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Outline of Material

" How is seismic risk different than seismic
hazard, and how is it computed?

= Components of seismic risk (with HAZUS examples)

" Hazard
" Exposure/lnventory

" Fragility/Vulnerability

= Examples of seismic risk analysis results




Difference Between Risk and Hazard

" Both probabilities (e.g., annually) of
something "bad" happening, but ...

Hazard 2 Ground Motion

Risk - Structural Damage/Loss

= "Earthquakes don't kill people, buildings do!"

" Risk = Hazard + Inventory + Fragility




Hazard

" Hazard Curve (forecast) for each location,
e.d., ...

Basic Hazard Curve

Annual Frequency of Exceedance

10
Acceleration(g)




"Hazard" = (EQ Rate=1)* PE(SA>x)

" Best estimates of, and uncertainties in,
ground motion for a given earthquake, e.g., ...
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"Hazard"

" Best estimates of, and uncertainties in,
ground motion for a given earthquake, e.g., ...

TriNet Rapid Instrumental Intensity Map for Imperial Valley Earthquake
Maon Cect 15, 1979 0416:00 PMPDT M 6.5 N32.60 W115.30 Depth 12.0km |D:Imperial_Valley

(ShakeMap for a past earthguake)




"Hazard"

" Best estimates of, and uncertainties in,
ground motion for a given earthquake, e.g., ...

Rapid Instrumental Intensity Map for Puente Hills Scenario
Scenario Date: SatJan 11, 2003 04:00:00 AM PST M7.1 N33.93W117.85 Depth: 12.5km

PLANNING SCENARIZ ONLY -- Processed: Mon Jan 12, 2004 11:54:00 AM PST

(ShakeMap for a potential future earthquake)




Exposure / Inventory

" Individual structure, e.g.,

_ £ Roof
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Exposure / Inventory

" All structures in a
region, e.g., ...

1.1 trillion dollars of
building exposure

/80 Billion dollars of
residential exposure |

204 Billion dollars of e

c [l 2.000 to 5,000
commercial exposure oo 10

100to 500

43 billion dollars of
Industrial exposure




Fragility / Vulnerability

" Conditional probability of exceeding a specified
amount of damage (or loss) as a function of the
ground motion level, e.g., ...
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Spectral Acceleration (SA)

(SA - Structural Response - Structural Damage and/or Loss)




Vulnerability / Fragility

= Expected amount of loss as a function of the
ground motion level, e.g., ...
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(SA - Structural Response - Structural Damage and/or Loss)




Objectives of Risk Analysis

" Probability of exceeding a particular amount
of damage or loss in some time period

e.g., P[collapse] or P[Loss>$x] in 50 years

" Expected amount of loss in some time period

e.g., Expected Annual Loss (EAL)

" Probability of exceedance or expected
amount of loss for a particular earthquake




Reasons for Risk Analysis

" Communication of earthquake hazard

" Mitigation decisions, e.g., ...
" Do we need stricter building codes?
" Should we retrofit certain types of buildings?
" Do we need insurance, and at what cost?

" How much damage do we need to prepare for?

" For individual structures or a whole region




Seismic Risk Analysis Models

" Private Sector ($$$$9%)

" AIR Worldwide Corporation
(formerly Applied Insurance Research)

" RMS (Risk Management Solutions)
= ABS (formerly EQE International)

® Others




Seismic Risk Analysis Models

" Public Sector (Free!)

" Federal Emergency Management Agency (FEMA)
- HAZUS

" National Science Foundation (NSF) Earthquake
Engineering Centers: PEER, MAE, MCEER

= "OpenRisk"?

® Others
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Define the analysis extent by adjusting
the buffer size of the flow centerline.
Buffer controls
Increase buffer *

Decrease buffer

Reset to intial buffer




HAZUS-MH: FEMA’'S SOFTWARE PROGRAM FOR ESTIMATING POTENTIAL LOSSES FROM DISASTERS

HAZUS-MH: Features

Physical
Impacts

Economic
Impacts

Social Impacts

i ."5_' "% GIS Technology
% Nationwide Databases
Nationally Standardized Loss

£ Estimation and Risk
=y FEMA Assessment Methodology




HAZUS-MH: FEMA'S SOFTWARE PROGRAM FOR ESTIMATING POTENTIAL LOSSES FROM DISASTERS

GIS Technology

Spatial Relationships
= | ayers
= Computations

Risk
Communication
| = VR i




HAZUS-MH: FEMA’'S SOFTWARE PROGRAM FOR ESTIMATING POTENTIAL LOSSES FROM DISASTERS

Nationwide Databases

Demographics — Population, Employment, Housing
Building Stock — Residential, Commercial, Industrial

Essential Facilities — Hospitals, Schools, Police Stations,
Fire Stations

Transportation — Highways, Bridges, Railways, Tunnels,

Airports, Ports and Harbors, Ferry Facilities

Utilities — Waste Water, Potable Water, Oil, Gas, Electric
Power, Communication Facilities

High Potential Loss Facilities — Dams and Levees, Nuclear
Facilities, Hazardous Material Sites, Military Installations




HAZUS-MH: FEMA'S SOFTWARE PROGRAM FOR ESTIMATING POTENTIAL LOSSES FROM DISASTERS

HAZUS-MH: Analysis Levels

AddHional Data
Input Parameter

Modification

Standard Databases INCAST - Inventory Collection
and Survey Tool

BIT — Building data Import Tool
FIT — Flood Information Tool

- Level 1 and 2 analyses can usually be performed
by emergency services or planning staff

Level 3 analysis typically requires technical
expertise




HAZUS-MH: FEMA'S SOFTWARE PROGRAM FOR ESTIMATING POTENTIAL LOSSES FROM DISASTERS

HAZUS-MH: Models

Earthguaks Flood Hurricane
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Seismic Hazard Input (HAZUS)

= Earthquake scenario

e.d.,

M=7.9 on

San Andreas Fault

(repeat of 1906
San Francisco A 10500
Earthquake)
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Seismic Hazard Input (HAZUS)

" Probabilistic ground motions maps from USGS,
for E[ Loss ]/ year, e.qg., ...




1.0 sec SA (%g) with 2% Probability of Exceedance in 50 Years
USGS Map, Oct. 2002rev
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Seismic Hazard Input (HAZUS)

" Other user-supplied ground motion maps,
e.d., ShakeMaps, ...




CISN 1.0 s Pseudo-Acceleration Spectra (Yeg) for Northridge Earthquake
Mon Jan 17,1994 04:30:55 AM PST MET N34.21 W118.54 Depth: 18.0km |D:Northridge
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Seismic Hazard Input (HAZUS)

" Ground motion response spectrum

W Standard Shape - Site Class B

' = = Typical Shape - Site Class B (WUS) PGA
A

SA(0.3sec)

[Fa]
r =A(1.0sec)

Spectral Displacement (inches)

«
C
c
el
e
©
L=
Q
@
o
o
<
©
- -
)
L& ]
@
o
W




Seismic Hazard Input (HAZUS)

Table 4.9 Soil Amplification Factors

Site Class B Site Class
Spectral Acceleration A B C D E
Short-Period, S, (g) Short-Period Amplification Factor, F,
<0.25 0.8 1.0 1.2 1.6 2.5
0.50 0.8 1.0 1.2 1.4 1.7
0.75 0.8 1.0 1.1 1.2 1.2
1.0 0.8 1.0 1.0 1.1 0.9
2 1.25 0.8 1.0 1.0 1.0 0.8%
1-Second Period, Sy, (g) 1.0-Second Period Amplification Factor, Fy
< 0.1 0.8 1.0 1.7 2.4 3.5
0.2 0.8 1.0 1.6 2.0 3.2
0.3 0.8 1.0 1.5 1.8 2.8
0.4 0.8 1.0 1.4 1.6 2.4
= 0.5 0.8 1.0 1.3 1.5 2.0%

Site Class E amplification factors are not provided in the NEHRP Provisions when Sy
> [.0 or Sy; > 0.4. Values shown with an asterisk are based on judgment.



Seismic Hazard Input (HAZUS)

" Soil-amplified response spectrum

Site Class B (Rock)
= = Site Class D (Stiff Soil)
- == Sjte Class E (Soft Soil)

Spectral Displacement (inches)
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Building Inventory Classification (HAZUS)

Classify by parameters influencing damage & loss
» Structural parameters affecting structural
capacity and response
» Basic structural system (steel moment frame)
» Building height (low-rise, mid-rise, high-rise)
» Seismic design criteria (seismic zone)

» Nonstructural elements affecting nonstructural
damage

» Occupancy (affecting casualties, business
interruption and contents damage)

» Regional building practices

» Variability of building characteristics within the
classification



Exposure/lnventory (HAZUS)

» Buildings and Facilities

» General building stock, essential facilities, high
potential loss facilities, ...

» Transportation Systems

» Highway systems, railways, light rail, bus system,
ports and harbors, ferry, airports, ...

» Lifeline Utility Systems

» Potable water, waste water, oil systems, gas systems,
electric power, communication, ...

» Hazardous Materials Facilities



General Building Stock Database (HAZUS)

> Includes:

» Square footage by occupancy

» Full replacement value by occupancy

» Building count by occupancy

» General occupancy mapping

» Demographics



General Building Stock Database (HAZUS)

» developed from:

» Census of Population and Housing, 2000
» Dun & Bradstreet, Business Population Report, 2002
» Department of Energy, Housing Characteristics

» Department of Energy, A Look at Residential Energy
Consumption in 1997,

» Department of Energy, A Look at Commercial
Buildings in 1995



Building Inventory Classification (HAZUS)

Building Occupancy Class
Square footage
Value

Demographics

Occupancy Class

to

Structure Type
Mapping

Building Structure Type
Structural characteristics
Response

Damage functions




Building Occupancy Classes (HAZUS)

Table 3.2: Building Occupancy Classes

Label | Occupancy Class Example Descriptions
Residential
RES] Single Family Dwelling House
RES2 Iiohile Home hiobils Home
RES3 Mhaltt Fanuly Dhwallmz Apartment'Condeminium
EES3A Duplex
EES3EB 3-4 Uhuts
FES3C 5-9 Units
EES3D 10-19 Unzts
EES3E 20-49 Uits
EES3F 50+ Units
RES4 Temporary Lod=inz HotelMotel
RESS Instrtvtional Dormortory Group Housme (mulitary, collegs). Tails
RES& Nuasing Home
Commercial
COM1 Eetail Trade Stara
COM2 Whaolezale Trade Warshouse
COM3 Perzonal and Fepair Services Service Station/Shop
COn4 Professional Techmeal Services Offices
COMS Banks
COME Hoespital
COMT Medical Office/ Clinic
COME Entertarmment & Facreation Eestaurants Bars
COMS Theaters Theaters
COMI10 Parking (Garages
Industrial
IND1 Heaavy Factory
IND2 Light Factory
D3 Foed Dhrugs/Chenneals Factory
WD IMetals Minerals Processing Factory
IND5 High Technolegy Factory
IND& Construction Offics
Agriculture
AGER1 Agnculture
ReligionNon/Profit
FEL] Churchon-Profit
Government
GOV (reneral Services Office
GOR2 Emergency Response Police/Fire StatonEOC
Education
EDUL Grade Schools
EDL2 Colleges Universitias Does not inelude group housing




Building Replacement Costs (HAZUS)

Table 3.6 Defaunlt Full Replacement Cost Models (Means, 2002)

HAZUS Ucmllp::mc:r Class Sub-category Means Model De_sa:riplinn (Meansz éj::.;;__
Descriprion Medel Number) (2002)
EES] Single Fanuly Dhoreling | 5See Table 14.2
EES2 Manufactured Housing ;I;?:f:mred Manufzetured Housing aual $30.50
Mhalts Family Dhvellmz — [Duplax SFE. Avg 2 5¢, MF ady, 3000 5F $67.24
small Tuplex'Cuads SEE. fovg 2 5t MF adj, 3000 5F $73.08
Mult: Family Dwelling— |3-9 units Apt, 1-3 st B.000 SF (ML.O10) 512563
RES3 medinm 1018 umits Apt., 1-2 st 12,000 SF (WL.0O10) $112.73
Multi Family Dwelling — 2045 umts Apt., 4-7 =t 40,000 SF (W.020) 5108 86
larse ) S0+ umets Apt., 4-7 =t 60,000 SF (WL.020) 510613
j Apt., 8-24 st 145,000 5F (M.030) §111.69
Hotel, medium Hotel, &7 =1, 135,000 SF(M 350) 510483
_ _ Hotel large Heotel, 3-24 st 450,000 5F (ML360) $53.47
REsd | Tewp. Lodzing Motel, small Motel, 1 =t 8,000 SF (M.420) $94.13
Motal medium Motel, 2-3 =t 40,000 5F (ML430) 511003
Dorm_ medium Co]]ege;]:lu}ml_ 2-3 st 25,000 8F $118.57
ML130)
EES5 Institutional Domaitory ; Collage Dommn, 4-8 st, 85,000 5F
Domn, large {I'.-{.14_|:|} ’ : 511331
Do, small Frat House, 2 st 10,000 SF (M_240) $99.50
RESH Mursing Home TMursing home Pharsmg Home, 2 st., 25,000 5F (M 4503 510462
Dept Store, 1 5t Store, Dept, 1 st., 110,000 SF M LE10) $71.54
Dept Store, 3 5t Stove, Dept., 3 st, 95,000 5F L620) $EET3
. L . Store, small Store, retanl, B,.000 SF (WM.630) $79.23
COML - |Retal Trade Store, medivm Supermaket, 44,000 SF (ML640) 169.09
Store, convenience Store, Convendence, 4000 5F (hL600) $83.59
Ao Sales Garage, Auto Salas, 21,000 SF (M.260) $70.84
Warshouse, medivm | Warshousa, 30,000 5F (M.6%0) $51.51
COM2  |Whelesale Trade Warehouse, large Warehouse, 60,000 5F (M.650) $56.58
Warehouse, small Warshouss, 15,000 SF (M.690) $70.43
Garage, Fepar Garage, Bepan, 10,000 5F (BI250) $86.51
Personal and Reoair (Garage, Service sta. |Gatage, Service sz, 1400 5F (MWL300) 511391
COM3 Services ) Funeral Home Funaral home, 10,000 SF (M.230) $97.66
Laundromat Lamdromat 3,000 5F (M.320) 813564
Car Wash Car Wash, 1 st., 800 SF (MOS0 519828




Building Structure Types (HAZUS)

Table 3.1: Building Structure (Model Building) Types

Height
No. | Label Description Fange Typical
Name Stones Stones Fest
1 W1 Wood, Light Frame (< 5,000 sq. ft.) 1-2 1 14
2 W2 Wood, Commercial and Industrial (= Al 2 24
5,000 sq. ft.)
3 S1L Low-Rize 1-3 2 M
4 SIM Steel Moment Frame Mid-Rize 4-7 5 60
5 SIH High-Rise 8+ 13 156
6 S2L Low-Rize 1-3 2 M
7 320 Steel Braced Frame Mid-Rize 4-7 5 60
8 2H High-Rise 8+ 13 156
2 53 Steel Light Frame All 1 13
10 S4L . . Low-Rise 1-3 2 24
i | s | sl | e | [ 5| G
12 S4H High-Rise g+ 13 13
3 ~Ris 2 2 24
ﬁ SS%I:I Steel Frame with Unreinforced %;EFF{{:: _11 i i 5 -
y Masonry Infill Walls Sy ' iy
15 35H . High-Rise 8+ 13 15
16 CIL Low-Rize 1-3 2 20
17 CiM Concrete Moment Frame hid-Rise 47 5 50
1% CIH High-Rize g+ 12 120
19 CL Low-Rize 1-3 2 20
0 CIM Concrete Shear Walls hid-Rise 47 5 50
21 CIH High-Rize g+ 12 120
12 A ~Ris = 2 20
T,; E;II:I Concrete Frame with Unreinforced %FEE:: _11 i 5 0
u | cH Masonry Infill Walls High-Rise g 12 120
PA] PC1 Precast Conerete Tilt-Up Walls Al 1 13
5 q “Ric = 2 20
Eé }f’gz‘i} P‘rec:l_st Cnncl'gtt Fl'ﬁ].]-flES with g’fﬁ:&;: __11_ i 5 -
1 | PCH Concrete Shear Walls High Rise 8- 12 120
29 EMIL | Reinforced Masonry Bearing Walls Low-Rise 1-3 2 20
30 BMIM with Wood or Metal Deck hid-Rise 4+ 5 50
Diaphrasms
2 ~Ris = 2 20
31 gf;h Reinforced Masonry Bearing Walls i";E 11;1;& _11 i 5 o
- . | with Precast Concrete Diaphragms rIe-nse o . -
33 RM2H = High Rize g+ 12 120
N lr_ - ;] S
;; IE_.-I'E;{’IL Unreinforced Masonry Bearing Walls IF'EE_E‘;: 13_' ; ;;
M
36 MH Mobile Homes All 1 10




Building Occupancy Class to Structure Type Mapping

Table 3A.4: Distribution Percentage of Floor Area for Model Building Tvpes
within Each Building Occupancy Class, Low Rise, Post-1970, West Coast*
(after ATC-13, 1985)

Specific Model Building Tvpe
No. |Qceup. | 1| 2] 3 [ 6] 9 [10]13]16 10 [22]25]26[20 [31] 34 [36
Clazs w1 w2 &1L SIL &3 541 S5L CIL | CIL | CIL | POl | PCIL |RMIL | RMIL| URML | MEH
1 |RESI For State-Specific “Res]” Dismibution, FRefer to Table 3A.19
. 1 |rEs2 100
Region: West Coast 3 mes | RE AE N 5
4 |RE=4 33 3 2 3 4 3 i 2
. . 5 |RESs 33 3 3 [ 3 4 23 3
Height: Low-rise & Jress [0 5 A
7 |comi | 9 1 2 1 [} 10 1 15 3 21 3
A . 8 |com:z 2 4 1 3 4 2 12 41 3 19 3
ge- POSt'197O 9 |coMs: 332213 3|13 N ERERE
10 |coms 3|3 2 1 3 4 15 3 3 24 2
11 |coMs i3] 3 2 1 3 4 15 3 3 4 2
12 |cous 3l ] 1 1 7 4 13 7 28 2
13 (com7 47 | 16 5 4 [ 2 0
14 |coms 4 | 13 2 1 3 2 15 4 32 7
15 |coms 5|27 |20 12 4 7] 5
16 |Cconin g 2 [ E 3 13 7 3
17 D 11 ] 19 | 28 3 2 1 a 11 3 11 1 1
18 D2 3 13 g [ 3 10 41 3 12
19 |pos R ERE 2 w7 |18
20 |mDi 1w|1e] 5] 4 YR
21 D3 1 12 2 2 3 0 38 7 17 1
11 |\mps 0| 4 11 8 16| 6 | 14 5
23 |AGRI 40 2 11 k3 3 1 15 2
24 |pEL1 23 121 3 1 [ 26 2] 3
15 |covi g |15 3|7 2|32 4 [16] 9
26 |cov? 40 3 7 3 10 7 3 7
17 |[epum | 4 6| 1] 3 B EEERERE
28 |Epun: 5 10 | 10 5 i ] 40 5

*  Referto Table 3C.1 for states” classifications.



Building Occupancy Class to Structure Type Mapping

§
-
i~
=
Residential Stee!Wund
Commercial Concrete
Occupancy Class Industrigther Masonry  Model Building Type

Mobile Home

Figure 2.2. Example Inventory Relationship of Model Building Type and Occupancy Class



Individual Building/Structure (HAZUS)

» Advance Engineering Building Module (AEBM)

-------

........

" " = - - - - - " - " -

Figure 8.3. Elevation View at Perimeter of the DPW Building [Chen et al., 2001]
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Fragility / Vulnerability

" Conditional probability of exceeding a specified
amount of damage (or loss) as a function of the
ground motion level, e.g., ...
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Vulnerability / Fragility

= Expected amount of loss as a function of the
ground motion level, e.g., ...
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Fragility / Vulnerability

Fragility Curve Vulnerability Curve
Str: C1M, T = 0.75sec, £ = 7.0%, Median Au = 0.35g, crm[AuJ = 0.00, GM: GeoMean{H1, H2), SF=1.0+4.0
1 ] .4 ./ - A, e 0 P ks L | [ ™M i —
J Slight ok ! ;
0.9H -~~~ Moderate ; / 0.9 ] H
----- Extensive ;’ / 1
8 08— Complete | - / / 0.8+ !
S 07 A\ ’ 0.7
kel > i ol ‘
go.e— P(DS 2 ds | Sa) . o6 P(Loss | Sa) L
w L | @ L
5 0° i 1P(DS = ds | Sa) a0 AR
£ 04 f1 ] 204 ]
803 : | é.g., P(DS = Sive | Sa)
E ,' ] 1
o 0.2 s . 02f Lili g 1
;oW = P(DS > extensive | mplete || Sa)
01~ 'fc ’,4 - 01 / s i I il
0 [P ot "-’l l} Ir |
107 10" 10° 10' ?0’2 10° 10'
Sa(T=1.00sec, £=5.0%), (?’ (Loss | DS ds) $af(T=1.00sec, ¢=5.0%), (9)
/Iln{ge State Loss Ratio
Spectral acceleration, PGA, MMI, Slight 2%
Inelastic spectral displacement, Moderate 10%
Inter-story drift ratio, . Extensive 50%
Complete 100%

E[Loss|Sa]= ) (Loss|DS ~ ds)x
ds

P[DS ~ ds | Sa]



Building Fragility Curves (HAZUS)

Slight =—— =—— Moderate Extensive ™ ™ = Complete
1.00
Z 0.75 / N
; I|' ] Ly
g |
I
o
= 030
=) ]
£ /
2 I
2 025 1
2 |
= .u I -
0.00 P -os M
0.00 5.00 10.00 15.00 20.00 25.00
Inelastic Spectral Displacement (inches)

Figure 5.1 Example Fragility Curves for Slight, Moderate, Extensive and
Complete Damage.



Sidebar — Inelastic Spectral Displacement

S.(T,¢) = peak acceleration of elastic oscillator ~ 5 (T,6)

21)°

S,(T,<¢, R, ) = peak displacement of inelastic oscillator

Impvall/H-EO4.fn, T=1sec, £ = 5%, o = 2%

Impvall/H-EQ4.fn, T=1sec, £ = 5%, o = 2%

Displacement

Displacement

2004 AIR Worldwide Corporation




Capacity Spectrum Method (HAZUS)

| PESH Input Spectrum
w7 R (5% Damping)
2 .. N
p i
'% 1 | Demand Spectrum N\ \
@ (Damping > 5%) ~
@ T ~
8 \ ~
E 1 N Ultimate Capacity ™~ —
E S = ' —
g ﬂ Ny | Capacity \
8 1 Y. - C
» Yield Capacity TR . arve

Design Capacity

S

Spectral Displacement (inches)

Figure 5.2 Example Building Capacity Curve and Demand Spectrum.



Building Fragility Curves (HAZUS)

Probability [Ds >= ds | SD]

o
o
o
!‘H
'

P[DS|S,]=®@

7gT,T' Das = \/(CONV (/B(:UBD))2 T (IBT,dS)2

Capacity Curve uncertainty = . 3, = Demand Spectrum Uncertainty



Revamping HAZUS Fragilities (USGS)

Str: S1L, Low Code, T = 0.50sec, £ = 5.0%, Median Ay = 0.06g, Median Au = 0.19g, Dy = 0.15in
GM: Sa(0.50sec), Geo{H1,H2), SF=1.0+8.0, EDP: Both H1 & H2
Slight .
0.9+ Moderate
""" Extensive " K
!
© Q8 ===- Complete i/ /
Q — / ! /

i
¥
4

10" 10° "
SaF(T=0.50sec, £=5.0%), (g)

» Revamped HAZUS fragilities are:

1)

2)

3)

Based on nonlinear dynamic structural analysis rather than Capacity
Spectrum Method.

Independent of ground motion variability, which is taken care of in
hazard computation.

Fully probabilistic with variability in ground motion and building
response properly accounted for.



Revamping HAZUS Fragilities (USGS)

» Revamped HAZUS fragilities are (continued):

4)

5)

6)

In terms of ground motion parameters for which hazard is typically
computed, e.g., S,(0.3s).

Available for a large number of structures (all HAZUS building types
and code levels).

Can be easily combined with seismic hazard information to ...
» Evaluate seismic risk, e.g. seismic risk maps.

» Estimate losses from a scenario event, e.g. seismic damage
maps.

» Evaluate building design/mitigation options, e.g. SBC vs IBC
design.



Revamping HAZUS Fragilities (USGS)

S1L, Low Code

Sir: SIL, Low Code, T = 0.50sec. £ = 5.0%. Median Ay = 0.06g. Median Au = 0.15g, Dy = 0.15in
GM: Sa{0.50sec), GeolH1,H2), 5F=1.0+8.0, EDP. Both H1 & H2
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Revamping HAZUS Fragilities (USGS)

» Result: Vulnerability curve.
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» Can also easily relate Loss to a vector of two (or more) GM
parameters (e.g., S,'s at two different periods).



Building Components (HAZUS)

Building
Structural Non-Structural
Components Components
(e.g. columns,...)
Acceleration-Sensitive Drift-Sensitive
Non-Structural Non-Structural
Components Components
(e.g. mechanical (e.g. partitions,

equipment, contents, ...) exterior walls, ...)



Individual Building/Structure (HAZUS)

» Advance Engineering Building Module (AEBM)

» Building-specific fragility/vulnerabillity curves

» Extension of HAZUS methodology

» More accurate than generic model building types
» For structural/seismic engineers

» Makes evaluation of retrofit possible



Outline of Material

" How is seismic risk different than seismic
hazard, and how is it computed?

= Components of seismic risk (with HAZUS examples)

" Hazard
" Exposure/lnventory

" Fragility/Vulnerability

= Examples of seismic risk analysis results




Examples of seismic risk analysis results

» Deterministic Scenarios (HAZUS)
» HAZUS Example: Repeat of 1906 San Francisco Earthguake
M7.9 on San Andreas Fault

>
> http://lwww.fema.qov/plan/prevent/hazus/dl sfeqglosses.shtm
>

E[ Loss | Earthquake |

» Probabilistic Scenarios (USGS)
» Seismic Damage Maps, P[ Loss | Earthquake ]
» Seismic Risk Maps, P[ Loss ]/ year



SF Eq. Example: Overview of Shaking (HAZUS)

» All counties will be
affected

» San Francisco, San
Mateo, and Santa
Clara counties with
highest risk
(combination of strong
shaking and dense /
vulnerable assets)

SA [1.0 sec]

1.2g
0.9
0.6
0.4
0.3
0.2
0.1
0.05

]

P Vlonterey)



SF Eg. Example: Overview of Assets at Risk (HAZUS

» 1.1 trillion dollars of
building exposure

» (80 Billion dollars of
residential exposure

» 204 Billion dollars of
commercial exposure

» 43 billion dollars of
Industrial exposure

Exposure Density
[$M per square mile]

[ Over 5,000
[ 2,000 to 5,000
[ 1,000 to 2,000
500 to 1,000
100to 500
50to 100
Less than 50




» 10.5 million people
» 3.7 million households

» About 0.6 million
households with

annual income less
than 20K

» About 1.2 million
people over 65 years
old

SF Eqg. Example: Population at Risk (HAZUS)

Mateo yi

Population Density
[per square mile]

[ Over 10,000
B 5,000 to 10,000
I 2,000to 5,000
1,000 to 2,000
500to 1,000
200to 500

B Less than 200




SF Eq. Example: Residential Damage (HAZUS)

> Over 3 million
residences

» Over 100,000
residences
potentially destroyed

Residential Damage
[# per square mile]

[ Over 500
. 100 to 500
. 50 to 100
10to 50
5to 10
lto 5
Oto 1



SF Eq. Example: Commercial Damage (HAZUS)

» About 70,000
commercial facilities

» Over 10,000 facilities
with at least
extensive damage

Nern~ #%.
S )

Commercial Building
Damage [#/sq.mi.]

[ Over50
B 20to50
W 10t020
5to 10
2to 5
1to 2
B Lessthan1




SF Eg. Example: Damage to Bridges (HAZUS)

» About 6900 bridges
In 19-county area

» Over 1,300 bridges
may require repairs

» Map shows damage
to multi-span bridges

Sen [Frencisce —f

I rea of Potential

round Failure

SaniVateom

Probability of
Bridge Damage

0.7 to1
0.4 to 0.7
°0.2 to 0.4
°0.1 to 0.2
°0.05 to 0.1
°0.01 to 0.05
‘0 to0.01



SF Eq. Example: Performance of Hospitals (HAZUS)

» About 120 hospitals
(excluding clinics)

FIANCISCONL

Area of Potential N
Ground Failure

hospitals may suffer Sen MEfGD
minor to major Number of
damage "y

@Over 1,000
@500 to 1,000
0200to 500
0100to 200
a 50to 100
o Less than 50




SF Eqg. Example: Emergency Response Facilities

» 35 fire stations may
be seriously affected

» 50 police stations
may be seriously
affected

» 2 EOC'’s potentially
with significant
damage

Frenciseo

Area of Potentialjs
Ground Failurcjiilils

Area of Potentiall

Shaking Damage




SF Eg. Example: School Performance (HAZUS)

» About 4,000 schools
In 19-county area

> About 400 schools
may be closed Sen Frenelseo

> Schools shown in |
yellow dots 1

Shaking Damage

SanflVateoy



SF Eg. Example: Fire Ignitions and Consequences

Sonoma {Napa Sollano

» 500 to 600 Fires et

> About 100 in San : |
Francisco ' ua

Costa
» San Francisco, San = ,
Mateo, Santa Clara, o R
Alameda, and Marin |

SanlErancisco

San Mateo
Counties at highest ol
. Predicted Number O _
rISk of Ignitions i | Clana!
B 10 ormore
B 8to9
B 6to7
4t05
2to 3 Sanita
Less than 2 Cruz !
0 10 20 San

miles Manterey, Benito



SF Eg. Example: Debris Generated (HAZUS

Solano:

» 25 to 40 Million tons
of debris generated

Debris Generated
[x1,000 tons / sq.mi.]

[ Over500
B 100to 500
B 50to0 100
10to 50
5to 10
1to 5
B Lessthan1




SF Eg. Example: Displaced Households (HAZUS)

. BisonomajNapa

Y

Marin e

» 200,000 to 300,000
displaced
households

N
iy =
SN

NMateoryss

Displaced Households
[# per sq.mi.]

I Over5,000
B 1,000 to 5,000
" 500to 1,000
100to 500

50to 100 N

10to 50

B Lessthan10




» 60,000 to 120,000
persons requiring
short-term shelter

A

Sonoma &Napa

Vakim

San Erancisco

SanMatee

Shelter Needs
[# per sq.mi.]

Il 5,000 to 10,000
B 1,000to 5,000
W 500to 1,000

100to 500

50to 100

10 to 50

N 0to 10
0 10 20

miles

Santa
Cnliz

Melnterey;,

Solano

Contra
@oStal

Alameda

Sanital
€lana;

San
Benlito



SF Eg. Example: Utility Disruption (HAZUS)

» Total Households In
19 counties = 3.66
Million

» Households without

power (1 day after
EQ) = 0.5 Million

» Households without
water (1 day after
EQ) = Over 1 Million

Affected Households
[I 100,000

[] Nowater
Il No Power



SF Eg. Example: Daytime Casualties (HAZUS)

» Injuries
» Deaths

3,400

I Over50
B 20to 50
I 10to 20
5to10
2to 5
1to 2

Fatality Density ay
at 2 PM [per sq.mi.] = A

B Lessthan1

Beniito!



SF Eg. Example: Nighttime Casualties (HAZUS)

» Injuries = 8,000
» Deaths = 1,800

L Nanedagdis

NMateor y L

Fatality Density g %
at 2 AM [per sq.mi.] - - santal

[l Over50
B 20to 50
W 10to020
5t0 10
2to 5
1to 2
B Lessthan1




SF Eq. Example: Economlc Impact (HAZUS)

» Over 120 Billion
Dollars of Building
Losses

» All direct and indirect
|OSS€S W|” be |n Loss Density

[$M per sq.mi.]

excess of 150 Billion | m over2s

B 50 to250

W 10 to 50

dollars 0 to 50

1 to 5

02to 1
B Lessthan0.2




Building Damage Maps (USGS)

» Building damage maps show the probabilities of different
structural damage states (or losses) for each of the 36
building types in HAZUS designed to 4 different code levels

P[DS > ds] = j P[DS > ds|SA=sa] f.,(sa) dsa

—

74 !

Fragility Curve Seismic "Hazard"

CISN PGA/Sigma Map (in %qg) for Northridge Earthquake
Mon Jan 17, 1994 04:30.55 AM PST M 6.7 N34.21 W118.54 Depth 18.0km |D:Northridge

CISN 0.3 s Pseudo-Acceleration Spectra (%g) for Northridge Earthquake
MonJan 17, 1994 04:30:55 AM PST M 6.7 N34.21 W118.54 Depth 18.0km 1D:Northridge
= - ,

cian Ay = 0,060, Mediaen Au = 0.19g. Dy = 0.15a
1,HZ), SF=1.008.0, EDF: BothiM1, HZ)

i

35" W

20

0.0
10" 10° 10’ —
Sa®(T=0.30sec, £=5.0%), (g) ‘ 19 g




Example Building Damage Maps: Northridge Eqg.

Low Rise Steel Moment Frame Building, Low Code

Slight Damage Extensive Damage

o 4
BiNrw 119.0° W 18,5 W 118.0 W 17.



Example Building Damage Maps (USGS)

Light Frame Wood Building, Low Code

Slight Damage Extensive Damage

35 O“ N S 35.0" N

o e o B — a5

| 340'nN

34.0°N

y
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33?1@.5 w 1190 W 118.5 W 118.0 W 1M7L 519‘5 W 1190 W 118.5 W 118.0 W




designed to 4 different code levels
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Building Risk Maps (USGS)

» Building risk maps show the mean annual frequencies
(MAFs, A) of exceeding different structural damage states

(or losses) for each of the 36 building types in HAZUS

Fragility Curve

107

SaEI[T=0.5059cs £=5.0%), (9)

A[DS > ds] = jP[Ds > ds | SA =sa] | dA[SA > sa]|

—

Hazard Curve &

.........

(Memphis, TN) -
s & “Iviog [“l¥Log




Example Building Risk Maps (USGS)

Low Rise Steel Moment Frame Building, Low Code

1e-1.0
I1e-2.0

11e-3.0

Slight Damage

11e-4.0
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11e-3.0
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Example Building Risk Maps (USGS)

Slight Damage

340N

Slight Damage

Slight Damage

BN 5w

18.0° W

1185 W

118.0° W

117.5 W

117.0° W

N 10

<,

Slight Damage
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36N

35N g‘) A
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Example Building Risk Maps (USGS)

Extensive Damage

Extensive Damage

Extensive Damage

35.0° N

345N

340 N

335 N 2 — - o y
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Example Building Risk Maps (USGS)

Slight Damage

1e-1.0
I1e-2.0

11e-3.0

Low-Code

11e-4.0

I1e-50
1e-6.0

1e-1.0
I1e-2.0

11e-3.0

V

High-Code

A D Y W L {1e-4.0

I1050
1e-6.0
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OW 105w 100w 5w ogow 8 W



Summary of Risk/Loss Analyses

® For an individual structure and location:
dAs,(a)
da

dAs,(2)
da

da

A[Loss > I]=jP[Loss> || SA=a]
0

da

E[Loss]/ year z_" E[Loss | SA=a]
0

" For aregion as a whole:

E[ ) Loss, ]/ year = ) E[Loss;]/ year

iI=1:n i=1:n

AL( D] Loss; )> 1= complicated!

i=1:n




Outline of Material

" How is seismic risk different than seismic
hazard, and how is it computed?

= Components of seismic risk (with HAZUS examples)

" Hazard
" Exposure/lnventory

" Fragility/Vulnerability

= Examples of seismic risk analysis results




