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Outline of Presentation

Tomorrow:

 New “Risk-Targeted” Seismic Maps Introduced into
USA Building Codes

Today:
* Probabilistic Seismic Hazard Analysis (PSHA)
* Previous “uniform-hazard” maps in USA building codes

e Ground motions for Next Generation Performance-
Based Seismic Design Procedures for New and
Existing Buildings (“ATC-58 Project”, funded by FEMA)
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Probabilistic Seismic Hazard Curves

Results of Probabilistic Seismic Hazard Analysis (PSHA),
pioneered by the late Prof. C. Allin Cornell in 1968.
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Probabllistic Seismic Hazard Analysis

Source 1 Source 3 | Sﬁ@:

'LI:.E. 2 O\tbg" 215 1)Identify earthquake sources &
g \ develop PDF’s for source-to-site
. AP g _ distances, fx(r).
o ™™ 2)Develop frequencies of

earthquakes, v, & PDF’s for

? : maghnitudes, f,,(m).
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3)Determine CDF for ground
motion intensity y given m & .

4)For each source ...

PLY >y°]

Parameter value, y*

STEP3 STEP 4
Figure B-3 Steps in probabilistic seismic hazard assessment (Kramer, 1996)
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Probabllistic Seismic Hazard Analysis

Source 1 Source 3 et : Notes.
T_b_. SﬂlO\tb? g 23 .
R ¢ \ 1)Frequencies can be summed
2 across earthquake sources:
Source 2 LQ"' -

R Magnitude, x
STEP 1 STEP 2 [2pl= IE]%

2)Assuming Poisson probability
distribution in time ...

- P P> [ = [P [ — )

PLY >y°]

Parameter value, y*

STEP3 STEP 4
Figure B-3 Steps in probabilistic seismic hazard assessment (Kramer, 1996)
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Probabilistic Seismic Hazard Curves

Results of Probabilistic Seismic Hazard Analysis (PSHA),
pioneered by the late Prof. C. Allin Cornell in 1968.
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e.g., ground motion intensity with a uniform
1/2500 annual probability of being exceeded
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Outline of Presentation

* Previous “uniform-hazard” maps in USA building codes
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Pre-2012 “International” Building Code
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Behind Pre-2012 IBC Maps
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Reference Site Class Decision

Ideally seismic design maps would be for
most common site class, i.e., Stiff Soil ("D")

Existing ground motion attenuation relations
for PSHA in CEUS were for Hard Rock ("A")

Adjusting Hard Rock ("A") to Stiff Soil (*D")
too problematic due to nonlinearity

Adjusted to Firm Rock ("B/C") for consistency
with WUS Rock attenuation relations



Periods of Vibration Decision
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Periods of Vibration Decision
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Figure 8. Charleston uniform hazard response
spectrum data for 2% probability of exceedance in
50 years and approximate spectrum.
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From "Development of MCE Ground Motion Maps” by
E.V. Leyendecker et al. (Earthquake Spectra, 2001)



Probability of Exceedance Decision
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Probability of Exceedance Decision
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Deterministic Ground Motion Decision

Deterministic Map of 0.2 second Spectral Response Period
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Deterministic Ground Motion Maps

Deterministic Map of 0.2 second Spectral Response Period
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Deterministic Seismic Hazard Analysis

‘ Steps:
1) Identify earthquake sources &

‘“:';; o O\tbr
develop PBFsfor source-to-
¥ Lo site distances 5.

o ™ 2) Develop frequencies-of
| earthquakes, v, & PDF's for

Source 1 Source 3

log (# earthquake > m)

~ magnitudes, ).
E 3) Determine GBF-foerground
_ motion intensity y givenm &-r.
e 7 4) FereachChoose source ...
STEP3 STEP 4
Figure B-3 Steps in probabilistic seismic hazard assessment (Kramer, 1996)
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Development of MCE GM Maps

i

Documentation for the 2008 Updatn of the United Stnins
MNational Seismic Hamard Maps
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Use of MCE Ground Motion Maps
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Use of MCE Ground Motion Maps
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Use of MCE Ground Motion Maps
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BB us semmic Daign Mops =
L R o) gechazards sgs.go
US Selsmic Design
Maps
Lisa the Tool
Decumenkation & Help
Jave Greund Mation
Parameter Calculator
Dowinload the Tool
Docemeantaticn B Halp
Worldwide Seismic
Dasign Valuas
Lkse the Toal

[oumentation & Help

EARTHQUAKES

Soll Adjustments

Flzase note that the mest recent design codels) (2.0 |

you are unsure of which document is currently enfors
before wsing this application

| Application | | Batch Mode | | Help

Design Code Reference Document

Cowesdl vour local desiqn offical if you need hetp sakacling

his

2008/05 |BC -]
Report Title |Optional)

Thiss willl app=ear at the lon of the generatad fepon

Example

Site Soil Classification

THs = et aubamatically selectad basad an sile location

Site Class D — “Stiff Scil' {Defaull) -]
Oecupancy Category

LEsad b computa The saigmic dessgn calagary

[ar Il ar I =]

Site Latitude
Desairnal degress for ihe site locafan

387479158

Site Longitude

Decimal dagreas for the sifa kacahan

-105.2192333

Compute Values

LANDSLIDES GEOMAGNETISM

§ Destn Mags Deafed Sepor - Gomgle Chsme o
L7 eohmzsed s g 06 s ) I e b e pl e i ST T
From Figure 1613.5(1) S.=0.236¢
From Figure 1613.5(2) S, =0.059¢

Section 161352 — Site class definitions

S5ITE SOIL Soil shear wave Standard penetration Soil undrained shear
CLASS PROFILE welocity, v, (ftfs) resistance, N strength, 5., (psf)
MAME
& Hard rock ;'1 = 5,000 A ¥ R
Rock 2,500 < ;'_-_ = 5,000 Mo M A
C ey dense 1,200 < i, £ 2,500 N > 50 »2,000 pef
sofl and soft
mck
(u] SEiff sail 800 = ;'.; < 1,200 15 = I £ 50 1,000 to 2,000 paf
profile
E SHFF =0l Ve < 600 W15 1,000 psf
prrofile
E - Any profile with more than 10 ft of soil hawving the characteristics:
1. Plasticity index Pf > 20,
2. Maolsture content w = 40%, and
3. Undrained shear strength s, < 500 paf
F — Any profile conkalning solls having one or more of the following characteristics:

1. Solls wulnerable to potenkial fallure or collapse under seismic loading such as
liquefiable saila, quick and highly sensitive cayva, collapsible wealkly

cemented solls

2. Peats andfer highly erganic clays (H = 10 feat of peat and/er highly organic

clay whare H = thickness of sail)

3. wvery high plasticity clays (H > 25 feet with plasticity index PI > 75)

4. Very thick softymedium stiff clays [(H = 120 fest)

For 51t 1ft/s = 0.3048 ny's 1Ib/ft2 = 0.0470 kN/m2

Section 16135 3 — Site coefficients and adjusted maximum considered
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Soll Adjustments

BB us semmic Daign Mops =
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US Selsmic Design
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Lisa the Tool
Docwmentation & Help
Jave Greund Mation
Parameter Calculator
Dowinload the Tool
Docemeantaticn B Halp
Worldwide Seismic
Dasign Valuas
Lkse the Toal

[oumentation & Help

EARTHQUAKES

LANDSLIDES

Fieasa note that the meost recent design code(s) (e.g
you are unsure of which document is currently enfors
before using this application

| Application | | Batch Mode | Help

Design Code Reference Document
Cowesdl vour local desiqn offical if you need hetp sakacling
his

2008/05 |BC -]

Report Title (Optional) I

Thiss willl app=ear at the lon of the G

Example

Site Soil Classification

This is nod autamatically setectad basad an sile location

Site Class D — “Stiff Scil' {Defaull) -]
Oecupancy Category

LEsad b computa The saigmic dessgn calagary

Lor Il ar Il =] |
Site Latitude

Decirnal degresas Tor the =te lacalan

38.74791540

Site Longitude
Clesomal dagress for the =ta locahan

-105,2192333

Compute Values

F Cessign Waps Detafed Bepis - Gopgls Chiome

L geohazsnds isge o e

T =

GEOMAGNETISM

Section 1613,5.3 — Site coefficients and adjusted maximum considered
earthquake spectral response acceleration parameters

TABLE 1613.5.3(1)
WALUES OF SITE COEFFICIENT F,

Site Class Mappad Spectral Response Accalaration &b Shert Periad

S. 5 0.23 5. m 050 5, m 0,75 S, = 1,00 S 2 1.25
& 0.8 0.8 0.8 0.5 0.8
B 1.0 1.0 1.0 1.0 1.0
G 1.2 1.2 1.1 1.0 1.0
[w] 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
F See Section 11.4.7 of ASCE 7

Mote: Use straight-line interpolation for intermediate values of 5,

For Site Class = D and 5; = 0.236 g, F, = 1.600

TABLE 1613

5.302)

WALIUES OF SITE COEFFICIENT F,

Sita Class Mapped Spactral Respense Acceleration at 1-5 Period
S, 5 0.10 5, = 0.20 5, = 0,30 5, = 0.40 5, 2 0.50
I} 0.8 0.6 0.3 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
G 1.7 1.6 1.5 1.4 1.3
B 2.4 2.0 1.8 L6 1.5
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Decwmenktation B Halp Design Code Reference Document
; Cowesdl vour local desiqn offical if you need hetp sakacling TABLE 1613.5.3(2)
g’:‘::::fji‘i‘im'c this VALUES OF SITE COEFFICIENT F,
S 2008/05 |BC -]
ke bhe Tool
Slte Class Mapped Spectral Response Acceleration at 1-s Period
Documentation & Help Report Title {Optional) II
Thi wik apipsear at the 1o of the penerabed 5, = 0.10 5 =0.20 5, =0.30 5, = 0.40 5,2 0.50
Example
) 0.8 D.B 0.8 0.8 0.8
Site Soil Classification ; : .
THs = et aubamatically selectad basad an sile location B Lo Lo 1.0 il Lo
Site Class D - “Stff Scal' (Cefaull) "| c 1.7 1.6 1.5 1.4 1,3
Oecupancy Category o 24 2.0 18 16 15 1
LEsad b computa The saigmic dessgn calagary
Lar Il ar Il =] | E 3.5 3.2 2.8 2.4 2.4
Site Latitude F See Section 11.4.7 of ASCE 7
Desairnal degress for ihe site locafan =
267479158 Mote: Use straight=line interpolation for intermediate values of 5,
Site Longitude For Site Class = Dand 5, = 0.059 g, F, = 2,400
Clesomal dagress for the =ta locahan
1052192333 In the aguations balow, the aquation number ¢corresponding to tha Z00DE edition is listed
first, and that corresponding to the 2009 edition is listed second.
Compute Values
|| Equation (16-37; 16-36): S = F.5:=1.600x 0.236 =0.377 g
EARTHQUAKES LANDSLIDES GEOMAGNETISM Equation (16-38; 16-37): Sy =F5 =2400x 0,059 =0,142 g
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Design Response Spectrum

% U.5. Seismic Design MapT *x ‘r & Design Maps Summary Report - Google Chrome =3
& = C [j geohazards.usgs.gov/designmaps/us/application.php | | geohazards.usgs.gov/designmaps/us/summary.php?template=minimal&latitude=39.7479159&longitude=-105.2192333 &siteclass=3&riskcategory=08edition=ibc
E = :
US Seismic Design _ Coosile &1 Gree '
Maps e Please note that the most recent design code(s) (e.g SUERPS g D Tanoa & 7o Mount: SUSHE L o
T—— you are u?sure.of WhI.Ch cliocumenl is currently enforcil ysGS-Provided Output
5 ——— before using this application.
ocumentation e
E Sg= 0.236¢ Sus = 0.377¢g Sps = 0.251¢
Java Ground Motion
o S, = 0.059¢ Sy = 0.142g S,, = 0.095¢g
Parameter Calculator Application | | Batch Mode | | Help
Download the Tool i MCE Response Spectrum
- 0.44
Documentation & Help Design Code Reference Document s
Consult your local design official If you need help selectin '
Worldwide Seismic T 5 L ) ¥ L 0.36 1
Design Values 2d06/09 IBC B .32
0.28
Use the Tool -
) . 5 o244
Documentation & Help Report Title (Optional) T 0.20
This will appear at the top of the generated report. o 0164
Example 0.12
0.0 -
Site Soil Classification 0.04
This is not automatically selected based on site location. .00 + + + + + + + + + J
- — - 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
Site Class D - “Stiff Soil” (Default) B Period, T (sec)
Occupancy Category
Used to compute the seismic design category. Design Response Spectrum
Lor Il or Il -] 027
Site Latitude 024+
Decimal degrees for the site location. 0211 S
-~ 0.127
39.7479159 o
~ 015
a
Site Longitude 0127
Decimal degrees for the site location. 0.09 1
-105.2192333 &-0¢1
0.02 1
0.00 + —t + v ! —_— ! 4
Compute Values 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
Period, T (sec)
Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the acc
the data contained therein. This tool is not a substitute for technical subject-matter knowledge.
EARTHQUAKES LANDSLIDES GEOMAGNETISM . = . -

Indian Institute of Science (lISc) Department of Civil Engineering Seminar

“Ground Motions for Performance-Based Seismic Design,” N. Luco, USGS March 5, 2013



Indian Building Code
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Fig. 2 Response Spectra For Rock and Soil Sites For § Percent Damping
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Indian Building Code

ZONE FACTORS FOR SOME IMPORTANT TOWNS

ANNEX E
(Foreword)

Town Zone Zone Town Zone | Zone Factor,
Fuactor, 7 7z
Agra 11 0.16 Chitradurga 11 0.10
Ahmedabad IT1 0.16 Coimbatore IT1 0.16
Ajmer Il 0.10 Cuddalore 111 0.16
Allahabad I1 .10 Cuttack IT1 0.16
Almora 1V 0.24 Darbhanga V 0.36
Ambala IV 0.24 Darjeeling IV 0.24
Amritsar IV 0.24 Dharwad 111 0.16
Asansol 11 0.16 Dehra Dun IV 0.24
Aurangabad 1T 0.10 Dharampuri IT1 0.16
Bahraich IV 0.24 Delhi IV 0.24
Bangalore I1 0.10 Durcapur IT1 0.16
Baraum 1V 0.24 Gangtok IV 0.24
Bareilly I11 0.16 Goa IT1 0.16
Bhatinda il 0.16 Gulbarga 11 0.10
Bhilai il 0.10 (raya 111 0.16
Bhopal 1T 0.10 CGrorakhpur IV 0.24
Bhubaneswar 111 0.16 Hyderabad 11 0.10
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Previous Generation PBSD
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Outline of Presentation

e Ground motions for Next Generation Performance-
Based Seismic Design Procedures for New and
Existing Buildings (“ATC-58 Project”, funded by FEMA)
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ATC-58 “Next Generation” PBSD

* Instead of satisfying a performance objective through
prescriptive requirements (like in building codes),
guantify/assess performance explicitly.

Select Performance Objeclives ¢ ——------

|

|
1
1
Perform Preliminary Design :
:
]

!

I Assess Performance Capability

Does Performance 5 BEV'SEdf
Meet Objectives ? osign ana/or
Objectives
Done
Figure 1-1 Performance-based design flow diagram
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ATC-58 Performance Assessments

« Three types of quantitative performance assessments:

— “Intensity-Based” (for a user-selected acceleration
response spectrum; a.k.a., code-based)

— “Scenario-Based” (for a user-defined earthquake
magnitude and site distance; a.k.a., deterministic)

— “Time-Based” (considering all possible earthquakes and
their prob. of occurrence; a.k.a., probabillistic/risk-based)

* Ground motions for all three assessment are in the form of
response spectra or hazard curves (for time-based) and
corresponding ground motion time series.
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ATC-58 Intensity-Based Assessment
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ATC-58 Scenario-Based Assessment

e From Deterministic Seismic Hazard Analysis ...

2S5 #+—— 11—
[ 4 Boore-Atkinson model,
JEB Mw=7.25, r=5 km
2 * 97th
\ 84th

Median (50th)
16th

Spectral acceleration (g)

0 1 2 3 4 .
Period (sec)

Figure 4-2 Response spectra with different probabilities of exceedance
derived from a single ground motion prediction equation for an
earthquake scenario,
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ATC-58 Time-Based Assessment

 From Probabilistic Seismic Hazard Analysis ...
D.U?_"'l"'l"'l"'l"'l"'I"'I"'I"'I""

0.06 |
0.05 |
0.04 | 0 S

0.03 A

Annual frequency of exceedance, A(e)

0.02 | ]
0.01 :
0 =t e €pn = ‘?-1 €
0 01 02 03 04 05 06 07 0.8 6.9 1
Earthquake intensity, e
Figure 7-9 Seismic hazard curve and time-based loss calculations
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ATC-58 Performance Metrics

« All three types of performance assessments quantify
probabilities of earthquake-induced casualties (Deaths),
repair costs (Dollars), and occupancy loss (Downtime).

* For intensity-based and scenario-based assessments ...

1
Y 09
£ .
- K
I:u =
g L
-
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=
= 05
T 04
=
£ 0. 3
=
2 02
=
e 01

]

0 20 40 60 80 100
Impact Quantity
Figure 2-1 Hypothetical Performance Building Function
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ATC-58 Performance Metrics

* For time-based (or “risk-based”) assessments ...

1 S
0.9 /P,-
0.8
0.7 /
0.6
0.5 /
0.4
0.3 /
0.2 /

0.1
0 ‘/

Annual Non-Exceedance Frequency

G 0.1 0.2 0.3 0.4 0.5
Impact Quantity
Figure 2-7 Example time-based performance curve
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ATC-58 Performance Simulations

(e ( i =

Calculate Repair cost = replacament cost
Repair Cost Repeir ime = replacement time
i Corddition Tag = unsafe
Calculats Datarmine
- s Non-colapsea
Rapair Time Condition Tag Casuattias
Figure 2-4 Realization flow chart
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ATC-58 Characterization of Damage

A series of discrete damage states representing the different
levels of possible damage.

For example, for an exterior cladding component ...

1)No damage (and no consequences with regard to repair
actions, occupancy, or casualties).

2)Cracking of sealant joints, permitting moisture and/or air
Intrusion. Such damage will have no consequence with regard
to casualties, safety placard placement or long-lead times.
However, over the long term, the damage will present building
maintenance issues, and therefore result in small repair and
environmental costs with an associated short repair time.
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ATC-58 Characterization of Damage

3) Damage consisting of visible cracking of the panels. To
repair this unsightly damage, the cladding must be removed
from the building and replaced. This damage will likely have
more severe cost and environmental consequences and will
result in a longer repair time. Casualties, safety placards and
or long-lead times are not impacted in this damage state.

4) Damage consisting of panel connection failure, and pieces
of the cladding falling off the building. This damage will likely
have similar repair consequences as that above, but will
also have potential casualty impacts, and may have severe
occupancy impacts as the building might be deemed unsafe
for occupancy and placarded as such, until the cladding is
repaired.
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Summary of Presentation

Probabilistic Seismic Hazard Analysis (PSHA)

*Couples models for earthquake sources (including
frequencies) and ground motions to produce “hazard curves”

Previous “uniform-hazard” maps in USA building codes
*Based primarily on PSHA, with detalls designed for USA

Ground motions for Next Generation Performance-Based
Seismic Design Procedures for New and Existing
Buildings (“ATC-58 Project”, funded by FEMA)

*Procedures explicitly quantify performance in terms of “deaths,
dollars, downtime”

eHazard curves the basis of time/risk-based assessment
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