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Purpose of this Presentation

Purpose of Talk: Provide seed information for the Session #2 breakout discussions.

Session #2: Hazard Level(s) and Target Recovery Times

Small Group Break-out Discussions:

» Topic 2A (35 min): What hazard level(s) should be
used for FR performance objective(s)? (What is
appropriate amount of consideration for FR at various
hazard levels?)

» Topic 2B (30 min): What should be the Target FR times
or priorities for various occupancies (and for different
hazard levels)?

» Topic 2C (30 min): How should impeding factors be

addressed in recovery time calculations and in
communicating results?
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Overview

Focus of Talk: Show estimated functional recovery times (and reoccupancy times) for new
buildings. Times based on FEMA P-58 with recent ATC-138 Functional Recovery Methodology
extension.

Overview of Topics:
= Building/site text matrix (592 buildings shown here)
* Functional recovery time results for modern buildings
v Individual building examples
v Results for all buildings (average and variability)
v' “Common offenders” (which building systems/components are damaged)

» Sensitivity assessments:

v" Methodology components (e.g. if we include impeding times)
v Design aspects (e.g. RC Il vs. RC V)

= Summary/discussion
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Building Test Matrix: Building Types

Risk

Structural System Age Occupancy Stories
Category
Wood Light Frame New Residential I 1,2
Wood Light Frame New Residential 1, IV 5
Wood Light Frame New Office 1, IV 5
Precast Concrete Tilt-Up New Warehouse 1, IV 1
Precast Concrete Tilt-Up Pre-NR Warehouse 1, IV 1
Steel Perimeter Moment Frame New Office, Healthcare 1, IV 3,5,12,20
Steel Perimeter Moment Frame Pre-NR Office 1, IV 5,12
Steel BRBF, no back-up frame New Office 1, IV 5,12
Steel BRBF, with back-up frame New Office 1, IV 5,12
Steel Concentric Braced Frame New Office 1, IV 5,12
Reinforced Concrete Moment Frame New Office, Residential 1, IV 5,12
Reinforced Concrete Moment Frame Pre-1971 Office 1 5,12
RC Shear Wall (coupled in onedirection) New Office, Healthcare 1, IV 3,5,12,20
RC Shear Wall (coupled in onedirection) New Residential 1, IV 5
RC Cantilever Shear Wall Pre-1971 Office -- 5,12

© HB Risk Group



Main_TO-USE

		ATC-138: Study Building Case Studies

		LD; Last Updated 8/15/22





						Structural System		Age		Occupancy		Risk Category		Stories		Reason				Phase 1		Phase 2

						Wood Light Frame		New		Residential		II		1, 2		Show works/easy				X		X

						Wood Light Frame		New		Residential		II, IV		5		Harder but hopefully doable				X		X

						Wood Light Frame		New		Office		II, IV		5		To check occupancy effects				X		X

						Precast Concrete Tilt-Up 		New		Warehouse		II, IV		1		Common system						X*

						Precast Concrete Tilt-Up 		Pre-NR		Warehouse		II, IV		1		Common system						X*

						Steel Perimeter Moment Frame		New		Office, Healthcare		II, IV		3, 5, 12, 20		Common system				X		X

						Steel Perimeter Moment Frame		Pre-NR		Office		II, IV		5, 12		Common system, compare to new				X*		X*

						Steel BRBF, no back-up frame		New		Office		II, IV		5, 12		Good structural						X

						Steel BRBF, with back-up frame		New		Office		II, IV		5, 12		Better structural				X		X

						Steel Concentric Braced Frame		New		Office		II, IV		5, 12		Bad/hard structural						X

						Reinforced Concrete Moment Frame		New		Office, Residential		II, IV		5, 12		Compare new and old				X		X

						Reinforced Concrete Moment Frame		Pre-1971		Office		II		5, 12		Compare new and old				X*		X*

						RC Shear Wall (coupled in one direction)		New		Office, Healthcare		II, IV		3, 5, 12, 20		Common system						X

						RC Shear Wall (coupled in one direction)		New		Residential		II, IV		5		To check occupancy effects						X

						RC Cantilever Shear Wall 		Pre-1971		Office		--		5, 12		Check RC wall fragility sensitivity						X*

						New occupancy and Risk Category variants marked in yellow.

						* Funded by SP3 during Phase I of testing and some in Phase II (to extend quality control checks to some older buildings)





						Cases to Run:

						    - These baselines.

						    - Resilient design of modern

						       buildings (from baseline to resilient)







DetailsAndNotes

		ATC-138: Study Building Case Studies for Initial Study (modified from table from Dustin Cook Hazus comparsion study)

		CBH; 1/21/20

				First Set of Bldgs		Next Phase?		Full Study?				Number		Structural System		Age		Occupancy		Stories				Notes on why system is included

				X		X		X				1		Wood Light Frame		New		Residential Single-Family		1				To show it already works well

						X		X				1		Wood Light Frame		New		Residential Single-Family		2				To show that works pretty well, but not as good as 1-story

				X				X				2		Wood Light Frame		New		Residential Multi-Family		5				To show that it's much harded to design to be resilient (but give solutions for how can be done with extra strength and/or Simpson Frames); could also add a podium level later if desired

				X				X				5		Steel Perimeter Moment Frame		New		Commercial Office		4, 10, 25				Included because common

						X		X				5		Steel Perimeter Moment Frame		Pre-NR

								X				5+		Steel Perimeter Moment Frame with Dampers		New		Commercial Office		4, 10, 25

						X		X				8		Steel Concentric Braced Frame		New		Commercial Office		4, 10, 25				Included because more damageable that BRBF (to show contrasting systems)

						X		X				11		Steel Buckling-Restrained Braced Frame (CoreBrace), no Back-up Frame		New		Commercial Office		4, 10, 25				Included to show MORE needs to be done w/o back-up frame

				X		X		X				12		Steel Buckling-Restrained Braced Frame (CoreBrace), with Back-up Frame		New		Commercial Office		4, 10, 25				Included to show LESS needs to be done w/o back-up frame

						X		X				18		Reinforced Concrete Cantilever Shear Wall		New		Commercial Office		4, 10, 25				Included because common and probably not bad for structural buy will need higher Fp for non-structural

								X				19		Reinforced Concrete Coupled Shear Wall		New		Commercial Office		4, 10, 25				Included to be contrast to the above to show that damageable fuses make it a lot harded; could also include a design option where coupling beams are non-damageable and/or steel embedded (if those have better fragilities).

								X				21		Precast Concrete Tilt-Up Warehouse		New		Warehouse		1				Included to show vary different system type.



												Added on main sheet		Surely add (10/19/20):

														Pre-NR Steel frame



														Maybe add (10/19/20):

														RC frame 

														More older buildings - RC frame, 






Building Test Matrix: Site Locations

site Class| S, [g] FEMA 570 | ReturnPeriod | Return Period
Site ID @ DE (years) | @MCE (years)
Los Angeles California D 2.40 | 0.84 E 34.05 |-118.25 1 581 1356
Riverside California D 1.50 | 0.60 D 33.95 |-117.40 6 330 839
San Francisco California C 1.50 | 0.64 D 37.75 |-122.40 16 415 986
San Diego California D 1.25 | 0.48 D 32.70 |-117.15 9 -
Oakland California D 1.86 | 0.75 D 37.80 |-122.25 12 -
Sacramento California D 0.67 | 0.29 D 38.60 |-121.50 15 -
SanJose California D 1.50 | 0.60 D 37.35 |-121.90 18 -
Seattle Washington C 1.37 | 0.53 D 47.60 |-122.30 22 -
Portland Oregon D 0.98 | 0.42 D 45,50 |-122.65 25 -
Salt Lake City Utah D 1.54 | 0.56 D 40.75 |[-111.90 26 -
St. Louis Missouri C 0.44 | 0.17 C 38.60 | -90.20 30 -
Memphis Tennessee D 1.01 | 0.35 D 35.15 | -90.05 31 -
New York New York C 0.28 | 0.07 B 40.75 | -74.00 34 -
Anchorage Alaska D 1.50 | 0.68 D 61.22 |-149.90 - -
Hilo Hawaii C 1.50 | 0.60 D 19.71 |-155.09 - -
Average 442 1060

592 building cases run. Baseline plots are for new RC |l buildings at
three high seismic sites (LA, Riverside, SF), and variations are noted.
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		ATC-138: Sites for Testing Study																																				lat		long		vs30		siteSelection														ss		s1		fa		fv		sms		sm1		sds		sd1		tl		pga		fpga		pgam		crs		cr1

		CBH; Last Updated 1/19/22																																				6		7		9		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33

																																														Used for:				USGS Design Values



						City		State		Site Class		SS [g]		S1 [g]		SDC		Lat		Long		FEMA 570 Site ID		Return Period @ DE (years)		Return Period @MCE (years)						Lat 		Long		Vs30		Site Selected		Full Benchmark		Function Level		Lat		Long		SC		RC		S_S		S_1		F_a		F_v		S_MS		S_M1		S_DS		S_D1		T_L		PGA		F_PGA		PGA_M		C_RS		C_R1		SDC

						Los Angeles		California		D		2.40		0.84		E		34.05		-118.25		1		581		1356						34.05000		-118.25000		355		FEMA 570						34.05		-118.25		Site Class D				2.402		0.843		1		1.5		2.402		1.264		1.601		0.843		8		0.907		1		0.907		0.943		0.96		E

						Riverside		California		D		1.50		0.60		D		33.95		-117.40		6		330		839						33.95000		-117.40000		340		FEMA 570						33.95		-117.4		Site Class D				1.5		0.6		1		1.5		1.5		0.9		1		0.6		8		0.5		1		0.5		1.108		1.072		D

						San Francisco		California		C		1.50		0.64		D		37.75		-122.40		16		415		986						37.75000		-122.40000		613		FEMA 570						37.75		-122.4		Site Class C				1.5		0.642		1		1.3		1.5		0.834		1		0.556		12		0.57		1		0.57		1.05		0.991		D

						San Diego		California		D		1.25		0.48		D		32.70		-117.15		9		--								32.70000		-117.15000		349		FEMA 570						32.7		-117.15		Site Class D				1.254		0.484		1		1.516		1.254		0.734		0.836		0.489		8		0.57		1		0.57		0.837		0.866		D

						Oakland		California		D		1.86		0.75		D		37.80		-122.25		12		--								37.80000		-122.25000		357		FEMA 570						37.8		-122.25		Site Class D				1.861		0.747		1		1.5		1.861		1.121		1.241		0.747		8		0.717		1		0.717		1.032		1.008		D

						Sacramento		California		D		0.67		0.29		D		38.60		-121.50		15		--								38.60000		-121.50000		258		FEMA 570						38.6		-121.5		Site Class D				0.672		0.293		1.263		1.814		0.848		0.531		0.565		0.354		12		0.229		1.342		0.307		1.108		1.124		D

						San Jose		California		D		1.50		0.60		D		37.35		-121.90		18		--								37.35000		-121.90000		274		FEMA 570						37.35		-121.9		Site Class D				1.5		0.6		1		1.5		1.5		0.9		1		0.6		12		0.5		1		0.5		1.136		1.085		D

						Seattle		Washington		C		1.37		0.53		D		47.60		-122.30		22		--								47.60000		-122.30000		410		FEMA 570						47.6		-122.3		Site Class C				1.365		0.528		1		1.3		1.365		0.686		0.91		0.457		6		0.56		1		0.56		0.968		0.939		D

						Portland		Oregon		D		0.98		0.42		D		45.50		-122.65		25		--								45.50000		-122.65000		301		FEMA 570						45.5		-122.65		Site Class D				0.982		0.421		1.107		1.579		1.087		0.664		0.725		0.443		16		0.425		1.076		0.457		0.899		0.876		D

						Salt Lake City		Utah		D		1.54		0.56		D		40.75		-111.90		26		--								40.75000		-111.90000		215		FEMA 570						40.75		-111.9		Site Class D				1.539		0.557		1		1.5		1.539		0.836		1.026		0.557		8		0.67		1		0.67		0.816		0.812		D

						St. Louis		Missouri 		C		0.44		0.17		C		38.60		-90.20		30		--								38.60000		-90.20000		481		FEMA 570						38.6		-90.2		Site Class C				0.438		0.168		1.2		1.632		0.526		0.273		0.35		0.182		12		0.23		1.17		0.269		0.866		0.832		C

						Memphis		Tennessee		D		1.01		0.35		D		35.15		-90.05		31		--								35.15000		-90.05000		341		FEMA 570						35.15		-90.05		Site Class D				1.011		0.351		1.096		1.698		1.108		0.596		0.738		0.397		12		0.5		1		0.5		0.814		0.8		D

						New York		New York		C		0.28		0.07		B		40.75		-74.00		34		--								40.75000		-74.00000		564		FEMA 570						40.75		-74		Site Class C				0.28		0.072		1.2		1.7		0.336		0.122		0.224		0.081		6		0.168		1.2		0.201		0.872		0.907		B

						Anchorage		Alaska		D		1.50		0.68		D		61.22		-149.90		--		--								61.2181		-149.9003		309		HBRG						61.2181		-149.9003		Site Class D				1.5		0.676		1		1.5		1.5		1.014		1		0.676		16		0.5		1		0.5		1.114		1.038		D

						Hilo		Hawaii		C		1.50		0.60		D		19.71		-155.09		--		--								19.7071		-155.0885		451		HBRG						19.7071		-155.0885		Site Class C				1.5		0.6		1		1.3		1.5		0.78		1		0.52		Nan		0.5		1		0.5		1.218		1.15		D

						Average																		442		1060

						1For high-hazard SDC D site, but where still in the hazard-controlled zone

						2 To do hazard study in the capped transition region (where all building designs are similar but hazard varies greatly).

						3 To check some lower-seismic sites.

						4 Supplemental site runs (supported by SP3) done before testing plan finalized.

































































































































































DetailFullSheet

												siteID				region		state		city		lat		long				vs30		siteClass		SDC		siteSelection														ss		s1		fa		fv		sms		sm1		sds		sd1		tl		pga		fpga		pgam		crs		cr1

												1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33

																																				Used for:				USGS Design Values

		Notes		ATC-138 Study Sites - To START		ATC-138 - Expanded Set of Sites		ATC-138 - Full Set of Sites				Site ID		FEMA 570 ID		Region		State		City		Lat 		Long		Fault Proximity (near/far)		Vs30		Site Class		SDC		Site Selected		Full Benchmark		Function Level		Lat		Long		SC		RC		S_S		S_1		F_a		F_v		S_MS		S_M1		S_DS		S_D1		T_L		PGA		F_PGA		PGA_M		C_RS		C_R1		SDC

				X		X		X				1		1		Southern California		California		Los Angeles		34.05000		-118.25000				355		D		E		FEMA 570						34.05		-118.25		Site Class D				2.402		0.843		1		1.5		2.402		1.264		1.601		0.843		8		0.907		1		0.907		0.943		0.96		E

												2		2		Southern California		California		Century City		34.05000		-118.40000				315		D		E		FEMA 570						34.05		-118.4		Site Class D				2.165		0.804		1		1.5		2.165		1.205		1.443		0.804		8		0.811		1		0.811		0.961		0.961		E

												3		3		Southern California		California		Northridge		34.20000		-118.55000				270		D		D		FEMA 570						34.2		-118.55		Site Class D				1.69		0.6		1		1.5		1.69		0.9		1.127		0.6		8		0.624		1		0.624		1.037		1.044		D

												4		4		Southern California		California		Long Beach		33.80000		-118.20000				234		D		D		FEMA 570						33.8		-118.2		Site Class D				1.643		0.617		1		1.5		1.643		0.926		1.095		0.617		8		0.636		1		0.636		0.948		0.957		D

												5		5		Southern California		California		Irvine		33.65000		-117.80000				379		C		D		FEMA 570						33.65		-117.8		Site Class C				1.55		0.571		1		1.3		1.55		0.742		1.034		0.495		8		0.601		1		0.601		0.973		1.014		D

								X				6		6		Southern California		California		Riverside		33.95000		-117.40000				340		D		D		FEMA 570						33.95		-117.4		Site Class D				1.5		0.6		1		1.5		1.5		0.9		1		0.6		8		0.5		1		0.5		1.108		1.072		D

												7		7		Southern California		California		San Bernardino		34.10000		-117.30000				280		D		E		FEMA 570						34.1		-117.3		Site Class D				2.367		1.083		1		1.5		2.367		1.625		1.578		1.083		8		0.91		1		0.91		1.009		0.959		E

												8		8		Southern California		California		San Louis Obispo		35.30000		-120.65000				607		C		D		FEMA 570						35.3		-120.65		Site Class C				1.116		0.426		1		1.374		1.116		0.585		0.744		0.39		8		0.44		1		0.44		0.961		0.981		D

								X				9		9		Southern California		California		San Diego		32.70000		-117.15000				349		D		D		FEMA 570						32.7		-117.15		Site Class D				1.254		0.484		1		1.516		1.254		0.734		0.836		0.489		8		0.57		1		0.57		0.837		0.866		D

												10		10		Southern California		California		Santa Barbara		34.45000		-119.70000				497		C		E		FEMA 570						34.45		-119.7		Site Class C				2.828		0.993		1		1.3		2.828		1.291		1.886		0.861		8		1.093		1		1.093		0.903		0.901		E

												11		11		Southern California		California		Ventura		34.30000		-119.30000				333		D		E		FEMA 570						34.3		-119.3		Site Class D				2.381		0.9		1		1.5		2.381		1.351		1.587		0.9		8		0.913		1		0.913		0.938		0.932		E

								X				12		12		Northern California		California		Oakland		37.80000		-122.25000				357		D		D		FEMA 570						37.8		-122.25		Site Class D				1.861		0.747		1		1.5		1.861		1.121		1.241		0.747		8		0.717		1		0.717		1.032		1.008		D

												13		13		Northern California		California		Concord		37.95000		-122.00000				390		C		D		FEMA 570						37.95		-122		Site Class C				2.075		0.735		1		1.3		2.075		0.955		1.383		0.637		8		0.791		1		0.791		0.995		0.975		D

												14		14		Northern California		California		Monterey		36.60000		-121.90000				728		C		D		FEMA 570						36.6		-121.9		Site Class C				1.526		0.56		1		1.3		1.526		0.728		1.017		0.485		12		0.594		1		0.594		0.958		0.951		D

								X				15		15		Northern California		California		Sacramento		38.60000		-121.50000				258		D		D		FEMA 570						38.6		-121.5		Site Class D				0.672		0.293		1.263		1.814		0.848		0.531		0.565		0.354		12		0.229		1.342		0.307		1.108		1.124		D

						X		X				16		16		Northern California		California		San Francisco		37.75000		-122.40000				613		C		D		FEMA 570						37.75		-122.4		Site Class C				1.5		0.642		1		1.3		1.5		0.834		1		0.556		12		0.57		1		0.57		1.05		0.991		D

												17				Northern California		California		San Francisco		37.72240		-122.47870				408		C		E		HBRG						37.7224		-122.4787		Site Class C				2.184		1.041		1		1.3		2.184		1.353		1.456		0.902		12		0.848		1		0.848		0.946		0.912		E

												18				Northern California		California		San Francisco		37.72946		-122.46908				606		C		E		HBRG						37.729456		-122.469078		Site Class C				2.021		0.953		1		1.3		2.021		1.238		1.348		0.826		12		0.791		1		0.791		0.958		0.92		E

												19				Northern California		California		San Francisco		37.73651		-122.45946				737		C		E		HBRG						37.736511		-122.459456		Site Class C				1.879		0.876		1		1.3		1.879		1.139		1.252		0.759		12		0.74		1		0.74		0.97		0.929		E

												20				Northern California		California		San Francisco		37.74357		-122.44983				601		C		E		HBRG						37.743567		-122.449833		Site Class C				1.752		0.81		1		1.3		1.752		1.053		1.168		0.702		12		0.695		1		0.695		0.981		0.939		E

												21				Northern California		California		San Francisco		37.75062		-122.44021				401		C		E		HBRG						37.750622		-122.440211		Site Class C				1.639		0.754		1		1.3		1.639		0.98		1.092		0.653		12		0.654		1		0.654		0.998		0.952		E

												22				Northern California		California		San Francisco		37.75768		-122.43059				363		C		D		HBRG						37.757678		-122.430589		Site Class C				1.538		0.705		1		1.3		1.538		0.917		1.025		0.611		12		0.618		1		0.618		1.016		0.965		D

												23				Northern California		California		San Francisco		37.76473		-122.42097				280		D		D		HBRG						37.764733		-122.420967		Site Class D				1.501		0.663		1		1.5		1.501		0.994		1.001		0.663		12		0.586		1		0.586		1.033		0.979		D

												24				Northern California		California		San Francisco		37.77179		-122.41134				246		D		D		HBRG						37.771789		-122.411344		Site Class D				1.5		0.626		1		1.5		1.5		0.939		1		0.626		12		0.557		1		0.557		1.05		0.993		D

												25				Northern California		California		San Francisco		37.77884		-122.40172				342		D		D		HBRG						37.778844		-122.401722		Site Class D				1.5		0.602		1		1.5		1.5		0.903		1		0.602		12		0.531		1		0.531		1.065		1.007		D

												26				Northern California		California		San Francisco		37.78590		-122.39210				311		D		D		HBRG						37.7859		-122.3921		Site Class D				1.5		0.6		1		1.5		1.5		0.9		1		0.6		12		0.508		1		0.508		1.075		1.018		D

								?				27				Northern California		California		Chico		39.72960		-121.84730				324		D		D		HBRG						39.7296		-121.8473		Site Class D				0.616		0.274		1.307		1.851		0.806		0.508		0.537		0.339		16		0.247		1.305		0.323		0.992		1.006		D

								X				28				Northern California		California 		Sacramento		38.58160		-121.49440				262		D		D		HBRG						38.5816		-121.4944		Site Class D				0.675		0.294		1.26		1.813		0.851		0.532		0.567		0.355		12		0.23		1.34		0.308		1.109		1.125		D

												29		17		Northern California		California		San Mateo		37.55000		-122.30000				179		E		E		FEMA 570						37.55		-122.3		Site Class E				1.849		0.86		0.9		2.4		1.664		2.065		1.109		1.377		12		0.73		0.9		0.657		0.956		0.917		E

						X		X				30		18		Northern California		California		San Jose		37.35000		-121.90000				274		D		D		FEMA 570						37.35		-121.9		Site Class D				1.5		0.6		1		1.5		1.5		0.9		1		0.6		12		0.5		1		0.5		1.136		1.085		D

												31		19		Northern California		California		Santa Cruz		36.95000		-122.05000				357		D		D		FEMA 570						36.95		-122.05		Site Class D				1.517		0.6		1		1.5		1.517		0.9		1.011		0.6		12		0.586		1		0.586		1.017		0.974		D

												32		20		Northern California		California		Vallejo		38.10000		-122.25000				336		D		D		FEMA 570						38.1		-122.25		Site Class D				1.5		0.6		1		1.5		1.5		0.9		1		0.6		8		0.507		1		0.507		1.103		1.083		D

												33		21		Northern California		California		Santa Rosa		38.45000		-122.70000				438		C		E		FEMA 570						38.45		-122.7		Site Class C				2.509		1.036		1		1.3		2.509		1.346		1.673		0.898		8		0.973		1		0.973		0.915		0.896		E

								X				34		22		Pacific Northwest		Washington		Seattle		47.60000		-122.30000				410		C		D		FEMA 570						47.6		-122.3		Site Class C				1.365		0.528		1		1.3		1.365		0.686		0.91		0.457		6		0.56		1		0.56		0.968		0.939		D

												35				Pacific Northwest		Washington		Seattle		47.64294		-122.37705				214		D		D		HBRG						47.64294		-122.37705		Site Class D				1.326		0.515		1		1.5		1.326		0.773		0.884		0.515		6		0.539		1		0.539		0.983		0.95		D

												36		23		Pacific Northwest		Washington		Tacoma		47.25000		-122.45000				431		C		D		FEMA 570						47.25		-122.45		Site Class C				1.297		0.506		1		1.3		1.297		0.657		0.864		0.438		6		0.5		1		0.5		0.997		0.958		D

												37		24		Pacific Northwest		Washington		Everett		48.00000		-122.20000				431		C		D		FEMA 570						48		-122.2		Site Class C				1.269		0.482		1		1.318		1.269		0.636		0.846		0.424		6		0.519		1		0.519		0.949		0.929		D

								X				38		25		Pacific Northwest		Oregon		Portland		45.50000		-122.65000				301		D		D		FEMA 570						45.5		-122.65		Site Class D				0.982		0.421		1.107		1.579		1.087		0.664		0.725		0.443		16		0.425		1.076		0.457		0.899		0.876		D

						X		X				39		26		Other Western States		Utah		Salt Lake City		40.75000		-111.90000				215		D		D		FEMA 570						40.75		-111.9		Site Class D				1.539		0.557		1		1.5		1.539		0.836		1.026		0.557		8		0.67		1		0.67		0.816		0.812		D

												40		27		Other Western States		Idaho		Boise		43.60000		-116.20000				246		D		C		FEMA 570						43.6		-116.2		Site Class D				0.309		0.105		1.553		2.379		0.48		0.25		0.32		0.167		6		0.121		1.558		0.189		0.939		0.967		C

												41		28		Other Western States		Nevada		Reno		39.55000		-119.80000				475		C		D		FEMA 570						39.55		-119.8		Site Class C				1.5		0.517		1		1.3		1.5		0.672		1		0.448		6		0.5		1		0.5		0.951		0.945		D

												42		29		Other Western States		Nevada		Las Vegas		36.20000		-115.15000				371		C		C		FEMA 570						36.2		-115.15		Site Class C				0.495		0.166		1.2		1.634		0.594		0.271		0.396		0.181		6		0.196		1.2		0.236		0.932		0.983		C

												43				Other Western States		Colorado		Denver		39.73920		-104.99030				430		C		A		HBRG						39.7392		-104.9903		Site Class C				0.182		0.058		1.2		1.7		0.218		0.099		0.146		0.066		4		0.092		1.2		0.111		0.906		0.898		A

								?				44		30		Central and Eastern States		Missouri 		St. Louis		38.60000		-90.20000				481		C		C		FEMA 570						38.6		-90.2		Site Class C				0.438		0.168		1.2		1.632		0.526		0.273		0.35		0.182		12		0.23		1.17		0.269		0.866		0.832		C

												45				Central and Eastern States		Alabama		Huntsville		34.73040		-86.58610				429		C		C		HBRG						34.7304		-86.5861		Site Class C				0.254		0.119		1.2		1.681		0.305		0.2		0.203		0.134		12		0.123		1.2		0.147		0.89		0.857		C

								X				46		31		Central and Eastern States		Tennessee		Memphis		35.15000		-90.05000				341		D		D		FEMA 570						35.15		-90.05		Site Class D				1.011		0.351		1.096		1.698		1.108		0.596		0.738		0.397		12		0.5		1		0.5		0.814		0.8		D

												47		32		Central and Eastern States		South Carolina		Charleston		32.80000		-79.95000				260		D		D		FEMA 570						32.8		-79.95		Site Class D				1.149		0.366		1.04		1.669		1.196		0.61		0.797		0.407		8		0.753		1		0.753		0.789		0.806		D

												48		33		Central and Eastern States		Illinois		Chicago		41.85000		-87.65000				229		D		B		FEMA 570						41.85		-87.65		Site Class D				0.135		0.062		1.6		2.4		0.216		0.149		0.144		0.099		12		0.068		1.6		0.109		0.916		0.872		B

								?				49		34		Central and Eastern States		New York		New York		40.75000		-74.00000				564		C		B		FEMA 570						40.75		-74		Site Class C				0.28		0.072		1.2		1.7		0.336		0.122		0.224		0.081		6		0.168		1.2		0.201		0.872		0.907		B

												50				Central and Eastern States		Pennsylvania 		Philadelphia		39.95260		-75.16520				361		C		B		HBRG						39.9526		-75.1652		Site Class C				0.202		0.06		1.2		1.7		0.242		0.103		0.162		0.068		6		0.111		1.2		0.134		0.882		0.91		B

												51				Central and Eastern States		Georgia		Atlanta		33.74900		-84.38800				385		C		B		HBRG						33.749		-84.388		Site Class C				0.185		0.09		1.2		1.7		0.222		0.152		0.148		0.102		12		0.084		1.2		0.101		0.933		0.9		B

												52				Central and Eastern States		Florida 		Orlando		28.53830		-81.37920				274		D		A		HBRG						28.5383		-81.3792		Site Class D				0.078		0.038		1.6		2.4		0.124		0.091		0.083		0.061		8		0.037		1.6		0.059		0.91		0.852		A

								?				53				Non-contiguous States		Alaska		Anchorage		61.2181		-149.9003				309		D		D		HBRG						61.2181		-149.9003		Site Class D				1.5		0.676		1		1.5		1.5		1.014		1		0.676		16		0.5		1		0.5		1.114		1.038		D

												54				Non-contiguous States		Alaska		Fairbanks		64.8378		-147.7164				188		D		D		HBRG						64.8378		-147.7164		Site Class D				0.992		0.378		1.103		1.644		1.094		0.622		0.729		0.414		6		0.403		1.097		0.442		0.945		0.973		D

												55				Non-contiguous States		Alaska		Kodiak		57.79		-152.4072				555		C		E		HBRG						57.79		-152.4072		Site Class C				1.545		0.904		1		1.3		1.545		1.175		1.03		0.783		16		0.636		1		0.636		1.117		1.027		E

												56				Non-contiguous States		Hawaii		Honolulu		21.3069		-157.8583				414		C		C		HBRG						21.3069		-157.8583		Site Class C				0.577		0.168		1.169		1.632		0.675		0.275		0.45		0.183		4		0.266		1.134		0.301		0.94		0.945		C

								?				57				Non-contiguous States		Hawaii		Hilo		19.7071		-155.0885				451		C		D		HBRG						19.7071		-155.0885		Site Class C				1.5		0.6		1		1.3		1.5		0.78		1		0.52		Nan		0.5		1		0.5		1.218		1.15		D

												58				Non-contiguous States		Hawaii		Wailuku		20.8911		-156.5047				475		C		D		HBRG						20.8911		-156.5047		Site Class C				0.977		0.248		1.009		1.552		0.986		0.385		0.658		0.257		6		0.36		1.04		0.374		1.008		1.003		D



												*Note: Far-Field >=10km from source, Near Field <10 kmp from source
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Take Away: Low times at SLE (just for median), several months at DE, a year at MCE.

S-story RC II SMF Building at LA Site
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Take Away: Low times at SLE (just for median), several months at DE, a year at MCE.

S-story RC II SMF Building at LA Site
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Results for Individual Buildings: New RC Shear Wall

Take Away: Low times at SLE (just for median), several months at DE, a year at MCE.

S-story RC II RC Coupled SW Building at LA Site
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Results for Full Set of Buildings: RC |l

Take Away: Lots of spread between buildings (since code doesn’t design for function).

Risk Category II New Buildings at High Seismic Sites

500 500 500
— Mean
"_',J E — Worst Case
(/p) (51
fg]‘;d,m}- Eﬂ,ﬂ:}- ?40:}- — Best Case 7
< e -
— i¥] -]
B - ~
3 o =
= 300 2 300 - ‘= 300
(31 oy
o ~ LF)
5 = =
3 - g 3
5 2001 / 2 200 (= 200 -
Y = = g
= e = =
& = = &3 =
E jre— = g
] = - ﬂ i o
E 100 T = 100 100
} = L
y 72
U 1 T T T -I T T T T D i T T .-. .. T T T T T T D i T T I T T T T T T T
= 5 OB AR OB =, = =5 = OB BREOR = 5 = = = 5 B R OE = = =5
=] [am] =] =] =+ W (] ] (] ] [an] ] [=5] -+ (] [F] ] W =] [an] =] ca =t [F] W ] (]
] =t - (=] :F =] il - W i =] =+ - [=] :F ] i il e il ] =t i [=] :F =] il i Wy i
- = =l =+ =3 r— g - = ] =+ = r- g —_- = =l =+ o - g
Sanity Checks:

» Typical Best Case: 1-Story Residential WLF in LA
» Typical Worst Case: 12-story Office SCBF in Riverside © HB Risk Group



RC I

7))
(@))
S
O
=)
an
Y
O
—
)
7))
>
LL
—
O
(9p)
o=
-
N
)
e

Sites

igh Seismic

ings at Hi

1d

i

Risk Category II New Bu

Mean

I8 GLbT
1K 0SLT

18616

Mean *+ Std

500

o S o
F - &

(sAep) medayf [[n UETpa]y

100 -

| IK §LpT
[1K0SLT

18516

3d

s

500

= = = = =
w = = =
(28] ] i

IR GLET
1K 0SLT

bl

3d

s

500

o o =
g = &

(sAep) Louednosoay uertpay

100

© HBRisk Group



RC Il vs. RC IV
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RC Il vs. RC IV
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Results for Full Set of Buildings: RC Il vs. RC IV

Take Away: Risk Category IV delays the onset of damage around SLE, but results similar at DE (and MCE) levels.
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& Most Frequent System/Component “Offenders”

Take Away: FEMA P-58/ATC-138 identifies system causing issues, so they can be designed resiliently.

Frequency of Top 3 System Offenders at [30] Days (RP=475 years)
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Most Frequent System/Component “Offenders”

Take Away: FEMA P-58/ATC-138 also identifies the specific components causing issues, so they can be designed resiliently.

Frequency of Top 3 Component Offenders at [30] Days (RP=475 years)
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= Stairs when no seismic joint (C2011.xx)
» Curtain/exterior walls (B2022/B1071)

= HVAC components (C3041)

» Pendant lighting (C3034.002)

» Suspended ceilings (C3032.003c)
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Sensitivity to Methodology Components
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Sensitivity to Method Components: Impeding and Long-Lead

Take Away: Impeding factors and long-lead items increase recovery times substantially.
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Sensitivity to Method Components: Specific Impeding Times

Take Away: Impeding factors are mostly in parallel, so you get most of the effect even if you turn some off.

Risk Category II New Buildings in High Seismic Sites
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d Sensitivity to Method Components: Cash-on-Hand Before Loan

Take Away: Financing details generally don’t control (permitting/design/contracting does).

Risk Category II New Buildings in High Seismic Sites
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Take Away: Allowing temporary repairs reduce recovery times some. Important caveat is that the impact depends
heavily on what is allowed to be temporarily repaired to regain basic function; if we are more permissible with what can
be resolved with temp repair, then recovery times would be much lower between at SLE and even some DE levels.
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Trends for Building Design

What do some occupancy and design items affect results?
* RC Il vs. IV
* New vs. Old buildings
» Occupancy (residential vs. commercial office)
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Take Away: New buildings are better (but we didn’t need to tell you that).

Risk Category II Buildings in High Seismic Sites (None)
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Occupancy
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Take Away: Similar results, with residential slightly better because more damage is allowed.
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Recovery Times vs. Damage Ratio

Risk Category II New Buildings at High Seismic Sites
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Results for a Real Project (Mar Structural Design)

Take Away: New practitioner design (RC wall lab building) was also taken through this process (full RHA).
Results are comparable to what we have shown for main 592 building study. FEMA P-58/ATC-138 is
enabling resilient design for this project by identifying which specific components need more resilient design.
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Summary

ATC-138 has extended the FEMA P-58 analysis method to now model/estimate functional
recovery time (and reoccupancy times).

Results for code-compliant buildings vary widely building-to-building and site-to-site (because the
code doesn'’t try to design for function). Typical average values for high-seismic CA sites are:

v' SLE: Current code design delivers near-immediate occupancy/function for most systems

v DE: Several months of recovery time (so need more resilient design to have quick recovery at DE)
v' MCE: Long recovery (but probably not the focus of FR design)

Impeding factors have important influence in the estimated recovery times (so please discuss
how to handle them in Breakout #2c!).

Risk Category IV delays onset of damage and function issues (near SLE), but doesn’t help much
once we get to DE and MCE levels.

Results are similar for a current practitioner design (and this methodology is already being used
to inform resilient design as we speak).

Looking toward the future, FEMA P-58/ATC-138 studies like this can be use to both inform FR
acceptance criteria, and also to calibrate what prescriptive design requirements would meet FR

goals.
© HBRisk Group
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