20 5% 58 3.0
Light (1-10%) 0.032 1 0.7% i 105 1144 22.5% %] 26.0%
Wlesderate [ 1o-30000 0175 i .05 1 0. 4% Kl 1.4% 12 .55
Heawvy (30 0.424 [ 0.0% 0 0057 206 0.5% 3 TP
Major (fio-100%) 0.775 il 0.0 0 (.05 # 0.2% 1 0.6%
Drestroyed (1006) 1.000 il 0.0% 0 0.0 3 0.1% il 0.0%
T ot 141 106005 270 100,05 092 100.0% 176 100,05
MDF= 0.04% MDF= 0.37% MDF= 1.49% MDF= 3.30%
Sh=  0.27% 1.15% SD=  5.31% Shi=  K.79%
SEyne=  0.02% 0.07% SEypr= 0OTH SEype= (.66
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Appendix B — Observed Damage Data

DAMAGE STATISTICS FROM 2010,/2011 CANTERBURY EARTHQUAKES

HTOREYS ALL
HETROF UNHET
PARAPE UNBRACED
Deoam., AVEG Sall)=.20 AVE Safl)=.30 | AVG Sa(l}=.40 | AVG Sa{l}=85 | AVG Sa(1)=1.05 ] AVG Sa(l)}=1.30
ATC-13 Damages Damage Balt)=1% e 38 Eaf 25 4o A8 Hafi)= 55 i A% Hufi]=4 4o Baf11=11 & Eal1i=1.2 2o 1.4
Ralin # Bldg= % Bldgs | # Bldgs % Bldgs | # Bhigs 5 Bligs] # Bldgs % Bldgs] # Bldes %% Bldgs§# Bldg= % Bldgs
[ e S8 £ [il-1 LNER 4 44 4% ki A50T L 05" Ik T 1 L) ik 0.0%
Light (1-1 ] B Bl E 2 LT 2 6.7
KB K i 2 i) PR 12 L0 1 2000
il B T 2% 26.9% T 2135 4 SALAH
il 2 B My W1H ti 4 2005
i Ik 1 2 24 1 ik 0.0%
I'otal ] 20 1 164 1000 H 000 {1 12 00 0%,
MDF= 1.80% MDF= I1T.13'% MDF= 13887 MDF= 44.T8% MDF= MDIF= 38,368%
D= (7] bt CIRES E5,.55% 0= 18.74% S0= 20 8FF El= D= 27.TAH
SEupe=  0.54% SEupe= A.6TH ERye= L4ET SEype= 2140 SEype= EATR SEype= A0
STOREYS: ALL
RETROFIT: UNRET
PARAFPETS BRACED
Geomn AVEG Sa(l)=.20 | AV Sa(l)=.30 | AVEG Sa(l)=40 [ AVG Sa(l}=.86 [ AVG Sa(1)=1.06 ] AVG Sa(1)=1.30
ATC-13 Damage Damags | Sait)=15 o 28 Sl 1= 25 o 35 Hui1)=.55 in AR Su{i]=d in 8 B 1)=11 #n 1.1 Zafl]=1.2 &0 14
Fatio # Bldgs % Bldgs | # Bldgs %% Bldgs | # Bldgs % Bldgs] # Bldgs % Bldgs] # Bldegs % Bldgs) 3 Bldgs % Bldgs
i1 T i I el 1 025 Ik 0% i {105 i {L.0%
} 4 i 4447 B 44.4% 1 10,55 i .0,
= 0 i m 2 11.1% i 17.5% 2 0%
i I 1] (1L} 0 ITER 1 L) 2 4005,
I ik I (LRl 1 4. 7% i k0% 1 20.0%
| I I 1] (1L} Ik 0% 1 12.5% i {L.0%
Total | 1 10 AT 100.0% 15 0% 8 LML 15 5 L0005
MDF= MDF= 3,185 MDF= 10,085 MDF= 2E08% MDF= 38,39%
A LN} 01005 Sl T 33 LA b a8 f LA 2471
SBupe= HEue=  (LK° BlEuprg= (9G] SEupe= 1 SEupe=  11.00%
RETROFITTED (TYPE A vs. A+B]
STOREYS: ALL
RETROFIT: TYFE A
PARAFPETS BRACED
Geomn AN Sa(l)=.1F | AV Sa(l)=.30 | AVG Sa(l)=.40 | AV Sa(1)=.86 [ AVEG Sa(1)=1.06 ] AV Sa(l)=1.30
ATC-13 Damage Damags Sndl)=1 8o 2 Ha(1)=.25 1o 3% Hai1)=.45 in A% Saji]=4 1o .8 Sa(1j=10 io 1.1 Ba(1]=1.2 &0 0.4
# Bldg= % Bldgs | # Bldgs % Bldgs | # Bhigs 5 Bligs] # Bldgs % Bldgs] # Bldes %% Bldgs§# Bldg= % Bldgs
2 20T I T 4475 Ik 0% i T i .0,
i lits 408 o ] 1M il 0%
ik it - | H 1 5.3%
ik 4 14 i 4 SALAH
i 4 1 } 14.5% ti 0%
I I 4 2 1.5% 1 B.a%
Total { 144 1000 3 21 1ML 0% iz 10005
MDF= 12345 ] MDF= 0.0T% MDF= 62.65%
G vl =l 141875 =L 20 30FR Bl 24.12%
SEuwe= 041 BEype= LIS LA SEue= 696"
STOREYS: ALL
RETROFIT

TYPE A+B
PARAFETS: BRACED
Ceom, AVG Sall)= 20 AVG Ball)=20 | AVG Ba(l}=40 ] AVG Sa(l)}=85 | AVG Sa(l)=1.08 | AVG Sa(1}=1.20
ATC-13 Damage Damage | Saii=15cm 23 Sal(1) ¥ Sal1j=-43 to A% Su{l}=H 1o B Sa(11=111 1o 1.1 Ba(1i=12 to 14
Ratin # Bldgs % Bldgs | # Bldgs % Bldgs | # Bldgs %% Bldgs] # Bldgs % Bldgs] # Bldgs %7 Bldgs] 3% Bldgs %% Bldgs

Mune Slight (1% 0.l I 0% it [ 0 0% ] (015 it 0.0%
0.n32 i L1 R b I i3 B 33.0% T LRRE i R I

: (1010 0173 i 0% i 1% 23.8% 11 44.0% L] RH. 1% i A

- 424 il 0% i 1 1.3% i 24.0% 4 19.0% i % B

[ S 07706 } 1% L 1] 1Nk v i 2 055 i 0.0%
Crestroved (Lms) 1011 1 0% it ] 0% 0 W (0% I 1.0
Tutal ] DHRA % i L] 1AL 0 LEHA % 11 LEHL 01 i L)L O

— —
MDF= 3.16% HMDF= MDF= 1882% | MDF= zm.11% ] MDF=
s 0L S0 =0 14 B 1] 22 BEH a0
SEype= 0.0% K= SEye= 208 SEype=  4.090% SEype= 574N
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Appendix C

Fragility Curves

Structural fragility curves were generated based upon observed damage data from
past earthquakes, as discussed in Chapter 4. As discussed in Section 4.9.3, upper

and lower bound estimates were also developed for use in the sensitivity analysis.

All fragility curves are in terms of HAZUS damage states. Like the default HAZUS
curves, the fragility curves are in the form of lognormal cumulative probability

distribution functions. The controlling parameters

C.1 Base Structural Fragility Curves

The Base curves (see Section 4.9.3) were the primary focus of the cost-benefit
analysis. One such curve exists for each of the four strengthening levels (see

Chapter 4).
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Lon%

a0%

RO

State MDE

To%

a0

505

40%

0%

205

0%

Probability of Exceeding Damage

0%

Unretrofitted Structural Fragility (Base)

Table C.1 — Distribution Parameters

Damage State | Median S.(1) [g]

Logstandard Deviation

(B) Sa(1) [log g]

Slight 0.14 0.75
Moderate 0.35 0.75
Extensive 0.97 0.75
Complete 2.00 0.75
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Appendiz C — Fragility Curves

C.2 Upper Bound Structural Fragility Curve

An upper bound (i.e. higher vulnerability) curve for unretrofitted buildings was
defined for use in the sensitivity analysis, as discussed in Chapter 5. As discussed
in Chapter 4, the upper bound curve was defined as equal to the Canterbury results
(i.e. 100% Canterbury/0% California). Such curves could have been defined for
each of the strengthening levels, but it was decided not to do so, as their use in the
sensitivity analysis would only have diminished the impacts (eg. using ‘upper
bound’ curves for both unretrofitted and retrofitted would mask part of the

sensitivity).
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C.3 Lower Bound Structural Fragility Curves

An upper bound (i.e. lower vulnerability) curve for unretrofitted buildings was
defined for use in the sensitivity analysis, as discussed in Chapter 5. As discussed
in Chapter 4, the upper bound curve was defined as equal to the Canterbury results
(i.e. 100% Canterbury/0% California). One such curve exists for each of the four

strengthening levels.
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C.4 Drift-Sensitive Nonstructural Components Fragility Curves

Fragility curves for drift-sensitive non-structural components were defined using
default data from HAZUS. As discussed in Chapter 5, the relationships were
assigned depending upon the strengthening status as follows:

= Unretrofitted: URMLR (Precode)

= Parapets-Braced & Partially Retrofitted: RM1L (Low Code)

= Fully Retrofitted: RM1L (Moderate Code, Essential Facility)

Fragility curves for the three relationships noted above are provided on the

following pages.

It should be noted that the HAZUS relationships presented here have been
converted to S,(1sec) from S4q(0.35sec). The conversion was based on the spectral
shape for Site Class C in Victoria and standard dynamics relationships between

pseudoacceleration and displacement.
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Appendix D

Seismic Hazard Data

Seismic hazard data was used in the cost-benefit analysis to derive the expected
seismic losses. Hazard values were generated for Victoria, BC using computer
program EZ-Frisk, by Risk Management Solutions. Because of the nature of the
study, only the results for spectral acceleration at a fundamental period of T=1sec
was of interest. The model used in EZ-Frisk was similar to that for the National
Building Code of Canada (developed by the Geological Survey of Canada). The
model parameters used were based on GSC’s Open File 4459 (OF4459), which is
the basis for The 2010 National Building Code of Canada. Unlike OF4459,
however, the hazard contribution from a Cascadia subduction event was included in
the aggregate seismic hazard. This is essentially consistent with the 2015 National
Building Code of Canada (NBCC), with minor differences in model parameters.
Ultimately, the calculated model results were found to be within approximately
10% of the published values for the 2015 NBCC at a probability of exceedance of
2% in 50 years; the calculated results were then scaled (up) by approximately 10%
to match the published values. Note that the NBCC 2015 values were not directly
used because a complete Open File from the GSC had yet to be published at the
time of this study, nor had the 2015 NBCC been published. At the same time,
however, it was felt that using the 2010 NBCC hazard values would be
inappropriate, since these do not include the hazard contribution from a Cascadia

subduction event.

Hazard values were calculated for the reference ground condition, Site Class C, and
adjusted to represent other soils condition using the long period Foundation Factors
(Fy) contained in the 2010 NBCC. The hazard values for S.(T=1sec, £=5%) and

the foundation factors are presented on the following pages.
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Appendix D — Seismic Hazard Data

D.1 Site Class B

The resulting hazard values for Site Class B are shown in Table D.1 and Figure D.1.

Table D.1 — Seismic Hazard Data (Victoria, Site Class B)

Annual S.(1) for RGC
Probability of (Site Class C) F, F,*Sa(1)
Exceedance [g]

0.150400 0.01 0.6 0.01
0.082400 0.02 0.6 0.01
0.031510 0.06 0.6 0.03
0.020510 0.08 0.6 0.05
0.012370 0.11 0.6 0.07
0.003974 0.22 0.7 0.16
0.001822 0.34 0.7 0.23
0.000975 0.45 0.8 0.36
0.000571 0.56 0.8 0.45
0.000403 0.67 0.8 0.54
0.000234 0.78 0.8 0.63
0.000183 0.89 0.8 0.71
0.000132 1.01 0.8 0.80
0.000082 1.12 0.8 0.89
0.000066 1.23 0.8 0.98
0.000051 1.34 0.8 1.07
0.000035 1.45 0.8 1.16
0.000028 1.56 0.8 1.25
0.000021 1.68 0.8 1.34
0.000018 1.79 0.8 1.43
0.000016 1.90 0.8 1.52
0.000013 2.01 0.8 1.61
0.000011 2.12 0.8 1.70
0.000008 2.23 0.8 1.79
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Appendix D — Seismic Hazard Data

D.2 Site Class C

The resulting hazard values for Site Class C are shown in Table D.2 and Figure D.2.

Table D.2 — Seismic Hazard Data (Victoria, Site Class C)

Annual S.(1) for RGC
Probability of (Site Class C) F, F,*Sa(1)
Exceedance [g]

0.150400 0.01 1.0 0.01
0.082400 0.02 1.0 0.02
0.031510 0.06 1.0 0.06
0.020510 0.08 1.0 0.08
0.012370 0.11 1.0 0.11
0.003974 0.22 1.0 0.22
0.001822 0.34 1.0 0.34
0.000975 0.45 1.0 0.45
0.000571 0.56 1.0 0.56
0.000403 0.67 1.0 0.67
0.000234 0.78 1.0 0.78
0.000183 0.89 1.0 0.89
0.000132 1.01 1.0 1.01
0.000082 1.12 1.0 1.12
0.000066 1.23 1.0 1.23
0.000051 1.34 1.0 1.34
0.000035 1.45 1.0 1.45
0.000028 1.56 1.0 1.56
0.000021 1.68 1.0 1.68
0.000018 1.79 1.0 1.79
0.000016 1.90 1.0 1.90
0.000013 2.01 1.0 2.01
0.000011 2.12 1.0 2.12
0.000008 2.23 1.0 2.23
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D.3 Site Class D

The resulting hazard values for Site Class D are shown in Table D.3 and Figure D.3.

Table D.3 — Seismic Hazard Data (Victoria, Site Class D)

Annual S.(1) for RGC
Probability of (Site Class C) F, F,*Sa(1)
Exceedance [g]

0.150400 0.01 1.4 0.01
0.082400 0.02 1.4 0.03
0.031510 0.06 1.4 0.08
0.020510 0.08 1.4 0.11
0.012370 0.11 1.4 0.16
0.003974 0.22 1.3 0.29
0.001822 0.34 1.2 0.40
0.000975 0.45 1.1 0.49
0.000571 0.56 1.1 0.61
0.000403 0.67 1.1 0.74
0.000234 0.78 1.1 0.86
0.000183 0.89 1.1 0.98
0.000132 1.01 1.1 1.11
0.000082 1.12 1.1 1.23
0.000066 1.23 1.1 1.35
0.000051 1.34 1.1 1.47
0.000035 1.45 1.1 1.60
0.000028 1.56 1.1 1.72
0.000021 1.68 1.1 1.84
0.000018 1.79 1.1 1.97
0.000016 1.90 1.1 2.09
0.000013 2.01 1.1 2.21
0.000011 2.12 1.1 2.33
0.000008 2.23 1.1 2.46
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D.4 Site Class E

The resulting hazard values for Site Class E are shown in Table D.4 and Figure D.4.

Table D.4 — Seismic Hazard Data (Victoria, Site Class E)

Annual S.(1) for RGC
Probability of (Site Class C) F, F,*Sa(1)
Exceedance [g]

0.150400 0.01 2.1 0.02
0.082400 0.02 2.1 0.05
0.031510 0.06 2.1 0.12
0.020510 0.08 2.1 0.16
0.012370 0.11 2.1 0.23
0.003974 0.22 2.0 0.45
0.001822 0.34 1.9 0.64
0.000975 0.45 1.7 0.76
0.000571 0.56 1.7 0.95
0.000403 0.67 1.7 1.14
0.000234 0.78 1.7 1.33
0.000183 0.89 1.7 1.52
0.000132 1.01 1.7 1.71
0.000082 1.12 1.7 1.90
0.000066 1.23 1.7 2.09
0.000051 1.34 1.7 2.28
0.000035 1.45 1.7 2.47
0.000028 1.56 1.7 2.66
0.000021 1.68 1.7 2.85
0.000018 1.79 1.7 3.04
0.000016 1.90 1.7 3.23
0.000013 2.01 1.7 3.42
0.000011 2.12 1.7 3.61
0.000008 2.23 1.7 3.80
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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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Cost-Benefit Analysis for Seismic Upgrades

Site Class= B
RGC (Class 'C') Adjusted UNRETROFITTED PARAPETS BRACED

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
112 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
134 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 0.8 116 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 0.8 134 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
179 0.000018 0.8 143 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 0.8 152 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
Building Data 3 Ann. MDF=  0.08345% 0.00003 0.00003 0.25701 3 Ann. MDF=  0.06673% 0.00001 0.00001 0.13632

Cost (SCAN) = $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
Parapet Upgrade Cost= $3/SF Upgrade Cost= $24,000
Value of Life= $9,100,000 B/C Ratio= 0.79

8CE

Relocation Expense= $2.90/SF

Rental Cost=

Occupancy Data
Average Occupany Density=
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

$0.07/SF/day

.0036 Occ/SF

Economic Parameters
Time Horizon= 50 Years
Discount Rate for Capital= 5%
Discount Rate for Life-Safety= 3%

Figure E.1 — Parapet Bracing (Site Class B)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= B
RGC (Class 'C') Adjusted UNRETROFITTED PARTIAL RETROFIT

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 221762 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
112 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
179 0.000018 0.8 143 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
212 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
Building Data 3 Ann. MDF= 0.08345% 0.00003 0.00003 0.25701 2 Ann. MDF= 0.05392% 0.00001 0.00001 0.12595

Cost (SCAN) = $260/SF Ann. Cost= $1,736 $382 $398 $28 $137 Ann. Cost= $1,121 $98 $155 $15 $67
Typical S 000 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
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

Occupancy Data Economic Parameters
Average Occupany Density= .0036 Occ/SF Time Horizon= 50 Years
Average No. of Occupants= 28.8 Discount Rate for Capital /b

Typical Streetfront Exposure= 30. lin. ft Discount Rate for Life-Safety=
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

Figure E.2 — Partial Retrofit (Site Class B)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= B
RGC (Class 'C') Adjusted UNRETROFITTED RETROFITTED

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
212 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
Building Data 2 Ann. MDF=  0.08345% 0.00003 0.00003 0.25701 ZAnn. MDF=  0.03726% 0.00001 0.00001 0.10938

Cost (SCAN) = $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
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

Occupancy Data Economic Parameters
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

Figure E.3 — Full Retrofit (Site Class B)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= C
RGC (Class 'C') Adjusted UNRETROFITTED PARAPETS BRACED

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% 36.83% 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
112 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
134 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 1.0 212 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
2 Ann. MDF=  0.15784% 0.00005 0.00005 0.49868 3 Ann. MDF=  0.12950% 0.00002 0.00002 0.25953

Cost (SCAN) = $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
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
Rental Cost= $0.07/SF/day

Occupancy Data
Average Occupany Density= .0036 Occ/SF
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

Economic Parameters
Time Horizon= 50 Years
Discount Rate for Capital= 5%
Discount Rate for Life-Safety= 3%

Figure E.4 — Parapet Bracing (Site Class C)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= C
RGC (Class 'C') Adjusted UNRETROFITTED PARTIAL RETROFIT
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
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 0.00167
2.12 0.000011 1.0 212 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
Building Data 3 Ann. MDF=  0.15784% 0.00005 0.00005 0.49868 2 Ann. MDF= 0.10278% 0.00001 0.00002 0.24076
Cost (SCAN) = $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
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
Rental Cost= $0.07/SF/day

Occupancy Data
Average Occupany Density= .0036 Occ/SF
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

cee

Economic Parameters
Time Horizon= 50 Years
Discount Rate for Capital= 5%
Discount Rate for Life-Safety= 3%

Figure E.5 — Partial Retrofit (Site

Class C)
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Cost-Benefit Analysis for Seismic Upgrades

€ee

Site Class= C
RGC (Class 'C") Adjusted UNRETROFITTED RETROFITTED
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
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 1.0 134 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 0.00156
212 0.000011 1.0 212 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
Building Data 2 Ann. MDF=  0.15784% 0.00005 0.00005 0.49868 I Ann. MDF=  0.07108% 0.00001 0.00001 0.20814
Cost (SCAN) = $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
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
Rental Cost= $0.07/SF/day

Occupancy Data
Average Occupany Density= .0036 Occ/SF
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

Economic Parameters

Time Horizon= 50 Years
Discount Rate for Capital
Discount Rate for Life-Safety= 3%

= 5%

Figure E.6 — Full Retrofit (Site Class C)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= D
RGC (Class 'C') Adjusted UNRETROFITTED PARAPETS BRACED

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 14 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 14 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 13 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 11 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 11 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 11 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 11 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 11 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 11 111 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
112 0.000082 11 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 11 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
134 0.000051 11 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 11 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 11 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 11 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 11 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 11 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 11 221 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 11 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
Building Data 2 Ann. MDF=  0.23564% 0.00007 0.00007 0.75546 3 Ann. MDF=  0.19694% 0.00003 0.00003 0.39757

Cost (SCAN) = $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
Parapet Upgrade Cost= $3/SF
Value of Life= 59,100,000
Relocation Expense= $2.90/SF
Rental Cost= 50.07/SF/day

Occupancy Data
Average Occupany Density= .0036 Occ/SF
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

Total Savings= $48,699
Upgrade Cost= $24,000
B/C Ratio= 2.03

Economic Parameters
Time Horizon= 50 Years
Discount Rate for Capital= 5%

Discount Rate for Life-Safety= 3%

Figure E.7 — Parapet Bracing (Site Class D)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= D
RGC (Class 'C') Adjusted UNRETROFITTED PARTIAL RETROFIT

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 14 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 14 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 14 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 13 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 11 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 11 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 11 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 11 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 11 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 11 111 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 11 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 11 135 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 11 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 11 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 11 172 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 11 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 11 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 11 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 11 221 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
212 0.000011 11 233 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 Ann. MDF= 0.23564% 0.00007 0.00007 0.75546 2 Ann. MDF= 0.15771% 0.00002 0.00003 0.36746

Cost (SCAN) = $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
Parapet Upgrade Cost= $3/SF
Value of Life= $9,100,000
Relocation Expense= $2.90/SF
Rental Cost= $0.07/SF/day

Occupancy Data
Average Occupany Density= .0036 Occ/SF
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

Total Savings= $69,865
Upgrade Cost= $80,000
B/C Ratio= 0.87

Economic Parameters
Time Horizon= 50 Years

Discount Rate for Capital=
Discount Rate for Life-Safety= 3%

Figure E.8 — Partial Retrofit (Site Class D)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= D
RGC (Class 'C') Adjusted UNRETROFITTED RETROFITTED

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 13 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 11 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 11 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 11 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 11 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 11 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 11 111 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 11 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 11 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 11 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 11 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 11 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 11 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 11 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 11 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 11 221 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 11 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
Bui 2 Ann. MDF=  0.23564% 0.00007 0.00007 0.75546 I Ann. MDF=  0.10767% 0.00002 0.00002 0.32231

Cost (SCAN) = 5260/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
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
Rental Cost= 50.07/SF/day

Occupancy Data
Average Occupany Density= .0036 Occ/SF
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

9€¢

Economic Parameters
Time Horizon= 50 Years
Discount Rate for Capital= 5%

Discount Rate for Life-Safety= 3%

Figure E.9 — Full Retrofit (Site Class D)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= E
RGC (Class 'C') Adjusted UNRETROFITTED PARAPETS BRACED

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
0.34 0.001822 19 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 1.7 133 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
112 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 17 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 17 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 17 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
179 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 17 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 17 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 17 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
Building Data 2 Ann. MDF=  0.42432% 0.00018 0.00016 1.42884 2 Ann. MDF= 0.35877% 0.00009 0.00008 0.85439

Cost (SCAN) = $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
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
Rental Cost= $0.07/SF/day
Occupancy Data
Average Occupany Densit:
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft Economic Parameters

Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

Time Horizon= 50 Years

Discount Rate for Capital= 5%
Discount Rate for Life-Safety= 3%

Figure E.10 — Parapet Bracing (Site Class E)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= E
RGC (Class 'C') Adjusted UNRETROFITTED PARTIAL RETROFIT

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 21 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 21 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 21 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
0.34 0.001822 19 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 17 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 17 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 17 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 17 133 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 17 152 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 17 171 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
112 0.000082 17 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 17 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
134 0.000051 17 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 17 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 17 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 17 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 17 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 17 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 17 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
212 0.000011 17 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
Building Data 3 Ann. MDF=  0.42432% 0.00018 0.00016 1.42884 2 Ann. MDF= 0.29802% 0.00006 0.00007 0.79373

Cost (SCAN) = $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
Parapet Upgrade Cost= $3/SF
Value of Life= $9,100,000
Relocation Expense= $2.90/SF
Rental Cost= $0.07/SF/day

Occupancy Data
Average Occupany Density= .0036 Occ/SF
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

Total Savings= $135,369
Upgrade Cost= $80,000
B/C Ratio= 1.69

Economic Parameters
Time Horizon= 50 Years
Discount Rate for Capital= 5%

Discount Rate for Life-Safety=

Figure E.11 — Partial Retrofit (Site Class E)
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Cost-Benefit Analysis for Seismic Upgrades

Site Class= E
RGC (Class 'C') Adjusted UNRETROFITTED RETROFITTED

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 21 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 21 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 21 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 21 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 21 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
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 17 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 1.7 133 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 1.7 171 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 17 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
134 0.000051 17 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 17 247 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 17 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
ZAnn. MDF=  0.42432% 0.00018 0.00016 1.42884 3 Ann. MDF=  0.20786% 0.00005 0.00005 0.73704

Cost (SCAN) = $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
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
Rental Cost= $0.07/SF/day

Occupancy Data
Average Occupany Densi 0036 Occ/SF
Average No. of Occupants= 28.8
Typical Streetfront Exposure= 30. lin. ft
Average Pedestriab Desnity= .03 Ped./ft
Average No. of Pedestrians= 0.9
#of serious injuries/fatalities= 4
%VSL assigned to injuries= 0.15

Discount Rate for Capital=

Economic Parameters

Discount Rate for Life-Safety= 3%

Figure

E.12 — Full Retrofit (Site Class E)
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Appendix F

Data Collection Forms

As discussed in Chapter 7, data collection forms were specifically developed for a
pilot survey of URM buildings in Victoria. Four sheets were included: Exterior
Access, Interior Access, Roof Access, and a Reference sheet. Organizing the data
collection by access level allowed for varied access, depending upon owners' level of
comfort. In most cases, only exterior access (i.e. from the sidewalk) was achieved.
Towards the completion of this study, the sheets were revised, primarily to
incorporate the score modifiers for the refined FEMA 154 screening methodology.

The final forms are provided on the following pages.
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Appendiz F — Data Collection Forms

Building Field Data Collection Form UBC Study: Reviewers: /
Page 10of4 URM Buildings Survey in Victoria, BC Date Ci leted
PART 1 - EXTERIOR ACCESS

Plan View Photo/Sketch (show/label the adjacent streets)

Historic Address:

Bldg Name:
Year Built: Postal Code:
Latitude: Longitude:
Bldg Owner:
Site Class: S,(0.2):
Height [ft]: Storeys Above Gr:
NZ Bldg Type: Est. FIr Area [ft"):

Other Address(es):

Open front? (Y/N-show on elev sketch, eg. mostly glass):
LFRS @ open front? (steel braces, moment frame):
Adacent Buildings? (v/N-dimension elev. sketch):
Shares wall w/ adj bldg? (Y/N-show on elev. sketch):
Adj bldg # storeys dif.? (Y/N-show on elev. sketch):
Unmatching Floors? (Y/N-show on elev. sketch):
End building? (Y/N-show on plan sketch):

Header courses every courses

Veneer? (Y/N, eg. weep holes, no header courses):

High Density Medium Density Low Density
Assembly Offices Residential Storage
Mercantile Institutional Hotel

Personal Service  Manufacturing Industrial
Restaurant/Bar

Lower Roofs of Adjacent Bldgs:
Sidewalks, Alleys? (Y/N-show on plan sketch):
Seating Area? (Y/N-show on plan sketch, eg. patio):

Elevation View(s) Photo/Sketch (note which street viewed from)

MASONRY CONDITION
Scratch Test Trial (show locations on sketch)
Trial 1 Trial 2 Trial 3
Brick
Mortar

Max. crack width? [mm]:
Areas of repointed mortar? (Y/N-eg. dif colors):
Comments (eg. raked joints):

Basic Score (URM) 1.8 Cornices Cornices
Type Parapets Chimneys
Vertical Irreg. -1.0 (Heavy) (Light)
Plan Irregularity -0.5 [Present (Y/N)
A/B - Elev. (N,S,E,W)
Soil Type C -0.4 [Height (in)
(Circle One) D -0.6 |Braced?
E/F -0.8 |Areas Below (1,2,3)
Bldg High -0.1 |Other fall hazards (describe):
Vuln, Mod. e
(Circle one) Low +0.1
_ High 03
Ped. Density
(Circle one) Mod; =
Low +0.3 |Notes:
High -0.3 |- Cornices: wood/tin = light; terracotta/brick = heavy
Occupant  High/Mod. = -0.15 |- Show fall hazards on sketches
Density Mod. - - For "Braced?": indicate Some/All/DNK
(Circleone)  Mod./Low = +0.15 |- For "Areas Below": 1=sidewalk/alley, 2=adj. bldg, 3=low traffic
Low +0.3 FALL HAZARDS COMMENTS
None - Note items such as deterioration, damage, mitigation work in
Retrofit Part'l Para. +0.2 |progress
Extents All Para. +0.6
(Circleone)  Tens. Ties | +0.7
Full +1.0
FINAL SCORE, S =

Note items such as: additions (eg. wood storey); structural
deterioration not noted above

EXT. WALL HEIGHT/THICKNESS (use interior instead if possible)

1st Storey Typ. Storey Top Storey

Height (ft)
Width (in

Anchor plates visible @ floor levels? (Y/N):
Steel braces visible in windows? (Y/N):

* = Estimated, subjective, or unreliable data
N/A = Not Applicable DNK = Do Not Know

Dark Grey Shaded Heading = Minimum Info
Light Grey Shaded heading = Secondary Info
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Appendiz F — Data Collection Forms

Building Field Data Collection Form
Page 2 of 4

UBC Study:
URM Buildings Survey in Victoria, BC

Reviewers: /
Date Completed:

PART 2 - INTERIOR ACCESS
GRAVITY SYSTEM (circle all that apply) _
Exterior URM Walls Light Woed Frame Walls Dim. Lumber Joists | Owner Rep: Tel./email:
Concrete Columns Heavy Timber Columns Steel Columns # Occupants (day): # Occ. (night):
Concrete Beams Heavy Timber Beams Steel Beams Basement Use? (eg. storage, N/A):
Others: (describe): 1st Floor Use? (eg. retail, offices):
FOUNDATIONS 2nd Floor Use? (eg. residential, unused):
Concrete Stone/Rubble Other 3rd Floor Use? (eg. residential, unused):
Any seismic upgrades? (v/N; ask owner - if yes, complete items below): # Storeys below grade (eg. %, 1, 1%):
What year were upgrades completed? (ask owner}: Basement extends below sidewalk?(¥/N - show where on sketch):
Walls, In-plane? (/N - eg. steel braces/moment frame): Is building sprinklered? (v/N - i.e. are sprinkler heads visible?):
Walls, Out-of-plane? (v/N - eg. vertical steel "strongbacks"): EXTERIOR WALL HEIGHT/THICKNESS & LAY-UP
Diaphragm? (¥/N - eg. plywood atop old, steel angles at perimeter): NOTE: mark with cross () if VENEER wythe is present
Diaphragm-wall conn.? (v/N - eg. epoxy anchors, plates on exterior):
PHOTO CHECKLIST 1st Storey measurements (label walls on sketch)
Diaphragm (floor) O Wall-Floor Connection O Col.-Beam Conn. O Wall 1 Wall 2 Wwall 3 Wall 4
SKETCH OF FLOOR PLAN height[ft]
Just a rough outline for wall labels; show the adjacent streets on the sketch width [in]
# wythes
Header courses typically every courses
2nd Storey measurements (label walls on sketch)
Wall 1 Wall 2 Wall 3 Wall 4
height[ft]
width [in]
# wythes
Header courses typically every courses
3rd Storey measurements (label walls on sketch)
Wall 1 Wall 2 Wall 3 Wall 4
height[ft]
width [in]
# wythes
GENERAL COMMENTS  |eg: "many tall/heavy bidg contents on fir X" Header courses typically every courses
"Basement under sidewalk retrofitted”
4th Storey measurements (label walls on sketch)
Wall 1 Wall 2 Wall 3 Wall 4
height[ft]
width [in]
# wythes
Header courses typically every courses

* = Estimated, subjective, or unreliable data
N/A = Not Applicable

DNK = Do Not Know

Dark Grey Shaded Heading = Minimum Info
Light Grey Shaded heading = Secondary Info
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Appendiz F — Data Collection Forms

Building Field Data Collection Form

Page 3of 4

UBC Study:
URM Buildings Survey in Victoria, BC

Reviewers: /

Date Completed:

PART 3 - ROOF ACCESS

Show the adjacent streets, and along which streets parapets,etc. are present

SKETCH OF TYPICAL PARAPET

Height & Thickness Measurements (label walls on roof sketch)

Wall 1 Wall 2 Wall 3 Wall 4
Height[ft]
Width [in]
# Wythes
Parapets/Cornices present? [Y/N - show extents on roof sketch):
Bracing present? (v/N - show on parapet sketch):
Approx. spacing of braces? (note on parapet sketch): [ft]

Continuous ledger member? (¥/N - show on parapet sketch):
Replaced with new materials?(v/N - if ¥, complete next item):

Describe new matl's (eg. sheet steel):

Max. # of courses between headers:

Type (eg. torch-on, tar and gravel, sheet metal):
What year was roof last replaced? (ask building owner):
Condition (good, fair, poor):

Com'ts (eg. blisters, cracking):

Show rough shape, height from roof and width, other relevant observations

MASONRY CONDITION

SKETCH OF TYPICAL CHIMNEYS/PILASTER
Show rough shape, height from roof and least width

Scratch Test Trial (show locations on roof sketch)
Wall 1 Wall 2 Wall 3 Wall 4
Brick
Mortar

Maximum crack width? [mm]:

Com'ts (ez. eraded mortar):

Height & Thickness Measurements (label on roof sketch)

Chimney 1 Chimney 2 Chimney 3 Chimney 4
Height[ft]
Width [in]
# Wythes
Chimeys present? (show locations on roof sketch):
Bracing present? (v/N - show on chimney sketch):
Replaced with new materials?(¥/N - if ¥, complete next item):

Describe new matl's (eg. sheet steel):

Max. # of courses between headers:

Com'ts (eg. corraded anchors):

SKETCH OF TYPICAL CORNICE

Show rough shape, approx. height from roof and overhang

* = Estimated, subjective, or unreliable data

N/A = Not Applicable

DNK = Do Not Know

Dark Grey Shaded Heading = Minimum Info

Light Grey Shaded heading = Secondary Info
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Appendiz F — Data Collection Forms

Building Field Data Collection Form UBC Study: Reviewers: o
Page 4 of 4 URM Buildings Survey in Victoria, BC Date C leted
VERTICAL IRREGULARITIES (Source: FEMA 454) SCRATCH TEST
verical conditions resolingfllre pattorns performance [ code remedies Brick Scratch Test Indices
V1 Stiffness lregularity: Soft Story Description Index
Common collapse Modal Analysis, +65 feet i i
mochanism. Doathand | highin SCD o,g;:r. Bxneme | [PCratches using aluminum | 25
‘mucl lamage in case not 'mitted in seismic "
Northridge ganhquuke. use gvou::fE and F. Scratches using copper penny | 3.0
Does not scratch w/ above tools 4.0
V2 Weight/Mass Irregularity
Collapse mechanism in | Modal Analysis,+65 foot high Mortar Scratch Test Indices
exireme circumstances. in SDC DEF
Description Index
Scratches using fingernail 15
V3 Vertical Geometric lrregularity T
Scratches using copper penny 2.0
53:233" stuciural i':‘?d‘é“g"g’;""“ foothigh | In6es not scratch w/ above tools 2.5
NZ Bldg Typology
V4 In-Plane lrregularity in Vertical Lateral Force System Category Description Vuln.
Mode! Analysis, +65 foot high
Localized structural D e s ncrease A 15t Isolated  |Low
diaphr Ll
L force, Sapporing mariban. ] 15t, Row Low
designed for Insecsed forces.
C: 2 St, Isolated High
V5 Capicky Dissoutinkty: Wink Sty D 2 St, Row Moderate
Collapse mechanism in Modal Analysis, +65 foot E 3 St, Isolated High
exireme circumstances high in SDC' D.EF.
F 3 St, Row Moderate
G Indus/Relig. High
PLAN IRREGULARITIES (Source: FEMA 454) Notes:
plan conditions resslting failure patterns performance | <ode remedies - Types D/F: 'High' if end/corner building

7 P1 Torsional Irregularity: Unbalenced Resistance - Bldg hgt > 3x width: move up one vuln. category
g hg g
Localized domage. Collapse| Modal Analysis, +65 foot high
‘Q\ <& mechanism in extreme L B 25% v’
~ instances. to diaphragm connection
\ design forces. Amplified forces
to max of X3.
P2 Re-entrant Corners
S T MASONRY TERMINOLOGY
Local damage to diaphragm | 25% increase in diaphragm
and atiached elements CoonecRon Dl Trcet
Collapse mechanism in ] :
extreme Insfances In large M b RN
buildings. I \’ Q
73 Diaphragm Ecentricty and Cutouts R Ry N
Localized structural damage.| 25% increase in diaphragm \
connection design forces.
P4 Nonparallel Lateral Force-Resisting System
2 Leads fo torsion and Combine 100% and 30% of
\ instability, localised forces in 2 directions, use
damage. maximum.

s
&

P5 Out-of-Plane Offsets: Discontinvous Shearwalls

Collapse mechanism in Modal Analysis, +65 foot high
extreme circumstances, in SDC D,E,F. 25% increase
to diaphragm connection

- design forces.

l
B

:

ROOF TYPE EXAMPLES
Torch-on __Tar & Gravel Inverted Roof (rocks deeper than "T & Gravel" Sheet Metal
* = Estimated, subjective, or unreliable data Dark Grey Shaded Heading = Minimum Info
N/A = Not Applicable DNK = Do Not Know Light Grey Shaded heading = Secondary Info
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