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Introduction:

The Washington Army National Guard (WAARNG) has 41 armories throughout Washington State.  One purpose of these armories is to support the citizens and communities of Washington State in the event of natural disasters.  It is important for these installations, specifically the armory buildings to remain in functional condition when the communities need them most.  The purpose of this project is to determine which armories would sustain the most damage in the event of an earthquake.  This analysis will focus on the armories that will be affected by an earthquake on the Seattle Fault which includes the Seattle Armory, Redmond Armory, Kent Armory, Port Orchard Armory, Bremerton Readiness Center, Bremerton Youth Academy, and the Poulsbo Armory.  The Bremerton Readiness Center and the Bremerton Youth Academy will be referred to as armories in this report.  These buildings are of significant importance to the WAARNG and were added to this analysis.  All of the other armories in Washington will be analyzed separately based on the fault zones in close proximity to them at another time.


This analysis will be used to assist the decision makers as to which armories may need hazard mitigation planning.  The purpose of hazard mitigation planning is to identify the most appropriate actions to take to decrease the risk and potential for future losses.  The data derived from this project can be used as a basis for requesting seismic retro-fits for the armories to limit the potential impact of an earthquake.
Methods:
To conduct this analysis of the armories, HAZUS-MH will be used.  HAZUS-MH is a loss estimation and modeling software program that functions as an extension to the ArcGIS Desktop interface and allows an analyst to model or simulate the effects of a hurricane, flood, or earthquake on a specified study area given specific parameters of the hazard set by the user.  Study areas for HAZUS-MH Earthquake model can be single or multiple census tracts of counties.  For this analysis, census tracts that contain the armories will be used as the study area for running the analysis which includes census tracts in King and Kitsap counties.  HAZUS-MH was created by the Federal Emergency Management Agency (FEMA) to produce damage and loss estimations to be used for risk assessment and hazard mitigation.  One earthquake scenario will be generated and modeled for the armories mentioned above.  Loss and damage estimates for this scenario will be provided to WAARNG decision makers to answer the question:  “What WAARNG armories are most in need of earthquake hazard mitigation in the surrounding Seattle area?”

To begin the analysis a study region must be defined in HAZUS-MH.  An armory point shape file obtained from the WAARNG was added to the map to determine the armory locations and the Census tracts that contained them.  The study area is then created which aggregates the census tracts and the data associated with them.  When HAZUS-MH is loaded on a computer, data which includes census data also has to be placed on the computer running the software.


The next step in running the analysis is to define the earthquake scenario.  For this analysis a ShakeMap of the Seattle fault was used to set the parameters of the earthquake.  A “ShakeMap is a tool used to portray the extent of potentially damaging shaking following an earthquake.  It can be found on the Internet at http://earthquake.usgs.gov/shakemap/ and is automatically generated for both small and large earthquakes in areas where it is available.  It can be used for emergency response, loss estimation, and public information.  ShakeMap was first developed for earthquakes in southern California as part of the TriNet Project, a joint effort by the U.S. Geological Survey (USGS), California Institute of Technology (Caltech), and the California Geological Survey (CGS).” (Wald, Wald, Worden, Goltz, 2003).  The Seattle fault earthquake planning scenario ShakeMap that was created in 2000 was defined as the scenario to run this analysis.  It has a Latitude/Longitude of 47.60/-122.57, with a depth of 10.0km and a magnitude of 7.2.  When these ShakeMaps are downloaded from the Internet, they include shape files that represent peak ground acceleration (PGA), peak ground velocity (PGV), and peak response spectral amplitudes (at 0.3 sec and 1 sec).  These shape files were imported to a personal geodatabase feature classes, which is the only way these files can be used by HAZUS.  Data maps were then added to and defined in the HAZUS model which includes the ShakeMap feature classes and Soil and Liquefaction feature classes obtained from the Washington Department of Natural Resources (DNR).  


To obtain building specific results from the model, specific data of the armories were defined such as the building type, the year built, the square footage, the Latitude/Longitude and the design level.  The building specific data was obtained from the WAARNG Construction Facility Management Office (CFMO).  In HAZUS the “Advanced Engineering Building Module” (AEBM) was used to obtain the results desired for building specific data.  


The next step was to run the earthquake analysis.  Different scenarios can be used to analyze the results based on different parameters set by the scenario.  The Seattle M7.2 ShakeMap scenario was defined to run the analysis.  

  
The methodology of the HAZUS Earthquake Model has been tested against the judgment of experts and records from past earthquakes.  Complete calibration of the methodology can not be done due to limited and incomplete data about actual earthquake damage.  HAZUS is most accurate when analyzing a large study area rather than looking at specific buildings.  To help increase the accuracy, local soil and liquefaction data maps were used as well as the ShakeMap feature classes.  The intended use of this analysis is to produce estimated results to compare the armories to each other.

Results:

When the hazard scenario has been run, an Individual Building Report from the AEBM module can be extracted.  A report was extracted for all the armories within the study area.  The report includes estimates for building damage, casualties, and economic loss.  Casualty estimates were not calculated due to the lack of data to input into the AEBM.  Building damage gives the damage state probabilities in a range from none, slight, moderate, extensive and complete.  It is also broke down into three categories of types of damage which includes structural, non-structural drift, and non-structural acceleration.  The ranges of damage states are dependent on the building type of the structure or building.  They are used in general terms for this analysis but have specific meaning depending on the building.  Below is an example from the “HAZUS-MH MR3 Technical Manual” that is available for download on the Internet at http://www.fema.gov/library/viewRecord.do?id=3000 .  The example gives specific types of damage to a reinforced masonry bearing walls with wood or metal deck diaphragms (RM1) type of buildings.  Three of the armories fall within this category.

Reinforced Masonry Bearing Walls with Wood or Metal Deck Diaphragms (RM1): 
Slight Structural Damage: Diagonal hairline cracks on masonry wall surfaces; larger cracks around door and window openings in walls with large proportion of openings; minor separation of walls from the floor and roof diaphragms. 

Moderate Structural Damage: Most wall surfaces exhibit diagonal cracks; some of the shear walls have exceeded their yield capacities indicated by larger diagonal cracks. Some walls may have visibly pulled away from the roof. 

Extensive Structural Damage: In buildings with relatively large area of wall openings most shear walls have exceeded their yield capacities and some of the walls have exceeded their ultimate capacities indicated by large, through-the-wall diagonal cracks and visibly buckled wall reinforcement. The plywood diaphragms may exhibit cracking and separation along plywood joints. Partial collapse of the roof may result from failure of the wall-to-diaphragm anchorages or the connections of beams to walls. 

Complete Structural Damage: Structure has collapsed or is in imminent danger of collapse due to failure of the wall anchorages or due to failure of the wall panels. Approximately 13%(low-rise) or 10%(mid-rise) of the total area of RM1 buildings with Complete damage is expected to be collapsed.

Damage state probabilities are categorized by structural and non-structural.  Structural damage includes things that are responsible for holding up the building such as walls, columns, beams and floor systems.  Building components such as the mechanical/electrical systems and architectural components such as partition walls, ceilings, windows and exterior cladding that are not designed as a part of the building load carrying system are categorized as non-structural.  Non-structural components are further categorized as either drift sensitive or acceleration sensitive.  Drift-sensitive non-structural damage is damage that occurs to components such as partition walls and windows, that when the floors of the building move past each other during an earthquake, may crack or tear apart.  Acceleration-sensitive non-structural damage is damage that occurs to other components such as mechanical equipment that may have fallen over or was torn from their supports due to the acceleration of the building.  Non-structural components can fall into both categories, but for the analysis produced by HAZUS, it is classified as one or the other.  The tables below were pulled from the HAZUS AEBM – Individual Building Reports for each armory.
Redmond Armory

[image: image1.jpg]HAZUS AEBM- Individual Building Report

Building Information

Id Number:

Building Name:
Address:

Latitude / Longitude:

Building Profile:
Ground Motion

SA @ 0.3 seconds (g) :
SA @ 1.0 seconds (g):
PGA (g):
Soil Type :

Building Damage

US000001
Redmond Armory

47.68/-122.11
GOVA_RMIL_PC

0.80
0.44
0.32

6/1/2009

Building Intersection Points

Displacement (in) : 2.36
Acceleration (g) : 0.29

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration
None 12.0 15.0 240
Slight 9.0 16.0 34
Moderate 280 38.0 22
Extensive 36.0 16.0 8
Complete 15.0 15.0 12
Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario

Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 125 6.43
Building-Nonstructual 1,940 336 17.30
Contents 0 1] 0.00

Business Interruption

Total

0
1,940 460

Study Region : Seattle Fault
Scenario : Seattle72

F




Seattle Armory [image: image2.jpg]HAZUS AEBM- Individual Building Report

5/28/2009
Building Information
Id Number: Us000002
Building Name: Seattle Armory
Address:
Latitude / Longitude: 47.64/-122.38
Building Profile: GOV1_RM2L_PC
Ground Motion Building Intersection Points
SA @ 0.3 seconds (g) : 1.04 Displacement (in) : 4.06
SA @ 1.0 seconds (g): 0.56 Acceleration (g) : 0.33
PGA (9): 0.40
Soil Type :
Building Damage
Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration

None 40 6.0 15.0

Slight 5.0 9.0 27

Moderate 220 31.0 21

Extensive 37.0 22.0 13

Complete 32.0 32.0 25
Casualties

Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario
Occupants # of people in building 0 0

Level 1 Requires Medical Attention 0 0

Level 2 Requires Hospitalization 0 0

Level 3 Life Threatening Injury 0 0

Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 2,027 9.42
Building-Nonstructual 21,527 6,538 3037
Contents 0 1] 0.00

Business Interruption 0
Total 21,527 8,565

Study Region : Seattle Fault
Scenario : Seattle72




Kent Armory
[image: image3.jpg]HAZUS AEBM- Individual Building Report

Building Information

Id Number:

Building Name:
Address:

Latitude / Longitude:

Building Profile:
Ground Motion

SA @ 0.3 seconds (g) :
SA @ 1.0 seconds (g):
PGA (g):
Soil Type :

Building Damage

US000003
Kent Armory

47.38/-122.29
GOVA_RMAL_MC

0.64
0.28
0.28

Building Intersection Points

Displacement (in) :
Acceleration (g):

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration
None 47.0 47.0 340
Slight 21.0 250 39
Moderate 23.0 220 22
Extensive 8.0 5.0 5
Complete 0.0 1.0 0
Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario

Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 161 124
Building-Nonstructual 12,949 556 429
Contents 0 1] 0.00
Business Interruption 0
Total 12,949 717

Study Region : Seattle Fault
Scenario : Seattle72





Port Orchard Armory
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Building Information

Id Number:

Building Name:
Address:

Latitude / Longitude:
Building Profile:

US000004
Port Orchard Armory

47.53/-122.62
GOVA_URML_PC

Ground Motion Building Intersection Points

SA @ 0.3 seconds (g) : 1.16 Displacement (in) : 3.37
SA @ 1.0 seconds (g): 0.64 Acceleration (g) : 0.42
PGA (g): 0.44

Soil Type :

Building Damage

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration
None 2.0 50 8.0
Slight 6.0 8.0 18
Moderate 19.0 23.0 20
Extensive 27.0 18.0 18
Complete 46.0 46.0 36
Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario

Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss
Building Exposure & Economic Loss

Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 698 11.02
Building-Nonstructual 6,336 2567 4051
Contents 0 1] 0.00
Business Interruption 0
Total 6,336 3,265

Study Region : Seattle Fault
Scenario : Seattle72




Bremerton Readiness Center
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6/1/2009

Building Information

Id Number: Us000005

Building Name: Bremerton Readiness Center

Address:

Latitude / Longitude: 47.55/-122.68

Building Profile: GOV1_RM1L_MC

Ground Motion Building Intersection Points

SA @ 0.3 seconds (g) : 1.28 Displacement (in) : 2.69
SA @ 1.0 seconds (g): 0.76 Acceleration (g) : 0.52
PGA (g): 0.52

Soil Type :

Building Damage

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration

None 80 10.0 14.0

Slight 14.0 18.0 31

Moderate 36.0 40.0 33

Extensive 32.0 21.0 15

Complete 9.0 12.0 8

Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario
Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 700 524
Building-Nonstructual 13,370 2,200 16.45
Contents 0 1] 0.00

Business Interruption 0
Total 13,370 2,900

Study Region : Seattle Fault
Scenario : Seattle72




Bremerton Youth Academy
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6/1/2009

Building Information

Id Number: Us000006

Building Name: Bremerton Youth Academy

Address:

Latitude / Longitude: 47.55/-122.68

Building Profile: GOV1_W2_MC

Ground Motion Building Intersection Points

SA @ 0.3 seconds (g) : 1.28 Displacement (in) : 3.10
SA @ 1.0 seconds (g): 0.76 Acceleration (g) : 0.50
PGA (g): 0.52

Soil Type :

Building Damage

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration

None 7.0 90 15.0

Slight 27.0 19.0 34

Moderate 440 43.0 34

Extensive 17.0 21.0 13

Complete 4.0 8.0 3

Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario
Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 155 3.09
Building-Nonstructual 5,000 664 13.28
Contents 0 1] 0.00

Business Interruption 0
Total 5,000 819

Study Region : Seattle Fault
Scenario : Seattle72




Poulsbo Armory
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6/1/2009

Building Information

Id Number: Us000007

Building Name: Poulsbo Armory

Address:

Latitude / Longitude: 47.74/-122.65

Building Profile: GOV1_URML_PC

Ground Motion Building Intersection Points

SA @ 0.3 seconds (g) : 0.72 Displacement (in) : 1.20
SA @ 1.0 seconds (g): 0.32 Acceleration (g) : 0.32
PGA (g): 0.28

Soil Type :

Building Damage

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration

None 12,0 22,0 210

Slight 18.0 18.0 32

Moderate 30.0 29.0 24

Extensive 24.0 13.0 10

Complete 17.0 17.0 13

Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario
Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 199 5.69
Building-Nonstructual 3,493 633 18.11
Contents 0 1] 0.00

Business Interruption 0
Total 3,493 831

Study Region : Seattle Fault
Scenario : Seattle72





Economic loss from the HAZUS AEBM – Individual Building Reports has three different loss categories which include Building-Structural, Building-Nonstructural and contents.  The contents portion was not used in this analysis due to the lack of input data for the model.  The structural and non-structural are defined the same as in the building damage portion of the report.  The “Building Exposure & Economic Loss” portion of the output table includes exposure, loss, and damage ratio.  The exposure refers to the replacement cost of the armories.  Both structural and non-structural is combined for the exposure.  The loss column shows the estimated economic loss for both structural and non-structural damage.  The damage ratios are calculated by dividing the losses by the exposure.  This gives a number to compare the armories against each other that takes into consideration the actual building replacement cost.  The tables below were pulled from the HAZUS AEBM – Individual Building Reports for each armory.  The dollar amounts in this table are in thousands.
Redmond Armory
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Building Information

Id Number:

Building Name:
Address:

Latitude / Longitude:

Building Profile:
Ground Motion

SA @ 0.3 seconds (g) :
SA @ 1.0 seconds (g):
PGA (g):
Soil Type :

Building Damage

US000001
Redmond Armory

47.68/-122.11
GOVA_RMIL_PC

0.80
0.44
0.32

6/1/2009

Building Intersection Points

Displacement (in) : 2.36
Acceleration (g) : 0.29

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration
None 12.0 15.0 240
Slight 9.0 16.0 34
Moderate 280 38.0 22
Extensive 36.0 16.0 8
Complete 15.0 15.0 12
Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario

Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 125 6.43
Building-Nonstructual 1,940 336 17.30
Contents 0 1] 0.00

Business Interruption

Total

0
1,940 460

Study Region : Seattle Fault
Scenario : Seattle72

F




Seattle Armory
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5/28/2009
Building Information
Id Number: Us000002
Building Name: Seattle Armory
Address:
Latitude / Longitude: 47.64/-122.38
Building Profile: GOV1_RM2L_PC
Ground Motion Building Intersection Points
SA @ 0.3 seconds (g) : 1.04 Displacement (in) : 4.06
SA @ 1.0 seconds (g): 0.56 Acceleration (g) : 0.33
PGA (9): 0.40
Soil Type :
Building Damage
Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration

None 40 6.0 15.0

Slight 5.0 9.0 27

Moderate 220 31.0 21

Extensive 37.0 22.0 13

Complete 32.0 32.0 25
Casualties

Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario
Occupants # of people in building 0 0

Level 1 Requires Medical Attention 0 0

Level 2 Requires Hospitalization 0 0

Level 3 Life Threatening Injury 0 0

Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 2,027 9.42
Building-Nonstructual 21,527 6,538 3037
Contents 0 1] 0.00

Business Interruption 0
Total 21,527 8,565

Study Region : Seattle Fault
Scenario : Seattle72




Kent Armory
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Building Information

Id Number:

Building Name:
Address:

Latitude / Longitude:

Building Profile:
Ground Motion

SA @ 0.3 seconds (g) :
SA @ 1.0 seconds (g):
PGA (g):
Soil Type :

Building Damage

US000003
Kent Armory

47.38/-122.29
GOVA_RMAL_MC

0.64
0.28
0.28

Building Intersection Points

Displacement (in) :
Acceleration (g):

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration
None 47.0 47.0 340
Slight 21.0 250 39
Moderate 23.0 220 22
Extensive 8.0 5.0 5
Complete 0.0 1.0 0
Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario

Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 161 124
Building-Nonstructual 12,949 556 429
Contents 0 1] 0.00
Business Interruption 0
Total 12,949 717

Study Region : Seattle Fault
Scenario : Seattle72





Port Orchard Armory
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Building Information

Id Number:

Building Name:
Address:

Latitude / Longitude:
Building Profile:

US000004
Port Orchard Armory

47.53/-122.62
GOVA_URML_PC

Ground Motion Building Intersection Points

SA @ 0.3 seconds (g) : 1.16 Displacement (in) : 3.37
SA @ 1.0 seconds (g): 0.64 Acceleration (g) : 0.42
PGA (g): 0.44

Soil Type :

Building Damage

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration
None 2.0 50 8.0
Slight 6.0 8.0 18
Moderate 19.0 23.0 20
Extensive 27.0 18.0 18
Complete 46.0 46.0 36
Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario

Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss
Building Exposure & Economic Loss

Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 698 11.02
Building-Nonstructual 6,336 2567 4051
Contents 0 1] 0.00
Business Interruption 0
Total 6,336 3,265

Study Region : Seattle Fault
Scenario : Seattle72




Bremerton Readiness Center
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Building Information

Id Number: Us000005

Building Name: Bremerton Readiness Center

Address:

Latitude / Longitude: 47.55/-122.68

Building Profile: GOV1_RM1L_MC

Ground Motion Building Intersection Points

SA @ 0.3 seconds (g) : 1.28 Displacement (in) : 2.69
SA @ 1.0 seconds (g): 0.76 Acceleration (g) : 0.52
PGA (g): 0.52

Soil Type :

Building Damage

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration

None 80 10.0 14.0

Slight 14.0 18.0 31

Moderate 36.0 40.0 33

Extensive 32.0 21.0 15

Complete 9.0 12.0 8

Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario
Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 700 524
Building-Nonstructual 13,370 2,200 16.45
Contents 0 1] 0.00

Business Interruption 0
Total 13,370 2,900

Study Region : Seattle Fault
Scenario : Seattle72




Bremerton Youth Academy
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Building Information

Id Number: Us000006

Building Name: Bremerton Youth Academy

Address:

Latitude / Longitude: 47.55/-122.68

Building Profile: GOV1_W2_MC

Ground Motion Building Intersection Points

SA @ 0.3 seconds (g) : 1.28 Displacement (in) : 3.10
SA @ 1.0 seconds (g): 0.76 Acceleration (g) : 0.50
PGA (g): 0.52

Soil Type :

Building Damage

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration

None 7.0 90 15.0

Slight 27.0 19.0 34

Moderate 440 43.0 34

Extensive 17.0 21.0 13

Complete 4.0 8.0 3

Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario
Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 155 3.09
Building-Nonstructual 5,000 664 13.28
Contents 0 1] 0.00

Business Interruption 0
Total 5,000 819

Study Region : Seattle Fault
Scenario : Seattle72




Poulsbo Armory
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6/1/2009

Building Information

Id Number: Us000007

Building Name: Poulsbo Armory

Address:

Latitude / Longitude: 47.74/-122.65

Building Profile: GOV1_URML_PC

Ground Motion Building Intersection Points

SA @ 0.3 seconds (g) : 0.72 Displacement (in) : 1.20
SA @ 1.0 seconds (g): 0.32 Acceleration (g) : 0.32
PGA (g): 0.28

Soil Type :

Building Damage

Damage State Probabilities (%)
Damage State
Structural Non-Structural Drift Non-Structural Acceleration

None 12,0 22,0 210

Slight 18.0 18.0 32

Moderate 30.0 29.0 24

Extensive 24.0 13.0 10

Complete 17.0 17.0 13

Casualties
Castially Estimated Number of Occupants & Casualties
Level
Description Day Time Scenario Night Time Scenario
Occupants # of people in building 0 0
Level 1 Requires Medical Attention 0 0
Level 2 Requires Hospitalization 0 0
Level 3 Life Threatening Injury 0 0
Level 4 Death 0 0

Economic Loss

Building Exposure & Economic Loss
Loss Category Exposure($) Loss ($) Damage Ratio
Building-Structual 199 5.69
Building-Nonstructual 3,493 633 18.11
Contents 0 1] 0.00

Business Interruption 0
Total 3,493 831

Study Region : Seattle Fault
Scenario : Seattle72




After reviewing the tables above, the Port Orchard Armory, the Seattle Armory and the Bremerton Readiness Center will be most affected by that particular earthquake scenario.  The replacement cost of the Seattle Armory is significantly higher than the other armories and with the amount of damage that could be possible, a second analysis was completed which consisted of running the model using all the same parameters and data except the design level was changed from the original to “High Code”.  This analysis can be useful to decision makers to evaluate the benefits of seismic rehabilitation.  Below is the building damage and economic loss tables for the Seattle Armory if it was seismically retrofitted to “High Code” (HC).
Seattle Armory HC
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Building Information

Id Number:

Building Name:
Address:

Latitude / Longitude:

Building Profile:
Ground Motion

SA @ 0.3 seconds (g) :
SA @ 1.0 seconds (g):
PGA (g):
Soil Type :

Building Damage

US000009
Seattle Armory HC

47.64/-122.38
GOVA_RM2L_HC

1.04
0.56
0.40

5/28/2009

Building Intersection Points
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Many factors will need to be considered whether or not hazard mitigation should take place such as the cost of seismic retrofitting and whether or not it is actually cost effective.  Below is a graph created to help visualize the structural and non-structural repair costs of the armories with or without seismic retrofitting to a high code.
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This graph shows that the Seattle Armory, the Port Orchard Armory and the Bremerton Readiness Center would benefit most from seismic retrofitting to bring the design level of the buildings to high code.
The graphs below were created to help visualize the difference that seismic retrofitting would make on a building like Seattle.  
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The concluding results of this analysis are that the Seattle Armory, the Port Orchard Armory, and the Bremerton Readiness Center should be considered for hazard mitigation.  The Redmond Armory, Kent Armory, Bremerton Youth Academy and the Poulsbo Armory didn’t show a significant improvement when comparing their current design level to upgrading the buildings to high code.  These buildings may still sustain some damage but it may not be cost effective to implement hazard mitigation.
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