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Background Documentation

FEMA P-58 Background Documents are a series of reports documenting the technical
background and source information for key aspects of the FEMA P-58 methodology and its
implementation. These reports were developed over the course of the 10-year ATC-58/ATC-58-1
Projects funded under FEMA Contracts EMW-2001-RP-0056 and HSFEHQ-06-D-1105.

Background Documents were developed by consultants, serving at various levels within the
project hierarchy, reporting the results of: (1) decisions on technical development protocols; (2)
focused studies on the development of key aspects of the methodology; (3) documentation of
recommended procedures; and (4) collection of available data for the development of structural
and nonstructural fragilities. They were initially intended to serve as a record of the technical
state-of-knowledge at the time they were produced, and as resources for the development of the
eventual project reports. As such, they represent a snapshot in time, and may, or may not, match
the technical content, recommended procedures, or data incorporated into the final methodology
and its implementation.

This Background Document is intended for the purpose of providing supplemental knowledge to
users of the FEMA P-58 methodology. Information contained herein has not been independently
verified for accuracy as a stand-alone document, and may have been superseded in its final
implementation within the methodology. Users of information in this document assume all
liability arising from such use.

Notice

Any opinions, findings, conclusions, or recommendations expressed in this publication do not
necessarily reflect the views of the Applied Technology Council (ATC), the Department of
Homeland Security (DHS), or the Federal Emergency Management Agency (FEMA).
Additionally, neither ATC, DHS, FEMA, nor any of their employees, makes any warranty,
expressed or implied, nor assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, product, or process included in this publication.
Users of information from this publication assume all liability arising from such use.

Cover illustration — Primary resource documents for the FEMA P-58 Seismic Performance Assessment of
Buildings, Methodology and Implementation series of products: FEMA P-58-1, Volume 1 — Methodology,
and FEMA P-58-2, Volume 2 — Implementation Guide.



PACT Beta Test Example: Building B

Reinforced Concrete Special Moment Frame
Building

Prepared by

Curt Haselton
Travis Churapalo
California State University, Chico

February 23, 2012






1.1 Reinforced Concrete Special Moment Frame
Example

1.1.1 Introduction and Overview

In this section a four-story reinforced concrete (RC) special moment frame
(SMF) building is evaluated. For purposes of comparison, this building and
the site location is made similar to the recent Pacific Earthquake Engineering
Research (PEER) Center Benchmarking study (Goulet et al. 2007, Haselton
et al. 2008).

1.1.2 Description of Building and Site
Site Location and Site Hazard

The site location and site hazard for this building is described in the PACT
Beta Test Overview Report BD-3.7.13.

Building Structural and Non-Structural Design

The building used in this example is a four-story perimeter frame RC SMF
building. The specific building model is building ID 1009 from a recent
dissertation by Haselton (Haselton and Deierlein, 2007) and is designed
according to the ASCE7-05 (ASCE 2005) and ACI 318-05 (ACI 2005)
building codes. This building is almost identical to the building used in the
PEER Benchmark study, but the design differs slightly (e.g. the fundamental
period of this building is 1.13 seconds and the Benchmark building
fundamental period is 1.02 seconds). Even so, the building is similar enough
to make general comparisons between the PACT loss predictions completed
in this section and those of the recent PEER Benchmarking study.

The plan and elevation views of the Benchmark building (which is similar to
building ID 1009) are shown in Figure 1-1 and Figure 1-2.
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Figure 1-1 Plan view of one frame of Benchmark building (from Haselton

et al. 2008).
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Figure 1-2

Elevation view of one frame of Benchmark building (from
Haselton et al. 2008).

1.1.3 Documentation of PACT Input for the Baseline Building

Decisions and Input information for the PACT Project Manager have been

documented below, categorized by the Project Manager tabs, in the order that

they appear in the PACT user interface.

1-2
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Project Information

The decisions in the Project Information tab are to select the Region Cost
Multiplier, the Date Cost Multiplier, and the Engine Random Seed Value.

For this study, the Region Cost Multiplier was set equal to unity, because,
although the study is for a specific building site, it is also meant to be
generic. An analysis of any specific building should certainly consider the
relative regional costs of labor and construction materials in the area, even
though this was not done in this generic example study. Additionally, the
elevated costs of earthquake damage repairs due to the high demand for labor
and construction materials immediately following and earthquake is not
directly considered by PACT, but it could be indirectly accounted for by
adjusting the Region Cost Multiplier.

For computing loss estimates of a particular building, the Date Cost
Multiplier should to be based on long-term economic trends, the expected
life-time of the building, and the time-value of money. However, for
simplicity in this example study, the Date Cost Multiplier was set equal to
unity.

All of the PACT projects used in this study utilized a seed value of 0. Such a
seed value causes the PACT engine to generate a random seed at the
beginning of each evaluation of the project, for use in its random number
generator; this means that the same project can be analyzed multiple times
and yield different results for each of the evaluations. For each evaluation
included in these Building B examples (both the baseline and the sensitivity
studies), a minimum of three runs were completed each with a seed value of
0; the results of the runs were then averaged to obtain a more stable
prediction of the average results.

Building Information

Multiple variations of the same building were modeled in PACT for the
purpose of testing the PACT software and completing sensitivity studies.
The four-story building used in this study is building ID 1009 from Haselton
and Deierlein (2008) and is similar to (but not exactly the same as) the four-
story “Design A” building used in the PEER Benchmarking study (Goulet et
al. 2007, Haselton et al., 2008). This building is a representative four-story
office building with perimeter reinforced concrete (RC) special moment
frames (SMFs). The plan dimensions are 120’ x 180°, giving the building a
total plan area of 21,600 sq. ft and a total floor area of 86,400 sq. ft. The
bottom story height is 14 ft and all other story heights are 13 ft. Two
versions of this building are used in the PACT projects of this study - one to
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represent the Benchmark study building as closely as possible, and a second
project to best estimate the structural damage and loss according to the
ATC-58 Normative Quantities Worksheet. A comparison of these two
building versions is included later in Section 1.1.7; the primary differences
are the quantities and content in the building and the hazard curve used for
the assessment (either from the USGS or from the PEER Benchmarking
study).

For the baseline model, the total replacement time was estimated to be 400
days. For all of the PACT projects, the fields ‘Max Workers per sq. ft.” and
‘Total Loss Threshold (As Ratio of Total Replacement Cost)’ were left equal
to their PACT default values, 0.001 and 1.0, respectively. Also, the values of
‘Height Factor’, ‘Hazmat Factor’, and ‘Occupancy Factor’ were left to their
PACT default values of unity.

The total replacement cost and the core and shell replacement cost for the
baseline project were $21.6 million and $8.64 million, respectively. These
cost estimates were based on ‘rule of thumb’ estimates of $250 per sq. ft. to
replace a typical office building and $100 per sq. ft. to replace just the core
and shell.

As part of the comparison to the PEER Benchmark project results, a PACT
analysis was also completed with the total replacement cost set equal to the
total building cost that was used for the Benchmark project, $8.9 million.
For these checks, the core and shell replacement cost was estimated to be
roughly half of the total replacement cost, $4.5 million.

Population

The building population in all of the projects was modeled using the
preinstalled ‘Commercial Office’ population model available in PACT. The
fraction of each floor that was modeled as ‘Commercial Office’ was 1.0,
meaning that the entire building’s population was ‘Commercial Office.” The
‘Peak number of occupants per 1000sf” and ‘Population Dispersion’ fields
were left at their PACT default values for commercial office populations, 4.0
and 0.2, respectively.

The default PACT population model was used, which includes a calendar
with population densities that are a function of the day and the time of day,
based on normative values. The PACT evaluation engine randomly selects
days and times for each realization of an analysis and uses the corresponding
population density to compute injuries and casualties.

1-4
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Fragilities

The ‘Fragilities’ tab is used to select performance groups. The user can
either select fragilities for each floor, or select fragilities for the entire
building. After selecting, the user must select the population model that the
fragility applies to, and may select if the fragility should be in either a single
direction or both directions. These input Performance Groups are
documented in the following subsections for the baseline Building B
analyses.

Performance Groups: General Information

The fragilities that were used for the baseline project were selected to match
the fragilities that were used in the Benchmark study (Goulet et al. 2007,
Haselton et al. 2008) as closely as possible. However, the additional
fragilities that are available in PACT (that were not used in the Benchmark
study) were also added, consistent with the ATC-58 Normative Quantities
Worksheet. Therefore, the process for choosing fragilities was similar to
how it would be done for a real building assessment - known quantities were
modeled as closely as possible with the available PACT fragilities, and
unknown quantities were estimated based on normative values.

The following subsections describe the performance groups used in the
Benchmark study and a summary of the corresponding fragilities that were
selected from the PACT fragility database.

Performance Groups: Beam and Column Elements of Perimeter
Moment Frames

In the Benchmark study (Goulet et al. 2007, Haselton et al. 2008), fragility
models were used for each discrete beams and columns element. However,
the preinstalled fragilities in PACT are set up differently. Rather than
modeling beams and columns separately, fragilities are set up according to
the number and type of joints in each story. Beam sizes are never
considered; instead, the user must select fragilities based on approximate size
and type of column, and whether the joint is an interior or exterior joint.

Due to the fact that the RC SMF building meets the design requirements of
ACI 318-05 (ACI 2005), the ACI 318 SMF column fragilities were utilized,
for which joint shear failure is not expected. The preinstalled PACT
fragilities include three stages of damage, similar to the fragilities used in the
Benchmark study. The joint fragilities in the PACT project were selected
such that the column areas were similar to those in the Benchmark study, as
summarized in Table 1-1.

FEMA P-58/BD-3.7.15 PACT Beta Test Example Building B
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Table 1-1 Summary of RC SMF Fragilities

oili Quantity
Fragility (Each Direction)

B1041.002a 24x36, ACI 318 )
SMF, beam on one side

1
B1041.003b 36x36, ACI 318 3
SMF, beam both sides
B1041.002a 24x36, ACI 318 1
SMF, beam on one side

) B1041.002b 24x36, ACI 318 3
SMF, beam both sides
B1041.003a 36x36, ACI 318 1
SMF, beam one side
B1041.001a 24x24, ACI 318 2
SMF, beam on one side

3
B1041.002b 24x36, ACI 318 3
SMF, beam both sides
B1041.001a 24x24, ACI 318 2
SMF, beam on one side

4
B1041.002b 24x36, ACI 318 3
SMF, beam both sides

Performance Groups: Gravity Columns and Slab-Column
Connections

The Benchmark study building had a two way post-tensioned slab supported
by 18” by 18 gravity columns. The columns were assumed to have the
minimum code-required confinement for gravity columns. The preinstalled
fragilities for PACT are based on slab and gravity column type, but are
independent of column size. The most appropriate fragility available in the
Beta version of PACT was No. B1049.031, which is for post-tensioned flat
slabs with 0<Vg/V0<0.4 and supported by columns with shear reinforcing.
Fifteen gravity columns were designated for each story of the building.

Performance Groups: Dry Wall Partitions and Finishes

The Benchmark study used drywall partitions with 5/8” wallboard on 3 5/8”
metal studs at 16” O.C. with screw fasteners, and the walls fixed at the top
and bottom. In the Benchmark study, fire-rated walls were considered to be
robust and not considered in the loss analysis. The preinstalled PACT
fragilities available were less specific, so a general gypsum wall fragility was
used (C1011.001a) for partitions fixed at the top and bottom. The PACT
fragilities were based on 13°x100’ panels, as opposed to the Benchmark test,

1-6
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which were based on 8’x8’ panels. In order to have the best possible
consistency for comparison, the same square footage of partitions was used
in PACT as in the Benchmark study. The Table 1-2 below was generated
using the above stated method and reports the computed quantities that were
used in the PACT projects.

Table 1-2 Partition Quantities Comparison

Benchmark Study PACT Study
Total Panels Panel Total Panel Total Panels Panel Total Panel
Each Direction | Dimensions Area Each Direction | Dimensions Area
1 134 8x8 ft 8,576 sq ft 6.6 100x13 ft 8,576 sq ft
2 181 8x8 ft 11,584 sq ft 8.9 100x13 ft 11,584 sq ft
3 181 8x8 ft 11,584 sq ft 8.9 100x13 ft 11,584 sq ft
4 181 8x8 ft 11,584 sq ft 8.9 100x13 ft | 11,584 sq ft

Interior paint was also modeled in the Benchmark report, but no ‘interior
paint’ fragility was available among those preinstalled in PACT. However,
the first damage state for the partition fragility in PACT required repainting
of both sides of the partition, so the interior paint fragility is considered to be
included within the PACT partitions fragility. The quantity of this fragility
has been calculated from the Benchmark Study, and not the ATC-58
Normative Quantities Worksheet. The Normative Quantities Worksheet
suggested that 21.6 panels be used in each direction on every floor.

Also included in the PACT model is the Wall Partition Fragility
(C3011.002C) entitled “Gypsum + Ceramic Tile, Full Height, Fixed Below,
Slip Tracks Above w/ returns (friction connection);” this was included with a
quantity of 1.63 panels, with the panels each being a size of 9’ by 100°. This
was added based upon the ATC-58 Normative Quantities Worksheet. It is
added to the above partition walls, rather than replacing them; depending on
actual layout of the building, it is possible that this could over predict the
partition cost by around 10%.

Performance Groups: Exterior Glazing

The Benchmark building used 5’x6’ lightweight aluminum-frame glazing
panels. The glazing fragilities in PACT were far more specific than the
fragilities used for Benchmark report, so the specific type was selected based
solely on judgment. The PACT fragility chosen for the comparison study
was for 5’x6’ insulated glass units with a single pane that is 0.25” thick each
and with 0.43” frame clearance (B2022.001). Table 1-3 lists the quantities of
glazing assigned to each story of the building.

FEMA P-58/BD-3.7.15 PACT Beta Test Example Building B
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Table 1-3 Glazing Quantities
PACT Study- Glazing

Panel - Total Total
Dimensions Direction 1 Direction 2

1 5x6 ft Each 168 112

2 5x6 ft Each 156 104

3 5x6 ft Each 156 104

4 5x6 ft Each 156 104

Performance Groups: Acoustical Ceilings

The Benchmark study and the comparative PACT Projects used in these
examples both utilized a total of 81,000 sq. ft. of acoustical tile ceiling for the
entire building. The Benchmark study ceiling was described as follows:

“...consists of a grid-work of aluminum channels in the shape of an
upside-down “T,” connected to the diaphragm above with splay wires
that, in theory, provide lateral-force bracing along with vertical
compression struts. These channels are in a regularly spaced pattern
made up of a 2-ft by 4-ft grid and support lightweight acoustical ceiling
tiles.” (Haselton et al. 2008).

The corresponding PACT fragility that was selected is:

“C3032.003b, Suspended Ceiling, SDC D, E (Ip=1.0), Area (A): 250 < A4
< 1000, Vert & Lat support. Costing for each 600 SF Unit, Suspended
Lay-in Acoustic Tile Ceiling, Support: Vertical hanging wire, diagonal
wires, and compression posts, 2 inch wide ledger support angles at wall
and oversize holes around tile openings” (PACT Fragility Manager).

These fragilities were placed upon the first floor through the fourth floor,
with the check box selected to use the demands from the floor above. A value
of 36 units per floor was used, totaling 21,600 sq. ft. per floor, as suggested
by the Normative Quantities Worksheet; this is a small overestimation of the
actual quantity present in the example building.

Performance Groups: Automatic Sprinklers

In the Benchmark study, the Benchmark office building was categorized to
have “light fire hazard” according to the National Fire Protection
Association’s Automatic Sprinkler Systems Handbook (NFPA-13 2002). The
area/density approach of the NFPA handbook (NFPA-13 2002) was used to
design the sprinkler system. Assuming that each sprinkler provides 125
square feet of coverage, the calculation assumes that a minimum of 16
sprinklers operate simultaneously during a fire. In the Benchmark study, the
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piping necessary for these requirements was found to be 2,241 linear feet in
the first story and 2,418 linear feet for all stories above. The weight of the
sprinkler pipe is supported by hanger rods and the pipes are braced every 12
feet to restrain lateral and longitudinal displacements (Haselton et al. 2008).
The sprinkler layout from the Benchmark building non-structural design is

shown in Figure 1-3.
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Figure 1-3 Automatic sprinkler piping systems for (a) floor two (the ground
story), and (b) floors three through five (from Haselton et al.
2008).

For the fire sprinklers, the utilized fragility is D4011.013a, “Fire Sprinkler
Water Piping - Horizontal Mains and Branches - New Style Vitaulic /
Threaded Steel, SDC D, E, or F ”” (Note that D4011.013b is used to
accompany D4011.013a, where D4011.013a is the piping fragility and
D4011.013b is the bracing fragility.). The total length of fire sprinkler piping
used for each level in the Benchmark study was divided by the number of
floors and then by 1000 feet (the length per unit use by the PACT fragility) to
arrive at the final input quantity of 2.2 fire sprinkler units in the first story
and 2.4 units in the upper stories. The ATC-58 Normative Quantities
Worksheet recommends that a quantity of 4.32 units be used for each story;
in this case, the larger normative quantities were used in the PACT model.

FEMA P-58/BD-3.7.15 PACT Beta Test Example Building B

1-9



Performance Groups: Elevators

The Benchmark building had two hydraulic elevators. Even so, based on the
ATC-58 Normative Quantities Worksheet, one traction elevator was used in
the PACT model (fragility D1014.010 was included at each story).

Performance Groups: Additional Performance Groups

In addition to choosing fragilities that were represented in the PEER
Benchmark study building, additional fragilities were also added to the
baseline project, as recommended by the ATC-58 Normative Quantities
Worksheet. This normative quantity database contains the tenth, fiftieth, and
ninetieth percentile quantities of the content typically found in buildings of
various size and type; the fiftieth percentile (median) quantities were used for
these examples. Table 1-4 summarizes the normative quantities and
corresponding PACT Performance group quantities that were used for the
additional fragilities.

It is noted that some of the normative quantities that were included in the
normative quantity list were not yet available in the PACT fragility manager,
so they were not included in this example. Additional user-defined fragilities
could have been created, but this was not done because it is not expected that
such additions would significantly affect the loss predictions.
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Table 1-4

General Descr.

Summary of Additional Fragilities

Location

Qnt.

PACT
Fragility
Code

Fragility Description, From PACT

Lighting EA Each Diaphragm | 648 C3034.002 | Suspended Pendulum Lighting - seismically rated
Elevator EA Each Diaphragm 1 D1014.010 | Traction elevator
Cold Water . Domestic Cold Water Piping (dia > 2.5 inches),
Pipe 1,000 LF | Each Diaphragm | 1.23 | D2021.013a | ¢ D,E,F, Piping Fragility
Cold Water . Domestic Cold Water Piping (dia > 2.5 inches),
Pipe 1,000 LF | Each Diaphragm | 1.23 | D2021.013b | ¢ D,E,F, Bracing Fragility
. . Sanitary Waste Piping - Cast Iron w/flexible
Waste Pipe 1,000 LF | Each Diaphragm | 1.23 | D2031.013b couplings, SDC D,E,F, Bracing Fragility
; ; HVAC Stainless Steel Ducting less than 6 sq. ft in
HVAC Ducting | 1,000 LF | Each Diaphragm | 1.62 D3041.021c | " cctional area, SDC D, E, or F
; ; HVAC Stainless Steel Ducting - 6 sq. ft cross
HVAC Ducting | 1,000 LF | Each Diaphragm | 0.43 D3041.022¢ | (. tional area or greater, SDC D, E, or F
HVAC Drops / Diffusers without ceilings -
HVAC Drops / EA Each Diaphragm | 19.44 | D3041.032c | supported by ducting only - No independent
Diffusers i
safety wires, SDC D, E, or F
VAV 10 Units | Each Diaphragm | 16 | D3041.041b | yaiable AirVolume (VAV) box with in-line coll
Domestic Steam Piping - Small Diameter
Steam Piping 1,000 LF | Each Diaphragm | 1.92 | D3043.013b | Threaded Steel - (2.5 inches in diameter or less),
SDC D, E, or F, Bracing Fragility
Hot Water Domestic Hot Water Piping - Small Diameter
Pinin 1,000 LF | Each Diaphragm | 1.92 | D3044.013a | Threaded Steel - (2.5 inches in diameter or less),
ping SDC D, E, or F, Piping Fragility
Hot Water Domestic Hot Water Piping - Large Diameter
Pinin 1,000 LF | Each Diaphragm | 0.76 | D3044.023a | Welded Steel - (greater than 2.5 inches in
ping diameter), SDC D, E, or F, Piping Fragility
Domestic Hot Water Piping - Large Diameter
Flioh}Nater 1,000 LF | Each Diaphragm | 0.76 | D3044.023b | Welded Steel - (greater than 2.5 inches in
ping diameter), SDC D, E, or F, Bracing Fragility
100 Fire Sprinkler Drop Standard Threaded Steel -
Fire Sprinkler Units Each Diaphragm | 1.94 | D4011.033a | Dropping into unbraced lay-in tile soft ceiling - 6
ft. long drop maximum, SDC D, E, or F
Concrete Tile Concrete tile roof, tiles secured and compliant
Roof 100 SF Roof 58.32 B3011.011 with UBC94
Chiller - Capacity: 350 to <750 Ton - Equipment
that is either hard anchored or is vibration
Chiller EA. Roof 1 D3031.013i | isolated with seismic snubbers/restraints -
Combined anchorage/isolator & equipment
fragility
Cooling Tower - Capacity: 350 to <750 Ton -
Equipment that is either hard anchored or is
Cooling Tower EA. Roof 1 D3031.023i | vibration isolated with seismic snubbers/restraints
- Combined anchorage/isolator & equipment
fragility
Packaged Air Handling Unit - Capacity: 10000 to
Air Handlin <25000 CFM - Equipment that is either hard
Unit 8 EA. Roof 4 D3052.013i | anchored or is vibration isolated with seismic

snubbers/restraints - Combined
anchorage/isolator & equipment fragility

FEMA P-58/BD-3.7.15
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Collapse Fragility: General

In PACT, there is an option under the ‘Collapse Fragility’ tab to include or
exclude potential collapse in the assessment. For all of the PACT projects
used in this example, potential collapse was included in the assessments.

Collapse Fragility: Estimating the Median and Dispersion of
Collapse Capacity

To estimate the median and variability in collapse capacity, the collapse
results for the eight intensity levels were utilized. The eight intensity levels
were selected according to the ATC-58 Methodology guidelines and then
eight sets of twenty ground motions were then selected and scaled for each of
the eight intensities (as described in the PACT Beta Test Overview Report,
BD-3.7.13). Due to the fact that the building was modeled only as a
simplified two-dimensional frame, the nonlinear dynamic analyses were
completed for each of the orthogonal components of each ground motion,

and the building was considered to have collapsed if either of the

components caused collapse of the two-dimensional model.

Using collapse data shown in Table 1-5 and Figure 1-4, the ground motion
intensity for median collapse was estimated to be 1.35g (in terms of spectral
acceleration at the fundamental period of 1.13s). The logarithmic standard
deviation of collapse capacity was set to be 0.5 (the dispersion used for the
PACT input), which includes both the record-to-record variability and some
nominal amount of additional uncertainty (based on the recommendations for
FEMA P695, 2009, for RC SMF buildings). It is noted that the structural
model used for this example assessment differs slightly from the structural
model used in previous studies for the same building (FEMA 2009);
therefore, the estimated 1.35g median collapse capacity is not directly
comparable to those previous studies.

Note that if detailed collapse capacity estimates were not available for a
specific building, as is the case when only linear analyses are utilized, users
may make a reasonable estimate of collapse capacity. For example, the
FEMA P695 study (FEMA 2009) has shown that modern buildings should
have a median collapse capacity that is approximately twice the Maximum
Considered Earthquake ground motion level.

Collapse Fragility: Residual Drift Capacity

The median and dispersion of the residual drift capacity was set at the default
values of 1% (0.01) and 0.30, respectively. For each of the ground motion
intensity levels, Table 1-5 and Figure 1-4 report the resulting probabilities
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that the building will be non-repairable due to excessive residual drifts,
collapse, or a combination of the two modes.

Table 1-5  Collapse and Residual Drift Ratios from PACT
Results for Each Intensity Level

Percent
- Percent Unrepairable Percent
Intensity g Collapsed | Residual Drift Unrepairable
1 0.158 0% 2% 2%
2 0.387 4% 1% 5%
3 0.615 13% 13% 26%
4 0.843 25% 52% 77%
5 1.071 37% 42% 79%
6 1.299 48% 39% 87%
7 1.528 57% 39% 96%
8 1.756 65% 35% 100%
100%
90%
80%
70% 9= Fraction Collapsed
[
% 60% A
e
S 50% f\
S a0% == Fraction
e / Unrepairabl
30% V. pairable
20% |/ ¥ Residual Drift
10% Fraction
0% __y;é- | Unrepairable
0 0.5 1 1.5 2
Intensity Sa(T1) (g)
Figure 1-4 Cumulative Collapse and Residual Drift Distribution from

Structural Analysis
Structural Analysis Results: Non-Linear Structural Analysis Results

For nonlinear analysis, 11 ground motions were selected for each of the eight
different intensities using the Conditional Mean Spectrum (CMS) approach,
as is recommended by the ATC-58 Methodology. An overall summary of
the structural response predictions from nonlinear time-history dynamic
analysis are presented in the Appendix Section 1.1.8 for each of the eight
ground motion intensity levels. This includes both median response values
and the logarithmic standard deviations of the responses.

FEMA P-58/BD-3.7.15 PACT Beta Test Example Building B
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Structural Analysis Results: Non-Directional Demand Vectors

PACT is set up to compute the non-directional demand vectors (e.g. peak
interstory drift in any direction, rather than in the orthogonal X or Y
directions) using the maximum of the directional demand vectors (e.g. peak
interstory drifts in the X and Y directions) multiplied by a user-input
multiplication factor. In this example, the non-directional demand vectors
were computed using an input factor of 1.2.

When non-directional demand vectors are compute in PACT, the dispersion
values are computed as an average of the dispersion values between the two
directional demand vectors (e.g. see Section 1.1.8 demand vector examples,
where “Direction Three” is for the non-directional demand vectors).

Hazard Curve

Development of the hazard curve for Building B is described in the PACT
Beta Test Overview Report, BD-3.7.13.

1.1.4 Loss Predictions for Baseline Building using Results of
Nonlinear Dynamic Analyses

Loss predictions for the baseline building were completed using the
nonlinear dynamic analysis method and the results for these baseline
analyses are documented in this section. These results are used as the basis
for comparison for the simplified analysis method in Section 1.1.5, the
extensive sensitivity analyses in Section 1.1.6, and the PEER Benchmark
study results in Section 1.1.7.

In completing the baseline analysis, the ATC-58 nonlinear dynamic analysis
method was exactly followed, with the following assumptions.

e The Modeling Dispersion (B,,) was taken as 0.35. This is based on
Equation 5-1 of ATC-58 Volume 1, using values of . = B, = 0.25.

e The complete set of fragilities was included, as described in the previous
Section 1.1.2.

o The baseline model results are based on the average value from 20 runs
(each with a different seed value), each utilizing 2000 realizations.

The baseline analysis results are presented in Table 1-6, Table 1-7, and
Figure 1-5. Table 1-6 shows the expected annual (EA) results, including
both the mean value (the mean of the 20 analyses run) and the coefficient of
variation in the results (i.e. the c.0.v. between the 20 analyses run). Table 1-
7 and Figure 1-5 show the expected results for each of the eight intensity
levels.
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Table 1-6

Predictions for the Baseline Building (Expected Annual Values)

EA Values Fatalities m Collapse | Red Tag

Mean $80,113 0.0841 0.01017 | 0.001105 | 0.004083
Ccov 1.7% 1.1% 7.5% 7.3% 3.8% 2.6%
Table 1-7  Predictions for the Baseline Building (Expected Values for Each

Intensity Level)

Expected Loss as

Expected Percentage of Probability | Probability of
Intensit Sa(T,) [g] Loss Building Cost of Collapse Red Taggin
y 8 8 p gsing
1 0.16 $849,378 4% 0% 3%
2 0.39 $2,433,778 11% 4% 15%
3 0.63 $7,524,134 35% 13% 53%
4 0.84 $17,042,405 79% 25% 93%
5 1.07 $17,417,353 81% 37% 96%
6 1.30 $18,917,433 88% 48% 99%
7 1.53 $20,355,292 94% 57% 100%
8 1.76 $20,997,973 97% 65% 100%
100% .w_
90%
II == Expected Loss as
0,
SOOA’ ’ / Percentage of
o 70% A Building Cost
oo 0,
& 60% K
€ 0 I == Probability of Red
S 50% X )
2 o I Tagging
o 40%
& [ § A
30% / X
20% /‘ #— Probability of
10% - X Collapse
o | K
0 0.5 1 1.5 2
Intensity Sa(T1)
Figure 1-5 Cumulative Collapse and Residual Drift Distribution from

Structural Analysis

To put the above intensity levels in perspective, intensity level five is slightly

larger than the 2% in 50 year ground motion intensity for this example site

(resulting in expected loss of 81% of the building value) and intensity level

FEMA P-58/BD-3.7.15
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three is slightly larger than the 10% in 50 year ground motion intensity
(resulting in expected loss of 35% of the building value).

In the above downtime results, the repair time is based on an assumption of
parallel tasks (for a mean estimate of 2.6 closure days per year); a serial task
assumption would result in an estimate of 4.8 closure days per year).

1.1.5 Loss Predictions for Baseline Building using the
Simplified Analysis Method

Loss predictions for the baseline building were also completed using the
simplified analysis method, in order to compare the loss predictions to those
from nonlinear analysis. The ATC-58 simplified analysis method was
followed, with the exception of the following modifications and assumptions:

e A linear force distribution was used for pushover instead of using the
force distribution Equation 5-8 of the ATC-58 Methodology. This
modification is expected to have little effect on the results.

e A fully linear model of the building was not available, so to estimate the
interstory drift demands, a slightly different approach was utilized. First,
the elastic deflected shape of the building was predicted using a pushover
to 1” roof displacement. The target roof displacement demands for each
intensity level were then computed using the ASCE 41-06 coefficient
method (ASCE-SEI 2006) and then the elastic drifts were estimated for
each intensity level using simple linear scaling.

e The median collapse intensity and collapse dispersion were taken to be
the same as those computed from nonlinear structural analysis. This kind
of collapse capacity data would not normally be available when
performing a linear analysis, but it was used in order to make an
unbiased evaluation of the demand parameters obtained from the
simplified analysis method.

Table 1-8 and Table 1-9 summarize the results from the simplified analysis
method side-by-side with the results obtained using the nonlinear dynamic
analysis results. Table 1-8 displays the annualized results which show that
the simplified method predictions are exceptionally similar to the predictions
for the full nonlinear dynamic analysis results (e.g. only a 3% difference for
expected annual loss). Table 1-9 extends this comparison by presenting
results for each of the eight individual intensity levels; this shows less
similarity in predictions between the nonlinear and simplified methods and
suggests that the close comparison of Table 1-8 may be partially due to
compensating errors between responses at various intensity levels.
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A more extensive set of tables and figures in provided in the Appendix
Section 1.1.8 (Table 1-43 through Table 1-46 and Figure 1-41 through Figure

1-44) to provide more additional detailed comparisons of the 10", 50", an
90" percentiles of the predictions. This set of tables and figures included

these comparisons for losses, repair times, injuries, and casualties.

d

Table 1-8

Expected Annual Losses — Comparison of the Non-Linear and Simplified
Linear Analysis Methods

Analysis
Method Cost Downtime | Fatalities Collapse Red Tag

Non-Linear | g0 14 0.08406 | 0.010165 | 0.001105 | 0.004083
(Baseline)
S'Eggfd $82,876 2.79 0.08203 | 0.009167 | 0.001092 | 0.003945
Relative
3% 8% -2% -10% -1% -3%
Change
Table 1-9  Expected Results for Each Intensity Level — Comparison of the

Non-Linear and Simplified Linear Analysis Methods

Red Tag
Expected Loss Repair Time Casualties Probability

Sa(T1) | Non - Linear Simplified Simp. Simp. Simp.
[g] (BL) Linear Linear Linear Linear
1 0.158 $849,379 $523,750 62.3 60.8 0.06 0.10 0.01 0.01 3% 0%
2 0.387 $2,433,779 $3,411,640 206 2541 2.85 2.57 0.35 0.29 15% 14%
3 0.615 $7,524,134 $8,167,361 347.4 377.7 10.08 | 10.51 1.21 1.17 53% 62%
4 0.843 $17,042,406 | $11,890,777 396.4 397.2 18.83 | 19.36 2.26 217 93% 92%
1.071 $17,417,354 | $17,164,110 399.0 399.8 27.32 | 28.34 3.28 3.15 96% 99%
6 1.299 $18,917,434 | $19,103,455 399.9 400.0 35.88 | 34.84 4.32 3.88 99% 100%
7 1.528 $20,355,292 | $20,116,983 400.0 400.0 42.7 42.32 5.27 4.71 100% | 100%
8 1.756 $20,997,974 | $20,500,879 400.0 400.0 48.15 | 48.09 5.82 5.36 100% | 100%
Table 1-10 documents the factors that were used in the computation of the
demand vectors for the simplified method. The Appendix Section 1.1.8
provides a complete comparison between the resulting simplified method
demand quantities and the demand quantities from the nonlinear analysis
method.
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Table 1-10  Simplified Method Factors

Intensity Level

Parameter

IDR max 4 | 1.18 | 1.17 | 115 | 113 | 111 | 1.09 | 1.08 | 1.06

IDR max 3 | 097 | 096 | 094 | 093 | 091 | 090 | 089 | 0.87

Ha IDR max 2 | 1.05 | 1.04 | 1.02 | 1.01 | 099 | 097 | 096 | 0.94
IDR max 1| 1.51 | 1.48 | 1.46 | 1.44 | 141 | 139 | 137 | 135
PFA5( | 1.34 | 118 | 1.04 | 092 | 081 | 072 | 063 | 0.56

PFA 4(g | 1.32 | 1.17 | 103 | 091 | 0.80 | 071 | 0.63 | 0.55

H,, PFA3( | 131 | 116 | 1.02 | 090 | 080 | 070 | 062 | 0.55
PFA 2(® | 1.30 | 115 | 1.01 | 089 | 079 | 070 | 0.61 | 0.54

PCA(g | 134 | 1.18 | 104 | 092 | 0.81 | 072 | 0.63 | 0.56

1.1.6 Results of Sensitivity Studies

A wide variety of sensitivity studies were conducted to test the effects of
various input parameters on the PACT predictions. This was done to test the
stability of the PACT predictions (i.e. to see how sensitive the results are to
various input values and decisions), to develop information for best-practices
for PACT input decisions (e.g. how many stripes to use, how many
realizations to use, etc.), and to more extensively debug the PACT software.

Studies of sensitivity were completed to look at the following input
parameters and decision points:

o Sensitivity to Number of Realizations

e Sensitivity to Correlation of Fragilities

e Sensitivity to the Inclusion of Anchorage Fragilities
e Sensitivity to Seismic Hazard Curve

e Sensitivity to Alternate Population Model

e Sensitivity to Alternate Collapse Mode

e Sensitivity to Collapse Capacity Median

e Sensitivity to Collapse Capacity Dispersion

e Sensitivity to Number of Stripes

e Sensitivity to Number of Demand Vectors

e Sensitivity to Modeling Dispersion (B,,) Value

e Sensitivity to the Median Residual Drift Capacity

e Sensitivity to Dispersion of the Residual Drift Capacity
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e Sensitivity to Using an Alternate Calculation Method of Computing
Residual Drifts

e Sensitivity to Which Fragilities are Included in the Assessment

e Sensitivity to Partition Fragility Quantity Determination

The results presented in this section are all based on the average of three
PACT runs (each run with a difference seed number), with 2000 realizations
per run, unless otherwise specified.

Sensitivity to the Number of Realizations

The analyses were run with between 100 and 10,000 realizations, to assess
how the number of realizations affects the PACT predictions. The optimal
number of realizations will depend heavily on the size of the building and
PACT model, so these results are only representative of the four-story
building used in this example.

Table 1-11 shows the effects on the run time, memory usage, and time to
load the PACT output results. Table 1-12 and Figure 1-6 then show the
coefficient of variation (C.0.V.) in the results, which explains the stability of
the predictions (i.e. this is the variability in the predictions using five runs
with different seed numbers). This shows that using a larger number of
realizations reduces the coefficient of variation (as expected), but that there
are diminishing returns for more than 3,500 realizations. This also shows
that the use of more than 7,500 realizations is not possible using a computer
with 8GB of RAM, because of the inability to load the results page from
PACT.

Note that the results of this section are based on using fully correlated
fragilities, and the findings would differ if the fragilities were uncorrelated.

Table 1-11  Number of Realizations Used, Run Time, RAM
Used, and Time to Load Results

Number of Loading Results
Realizations RAM Used (MB) Page (sec)
100 1 151 16
500 6 475 23
1,000 13 850 30
1,500 17 1,260 37

2,000 (BL) 23 1,700 47
2,500 32 2,000 57
3,500 41 2,700 75
5,000 60 4,000 100
7,500 95 5,800 151
10,000 1,860 7,000 --
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Table 1-12 C.O.V. of E.A. Values with Relation to the Number of Realizations

Used
A
Realizations Cost Downtime Fatalities Collapse Tag
100 8.3% 4.5% 40.1% 39.9% 18.1% 7.2%
500 7.9% 4.6% 11.6% 10.0% 12.9% 6.3%
1,000 3.0% 2.0% 11.0% 9.8% 5.5% 4.6%
1,500 3.1% 2.0% 11.5% 10.8% 9.4% 4.5%
2,000 (BL) 2.4% 1.4% 9.4% 9.4% 5.0% 3.9%
2,500 1.9% 1.1% 9.2% 8.8% 1.1% 1.3%
3,500 1.6% 0.8% 7.2% 6.9% 5.1% 1.7%
5,000 1.0% 0.5% 6.9% 7.0% 2.5% 1.2%
7,500 0.6% 0.4% 2.6% 2.2% 1.6% 0.8%
10,000 - - - - - -
100.0% -
10.0% _& == Cost
> N =fi—Downtime
N \'\\} e Fatalities
U \
4 M \K ==>¢=|njuries
1.0% - \
. \ == Collapse
I Red Tag
0.1%
0 2000 4000 6000 8000
# of Realizations
Figure 1-6 Variability in the Expected Annual Prediction (Coefficient of Variation

Values) as a Function of the Number of Realizations.

Sensitivity to the Correlation of Fragilities

Table 1-13 and Table 1-14 shows the effects of using uncorrelated fragility
functions rather than correlated functions (which were used for the baseline
model). Table 1-13 shows the expected annual predictions and Table 1-14
shows the more detailed percentile values for each of the eight intensity
levels. The uncorrelated model results are based on an average of five runs,
each with 500 realization; this number of realizations the upper limit for
running this PACT model using a computer system with §GB of RAM.
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The comparisons in Table 1-13 and Table 1-14 shows that the correlation

assumption have minimal impact on the predictions of losses, but have a

meaningful impact on the rate of red tagging (20% change) and a measurable

impact on the fatality and injury rates (11% change).

Table 1-13

Sensitivity to Fragility Correlations

Correlated (BL) $80,114 0.0841 0.0102 0.0011 0.0041
Uncorrelated $81,042 2.4 0.0931 0.0113 0.0012 0.0033
Relative Change 1% -6% 11% 11% 6% -20%

Table 1-14  Sensitivity to Fragility Correlations - Results by Intensity, including Mean, 10" Percentile, and 90"
Percentile
10t Percentile 90™ Percentile
Intensity Variable
Repair Cost $849,379 $828,524 $230,230 $251,378 $768,824 $745,836
] Repair Time (days) 62.3 61.4 10.6 10.5 46.4 36.8
# of Fatalities 0.1 0.2 0.0 0.0 0.0 0.0
# of Injuries 0.0 0.0 0.0 0.0 0.0 0.0
Repair Cost $2,433,779 $2,522,418 $801,065 $874,430 $2,576,375 $2,457,895
) Repair Time (days) 206.0 208.9 41.3 40.9 141.4 119.5
# of Fatalities 2.9 3.3 0.0 0.0 1.7 2.1
# of Injuries 0.4 0.4 0.0 0.0 0.4 0.4
Repair Cost $7,524,134 $7,642,654 $1,803,849 $1,873,738 | $20,962,151 | $20,962,138
3 Repair Time (days) 347.4 349.7 86.9 88.3 396.2 396.4
# of Fatalities 10.1 10.8 0.0 0.0 7.8 5.1
# of Injuries 1.2 1.3 0.0 0.0 0.9 0.9
Repair Cost $17,042,406 | $17,185,881 | $3,621,767 $3,601,111 | $20,987,076 | $20,987,229
4 Repair Time (days) 396.4 397.0 168.5 160.5 398.7 398.7
# of Fatalities 18.8 19.7 0.0 0.0 16.7 17.1
# of Injuries 2.3 2.4 0.0 0.0 5.2 3.1
Repair Cost $17,417,354 | $17,381,767 | $4,159,697 $4,196,889 | $20,987,406 | $20,987,282
5 Repair Time (days) 399.0 399.2 182.8 175.3 398.7 398.7
# of Fatalities 27.3 25.1 0.0 0.0 122.5 141.7
# of Injuries 3.3 3.0 0.0 0.0 14.7 16.0
Repair Cost $18,917,434 | $19,003,954 | $5,362,910 $5,353,333 | $20,988,586 | $20,988,541
6 Repair Time (days) 400.0 400.0 238.5 230.3 398.9 398.9
# of Fatalities 35.9 37.0 0.0 0.0 168.8 167.7
# of Injuries 4.3 4.5 0.0 0.0 19.3 18.5
Repair Cost $20,355,292 | $20,421,843 | $20,905,858 | $20,906,358 | $20,989,540 | $20,989,595
5 Repair Time (days) 400.0 400.0 390.6 390.7 399.0 399.0
# of Fatalities 42.7 43.6 0.0 0.0 201.5 194.1
# of Injuries 5.3 5.4 0.0 0.0 23.0 21.6
Repair Cost $20,997,974 | $21,000,000 | $20,909,985 | $20,909,964 | $20,989,998 | $20,989,996
8 Repair Time (days) 400.0 400.0 391.0 391.0 399.0 399.0
# of Fatalities 48.2 47.9 0.0 0.0 210.3 214.1
# of Injuries 5.8 5.8 0.0 0.0 23.7 23.9
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Sensitivity to the Inclusion of Anchorage Fragilities

Table 1-15 shows that there is minimal impact on the PACT predictions
when the anchorage fragilities are excluded from the assessment (i.e. the
Table 1-4 that are labeled as either anchorage or bracing fragilities are
excluded from the PACT model).

Table 1-15 SenS|t|V|ty to Bracmg Fragilities

Fragllltles Fatalities m Collapse Red Tag

All Fragilities (BL) $80,114 0.0841 0.0102 0.0011 0.0041
No Anchorage $78,516 2.55 0.0780 0.0097 0.0010 0.0041
Fragilities

Relative Change -2% -1% -7% -5% -6% 0%

Sensitivity to the Hazard Curve Used

Table 1-16 and Figure 1-7 compare the USGS and PEER Benchmark
(Haselton et al. 2008) hazard curves. This comparison shows that the PEER
Benchmark hazard curve includes a much higher frequency of small ground
motion levels. The USGS hazard curve was used for the baseline PACT
model and the PEER Benchmark hazard curve is used as a comparison point
to show the sensitivity to the probabilistic seismic hazard analysis. When the
PEER Benchmark curve is used in the assessment, the red extrapolated curve
from Figure 1-7 is utilized because the PEER Benchmark hazard analysis did
not extend to all ground motion levels of interest for this current study.

Table 1-17 summarizes the effect of using the PEER Benchmark hazard
curve instead of the USGS hazard curve. This shows a large change (factor
of two) in every PACT prediction, resulting from the more frequent lower-
level ground motion predicted in the PEER Benchmark seismic hazard
analysis. This comparison (a) shows that the hazard curve can have
substantial effect on the PACT predictions, and (b) shows that the difference
in hazard curve will be an important consideration when comparing the
results of this study to the results of the previous PEER Benchmark study
(this comparison is done later in Section 1.1.7).
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Table 1-16

USGS and Benchmark Hazard

Curves Mean Annual Frequencies
of Exceedance (MAFE)

Baseline Relative
Intensity (USGS) Benchmark Change

300%
1 0.025 0.065 160%
2 0.0047 0.0065 38%
3 0.0016 0.0014 -13%
4 0.00064 0.00038 -“41%
5 0.00032 0.00032 0%
6 0.00017 0.00017 0%
0.0001 0.0001 0%
8 0.00005 0.00005 0%
Max 0.000033 0.000033 0%

MAFE

-]—@—USGS
~ | —#—Benchmark
-—+- Benchmark Representation in PACT

o= =

e e e e

o= \\31\77771::\:::E rciy

— == EEF =4

Figure 1-7

Hazard Curves based on USCS and Benchmark calculations.

Sa(1.13s) [0]

Table 1-17

Sensitivity to Hazard Curve

Hazard
Curve Cost Fatalities Collapse Red Tag

USGS (BL) $80,114 0.0841 0.0102 0.00111 0.00408
Benchmark | $166,876 5.89 0.1647 0.0196 0.00204 0.00806
Relative

108% 128% 96% 93% 85% 97%
Change
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Sensitivity to Using an Alternate Population Model

Figure 1-8 shows two alternative population models, showing the occupancy
per day for the baseline office model versus the retail model (please note the
difference in population scale on the y-axis). Table 1-18 provides the
resulting PACT predictions using the two alternative models. As expected,
this shows that the occupancy model only affects the rate of fatality and
injury, which in these comparisons increase substantially, by approximately
75%.

(a) (b)

Population

0
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec
Month Month

Jan Feb Mar Apr

Figure 1-8 Building Population models occupancy per day, (a) Retail
Model (b) Office Model.

Table 1-18 Sensitivity to Population Model

Population
Model Cost Downtime Fatalities Collapse Red Tag

Office (BL) $80,114 2.58 0.0841 0.0102 0.00111 0.0041
Retail $79,333 2.57 0.1480 0.0181 0.00106 0.0041
Relative 1% 0% 76% 789% 4% 0%
Change

Sensitivity to Alternate Collapse Modes

Figure 1-8 shows two alternative collapse modes, with the associated
percentages of floor area subjected to collapse debris for each story of the
building. Table 1-18a provides the resulting PACT predictions using the two
alternative collapse modes. As expected, this shows that the assumed
collapse mode only affects the rate of fatalities and injuries, which in these
comparisons decrease substantially, by approximately 45-70%. Table 1-18b
extends this comparison by showing a case between the two extreme cases,
where there is a 50% chance of full collapse and a 50% change of soft story
collapse; this shows a 40-45% reduction in fatalities and injuries as compared
with the baseline case.
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Table 1-19  Collapse Modes and Percentages of Floor
Areas Subject to Collapse Debris

Full Collapse
Building Story (Baseline) Soft Story Collapse

4 1.0 0.1
3 1.0 0.1
2 1.0 0.1
1 1.0 0.9

Table 1-20 Sensitivity to Collapse Modes — Expected Annual Predictions and Relative
Changes from Baseline Model, (a) Baseline Full Collapse versus Soft Story
Collapse, (b) Baseline Full Collapse versus a 50% Probability of Each Full
and Soft Story Collapses

Collapse
Mode Cost Downtime | Fatalities Collapse Red Tag

(Fl;il) Collapse | a0 114 5 0.0841 0.0102 0.00111 0.00408
Soft Story $79,730 2.57 0.0260 0.0056 0.00108 | 0.00410
Relative

1% 1% -68% -45% 2% 1%
Change

Collapse
Mode(s) Cost Downtime | Fatalities Collapse Red Tag

(Fé‘il) Collapse | g0 114 : 0.0841 0.0102 0.00111 | 0.00408
Egﬁ/h) (50%- $79,703 2.57 0.0465 0.006 0.00111 | 0.00421
Relative 1% 0% -45% -41% 0% 3%
Change

Sensitivity to Collapse Capacity Median

Table 1-21 and Figure 1-9 show the effects of changing the median collapse
capacity of the building. The baseline collapse capacity distribution has a
median value of Sa(1.13s) = 1.35g and a logarithmic standard deviation of
0.5. This sensitivity study assesses the effects of modifying the median
collapse capacity by 0.5x, 0.75x, 1.5x, and 2x. The results show substantial
changes to all of the building performance predictions, with especially large
changes to the annual rates of collapse, fatalities, and injuries (as expected).
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Table 1-21  Sensitivity to the Median Collapse Capacity, Relative Changes from
Baseline

Median
Collapse
Capacity Cost Downtime | Fatalities Collapse Red Tag
0.68¢g 72% 36% 305% 277% 295% 59%
1.01g 20% 10% 86% 79% 89% 16%
1.35g (BL) 0% 0% 0% 0% 0% 0%
2.03g -13% -7% -67% -60% -68% -9%
2.70g -16% -8% -84% -74% -85% -42%
350%
300%
9 9—Cost
§° 200% \ 0s
8 150% \ =@—Downtime
]
v 100% K Fatalities
E >0% > =>¢=|njuries
0 h — === Collapse
-50% —
Red Tag
-100%
-150%
0 1 2 3
Collapse Capacity Median (g)
Figure 1-9 Sensitivity to the Median Collapse Capacity, Relative Changes

from Baseline

Sensitivity to Collapse Capacity Median Dispersion

Table 1-22 and Figure 1-10 show the effects of changing the dispersion in the
building collapse capacity. The baseline dispersion value is a logarithmic
standard deviation of 0.5. This sensitivity study assesses the effects of
modifying this value of dispersion from 0.0 to 0.9. The results show modest
changes to the annualized cost and the rates of downtime and red tagging.
However, the results show substantial changes to the annual rates of collapse,
fatalities, and injuries (as expected).
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Table 1-22 Sensitivity to the Dispersion in Collapse Capacity, Relative Changes from

Baseline

Dispersion in
Collapse Capacity Cost Downtime | Fatalities Injuries Collapse Red Tag

0.01 -15% -7% -53% -48% -54% -11%
0.1 -15% -7% -52% -48% -55% -10%
0.2 -12% -6% -46% -41% -49% -9%
0.3 -10% -5% -40% -38% -37% -9%
0.4 -6% -3% -23% -23% -23% -8%
0.5 (BL) 0% 0% 0% 0% 0% 0%
0.6 5% 3% 26% 23% 20% 4%
0.7 14% 7% 66% 60% 50% 9%
0.8 22% 11% 101% 94% 83% 17%
0.9 33% 23% 147% 135% 113% 25%
200%
150%
)K =4 Cost
100%
o == Downtime
oo
8 50% —#—Fatalities
L
E A‘/f)fﬁ =>6=Injuries
S 0
5 0% B === Collapse
o 6 o8 L
Red Tag
-50%
-100%
Dispersion Used
Figure 1-10 Sensitivity to the Dispersion in Collapse Capacity, Relative

Changes from Baseline

Sensitivity to Number of Stripes

Table 1-23 shows the effects of changing the number of stripes used in the
performance assessment. The baseline model utilized eight stripes and the
sensitivity study included looking at various options for the use of six, four,
or three stripes. Additionally, several different options were considered for

the four- and three-stripe cases; in most cases individual stripes were selected
from the baseline set of eight stripes, but in one case, the average of

subsequent stripes was used for the assessment.
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The Table 1-23 results can be summarized as follows (as compared with the
baseline case of eight stripes):

e The use of six stripes results in similar predictions for all response
metrics.

e  When using four stripes, selecting stripes 1, 2, 3, and 4 results in similar
predictions for all response metrics.

e  When using four stripes, the approach of taking four averaged stripes
results in a similar prediction of the annual cost, but larger predictions
for most of the other response metrics.

e  When using either three or four stripes, the predictions are highly
sensitive to the placement of the first stripe. When the stripe #1 is used
as the lowest stripe, the predictions are much larger for all response
metrics. When the stripe #2 is used as the lowest stripe, the predictions
are much smaller for all response metrics. This comes from the fact that
stripe #1 has a much higher annual rate of occurrence as compared with
stripe #2 (from the results of the ground motion hazard analysis). This
suggests that it is highly important to place the stripes to carefully
represent these frequent levels of ground motion in the building
performance assessment.

Table 1-23 Sensitivity to the Number of Stripes

Number of Stripes Fatalities m Collapse Red Tag

$80,114 0.0841 0.0102 0.00111 0.00408
6(1,2,3,4,5,6) $78,362 2.6 0.0852 0.0102 0.00107 0.00392
4(1,2,3,4) $76,795 2.5 0.0759 0.0092 0.00087 0.00349
4 (Averaged)
142,34+4,546,7+8 $80,073 2.6 0.1433 0.0172 0.00174 0.00572
4(2,4,5,7) $55,914 1.3 0.0663 0.0081 0.00077 0.00271
4(1,3,6,8) $131,544 3.6 0.1612 0.0194 0.00207 0.00773
3(2,5,8) $56,859 1.4 0.0920 0.0111 0.00105 0.00269
3(1,4,7) $242,973 5.3 0.2702 0.0331 0.00334 0.01227

Sensitivity to Number of Demand Vectors

The eleven ground motions selected for each intensity level were ranked
according to how well they fit the target spectrum over the period range of
interest. To study the sensitivity to the number of demand vectors, the
number was reduced from eleven systematically down to five and up to 20
(each time retaining the motions that best fit the target spectrum). Table 1-24
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summarizes the results of changing the number of demand vectors. The
results show that the accuracy of the predictions was not significantly
affected when the number of demand vectors was reduced, even down to five
demand vectors. The stability in the predictions likely comes from selecting
the ground motions to provide a close fit to the target spectrum.

Table 1-25 also shows the coefficients of variation for the various
predictions; these are rough approximate values based on the variability in
the predictions between five analysis runs, each with 2000 realizations.
These results show that the number of demand vectors also does not have a
substantial effect on the stability of the performance predictions, even down
to five demand vectors. This prediction stability is also likely a result of
selecting the ground motions that provided a close fit to the target spectrum.

One important caveat is that the above sensitivity study was computed using
a constant assumed collapse fragility. However, the intensity level for
median collapse and the collapse dispersion could not have been accurately
determined from only a few ground motions at each intensity level.
Therefore, it may be justifiable to use only a few of the best-fitting ground
motions to generate demand vectors for PACT, but more may be needed to

accurately estimate the collapse fragility.

Table 1-24  Sensitivity to the Number of Demand Vectors - Relative Change in the

Median Predictions as Compared with the Baseline Case

Number of
Demand Vectors Cost Downtime | Fatalities Collapse Red Tag
3%

4% -4% -5% -4% -1%
7 -1% 0% 5% 5% -2% 7%
9 -4% -1% 5% 6% -2% -3%
11 0% 0% 0% 0% 0% 0%
20 -7% -5% 5% 7% -2% 1%

Table 1-25 Sensitivity to the Number of Demand Vectors — Coefficients of Variation in

Predictions

Number of
Demand Vectors Cost Downtime | Fatalities Collapse Red Tag
1% 0% 5% 1%

10% 10%
7 3% 2% 9% 7% 6% 2%
9 2% 5% 8% 8% 8% 3%
11 2% 1% 9% 9% 5% 4%
20 2% 1% 9% 9% 5% 3%

FEMA P-58/BD-3.7.15 PACT Beta Test Example Building B

1-29



Sensitivity to Modeling Dispersion (B,,,) Value

Table 1-26, Table 1-27, and Figure 1-11 shows the sensitivity to the value of

modeling dispersion used in the performance assessment.

These results

show that there are minimal impacts on most of the response metrics, but that

there are important impacts on the annual rate of injuries and red tagging.

Table 1-28 extends this comparison to show more detail regarding the effect
that the modeling dispersion has on the resulting predictions for each of the
eight levels of ground motion intensity. This table provides the results for
the mean prediction, the 10™ percentile, and the 90™ percentile.

Table 1-26  Sensitivity to the Modeling Dispersion (8,,) — Expected Annual Values

$74,300 0.0817 0.0092 0.00109 0.00272

0.14 $75,067 2.4 0.0779 0.0088 0.00105 0.00280

0.27 $78,050 2.5 0.0778 0.0091 0.00108 0.00348

0.35 (BL) $80,113 2.6 0.0841 0.0102 0.00111 0.00408

0.47 $86,079 2.8 0.0870 0.0115 0.00114 0.00541

0.5 $86,916 2.8 0.0917 0.0129 0.00111 0.00579
Table 1-27 Sensitivity to the Modeling Dispersion (B,,) — Relative Changes from

Baseline

-7% -8% -3% -9% -1% -33%

0.14 -6% 7% 7% -13% -5% -31%
0.27 -3% -3% -7% -10% -2% -15%
0.35 (BL) 0% 0% 0% 0% 0% 0%
0.47 7% 7% 3% 13% 4% 32%
0.5 8% 9% 9% 27% 1% 42%

1-30

PACT Beta Test Example Building B

FEMA P-58/BD-3.7.15




50%

40%
30% }(
20%

()
1) / )(
(=
2 10% / —4—Cost
(] ° 7
g == Downtime
2 0%
° 04 ——Fatalities
x -10%
=== |njuries
-20%
° /' == Collapse
_20N9°
30% ?——. =@®-Red Tag
-40%
Modeling Dispersion (Bm)
Figure 1-11 Sensitivity to the Modeling Dispersion (Bm), Relative Changes

from Baseline
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Table 1-28 Sensitivity to the Modeling Dispersion (Bm) — Predictions for Each of the Eight Levels of
Intensity, Showing the (a) Mean, (b) 10" Percentile, and (c) 90" Percentile of the

Predictions.
(@)
Mean
Variable Bm = 0.14 Bm = 0.24 (Baseline) Bm = 0.47
Repair Cost $752,937 $804,628 $856,730 $849,379 $890,086 $856,730
1 Repair Time (d) 53.6 55.2 59.4 62.3 69.3 59.4
# of Fatalities 0.1 0.1 0.1 0.1 0.0 0.1
# of Injuries 0.0 0.0 0.0 0.0 0.0 0.0
Repair Cost $2,092,791 $2,091,740 $2,252,499 $2,433,779 $2,805,530 $2,252,499
5 Repair Time (d) 184.4 187.6 196.2 206.0 2211 196.2
# of Fatalities 2.5 2.2 2.3 2.9 3.2 2.3
# of Injuries 0.3 0.3 0.3 0.4 0.4 0.3
Repair Cost $7,358,816 $7,347,344 $7,398,565 $7,524,134 $7,976,723 $7,398,565
3 Repair Time (d) 345.0 345.9 346.4 347.4 352.4 346.4
# of Fatalities 9.1 10.7 9.5 10.1 9.9 9.5
# of Injuries 1.0 1.2 1.1 1.2 1.3 1.1
Repair Cost $17,461,478 | $17,297,358 | $17,150,487 | $17,042,406 | $16,946,755 | $17,150,487
4 Repair Time (d) 398.0 397.6 397.2 396.4 396.1 397.2
# of Fatalities 19.1 17.8 18.5 18.8 18.6 18.5
# of Injuries 2.2 2.0 2.2 2.3 2.4 2.2
Repair Cost $17,659,604 | $17,517,511 | $17,645,497 | $17,417,354 | $17,332,218 | $17,645,497
s Repair Time (d) 399.8 399.5 399.5 399.0 398.6 399.5
# of Fatalities 28.6 29.5 29.6 27.3 28.5 29.6
# of Injuries 3.3 3.4 3.4 3.3 3.5 3.4
Repair Cost $18,970,180 | $19,162,081 | $19,107,922 | $18,917,434 | $18,745,312 | $19,107,922
Repair Time (d) 400.0 400.0 400.0 400.0 399.9 400.0
0 # of Fatalities 34.7 36.1 37.4 35.9 36.7 37.4
# of Injuries 4.0 4.2 4.4 4.3 4.6 4.4
Repair Cost $20,540,576 | $20,481,652 | $20,476,811 | $20,355,292 | $20,327,022 | $20,476,811
. Repair Time (d) 400.0 400.0 400.0 400.0 400.0 400.0
# of Fatalities 41.5 41.6 42.0 42.7 43.5 42.0
# of Injuries 4.9 5.0 5.1 5.3 5.5 5.1
Repair Cost $21,000,000 | $21,000,000 | $21,000,000 | $20,997,974 | $20,976,632 | $21,000,000
Repair Time (d) 400.0 400.0 400.0 400.0 400.0 400.0
8 # of Fatalities 47.5 47.9 47.7 48.2 471 47.7
# of Injuries 5.7 5.7 5.7 5.8 5.8 5.7
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(b)

mm

10* Percentile

PPy

Bm = 0.24 (Baseline)

Repair Cost $246,117 $241,396 $232,954 $230,230 $217,211 $218,393
Repair Time (d) 10.9 10.7 10.7 10.6 10.5 10.1

! # of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
Repair Cost $860,649 $844,721 $817,983 $801,065 $766,594 $772,232
Repair Time (d) 45.4 43.9 42.5 41.3 40.9 41.2

g # of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
Repair Cost $1,898,172 | $1,884,727 | $1,835,270 | $1,803,849 | $1,751,831 | $1,772,425
Repair Time (d) 92.4 92.5 90.0 86.9 89.2 86.8

’ # of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
Repair Cost $3,575,549 $3,631,455 $3,589,776 $3,621,767 $3,686,883 $3,607,320
Repair Time (d) 169.1 166.9 166.9 168.5 167.2 165.6

! # of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
Repair Cost $4,148,770 | $4,179,001 | $4,166,215 | $4,159,697 | $4,147,348 | $4,149,583
Repair Time (d) 185.4 184.9 185.2 182.8 181.0 185.1

° # of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
Repair Cost $5,362,037 $5,302,137 $5,325,584 $5,362,910 $5,196,892 $5,252,279
Repair Time (d) 239.0 250.9 240.4 238.5 231.2 236.2

0 # of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
Repair Cost $20,906,815 | $20,906,670 | $20,906,526 | $20,905,858 | $20,905,759 | $20,905,495

. Repair Time (d) 390.7 390.7 390.7 390.6 390.6 390.6
# of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
Repair Cost $20,910,000 | $20,910,000 | $20,910,000 | $20,909,985 | $20,909,940 | $20,909,820
Repair Time (d) 391.0 391.0 391.0 391.0 391.0 391.0

8 # of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
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90™ Percentile

Bm = 0.35
Variable (Baseline)
Repair Cost $593,594 $634,513 $697,494 $768,824 $953,883 $997,669
Repair Time (d) 36.8 37.9 41.3 46.4 56.3 59.2
! # of Fatalities 0 0 0 0 0 0
# of Injuries 0 0 0 0 0 0
Repair Cost $2,047,252 | $2,130,811 $2,404,729 | $2,576,375 | $3,048,148 | $3,128,746
Repair Time (d) 115.6 120.3 129.0 141.4 158.7 166.4
g # of Fatalities 0.4 4.6 4.1 1.7 1.8 1.5
# of Injuries 0.2 0.5 0.5 0.4 0.6 0.6
Repair Cost $20,960,442 | $20,962,937 | $20,961,919 | $20,962,151 | $20,963,824 | $20,964,140
Repair Time (d) 395.9 396.1 396.1 396.2 396.3 396.3
’ # of Fatalities 7.8 8.0 7.9 7.8 5.4 7.8
# of Injuries 0.8 0.8 0.9 0.9 0.9 1.0
Repair Cost $20,987,179 | $20,987,317 | $20,986,949 | $20,987,076 | $20,987,082 | $20,986,924
4 Repair Time (d) 398.7 398.7 398.7 398.7 398.7 398.7
# of Fatalities 17.2 18.7 18.6 16.7 16.6 40.3
# of Injuries 2.3 2.9 4.3 5.2 7.3 9.3
Repair Cost $20,987,528 | $20,987,414 | $20,987,336 | $20,987,406 | $20,987,185 | $20,987,266
s Repair Time (d) 398.7 398.7 398.7 398.7 398.7 398.7
# of Fatalities 115.9 133.3 116.3 122.5 127.6 124.3
# of Injuries 13.2 15.2 14.0 14.7 15.2 16.0
Repair Cost $20,988,640 | $20,988,620 | $20,988,590 | $20,988,586 | $20,988,441 | $20,988,365
6 Repair Time (d) 398.9 398.9 398.9 398.9 398.8 398.8
# of Fatalities 163.9 172.4 177.9 168.8 160.4 176.0
# of Injuries 18.5 19.3 19.9 19.3 18.6 20.2
Repair Cost $20,989,646 | $20,989,630 | $20,989,614 | $20,989,540 | $20,989,529 | $20,989,499
. Repair Time (d) 399.0 399.0 399.0 399.0 399.0 399.0
# of Fatalities 198.2 193.1 197.4 201.5 183.4 188.2
# of Injuries 221 21.7 22.2 23.0 21.4 21.5
Repair Cost $20,990,000 | $20,990,000 | $20,990,000 | $20,989,998 | $20,989,993 | $20,989,980
8 Repair Time (d) 399.0 399.0 399.0 399.0 399.0 399.0
# of Fatalities 224.4 218.7 210.6 210.3 212.5 2029
# of Injuries 25.1 24.4 23.6 23.7 24.0 23.0
Sensitivity to the Median Residual Drift Capacity
Table 1-29 and Figure 1-12 shows the effects of changing the median
residual drift capacity from the baseline value of 0.01 (1% residual interstory
drift). This shows that changes to the median residual drift capacity can have
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large effects on the predictions, especially when the residual drift capacity is

assumed to be a small value (e.g. 0.005).

Table 1-29 Sensitivity to the Median Residual Drift
Capacity, Relative Changes from Baseline

0.005 49% 25% 38%
0.01 (BL) 0% 0% 0%
0.02 -15% -7% -6%
0.05 -24% -11% -11%
Infinite -27% -13% -10%
60%
50% —~‘
40%
g,, 30% \
g 20% ‘\ =¢=Cost
_g 10% \ =i=—Downtime
i 0% \Y\‘ Red Tag
0% © %.aa; 0.04 - 0.06
N~ -
-20% ‘\‘
0% Residal Drift Median

Figure 1-12 Sensitivity to the Median Residual Drift Capacity, Relative
Changes from Baseline

Sensitivity to the Dispersion in the Residual Drift Capacity

Table 1-30 and Figure 1-13 shows the effects of changing the residual drift
capacity dispersion from the baseline value of 0.30. This shows a much
smaller effect as compared with changes to the median capacity values, but
does show that large increases in the dispersion value (e.g. values above 0.7)
do result in meaningful changes to the performance predictions.
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Table 1-30 Sensitivity to the Dispersion in the Residual
Drift Capacity, Relative Changes from

Baseline
0.0 1% -1% -1%
0.1 -3% -2% -3%
0.2 -2% -1% -1%
0.3 (BL) 0% 0% 0%
0.4 2% 1% 1%
0.5 8% 4% 7%
0.6 8% 4% 8%
0.7 15% 7% 12%
0.8 22% 11% 19%
0.9 26% 13% 22%
30%
25% ) 2

=== Cost

20%
== Downtime
15%

//
NE— =/

O% BN A ™

(?\ / ‘ 05 1

Dispersion Used

Relative Change

-5%

Figure 1-13 Sensitivity to the Dispersion in Residual Drift Capacity, Relative
Changes from Baseline

Sensitivity to Using an Alternate Calculation Method for Residual
Drift

To further assess the sensitivities to the effects of residual drifts, Table 1-31
compares the results when the residual drifts are predicted from the
simplified approach in Section 5.4 of ATC-58 Volume I (baseline) versus
predicting the residual drifts directly from the dynamic analyses of the
nonlinear structural model. It is noted that in the latter case of using the
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nonlinear structural model directly, the structural model utilized in this

example is known to have an unloading stiffness that is too stiff, which is

known to result in an overprediction of the residual drifts

Table 1-31 shows that this difference in residual drift prediction method

leads to meaningful increases in the annualize cost and probability of red

tagging and slight increases in the other performance metrics.

Table 1-31 Sensitivity to Using an Alternative Calculation Method for Residual Drift,

Relative Changes from Baseline

Calculation Method Fatalities m Collapse Red Tag

ATC-58 Equation

B $80,114 0.0841 0.0102 | 0.0011052 | 0.004083
Maximum Residual | ¢, ) 594 2.9 0.0916 0.011 | 0.0011381 | 0.005127
from Model

Relative Change 28% 13% 9% 8% 3% 26%

Sensitivity to Which Fragilities are Included in the Loss Assessment

Table 1-32 disaggregates the overall Expected Annual Loss (EAL) and Red

Tag Probability (RTP) values to show what specific aspects of the

performance assessment contribute to the final overall predicted values (e.g.
the overall $80,114 prediction for EAL). These tables were created by
systematically adding or removing items in the PACT model.

Table 1-32a shows that over half ($49,000) of the total $80,000 EAL comes
from either collapse or residual drift and just under half ($37,000) comes

from other damage to the damageable components (performance groups) in
the building. Of collapse and residual drift contribution to EAL, about 2/5
comes from the effects of collapse and 3/5 comes from the effects of residual

drift. Of the other performance groups in the building, most of the EAL

comes from the damageability to the partition walls.
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Table 1-32 Summary of Specific Contributions to Losses and Red Tagging
Probabilities: (a) Collapse and Residual Drift, (b) Other Specific
Fragilities

(a)
Expected EAL [% of Annual
Performance Annual Loss Building Probability of
(EAL) Cost] Red Tag (RTP)

Collapse $22,962 0.11% 0.001081
Residual Drift $31,972 0.15% 0.001334
> = $54,934 0.26% 0.002415
Collapse &
Residual Drift $48,886 0.23% 0.002127
Together
lefergnce (Double 12% 3 14%
Counting)
(b)

Expected EAL [% of

Performance Annual Loss Building Contribution ili Contribution
Group (EAL) Cost] to EAL to RTP

Partitions $24,701 0.12% 66%

Beam/Column $2,470 0.01% 7% 0.00118 30%
joints only

Slab/Gravity $2,857 0.01% 8% 0.00113 29%
Columns only

Glazing Only $5,167 0.02% 14% 0.0 0%
All Others $1,998 0.01% 5% 0.00165 42%
Combined

> All Components: $37,194 0.18% 100% 0.00340 100%

Sensitivity to Partition Fragility Quantity Determination

The costing of the partition fragility used in the PACT projects (C1011.001a)
was based on 13’ x 100’ panels. The Benchmark project to which the PACT
projects will later be compared had partition costs based on 8’ x 8 panels.
Since there was a significant difference in height between the two partition
unit quantities, a decision had to be made of whether to match the total
horizontal length of partitions or the total area of partitions. This is a
seemingly simple decision, but Table 1-33 shows that this has measurable
effects on the resulting predictions of annual cost and downtime (a 17% and
27% change). When the partition quantities are based on equal length, the
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result is an equivalent number of 100’ x 13’ partitions of 10.72 units for the
first story and 14.48 units for the stories above; this is comparable 6.6 and
8.9 units, respectively, for the baseline model what was based on equal
partition areas.

Table 1-33 Significance of Basing Partition Quantities on Area versus Length

Partition Red
Quantity Basis Cost Downtime Fatalities Collapse Tag

Area (BL) $80,114 2.58 0.0841 0.0102 0.0011 0.0041
Horizontal Length $93,468 3.28 0.0855 0.0102 0.0011 0.0041
Relative Change 17% 27% 2% 0% -2% 0%

1.1.7 Brief Comparison of ATC-58 Loss Predictions to
Predictions from the Previous PEER Benchmarking
Research Study

In order to provide a rough sanity check of the Expected Annual Loss (EAL)
predictions from PACT, this section compares the PACT predictions to the
EAL predictions from a similar building assessed in the recent PEER
Benchmark study (Goulet et al. 2007, Haselton et al. 2008). Note that the
building models differ slightly between this PACT example and the previous
Benchmark study, so the predictions are expected to be similar but not
exactly the same (e.g. the T, of the model for this PACT study is 1.13s and
was 1.02s in the model used in the Benchmark study). For this comparison
to the Benchmark study, a PACT project was created that only included the
performance groups that were used in the Benchmark study. The total
replacement cost of the building was also made equal to the total replacement
cost that was used for the Benchmark study, $8,900,000. The core and shell
replacement cost was made equal to roughly 50% of the total replacement
cost, $4,500,000. For the final comparisons, all of the parameters were made
to be as similar as possible to the Benchmark study. Additionally this section
reiterates the effects of some aspects of the assessment, such as variations to
the partition quantities and the seismic hazard curve, in order to more clearly
show the reasons for the differences between the Benchmark results and the
baseline PACT results shown elsewhere in this Section 1.1 RC SMF
example.

Table 1-34 displays the process of comparing the PACT baseline model
results to the results of the original Benchmark Study (Goulet et al. 2007,
Haselton et al. 2008). The comparison between the PACT EAL predictions
and the Benchmark predictions are detailed as follows:
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e The overall comparison of the final PACT EAL prediction ($80,114
from row six) to the Benchmark prediction ($66,460 from row one)
shows that the two predictions are relatively similar, but these two values
are not actually directly comparable because the items included in each
assessment are not the same.

e The second row in Table 1-34 shows the PACT prediction that is
intentionally made to be comparable to the Benchmark prediction. For
this comparison, the PACT model contains only the fragilities used in the
Benchmark model, contains no fragility for residual drift, uses the
Benchmark hazard curve, and has the replacement cost set to be $8.9
million (as in the Benchmark study). This direct comparison shows that
the PACT prediction is larger than the Benchmark study prediction by
33%; these two predictions are actually reasonably similar for loss
predictions using two different methodologies.

e Rows three through five of Table 1-34 then show the effects of the
differences between the full PACT model (row six) and the reduced
PACT model used for the Benchmark comparison (row two). These
comparisons show that using the USGS hazard curve instead of the
Benchmark curve reduces the EAL by more than a factor of two,
increasing the building replacement cost increases the EAL by 35%, and
the effects of residual drift increases the EAL by 44%.

Table 1-34 Comparisons between PACT Predictions and Benchmark Study Prediction

Basis of Additional | Residual Replace. Expected
Fragility Fragilities Drift Hazard Cost Used Annual
Analysis Quantities Added Included Curve Used ($Million) Loss (EAL)
1 Benchmark Benchmark No No Benchmark 8.9 $66,460
2 PACT Benchmark No No Benchmark 8.9 $88,703 4.7 0.0063 | 0.1583
3 PACT Benchmark No No UsGS 8.9 $39,585 2.1 0.0035 | 0.0821
4 PACT Benchmark No No USGS 21.6 $53,414 2.1 0.0034 | 0.0824
5 PACT Benchmark No Yes UsGs 21.0 $76,993 2.4 0.0038 | 0.0842
6 PACT (BL) | Combination Yes Yes USGS 21.0 $80,113 2.6 0.0041 | 0.0841
1.1.8 Appendix: More Detailed Comparisons Between Non-
Linear and Simplified Analysis Method Results
This section provides more detailed comparisons between the predictions
using the nonlinear analysis and the simplified linear analysis methods.
Table 1-35 through Table 1-42 document the structural response predictions
(both median and dispersion) between the two analysis methods and Figure
1-14 through Figure 1-40 show these same structural response predictions in
graphical format. One notable observation from the figures is that the
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direction three responses (the non-directional responses used in PACT) show
no dispersion; this was an error in the previous PACT implementation and
this has been corrected for the updated versions of PACT.

Table 1-43 through Table 1-46 and Figure 1-41 through Figure 1-44 more
fully document the resulting PACT predictions for both the nonlinear
analysis and simplified linear analysis methods. These tables and figures
extend the comparisons of Section 1.1.5 to include the results for each of the
eight intensity levels and for the 10™ and 90" percentiles of the predicted

performance metrics.

Table 1-35 Demand Vectors, Intensity 1, Conditioned on No Collap

Intensity 1: Sa(T,)=0.16g

Logarithmic
Standard Dispersion

Parameter Median Deviation Median ‘ Used
IDR_max_4 0.002 0.14 0.003 0.43
IDR_max_3 0.004 0.18 0.004 0.43
IDR_max_2 0.005 0.21 0.004 0.43
IDR_max_1 0.005 0.19 0.005 0.43
PFA_5 (g) 0.233 0.11 0.123 0.43
PFA_4 (g) 0.188 0.17 0.120 0.43
PFA_3 () 0.181 0.15 0.121 0.43
PFA_2 (g) 0.155 0.21 0.122 0.43
PGA (g 0.092 0.24 0.092 0.43

Table 1-36 Demand Vectors, Intensity 2, Conditioned on No Collap

Intensity 2: Sa(T,)=0.39g

Logarithmic
Standard Dispersion

Parameter Median Deviation Median Used
IDR_max_4 0.004 0.15 0.008 0.43
IDR_max_3 0.008 0.27 0.010 0.43
IDR_max_2 0.011 0.25 0.011 0.43
IDR_max_1 0.011 0.28 0.013 0.43
PFA_5 (g) 0.337 0.13 0.251 0.43
PFA_4 (g) 0.294 0.12 0.244 0.43
PFA_3 (g) 0.292 0.14 0.247 0.43
PFA_2 () 0.298 0.20 0.249 0.43
PGA (g) 0.213 0.19 0.213 0.43
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Table 1-37 Demand Vectors, Intensity 3, Conditioned on No Collap

Intensity 3: Sa(T,)=0.62g

Logarithmic
Standard Dispersion
Parameter Median Deviation Median Used

IDR_max_4 0.006 0.34 0.013 0.53
IDR_max_3 0.014 0.24 0.015 0.53
IDR_max_2 0.018 0.26 0.017 0.53
IDR_max_1 0.016 0.33 0.020 0.53
PFA_5 (g) 0.430 0.11 0.358 0.53
PFA_4 (g) 0.356 0.14 0.347 0.53
PFA_3 (g) 0.383 0.12 0.350 0.53
PFA_2 (g) 0.425 0.12 0.354 0.53
PGA (g) 0.343 0.20 0.343 0.53
Table 1-38 Demand Vectors, Intensity 4, Conditioned on No Collap

Intensity 4: Sa(T,)=0.84g

Logarithmic
Standard Dispersion

Parameter Deviation Used
IDR_max_4 0.008 0.43 0.017 0.67
IDR_max_3 0.020 0.30 0.021 0.67
IDR_max_2 0.027 0.37 0.022 0.67
IDR_max_1 0.027 0.43 0.027 0.67
PFA_5 (g) 0.482 0.13 0.434 0.67
PFA_4 () 0.411 0.14 0.422 0.67
PFA_3 (g) 0.465 0.14 0.426 0.67
PFA_2 () 0.525 0.18 0.430 0.67
PGA (g 0.472 0.18 0.472 0.67
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Table 1-39 Demand Vectors, Intensity 5, Conditioned on No Collap
Intensity 5: Sa(T,)=1.07g

Logarithmic
Standard Dispersion

Parameter Median Deviation Median Used
IDR_max_4 0.010 0.49 0.022 0.67
IDR_max_3 0.023 0.34 0.026 0.67
IDR_max_2 0.032 0.32 0.028 0.67
IDR_max_1 0.031 0.34 0.034 0.67
PFA_5 (g) 0.506 0.14 0.429 0.67
PFA_4 (g) 0.432 0.16 0.417 0.67
PFA_3 (g) 0.470 0.18 0.421 0.67
PFA_2 (g) 0.589 0.23 0.425 0.67
PGA (g) 0.528 0.26 0.528 0.67

Table 1-40 Demand Vectors, Intensity 6, Conditioned on No Collapse

Intensity 6: Sa(T,)=1.30g

Logarithmic
Standard Dispersion

Parameter Median Deviation Median Used
IDR_max_4 0.011 0.68 0.026 0.67
IDR_max_3 0.024 0.37 0.031 0.67
IDR_max_2 0.039 0.35 0.033 0.67
IDR_max_1 0.038 0.40 0.040 0.67
PFA_5 (g) 0.552 0.18 0.476 0.67
PFA_4 (g) 0.471 0.17 0.462 0.67
PFA_3 (g) 0.532 0.17 0.467 0.67
PFA_2 (g) 0.698 0.22 0.471 0.67
PGA (g 0.664 0.23 0.664 0.67
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Table 1-41 Demand Vectors, Intensity 7, Conditioned on No Collap

Intensity 7: Sa(T,)=1.53g

Logarithmic
Standard Dispersion

Parameter Median Deviation Median Used
IDR_max_4 0.018 0.77 0.030 0.67
IDR_max_3 0.029 0.46 0.036 0.67
IDR_max_2 0.043 0.35 0.039 0.67
IDR_max_1 0.040 0.42 0.046 0.67
PFA_5 () 0.654 0.22 0.525 0.67
PFA_4 (g) 0.591 0.19 0.509 0.67
PFA_3 () 0.597 0.15 0.514 0.67
PFA_2 (g) 0.848 0.25 0.519 0.67
PGA (g) 0.829 0.24 0.829 0.67

Table 1-42 Demand Vectors, Intensity 8, Conditioned on No Collap
Intensity 8: Sa(T,)=1.76g

Logarithmic
Standard Dispersion

Parameter Deviation Used
IDR_max_4 0.017 0.38 0.034 0.67
IDR_max_3 0.032 0.26 0.041 0.67
IDR_max_2 0.049 0.43 0.044 0.67
IDR_max_1 0.047 0.45 0.053 0.67
PFA_5 (g) 0.633 0.15 0.574 0.67
PFA_4 (g) 0.538 0.31 0.557 0.67
PFA_3 (g) 0.635 0.10 0.563 0.67
PFA_2 (g) 0.909 0.31 0.568 0.67
PGA (g) 1.027 0.08 1.027 0.67
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Table 1-43  Percentiles of Losses (10%/50%/90%) for Each Intensity Level - Comparison of the Non-Linear and
Simplified Linear Analysis Methods

10th Percentile 50th Percentile 90th Percentile

Non - Linear Relative | Non - Linear Relative | Non - Linear Relative
Intensity (BL) Simp. Linear| | Change (BL) Simp. Linear | Change (BL) imp. Linear | Change

1 $230,230 $302,344 31% $433,091 $479,891 11% $768,824 $730,149 -5%
2 $801,065 $1,266,941 58% $1,470,155 $1,870,831 27% $2,576,375 $292,1601 13%
3 $1,803,849 $2,413,927 34% $3,078,164 $3,430,300 11% $2,096,2151 $20,964,599 0%
4 $3,621,767 $3,308,560 -9% $20,935,379 $5,082,052 -76% $20,987,076 $20,978,502 0%
5 $4,159,697 $4,410,366 6% $20,937,030 $20,934,787 0% $20,987,406 $20,986,957 0%
6 $5,362,910 $5,628,889 5% $20,942,930 $20,943,310 0% $20,988,586 $20,988,662 0%
7 $20,905,858 $20,904,658 0% $20,947,699 $20,947,032 0% $20,989,540 $20,989,406 0%
8 $20,909,985 $20,906,974 0% $20,949,992 $20,948,319 0% $20,989,998 $20,989,664 0%
= = = - * ¢ * o & o oo
20
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Figure 1-41 Percentiles of Loss (10%/50%/90%) for Each Intensity Level —
Comparison of the Non-Linear and Simplified Linear Analysis
Methods

Table 1-44 Percentiles of Repair Time (10%/50%/90%) for Each Intensity Level — Comparison of the Non-Linear
and Simplified Linear Analysis Methods

Repair Time
(days) 10" Percentile 50t Percentile 90t Percentile

Non - Simp. Relative | Non - Linear Relative | Non - Linear Relative
Intensity Linear (BL) Linear Change (BL) Simp. Linear Change (BL) imp. Linear Change

1 10.6 13.0 23% 23.2 26.2 13% 46.4 46.7 1%
2 41.3 62.0 50% 79.4 96.8 22% 141.4 166.3 18%
3 86.9 112.9 30% 148.4 160.8 8% 396.2 396.5 0%
4 168.5 147.6 -12% 394.4 220.2 -44% 398.7 397.9 0%
5 182.7 184.9 1% 393.6 393.5 0% 398.7 398.7 0%
6 238.5 222 -7% 394.3 394.3 0% 398.9 398.9 0%
7 390.6 390.5 0% 394.8 394.7 0% 399.0 398.9 0%
8 391.0 390.7 0% 395.0 394.8 0% 399.0 399.0 0%
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Figure 1-42 Percentiles of Repair Time (10%/50%/90%) for Each Intensity
Level — Comparison of the Non-Linear and Simplified Linear
Analysis Methods

Table 1-45 Percentiles of Injuries (10%/50%/90%) for Each Intensity Level - Comparison of the Non-
Linear and Simplified Linear Analysis Methods

Injuries 10" Percentile 50" Percentile 90" Percentile

Non - Simp. Relative Non - Simp. Relative Non - Simp. Relative
Intensity Linear (BL) Linear Change Linear (BL) Linear Change Linear (BL) Linear Change

1 0 0 0% 0 0 0% 0.0 0.0 0%

2 0 0 0% 0 0 0% 0.4 0.0 -92%
3 0 0 0% 0 0 0% 0.9 0.8 -12%
4 0 0 0% 0 0 0% 5.2 2.3 -56%
5 0 0 0% 0 0 0% 14.7 14.4 -3%
6 0 0 0% 0 0 0% 19.3 32.1 67%
7 0 0 0% 0 0 0% 23.0 21.1 -8%
8 0 0 0% 0 0 0% 23.7 23.2 -2%
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Table 1-46 Percentiles of Casualties (10%/50%/90%) for Each Intensity Level - Comparison of the Non-

Linear and Simplified Linear Analysis Methods

90" Percentile

Casualties 10" Percentile 50" Percentile
Non - Linear Simp. Relative Non - Simp. Relative Non - Simp. Relative
Intensity (BL) Linear Change Linear (BL) Linear Change Linear (BL) Linear Change
1 0 0 0% 0 0 0% 0.0 0.0 0%
2 0 0 0% 0 0 0% 1.7 0.3 -83%
3 0 0 0% 0 0 0% 7.8 7.8 -1%
4 0 0 0% 0 0 0% 16.7 17.8 7%
5 0 0 0% 0 0 0% 122.5 129.8 6%
6 0 0 0% 0 0 0% 168.8 163.7 -3%
7 0 0 0% 0 0 0% 201.5 190.4 -6%
8 0 0 0% 0 0 0% 210.3 208.4 -1%
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Figure 1-44 Percentiles of Casualties (10%/50%/90%) for Each Intensity Level
— Comparison of the Non-Linear and Simplified Linear Analysis
Methods
1-56 PACT Beta Test Example Building B FEMA P-58/BD-3.7.15



1.1.9 References

American Concrete Institute. (2005). Building Code Requirements for
Structural Concrete (ACI 318-05) and Commentary (ACI 318R-05),
Farmington Hills, MI.

American Society of Civil Engineers. (2005). ASCE 7-05, Minimum Design
Loads for Buildings and Other Structures, Reston, VA.

ASCE, American Society of Civil Engineers Structural Engineering Institute
(2006). ASCE/SEI 41-06: Seismic Rehabilitation of Existing Buildings,
Reston, VA.

Federal Emergency Management Agency (FEMA) (2009). Recommended
Methodology for Quantification of Building System Performance and
Response Parameters, FEMA P695, Prepared for the Federal Emergency
Management Agency, Prepared by the Applied Technology Council
under Project ATC-63, Redwood City, CA.

Goulet, C., C.B. Haselton, J. Mitrani-Reiser, J. Beck, G.G. Deierlein, K.A.
Porter, and J. Stewart, (2007). “Evaluation of the Seismic Performance
of a Code-Conforming Reinforced-Concrete Frame Building - from
Seismic Hazard to Collapse Safety and Economic Losses”, Earthquake
Engineering and Structural Dynamics, 36, pp. 1973-1997, June 2007.

Haselton, C.B., J. Mitrani-Reiser, C. Goulet, G.G. Deierlein, J. Beck, K.A.
Porter, J. Stewart, and E. Taciroglu (2008). An Assessment to
Benchmark the Seismic Performance of a Code-Conforming Reinforced-
Concrete Moment-Frame Building, PEER Report 2007/12, Pacific
Engineering Research Center, University of California, Berkeley,
California.

Haselton, C.B. and G.G. Deierlein (2007). Assessing Seismic Collapse
Safety of Modern Reinforced Concrete Frame Buildings, PEER Report
2007/08, Pacific Engineering Research Center, University of California,
Berkeley, California.

FEMA P-58/BD-3.7.15 PACT Beta Test Example Building B

1-57




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


