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Topics Covered

e 2008 USGS Uniform Hazard Maps

¢ 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps

* Determination of Ground Motion Values
* Horizontal Response Spectra

* Vertical Response Spectra

* Peak Ground Acceleration

* Selection and Scaling of Ground Motions
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2008 USGS Maps

Probabilistic

Uniform Hazard (e.g. 2% in 50 year probability)
Spectral Contours (T=0, 0.1, 0.2 sec...)

5 % Damping

Site Class B/C Boundary

Geomean Values
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Obtaining 2008 Maps from
USGS Seismic Hazard Data Website

800 Hazards
[ “ | > ] h(tp:f}eanhquake.usgs.gov;haza(dsf
&= M VT Google Apps Portal  ATC Wind U, Seismic ... Application 2002 Interac...ons Results VT WLAN W

= USGS

science for a changing world

EARTHQUAKES HAZARDS LEARN

Home

About Us

PREPARE

The U.S. Geological Survey (USGS) is preparing for the 2014 update of the National Seismic Hazard M
See information regarding regional and topical workshops planned for 2012.

Selsmic Hazard Maps and Data Selsmic Hazard Analysis Tools

Probabilistic and scenario ground-

‘? Create customized hazard and

EARTHQUAKES

NSHM Home
Maps and Data
2008 Update
Maps

Data

Software

Fault Parameters
Fault Source Map
Catalogs
Documentation

2002 Update

LEARN

PREPARE

0

2 Q.

Search

MONITORING

RESEARCH

2008 NSHM Figures

Figures corresponding to the 2008 U.S. Geological Survey National Seismic Hazard Maps are available for individual download below,
or can be downloaded in their entirety from this zip file (11vn). These figures are probabilistic ground motion maps for Peak Ground
Acceleration (PGA), 1Hz (1.0 second SA), and 5Hz (0.2 second SA). Some additional spectral accelerations (SA) are also included for
central and southern California. Most figures correspond to the 2% in 50 year probability of exceedance, but there are a few figures for
the 10% in 50 year and the 5% in 50 year probability of exceedance as well. The latter figures are identified in the listing below, or can
be identified by examining the file name and looking for a “10pc50” or “5in50" (respectively). All ground moticn probabilities are
computed for the B/C Boundary (V520 = 760 m/s). If similar maps were created for the 2002 updale, we have also created ratic maps
for easy cc 1 between the updates.

Click a column header to sort by values in that column. Shift+Click to sort by multiple columns

K R o - o ) . Region Name Return Period Spectral Acceleration Download
motion hazard maps, input and output ‘WA probability maps with additional 1996 Update
data, and documentation. More... :‘ options to assess individual source- Conterminous U.S. 2% In 50 Years 3.33Hz (0.3 Seconds) WPGIPS]
contributions to overall hazard. More. | Conterminous U.S. 10% in 50 Years  0.5Hz (2.0 Seconds) [JPGI PS]
Lower 48 Alaska Conterminous U.S. 10% in 50 Years 10Hz (0.1 Seconds) WPGIPS]
Create Custom Hazard Interactive Hazard
Maps Maps Conterminous U.S. 2% In 50 Years 2Hz (0.5 Seconds) WPGIPS]
Hernel et Rico Conterminous U.S. 2%in0 Years  10Hz (0.1 Seconds) PG PS]
Earthquake Probability Hazard Curve
Conterminous U.S. 5% in 50 Years 1Hz (1.0 Second) WPGIPS]
Guam/Marianas Samoa/Pacific Islands Application
Conterminous U.S. 10% in 50 Years 2Hz (0.5 Seconds) WPGIPS]
Urban & Regional Scenarios Interactive Banded [ Conterminous U.S. 29%In 50 Years 1Hz (1.0 Second) PG| PS] ]
Deagg Deagg Conterminous U.S. 5% in 50 Years 2Hz (0.5 Seconds) JPGIPS]
Time-Dependent Foreign
p— Conterminous U.S. 5% in 50 Years 5Hz (0.2 Seconds) WPGIPS]
s:
( conterminous u.s. 2%in50 Years  5Hz (0.2 Seconds) UPGIFS] |
Lower 48 States Maps and Data
2008 2002 1996
» Maps « Maps « Maps
s Data s Data = Data
* Source Code « Source Code « Source Code
* Catalogs « Faults Database Search = Documentation

Faults Database Search

» Fault Source Map
» Documentation

Additional Information

« Documentation
Additional Information

« Open File Report
« Seismic Hazrds Investigation of Puget Sound

Additional Information

* Fact Sheet
« Site-Response Maps for Los Angeles Region

FEMA
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2008 USGS Seismic Hazard Maps

0.2-s SA with 2% in 50 year PE. BC rock. 2008 USGS 1.0-s SA with 2% in 50 year PE. BC rock. 2008 USGS

3;2? 1.00
162 o
e 0.59
s 0.46
oes 035
0.48 .27
e 0.21
i 0.16
b 012
0.14 0.10
o 0.08
o8 0.06
tine 0.04
0.04 0.03
0.03 0.02

0.01
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Obtain Accelerations for Given Lat-Lon

| | B> :Tiﬁhttp:Heanhquake.usgs.govfhazafdsfapps,fmapf

US Seismic Hazard 2008

c_l -C-l' usgs seismic hazards

&[] =i

science for a changing world

Earthquake Hazards Program

EARTHQUAKES

HAZARDS

VT Google Apps Portal PennyCollec...y machines The Rev Cou...0 XC review US. Seismic ... Application Home Maritime Tim...st of Ships Scholar : Ga...ay : Welcome Edito

ZUSGS

US Seismic Hazard 2008

Layers Tools

‘\@f) Hazard value by lat/lon

- =
g Measure

e / i USGS Home
- o ¥ Contact USGS
; Search USGS
Home About Us Contact Us Q,
LEARN PREPARE MONITORING RESEARCH
Hazard by lat/lon X

Click on map to get location, or ente
latitude and longitude.

& Latitude: |47.65 (24.6 - 50.0)

Longitude: -122.3 (-125.0 - -65.0)

a ,:. | Submit |

Al

{’ Lat: 47.65, Lon: -122.3

| PGA  |2% in 50 vrs 52.04 (%g}
0.2 sed10% in 50 yrs62.83 (%g)
0.2 sed2% in 50 yrs [118.64 (%g
1.0 sed10% in 50 yrs20.22 (%g)
2% in 50 yrs [40.15 (%g)

¥ FEMA @

Instructional Material Complementing FEMA P-751, Design Examples

For Lat =47.65
Lon =-122.3

2% in 50 year
GEOMEAN values:
PGA=0.520 g

0.2 sec=1.186 ¢
1.0 sec=0.4015¢g
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2009 NEHRP Maps

Probabilistic / Deterministic (Separate Maps)
Uniform Risk (Separate Maps)

Spectral Contours (PGA, 0.1, 0.2 sec)

5 % Damping

Site Class B/C Boundary

Maximum Direction Values
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2009 NEHRP Probabilistic Maps

¥ @suodsal

1221341 Jo %)
[enoeds puodes-z 0 JO suoiow punoib (Jeap-0g ul %Z) pezey-uuopun L-ZZ aunbiy

8 sse alg

o L o

* 5 % Damping

* Probabilistic / Deterministic (Separate Maps)
* Uniform Risk (Separate Maps)
» Spectral Contours (PGA, 0.1, 0.2 sec)

« Site Class B/C Boundary
 Maximum Direction Values
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Instructional Material Complementing FEMA P-751, Design Examples

Earthquake Ground Motions - 9



Maximum Direction Conversion

= i T = — To convert from USGS Geomean
G| T=0:25econds || | 5 NEHRP Maximum Direction
% L e Multiply 0.2 Sec. values by 1.1
| Multiply 1.0 Sec. values by 1.3
i i
i 0 250 S00 70 1,000 M\Ies\‘ \; i b T:1IO Seconds

For Lat = 47.65

Lon =-122.3

2% in 50 year

Max Direction Values:
0.2sec=1.186x1.1= 1.305¢g
1.0 sec=0.4015x1.3=0.522 ¢

@ ssep) ays ‘(Buidwep [eapua jo %5) uopeIaeIcy esuodsal
|eipo8ds puases-0'| Jo SUOIIOW punalb (1ee)-08 Ul %z) prezey-uuoyun Z-zz sanbiq

1] 250 500 750 1,000 Kilometers.
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Using the USGS Utility: 2009 NEHRP

eno U.S. Seismic Design Maps Web Application

[ - | [ 3 ] http:,.’,fgeohazards.usgs.gov,.’designmaps!us;applicalion.php G] (Q' Google \
e [ VT Google Apps Portal ATC Wind U.S. Seismic .. Appllca:lon 2002 Interac...ons Results VT_WLAN Wir...ginia Tech Online Comm...ers (ASCE) Yahoo! Google Maps Apple YouTube Wikipedia 2

= USGS™™ ¥ ' e

Site Longitude
Decimal degreas for the site location.

.‘.x.lu ait Mountain
i

-122.3 Powered by Leaflat — Tiles Courtesy of '13QOLQ;I - Data@ Dgcrqtrcctr.“lslg contributors, |

Site Latitude
Manchester
Decimal degreas for the site location. o
ssa u:
47.65 Parkwood q
: o
i —

|
science for a changing world “g e | Search USGS {
Geologic Hazards Science Center Home  StaffList  Contact {
EARTHQUAKES LANDSLIDES GEOMAGNETISM {
|
U.5. Seismic Design i i i i i |
Mane 9 U.S. Seismic Design Maps Web Application }
|
Web Applicati
il Please note that the most recent design code(s) (e.g., 2012 International Building Code) may not yet govern in your municipality. If {
Batch Mode you are unsure of which document is currently enforced in your area, please consult your local building or transportation official |
Min/Max for Regions before using this application. |
FAQ |
Help T |
_— _ Application Batch Mode Help |
Seismic Design for |
Engineers . [ EE B ERLE S “ Hontispisk
Seismic Hazards Design Code Reference Document Ip md od Manbr. emsiiby é {
Consult your local design officlal if you need help selecting Ko oo s g y \ |
this.
‘ | 2009 NEHRP [ ] [
) Indianola "“""’"l E_)‘ sodinville |
Report Title (Optional) ) ¢ !
Thie will appear at the top of the generated repart. t x ; |
B | | DESIGN EXAMPLES L= {
Site Soil Classification !
This iz not automatically selected based on site location. le Bainbridge Island }
‘ | Site Class C - "Very Dense Soil and Soft Rock” ¥ ¢] o {
Risk Category Sian | S5 |
Used to compute the seismic design category. [+}
) | [ foriiori )
ares Hslin

Compute Values

i
\\V}—\“q

uu 7 s

& FEMA ~/|(@p

; S
GRm e
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(N Né] Design Maps Detailed Report

2ZUSGS Design Maps Detailed Report
Print View Summary Report
2009 NEHRP Recommended Seismic Provisions (47.65°N, 122.39W)

Section 11.4.1 — Mapped Acceleration Parameters and Risk Coefficients

Note: Ground motion values contoured on Figures 22-1, 2, 5, & 6 below are for the
direction of maximum horizental spectral response acceleration. They have been converted
from correspending geometric mean ground motions computed by the USGS by applying
factors of 1.1 (to obtain S, and S.,) and 1.3 (to obtain S,,, and 5,;). Maps in the 2009
NEHRP Provisions are provided for Site Class B. Adjustments for other Site Classes are
made, as needed, in Section 11.4.3,

Figure 22-1: Uniform-Hazard (2% in 50-Year) Ground Motions of 0.2-Second Spectral
Response Acceleration (5% of Critical Damping), Site Class B

—-‘ 2
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Figure 22-2: Uniform-Hazard (2% in 50-Year) Ground Motions of 1.0-Second Spectral
Response Acceleration (5% of Critical Damping), Site Class B

250 500 1000 hles

| —
250 500 1000 Klometers

Results from Detailed
Report

Squy=1.305¢g
S,u4=0.522¢g

For Lat = 47.65

Lon =-122.3

2% in 50 year

Max Direction Values:
0.2sec=1.186x1.1= 1.305¢g
1.0 sec=0.4015x 1.3 =0.522 ¢

L T L |
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Adjustment for Risk and Deterministic Cap

NEHRP Spectral Accelerations NEHRP Risk Coefficients NEHRP Deterministic Peak

B ~ | ASCE7-10Map | — -+ =
gf FEMA p Instructional Material Complementing FEMA P-751, Design Examples Earthquake Ground Motions - 13




Adjustment for Risk

05 = min@SUHCR ,95n)
O = minQS‘IUHCRll Sip)

750 1000 Kiometers

o

| | ; PR
o= , T T T T | o L e ~
| 7 N ] 250 S0 TE0 1000 Kiomelers ~ | e NG

Sy Maps (S, maps similar) Cgrs Maps (C; maps similar)

Y FEMA -|@e
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Adjustment for Deterministic Cap

Ssp Map (S;p map is similar)

Deterministic Cap is 84t Percentile Ground Motion
But not less than 1.59g (Sgp) or 0.69 (S;p)
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2009 NEHRP Intermediate Results

From Detailed Report

- P P
2ZUUSGS Design Maps Detailed Report

Print View Summary Report

2009 NEHRP Recommended Seismic Provisions (47.65°N, 122.3°W)

Section 11.4.1 — Mapped Acceleration Parameters and Risk Coefficients

Note: Ground motion values contoured on Figures 22-1, 2, 5, & 6 below are for the
direction of maximum horizontal spectral response acceleration. They have been converted
from corresponding geometric mean ground motions computed by the USGS by applying
factors of 1.1 (to obtain S.,,, and S..) and 1.3 (to obtain S, and S,,). Maps in the 2009
NEHRP Provisions are provided for Site Class B. Adjustments for other Site Classes are
made, as needed, in Section 11.4.3.

Figure 22-1: Uniform-Hazard (2% in 50-Year) Ground Motions of 0.2-Second Spectral
Respanse Acceleration (5% of Critical Damping), Site Class B

T ——

o

e iy
sl e
w01

Qe o
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Figure 22-2: Uniform-Hazard (2% in 50-Year) Ground Mations of 1.0-Second Spectral
Respanse Acceleration (5% of Critical Damping), Site Class B
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Figure 22-3: Risk Coefficient at 0.2-Second Spectral Response Perio

Figure 22-5: Deterministic Ground Motions of 0.2-Second Spectral Response Acceleration (5%
of Critical Damping)), Site Class B

]

Figure 22-6: Deterministic Ground Mations of 1.0-Second Spectral Response Acceleration (5%
of Critical Damping), Site Class B

260 500

250 500 1000 kil

S, = min(Sy,,,Crs, S ) =min(1.305x 0.988,1.5)=1.289¢

S, =min(S,,,,C,,. S, ,) =min(0.522 x 0.955,0.6) = 0.498g
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2009 NEHRP Results

From Standard Report

anon Design Maps Summary Report
2ZUSGS Design Maps Summary Report

Print  View Detailed Report
User-Specified Input

Report Title DESIGN EXAMPLES
Sat December 15, 2012 15:05:26 UTC

Building Code Reference Document 2009 NEHRP Recommended Seismic Provisions
(which makes use of 2008 USGS hazard data)

Site Coordinates 47.65°N, 122.3°W
Site Soil Classification Site Class C - "Very Dense Soil and Soft Rock”
Risk Category I/II/II1

i South NE 124th 5t
Morthgate Juanita '_'; North
Greenwood w27 North I
Rose Hill %;: Education
W 80t St ik “1. Hill
el Kirkland D) =
allar West
Woodland 5 I_Redmond
rass Lawn
b, 2 Wallingford ‘
Eil 5 dle Trai
.‘)f: o Eridle Trails o haka
= Queen Anne @ =
i iy
H Capitol Hil  {age il =
ﬁ n  Washington | Medina Y~
E [ N S — 1 8 9
aem-sairume:;:ﬁm Seattle 5 . S_ . 2 g
Clelole a0
551' M‘aﬁ SO Hexizo
USGS-Provided Output S _O 498g
1 u
S.= 1.289¢ S,.= 1.289g S,s= 0.860g
S, = 0488¢ S,,= 06499 S,,= 0433g

For information on how the S; and S, values above have been calculated from probabilistic (risk-targeted) and
deterministic ground motions in the direction of maximum horizontal response, please view the detailed report.

MCE, Spectrum Design Response Spectrum
1421 0.33 1
1.20 0.30 1
117 0.21
1.04 0.72
091 0.62
T o T o5
B ooes & o045
052 0.36
0.33 0.27
0.26 T o.1e 4+
0121 0.09 +
0.00 L B S e | 0.00 ]
0.00 0.20 0.40 0.60 0.20 1.00 1.20 1.40 1.60 1.20 2.00 0.00 0.20 0.40 0.60 0.20 1.00 1.20 1.40 1.60 1.20 2.00
Period, T (sec) Period, T (sec)

For PGA,, T, C,, and C,, values, please view the detailed report.
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Summary of Differences between 2009
NEHRP and ASCE 7-10 Approaches

« NEHRP Starts with maximum direction maps
and a uniform hazard and provides explicit
values (Crg and Cg,) for adjust to uniform
risk.

« NEHRP Provides maps for deterministic cap

 When using NEHRP the user must manually
(or via web utility) convert to MCEy, values.

* ASCE 7-10 Provides MCEg, values Directly
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Using the USGS Utility: ASCE 7-10

U.5. Seismic Design

e U.S. Seismic Design Maps Web Application

Web Application

Please note that the most recent design code(s) (e.g., 2012 International Building Code) may not yet govern in your municipality. If

Batch Made you are unsure of which document is currently enforced in your area, please consult your local building or transportation official
Min/Max for Regions before using this application.

FAQ

Help

i Application | | Batch Mode | Help |
Seismic Design for

Engineers
Seismic Hazards

| L e T
Design Code Reference Document T TR e}

Consult your local design official if you need help selecting i i e sl .5_’

this. —

f - o
2010 ASCE 7 I N

~ _Alderwosd Manor  Maitby g

.olndianola
Report Title (Optional)
This will appear at the top of the genaerated repar.

DESIGM EXAMPLES

Site Soil Classification
This is not automatically selected based an site location. e

‘Bainbridge Island | @
| Site Class C - "Very Dense Soil and Soft Rock” ietx:] O i

Risk Category

Used 1o compute the salsmic design categary.
| Please Select... in:u]

yion

Site Latitude 0
anchester n, Ll

Decimal degrees far the site location. Q L i

47.65 DParkwond

1 1 1 1 1

Site Longitude

T

Decimal degrees far the sie location. i A T
I:> -122.3 Powered by Leafist — Tiles Courtesy of“Mnguest —TData: @ OpenStreethap contributors, |

|  Compute values |

i

o U
g;s
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GEIATIg

ASCE 7-10 Results

From Standard Report

ZUSGS Design Maps Summary Report
Print View Detailed Report
User-Specified Input
Report Title DESIGN EXAMPLES
Sat December 15, 2012 15:38:11 UTC
Building Code Reference Document ASCE 7-10 Standard
(which makes use of 2008 USGS hazard data)
Site Coordinates 47.65°N, 122.3°W
Site Soil Classification Site Class C - "Very Dense Soil and Soft Rock”

=i South NE 12dth 5t
Morthgate Juanita % Morth
Redmond
Greenwood 527 North %
2 Rose Hill = Education
TNV 80th St A L7 Hill
Kirkland &
Ballard West —
Waadland c LRedmond
: rass Lawn
o ¢ Wallingford ‘
il 3 Bridle Trails
,3,:, MNorth Overlake
= Queen Anne
Chyde y
N Capitol Hil j ope et e
ﬁ n  Washington | Medina )~
% i United States
Seatte - Bainbridge stnd _ Seattle 5
Clelole N
Si'L .a&&‘aﬁ SIS Nexico
USGS-Provided Output
S.= 1.28%¢g S.s= 1.289¢g S,.= 0.860g
S, = 049 g S,.,= 0.649¢g S, = 0433¢g

For information on how the S5 and 51 values above have been calculated from probabilistic (risk-targeted) and
deterministic ground motions in the direction of maximum horizontal response, please return to the application
and select the "2009 NEHRP® building code reference document.

MCE; Response Spectrum

Design Response Spectrum
5o

1437 o.
120 0.50 7
117 0.81
104 0.72
081 0.62
T oome T ose
g 0.65 g 0.45
0.52 0.36
0,35 0.27
0.26 T oigt
[BERS 0.08 4

.00 -
0.00 0.20 0.40 0.60 0.20 1.00 1.20 1.40 1.60 1.20 2.00
Period, T (sec)

0.00 y y y |
0.00 0.20 0.40 0.60 0.20 1.00 1.20 1.40 1.60 1.80 2.00

Period, T (sec)

For PGA,, T, C.., and C,, values, please view the detailed report.

From Detailed Report

2ZUSGS Design Maps Detailed Report
Print View Surmmary Report

ASCE 7-10 Standard (47.65°N, 122.3°W)

Section 11.4.1 — Mapped Acceleration Parameters

Mote: Ground motion values provided below are for the direction of maximum horizontal
spectral response acceleration. They have been converted from corresponding geometric
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain 5.} and
1.3 (to obtain 5,}). Maps in the 2010 ASCE-7 Standard are provided for Site Class B.
Adjustments for other Site Classes are made, as needed, in Section 11.4.3.

From Figure 22-1

From Figure 22-2

@ P Instructional Material Complementing FEMA P-751, Design Examples

S.=1.289g
S,=0.498g
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Adjusting for Site Effects
2009 NEHRP and ASCE 7-10

From Detailed Report

Section 11.4.2 — Site Class

The authoerity having jurisdiction (not the USGS), site-specific gectechnical data, and/or the
default has classified the site as Site Class C, based on the site soil properties in accordance
with Chapter 20.

Table 20.3-1 Site Classification

Site Class A NorN,, s,

A. Hard Rock >5,000 ft/s /A /A

B. Rock 2,500 to 5,000 ft/s M/A M/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s =50 =2,000 psf

D. Stiff Sail 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf
E. Soft clay soil <600 ft/s <15 <1,000 psf

Any profile with more than 10 ft of soil having the
characteristics:

s Plasticity index PI > 20,

* Moisture content w = 40%, and

¢ Undrained shear strength EJ < 500 psf

F. Soils requiring site response See Section 20.3.1

analysis in accordance with Section

Section 11.4.3 — Site Coefficients and Risk-Targeted Maximum Considered Earthquake (
Spectral Response Acceleration Parameters

Table 11.4-1: Site Coefficient F,

Site Class Mapped MCE , Spectral Response Acceleration Parameter at Short Period
5. =0.25 S.=0.5 S. = 0.75 S.=1 5.2 1.25
A 0.8 0.6 0.6 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0
D 1.6 1.4 1.2 1.1
E 2.5 1.7 1.2 0.9 0.9
F See Section 11.4.7 of ASCE 7
Note: Use straight-line interpolation for intermediate values of 5.
[ For Site Class = Cand S, = 1.289 g, F, = 1.000 ]
Table 11.4-2: Site Coefficient F,
Site Class Mapped MCE , Spectral Response Acceleration Parameter at 1-s Period
S, =01 S, =0.2 S, =03 S, =0.4 S, =05
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 2.4 2.0 1.8 1.6 1.5
E 3.5 3.2 2.8 2.4 2.4
F See Section 11.4.7 of ASCE 7
Note: Use straight=line interpolation for intermediate values of S,
[ For Site Class = Cand S, = 0.498 g, F, = 1.302 ]

o For SI: 1ft/s = 0.3048 m/s 1lb/ft2 = 0.0479 kN/m?2
Equation (11.4-1): Sus = F,Sc = 1.000 x 1.289 = 1.289 g
Equation (11.4-2): Sy = F,S, = 1.302 x 0.498 = 0.649 g
Section 11.4.4 — Design Spectral Acceleration Parameters
Equation (11.4-3): [ Sps = % Sy = % x 1.289 = 0.860 g]
Equation (11.4-4): [ Sp=%S,, =%x0.649 = 0.433 g ]
FIMRTY,

LN

Instructional Material Complementing FEMA P-751, Design Examples

Sps=0.860g
Sp,=0.433g
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Topics Covered

¢ 2008 USGS Uniform Hazard Maps

¢ 2009 NEHRP Provisions Maps

¢ ASCE 7-10 Seismic Maps

* Horizontal Response Spectra

* Vertical Response Spectra

* Peak Ground Acceleration

* Selection and Scaling of Ground Motions
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Development of Design Spectrum

Sbs Constant Acceleration

S. =Sbs (0.4 +O.6T1 }

0 Constant Velocity

Sbr ___ ........................... .T

Spectral Response Acceleration,Sa (g)

Constant Displacement

T =02 Soi. Ts = Spi 10 T, = long-period transition period (s) shown in
’ Sps Sps Period, 7' (sec) Fig. 22-5.
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Development of Design Spectrum

Sps=0.860g
Sp;=0.433g

S, 0.860 s
I,=—"F= =0.503 s 5 :
S . 0433 o'
C_) 1.0 --IE
1,=027,=02(0503)=0.105 T | temewnn
D 08
g 1\
T,=6s (from map) L os N
. } : i § o | \\\
UQ)_ desi \\\\
0.2 Sszglr’lum Tte-e T,
E 0.0 To i Ts . S B
E K ! 2 3 ’ 5 6 7 8

Period, T (s)

(%) Poumd o s

S, @ T=0= 0.4(Sps)=0.4(0.860)=0.344g

—_—
] 250 S0 T 1000 Kiometess

Fig. 22-7 Long Period Transition Maps
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Vertical Response Spectra

* New Chapter 23 of NEHRP Provisions
* Not yet incorporated into ASCE 7

Spectrum has Four Braches: 1] 8, =0.3C,5
2] S =20C.S, (T, —0.025)+03C,S,

fi 3| S =0.8C,S,

| 0.15] "
4] S =08CS, .| —
2 av vDS T
S V
\")
a 4
1 Table 23.1-1 Values of Vertical Coefficient Cy
MCERr Spectral
Response Parameter at
Short Periods ° Site Class A, B Site Class C Site Class D, E, F
T Period, TV1 sec. S:.220 0.9 1.3 1.5
> Ss=1.0 0.9 1.1 1.3
0.025 0.150 0 Ss=0.6 0.9 1.0 1.1
Ss5=0.3 0.8 0.8 0.9
0.050 55<0.2 0.7 0.7 0.7

2 Use straight-line interpolation for intermediate values of Ss.
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Vertical Response Spectra

For current example S¢=1.389g, S,5=0.859¢, Site Class D

S =03CS, =03(1.158)(0.859)=0.298 .
av
S =08C.S, . =0.8(1.158)(0.859)=0.796 0796
0.15)" 0.15)""
S = 0-8CvSm( : J - 0.8(1.158)(0.859)['—) ~0.114
T, 20
0.298
Table 23.1-1 Values of Vertical Coefficient Cy
0.114
MCERr Spectral
Response Parameter at
Short Periods ° Site Class A, B Site Class C Site Class D, E, F N 4 Period, T, sec. 1
5:220 0.9 13 15 0.025 I 0.150 2.0
S5s=1.0 0.9 1.1 1.3
Ss=0.6 0.9 1.0 1.1 0.050
S5s=0.3 0.8 0.8 0.9
Ss=0.2 0.7 0.7 0.7
? Use straight-line interpolation for intermediate values of Ss. Note Th |S |S the D B E

Spectra. Multiply all accelerations
by 1.5 to obtain MCE Spectra
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Peak Ground Acceleration

Section 11.8.3 of ASCE 7-10:

PGA, =F,.,PGA

Table 11.8-1 Site Coefficient Fpg,

Mapped Maximum Considered Geometric Mean (MCEg) Peak Ground Acceleration, PGA

Site Class PGA < 0.1 PGA = 0.2 PGA = 0.3 PGA =04 PGA 2 0.5
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 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

Note: Use straight-line interpolation for intermediate values of PGA.
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Results from USGS Design Maps Utility
(Detailed Report) for Seattle Location

From Figure 22-7 PGA=0.521 g
Equation (11.8-1): PGA, = Fye,PGA = 1.000 x 0.521 = 0.521 g

Table 11.8-1: Site Coefficient F, .

Site Class Mapped MCE Geometric Mean Peak Ground Acceleration, PGA

PGA = 0.1 PGA = 0.2 PGA = 0.3 PGA =0.4 PGA = 0.5

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0
D 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

Note: Use straight-line interpolation for intermediate values of PGA

For Site Class = C and PGA = 0.521 g, FPGA::I--O

s a: —_— \@X PGAy = Fp,PGA=1.0x0.521=0.521g

/

Note: This is the MCE PGA. Design PGA
vvvvvv (where used) = (2/3) PGA,

@ FEMA p Instructional Material Complementing FEMA P-751, Design Examples
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Topics Covered

¢ 2008 USGS Uniform Hazard Maps

¢ 2009 NEHRP Provisions Maps

¢ ASCE 7-10 Seismic Maps

* Horizontal Response Spectra

* Vertical Response Spectra

* Peak Ground Acceleration

* Selection and Scaling of Ground Motions
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Selection and Scaling of Ground Motions

e Selection and Scaling procedures are Provided In
Chapter 16 of ASCE 7-10: Response History
Analysis

« Chapter 16 is usually used in association with
nonlinear analysis of special structures or structures
that do not conform to certain requirements (e.g.
height limitations) in ASCE 7-10.

* This example will demonstrate procedure for a site Iin
Seattle, Washington.

« Additional discussion of ground motion scaling and
use in linear and nonlinear response history analysis
IS provided in Chapter 4 of P-751, Structural Analysis.
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Ground Motion Nomenclature

« An “Event” refers to a given historical earthquake, such as the
1989 Loma Prieta California Earthquake

« A “Record” refers to the recorded ground acceleration histories
at a particular recording station, such as the Saratoga-Aloha
Ave. recording of the Loma Prieta event.

« Each record has (usually) three “Components” consisting of two
(usually) orthogonal components and one vertical component.
The horizontal components are often, but not always, oriented in
N-S and E-W directions. In some cases fault-normal and fault-
parallel values are provided. Records can be transformed to
any direction (e.g. N-S and E-W recordings can be transformed
to fault-normal and fault-parallel given the orientation of the
fault.

« A “Suite” of ground motions consist of three or more records.
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Location of Site

U.5. Seismic Design

gt U.S. Seismic Design Maps Web Application

Web Application
Batch Mode

Please note that the most recent design code(s) (e.g., 2012 International Building Code) may not yet govern in your municipality. If

you are unsure of which document is currently enforced in your area, please consult your local building or transportation official
Min/Max for Regions before using this application.
FAQ

Help — ~ - - ==

— _ | Application {anh Maode | Help
Seismic Design for L | ]
Engineers

Design Code Reference Document

Cansult your local design official if you need help selecting
this.

[ 2010 ASCE 7 3

. - D
Report Title (Optional)
This will appear at the tap of the genaratad repar,
DESIGN EXAMPLES

L Alderwood Manor - Maltby é
1 - )

Seismic Hazards

Site Soil Classification
This is not automatically selacted based on sie location.

| Site Class € - "Very Dense Soil and Soft Rock” 44

Risk Category

Used to compute the selsmic design categary.
| Please Select. .. HH

Site Latitude

Decimal degraes far the site location. |
47.65 DParkwond 1l

Manchester
Q

Site Longitude
Dacimal degrees for tha site location.

1223 Powered by Leaflet — Ties Gourtesy of MapQusst — Data @ OpenStrestidap contributors, |

Compute Values |

o
i)

%
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Selection of Appropriate Records

« Select from records of events having magnitude,
fault distance, and source mechanisms that control
the maximum considered earthquake (MCE)

e Pertinent information can be obtained from
“Deaggregtion” of the seismic hazard

; ﬁhttp:Hearthquake.uSgs.gn:wfhazardﬂfappﬂ#deaggint
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Deaggreagtion of Hazard (2.0 sec Accel)

Distant large

magnitude records PSH Deaggregation on NEHRP C soil

7] Seattle 122.300° W, 47.650 N.

2. SA period 2.00 sec. Accel >=0.2485 g

H Amn. Exceedance Rate 404E-03. Mean Retum Time 2475 yrs
Mean (RMgp) 852km3817, 121

Modal (R M gp) =114.1 km, 9.00,0.91 (from peak R M bin)

o | Modal (B Me¥)=114.1km, 9.00,1 to 2 sigma (from peak B M. bu
B Binning: DeltaR=10. km, deltaM=0.2, Deltae=1.0
§
2
§q Closer lower
g magnitude records
&
=+

Prob. SA, PGA

<medianiR,M} :-mdm;%' >
Ey< -2 D=<g,<0 SN -
.-?_{Eﬂ{-l 05<g<1 e -
leg, <035 leg,<2

.J]j-csﬂ{ﬂ [ | leg,<3 200810 UPDATE

L6 " 5012 Dec 18 15:32 58 | Distance (), magnituds (M), epsilon |E0.E) desggregation for & she on soll with sversge vas 554, m's lop 30 m. USGS CGHT PSHAD0E UPDATE  Bina with i 0.05% comrik. emitied
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Deaggregation of Hazard (2.0 sec Accel)

Seattle Geographic Deagg. Seismic Hazard 92
for 2.00-s Spectral Accel, 02485 g g2
PSA Exceedance Return Time: 2475 year 83
: Max. sigmificant source distance 192. k. 80 Mm
Distant large glegd adngle is 35 degrees above hlil;fqn . ﬁ
; ridded-source hazard accum. in 45° interva :
magnitude records |, pock sie. Vs30(mis) = 564.0 o
6.5
B - B B B E
1 L 1 n (-I:ANJE-DA 1 1 1 i
2010ed
o
\\\ =
E I | y = Closer lower
-0 | . i H | magnitude records |
ﬁ o =] == ag E ﬂ I:I=I = 5= - -
% =] E_ ‘_ == @ g oo =
D“‘ =, D === = H o 5
E D o = =|:| BHg
g f-=="" e °=
: "
ar — B - |:|= - ar
kim
J“H_..-«“—’\_J_\
5 & B 2 5
[eT 1l 2012 Doc 12 15:20.58] Sihe Coords:-122 300 47.8500 [yellow disk) Vadl= 5840 Mux snnusl ExcdRste STTTE-D4 [cobamn halght prep. to tw). Fed di s historial e uakes, M2
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Deaggreagtion of Hazard (0.2 sec Accel)

PSH Deaggregation on NEHRP C soil

« Example 122.300° W, 47.650 N.

™1 SA period 0.20 sec. Accel>=1.3482 g

Ann. Exceedance Rate 405E-03. Mean Return Time 2475 yrs

Mean (R Mgy) 47.5km,7.18, 1.39

v | Modal (R,M,gy) =114.1 km, 9.00, 1.38 (from peak R,M bin)

Modal (R,M £¥) =114.1 km, 9.00, 1 to 2 sigma (from peak R ,M,e bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltag=1.0

&

% Contribution to Hazard
4

b %

Example Geographic Deagg. Seismic Hazard
for 0.20-s Spectral Accel, 1.348 g

PSA Exceedance Return Time: 2475 year

Max. significant source distance 185. km.

View angle is 35 degrees above horizon
Gridded-source hazard accum. in 45° intervals

Prob. SA, PGA

<median(R,M) smedian <, %>

UIODNNNOO®D O
FH owmow~NOrN=
=

. iy, A Rock site. Vs30(m/s) = 5640
gg<-2 0<gy<0.5 "=
B ooce<a 05<e<1 & iSGSP = &
-1 <gy<05 1<gy<2 2010ed _
B 05<e<0 M 2.<e <3 200910 UPDATE o 3
T, =
=]
\ a
8
% | =
k| =
an =]
5|
% =] - g B [=] f E =} D = -
§ | 0 2]
4 _a =] o, E = E b
E D = E = ] Sa
>
P e a8 -
a
=] [=]
~
a 50 100
LJ km
N J\—’«—'quv\ i
S & 8 E E

Sl

on Uy
v
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Spectral Characteristics of Close
and Far Records

Moderate, close earthquake

Large, distant earthquake

Spectral Acceleration

_ period range
- of interest
1 1 1

Period, T
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Deaggregation of |

azard

(0.2 Sec Accel)

Principal sources (faults, subduction, random seismicity having > 3% contribution)

Source Category: % contr. R(km) M epsilonl (mean values).
Cascadia M8.3-M8.7 Floating 6.12 109.2 8.52 1.64

Cascadia Megathrust 19.51 108.9 9.02 1.30

Wash-Oreg Cascades-West faults + 17.61 12.1 6.96 1.14

WUS Compr crustal gridded 17.51 9.4 6.14 1.13

50-km Deep Intraplate 21.72 60.6 6.79 2.07

Puget Lowlands gridded 16.55 9.4 6.32 1.03

Individual fault hazard details if its contribution to mean hazard > 2%:

Fault ID % contr. Red(km) M epsilonl Site-to-src azimuth(d)
Seattle fault zone, mid. GR 3.25 12.1 6.82 1.24 -172.2
Seattle fault zone, north, GR 5.14 9.9 6.82 1.01 -175.4
Seattle fault zone, N. Trace, Ch 4.55 8.0 7.16 0.72 -177.6

#rrrkkkx**End of deaggregation corresponding to Mean

Hazard w/all GMPEs xkxkkkk%#

Cascadia Subduction Zone=6.1+19.5=25.6%
Shallow Crustal=17.6+17.5=35.1%
Deep Intraplate=21.7+16.6=48.3%

¥ FEMA @
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Source Mechanisms for Selected
Records

15
2
2]
=
=
g 1
g
E
% 0.5
=2
ﬂ | I i i | i I i i
0 1 2 3 4
Period. I' (s}
..E i
g
-; Cascadia subduction zone
= “‘ah MB8.5-210
= “‘mﬂh_ d=110-134 km
& i
g | =
s -—Shallowerustal
'E ! M68-T72
3 M6-6-7-0 d=8-131m
= d=65-74km

¥ FEMA @ | | | | .
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Scaling Requirements

« 2D Analysis: The ground motions shall be
scaled such that the average of the 5% damped
response spectra is not less than the design
spectrum over the period range 0.2T to 1.5T.

3D Analysis: The ground motions shall be scaled
such that the average of the SRSS spectra from all
horizontal component pairs does not fall below the
design spectrum over the period range 0.2T to 1.5T.

* At sites within 5 km of the active fault each pair of
components shall be rotated to fault-normal and fault-
parallel directions and shall be scaled such that the
faultnermal dominant component is not less than the
MCE_ design spectrum over the period range 0.2 to
1.5T.
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Ground Motion Scale Factors for 3D
Analysis

Table 3-1 Seclected and Scaled Ground Motions for Example Site

Record Distance
No. Year Earthquake name M Source type Recording station (km)
1 2003 Tokachi-oki, Japan 8.3  Subduction zone HKA 094 67
2 2003 Tokachi-oki, Japan 8.3  Subduction zone  HKD 092 46
3 1968 Tokachi-oki, Japan 8.2  Subduction zone  Hachinohe (5-252) 71
4 1949 Western Washington 7.1  Deep intraplate Olympia 75
5 1989 Loma Pricta 6.9  Shallow crustal Saratoga -- Aloha Ave 9
6 1999 Duzce, Turkey 7.1  Shallow crustal Duzce 7
7 1995 Kobe, Japan 6.9 Shallow crustal Nishi-Akashi 7
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Components of the Northridge Earthquake

*******
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Acceleration, g

Ground Motion Spectra

Table 3-1 Selected and Scaled Ground Motions for Example Site

Record Distance | Scale
No. Year FEarthquake name M Source type Recording station {km) factor

1 2003 Tokachi-oki, Japan 83 Subduction zone HKA 094 67 299

2 2003 Tokachi-oki, Japan 83 Subduction zone HKD 092 46 096

3 1968 Tokachi-oki, Japan 82 Subduction zone Hachinohe (8-252) 71 128

4 1949 Western Washington 7.1  Deep intraplate Olympia 75 192

5 1989 Loma Prieta 69  Shallow crustal Saratoga — Aloha Ave 9 128

6 1999 Duzce, Turkey 7.1  Shallow crustal Duzce 7 0.85

7 1995 Kobe, Japan 6.9  Shallow crustal Nishi-Akashi 7 1.18

All Records, Unscaled All Records, Scaled to MCE

10.2T=0.465 1.0T=2.3s  1.5T=3.45s

=i
—
- ~
Acceleration, g

3.5 4.0 4.5 3.5 4.0 4.5
Period, Sec. Period, Sec.
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Response Spectra for Two Selected
Scaled Motions

1989 Loma Prieta 1999 Duzce, Turkey
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SRSS Scaled Spectra and MCE Spectrum

{ 0.2T=0.46s { 1.0T=2.3s

==ASCE 7 MCE
—SRSSGM1 |
—SRSS GM 2
—SRSS GM 3
—SRSS GM 4

—SRSS GM 5
——SRSS GM 6
: ——SRSS GM 7

ﬂ/ mur 1.5T=3.45s
| 'um;a
’{// " ‘\\

AL
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Scaled Records and DBE Spectrum

| 0.2T=0.465 : 1.0T=2.3s

—DBE Spectrum

—Average of Scaled Records

. 15T=3.46s

Instructional Material Complementing FEMA P-751, Design Examples Earthquake Ground Motions - 46



Alternate Scaling

| 0.2T=0.465 - 1.0T=2.3s
: ==MCE Spectrum

==Average SRSS

=—Period SCALED

Step 1:
; SRSS Spectra scaled
. A to match target at T=2.3 sec.
L : Step 2:
Rescale to conform with
requirements over range 0.2T to
15T.
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Questions
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2009 NEHRP Recommended Earthquake Ground Motion

Seismic Provisions: Nicolas Luco, Ph.D., PE., Michael Valley, S.E.,

Training and Instructional Materials and C.B. Crouse, PE., Ph.D.

FEMAP-752 CD / June 2013

N Slide set created by Finley A. Charney, Ph.D., PE.
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This topic covers Chapter 3 of FEMA P-751, Earthquake Ground Motion. The
chapter is presented in two parts, the first being the theoretical basis of the 2008
USGS, the maps in 2009 NEHRP, and the maps in ASCE 7-10. The second part
presents some examples for determining ground motion values for a site in Seattle,
Washington. This slide sets is a based primarily on the examples. Note that most
of the examples use various web-based utilities. It would be valuable for the
instructor to have access to the internet so that the applications can be
demonstrated live.
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Topics Covered

* 2008 USGS Uniform Hazard Maps

* 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps

* Determination of Ground Motion Values
* Horizontal Response Spectra

* Vertical Response Spectra

* Peak Ground Acceleration

* Selection and Scaling of Ground Motions

sl
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This slide presents a list of the topics covered.
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Topics Covered

* 2008 USGS Uniform Hazard Maps

* 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps

* Horizontal Response Spectra

* Vertical Response Spectra

* Peak Ground Acceleration

¢ Selection and Scaling of Ground Motions

i
g FEMA N/Lp Instructional Material Compl ing FEMA P-751, Design Examples Earthquake Ground Motions - 3

This slide presents a list of the first several topics covered.
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2008 USGS Maps

* Probabilistic

* Uniform Hazard (e.g. 2% in 50 year probability)
« Spectral Contours (T=0, 0.1, 0.2 sec...)

* 5 % Damping

« Site Class B/C Boundary

+ Geomean Values

¥/ FEMA -Jv@p
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The maps in ASCE 7 and 2009 NEHRP are derived from the 2008 USGS maps.
The USGS maps are purely probabilistic, represent a uniform hazard, and are
based on geomean spectral values. The geomean is the square root of the product
of the spectral values for the two components, at a particular period. The 2009
maps are split into three parts: Uniform hazard maps that have been converted to
maximum direction ground motion, separate maps which provide coefficients to
convert to uniform risk, and additional maps provide deterministic caps. This
information must be combined to obtain the values of Ss and S1 that are provided
directly by ASCE 7-10.
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Obtaining 2008 Maps from
USGS Seismic Hazard Data Website

800 Hazards 1

(2L )t E o tieanva

Selsmic Hazard Maps and Data

> Probabilsic and @ and
@ motion hazard maps, input and outpdt gy O probability mags with addtional

data, and documontation. More, : optians 10 assess indvicual source-
contributions o overall hazard. Mo
(R | e s
Maps Maps.
————
Urban & Regional Scenarios T B
.

Lower 48 States Maps and Data l J

<o
- Dosertiten
* Dsnmennan
Asiors riomtion
! - o EaclStest
» Stefasnonse Maga for Los Angeies Region
soen
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This slide shows a screen captured from a web site developed by USGS. In this
instance the site was used to provide maps for the conterminous U.S. for a 2% in
50 year probability of occurrence. Maps for 0.2 second and 1.0 second periods are
specified. Maps are then downloaded as PDF files or Postscript files.
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2008 USGS Seismic Hazard Maps

0.2-s SA with 2% in 50 year PE. BC rock. 2008 USGS 1.0-8 SA with 2% in 50 year PE. BC rock. 2008 USGS

o

HEaBaRnE

251
3

288558
REIonaNEEEE_

520885000600
Soooescepconone

Ee
\
288

A
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PDF files of the two requested maps are shown on this slide. Note that the maps
are not particularly useful from a design perspective, but do show in some detail the
distribution of shaking hazard across the U.S. In the western U.S. and certain
areas in the central and eastern U.S. the ground shaking can be violent, with peak
horizontal accelerations as high as 1.0 g. Peak ground acceleration is
approximately 0.4 times the 0.2 second spectral acceleration. USGS also provide
peak ground acceleration maps if needed.
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Obtain Accelerations for Given Lat-Lon

US Seismic Hazard 2008
4 [ » | | 4 /B nap:/ieanthquake.usgs.gov/hazards/apps/map] € | (Q- usgs seismic hazards
& (0 BE VT Google Apps Portal  PennyCollec. .y machines

=USGS

~
o R

Earthquake Hazards Program Home  AboutUs  ContactUs

EARTHQUAKES HAZARDS LEARN PREPARE MONITORING RESEARCH

US Seismic Hazard 2008

Layers  Tools \ Hazard by lat/lon &
(&) Hazard value by lation GO o1 5 8 O o, o i

i Measure B Lo (24.6 - 50.0)

(-125.0 - -65.0)

For Lat = 47.65
. s A Lon =-122.3
' P T 2% in 50 year
=n e GEOMEAN values:
S | o Ry =AY PGA=0.520 g

0.2 sec=1.186 g
1.0 sec=0.4015 g

SEI

) y
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This slide a screen capture for a USGS utility that provides geomean spectral
acceleration by Longitude and Latitude. The given location is in Seattle,
Washington. These values provided are purely probabilistic, and are based on a
2% in 50 year seismic hazard. Note that longitude must be entered as a negative
number because Seattle is west of the prime meridian.
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2009 NEHRP Maps

* Probabilistic / Deterministic (Separate Maps)
* Uniform Risk (Separate Maps)

« Spectral Contours (PGA, 0.1, 0.2 sec)

* 5 % Damping

« Site Class B/C Boundary

* Maximum Direction Values

¥/ FEMA -Jv@p

Instructional Material Compl ing FEMA P-751, Design Examples Earthquake Ground Motions - 8

The 2009 NEHRP provides three sets of maps that are used to provide design
values. The first set is a based on a uniform hazard, but has been converted from
geomean to maximum direction by use of a simple approximation. The second set
of maps provide risk coefficients that are used to convert the maximum direction
uniform hazard values to uniform risk values. The final set of maps is used to
provide a “deterministic cap” on the probabilistic values where the probabilistic
values are greater than the deterministic values.

Earthquake Ground Motions - 8



2009 NEHRP Probabilistic Maps

| T=0.2 Seconds

« Probabilistic / Deterministic (Separate Maps)
» Uniform Risk (Separate Maps)

- Spectral Contours (PGA, 0.1, 0.2 sec)

« 5 % Damping

» Site Class B/C Boundary

» Maximum Direction Values

~5 >

Q0 g B wass o 145 BRIy et

e p——
s e | o e Pl (e 5 5 )P o 182

g FEMA 'JLF Instructional Material Compl ing FEMA P-751, Design Examples Earthquake Ground Motions - 9

This slide shows the 2009 NEHRP Uniform Hazard maps which are based on
maximum direction motions without a probabilistic cap. Maps are shown are for a
2% in 50 year hazard and for spectral accelerations at periods of 0.2 seconds and
1.0 seconds.

Earthquake Ground Motions - 9



Maximum Direction Conversion

T=0.2 Seconds

To convert from USGS Geomean

to NEHRP Maximum Direction
Multiply 0.2 Sec. values by 1.1
Multiply 1.0 Sec. values by 1.3

500 e undunp eorh o ) won ey esvadier

For Lat = 47.65

Lon =-122.3

2% in 50 year

Max Direction Values:

0.2 sec=1.186x1.1= 1.305¢g
1.0 sec=0.4015 x 1.3 = 0.522 g

i
g FEMA N/Lp Instructional Material Compl ing FEMA P-751, Design E: pl Ear Motions - 10
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The maps that are shown on this page are the 2009 NEHRP Uniform Hazard
Maximum Direction maps. These are obtained by multiplying values on the
corresponding 2008 BSSC 0.2 second spectral values by 1.1, and the 2008 USGS
1.0 second spectral values by 1.3. This is an approximation to the maximum
direction values.

Earthquake Ground Motions - 10



Usmg the USGS Utility: 2009 NEHRP

U.S. Seismic Design Maps Web Application

ﬁi,, gnmap ¢ J(a- ¢
e . -

USGS Home

Contact USGS

Search USGS

EARTHQUAKES LANDSLIDES GEOMAGNETISM

U.S. Sei Desis i i i H i

Vg ePe=En .S, Seismic Design Maps Web Application

e Appkcation Plass nots thet the most recent design codels) (2.., 2012 Intemationsl Building Code) may not yet govem in your municipalty. If
Bhich o you are unsure of which document is currently enforced in your area, your local builing

Min/4 before using this application.

raq

Help

ication | | Batch Mode | | Help

TR ALC T
3 /\ o
dinvitte

=) | (oo
Site Latitude
Docema egeas fortno e ocaton

2002 Interac._ons Reulls VT WLAN Wir_ ginia Tech Online Comm._ers (ASCE) Yahoo! Google Maps Apple YouTube Wikipedia

@ FEMA @

Instructional Material Compl

ing FEMA P-751, Design E;

Ear

Motions - 11

The USGS Utility can be used to obtain values from the 2009 NEHRP Maps. This
slide shows a screen capture of the U.S. Seismic Design Maps Web Application,

with the Seattle ordinates of 47.65 Lat and -122.3 Lon keyed in.

Earthquake Ground Motions - 11



ann Design Maps Detailed Report
USGS Design Maps Detailed Report

i T e Results from Detailed

Section 11.4.1 — Mapped Acceleration Parameters and Risk Coefficients

lues contoured on Figures 22-1, 2, 5, & 6 below are for the
from corresponding geom: mean ground motions puted by the USGS by applying
factors of 1.1 (to obtain 5, an4'S,) and 1.3 (t0.0BKaIn 5., and ,.). Maps In the 2009

rd (2% in S0-Year) Ground Motions of 0.2-Second Spectral
leration (5% of Critis! Damping), Site Class B

Seun=1.305g

For Lat = 47.65

Lon=-122.3

T e i By i s 2% in 50 year

; Max Direction Values:

0.2 sec=1.186x1.1= 1.305¢g
1.0 sec=0.4015x1.3=0.522 g

900 asmatses

N/Lp Instructional Material Compl ing FEMA P-751, Design Exampl. Ear Motions - 12

& FEMA

The Detailed Report from the web application shows the 2009 NEHRP maps
together with the computed values S sub SUH and S sub 1UH, where the “UH” in
the subscript stands for Uniform Hazard”. As can be seen the results are the same
as computed “by hand” on Slide 10.

Earthquake Ground Motions - 12
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Adjustment for Risk and Deterministic Cap

73

NEHRP Spectral Accelerations

| I L

L [ AscE7-toMap | -
@ FEMA JLP Instructional Material Compl ing FEMA P-751, Design Is Ear

NEHRP Deterministic Peaks

Motions -13

The next step to obtain the ASCE 7 values is to adjust for Uniform Risk by
multiplying the Uniform Hazard values by Risk Coefficients. There is one map for

0.2 sec Risk Coefficients, and one Map for 1.0 sec Risk Coefficients.

Earthquake Ground Motions - 13



Adjustment for Risk

S5 =min(Sgy, Crsp Sp)
S = min( S5)

Syy Maps (S, maps similar) Cgrs Maps (Cg maps similar)

3‘”1)2
‘g FEMA JLF Instructional Material Compl ing FEMA P-751, Design E: pl Ear Motions - 14

Before the final ASCE 7-10 mapped values can be determined, it is necessary to
make sure the probabilistic Uniform Risk values do not exceed the deterministic
cap values. 2009 NEHRP Provides the maps of the deterministic caps.

Earthquake Ground Motions - 14



Adjustment for Deterministic Cap

t% V
, ] ry
§ o / /s
[ £y~ )/
| ’, ! ;J - t b4
y 8.5 - d -
S fremY, > i H w LT\ 7
3

L]

Sgp Map (S5 map is similar)

Deterministic Cap is 84t Percentile Ground Motion
But not less than 1.5g (Sgp) or 0.6g (S;p)

@ FEMA JLP Instructional Material Compl ing FEMA P-751, Design E: pl Ear Motions - 15

This slide shows the deterministic contours for the 0.2 second acceleration.
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2009 NEHRP Intermediate Results

From Detailed Report

SEUSGS Desion Maps Detailed Report
ot viem Sennacy Resec

ity e
?I/,-';.‘u -ﬁ.“_, X

/ -

Sy=0522¢g | | |
= '&\ ~ .
iy

S, =min(Sg;, CreS¢p) = min(1.305 x 0.988,1.5) =1.289¢

S, =min(S,,,,Cpy. ;) = min(0.522  0.955,0.6) = 0.498¢

||||||

ional Material Compl ing FEMA P-751, Design E: pl Ear Motions - 16

Finally, the values of S sub S and S sub 1 can be found. Values computed by hand

are shown.

Earthquake Ground Motions - 16



2009 NEHRP Results

From Standard Report
800 Design Maps Summary Report

2ZUSGS Design Maps Summary Report
Print View Detajled Rogers
User-Specified Input

Report Title DESIGN EXAMPLES.

Building Code Reference Document 21 eismic Provisions

Site Coordinates 47.65°
Site Soil Classification Site Cla
Risk Category 111111

oW
"Very Dense Soil and Soft Rock”

3 Nocthgate:
uuuuuu oot | ()
P
Batare st o) vt
Woodtand
Watngtors % ek v
o M
&z i Bt Trads
T Lem Overake
2 Cosenhone <
.
i F S 1 2 89
= : s~ 1.£099
Guille o
g .
USGS-Provided Output 81 _0 4989
S.= 12899 Su= 12899 Soe= 0.8609
s,= 04989 Sw = 08450 S, = 0433g
For Tformation on how The 5, 370 5, valoes 3bove have bt calculated Trom probabilistic {risk-targeted) and
eterministc ground mations in the direction of maximum harizantal response, ploase wiaw the dotaicd report
MCE, Spectrum .. Design Respanse Spectrum
as
on
o
e
7o
o
am n
ase 1
an
W0 03 o 0wk 1e0 1 140 1H0 1 S0 W0 0% o 0% aw 1o0 10 140 140 L0 0w
period, T (sec) Period, T (sec)

For PGA., T, C.,, 304 C,, values, please yiew the detailed repor

FEMA -JL" Instructional Material Complementing FEMA P-751, Design Exampl Ear Motions - 17

The values computed by the USGS Application are the same as those computed by
hand, as shown on this screen capture from the detailed report.

Earthquake Ground Motions - 17



Summary of Differences between 2009
NEHRP and ASCE 7-10 Approaches

* NEHRP Starts with maximum direction maps
and a uniform hazard and provides explicit
values (Crg and Cg,) for adjust to uniform
risk.

* NEHRP Provides maps for deterministic cap

« When using NEHRP the user must manually
(or via web utility) convert to MCER values.

« ASCE 7-10 Provides MCEg values Directly

sl
@ FEMA va Instructional Material Compl ing FEMA P-751, Design Examples Earthquake Ground Motions - 18

A summary of the differences between the 2009 NEHRP and the ASCE 7-10 Maps
is provided on this slide.

Earthquake Ground Motions - 18



Using the USGS Utility: ASCE 7-10

Web Application
Batch Mode

FaQ
Help
Seismic Design for
Engineers
Seismic Hazards
ins
| (2010 ASCE7

Application | | Batch Mode | Help

Dumn I:oda Hder:nu Document
y al desgn affical 1 yo

R»Orl T‘ia (ONMN')

v emiecesan )8, Seismic Design Maps Web Application

Please nole that the most recent design code(s) (e.g., 2012 Intemational Building Code) may not yet govern in your municipality. If
you are unsure of which document is currently enforced in your area, please consult your local building or transportation official
Min/Max for Regions before using this application.

¢

Wi appeas at tha op of the genaraed 1aport
mm | | DESIGN EXAMPLES
Site Soil Classification
Th s notsutomtcaly sek ; L SR
s | [ Site Class C - “Very Dense Soil and Soft Rock™ L
Risk Category L | 3%
Used o corputa e semic design calegory
) | [ Please Select. [
Site Latitudo S
Decimal degroes for ihe ste iocation < ]
=p | 765 Pakwoad ]
Site Longitude *mw
Docmal dogroas fot the 10 ‘oeaton ;..Mf ﬁ
= | (1223 Powered by Leaat
Compute Values
% FEMA /(@)
L / L Instructional Material Cc j FEMA P-751, Design Exampl Ear

Motions - 19

The USGS Utility can be used to determine the ASCE 7 Design Values (S sub s
and S sub 1) directly. The slide shows a screen capture of the utility with the
pertinent information keyed in for the Seattle location. Note again the negative

value entered for longitude.
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ASCE 7-10 Results

2ZUSGS Design Maps Summary Report

Print  View Detaiied Rogort
User-Specified Input

Report Title DESIGN EXAMPLES
Sat Des 15, 2012 15:38:11 UTC

Building Code Reference Document ASCE 7-10 Standard

s Ut of 2008 USGS ha

Site Coordinates 47.65°N, 122.3°W
Site Soll Classification Site Class C - “Very Dense Soil and Soft Rock”

Nemgste
Greewoad |
Eatars vl
wossana 3o
;u ¥ eyt @ From Detailed Report
—, B Trass
T hem Ovriske : n
5 GusenAnne o & 2 JSGS Design Maps Detailed Report
L B i o g Print View Summary Report
L e Meioe ASCE 7-10 Standard (47.65°N, 122.3°W)
Pt f Section 11.4.1 — Mapped Acceleration Paramet:
o st Seattle | N ion 11.4. apped Acceleration Parameters
Gl e Note: Ground motion values provided below are for the direction of maximum herizontal
& vy T e spectral response acceleration. They have been converted from corresponding geometric
USGS-Provided Output mean ground motions computed by the USGS by applying factors of 1.1 (to obtain S,) and
1.3 (o 00tain S,). Maps in the 2010 ASCE-7 Standard are provided for Site Class B,
S,= 12899 Su= 12899 Sea= 08609 Adjustments for other Site Classes are made, as needed, in Section 11.4.3.
S, = 04989 S, = 0.6499 Sy = 04339
For information on how the S5 and 51 values above have been calculated from probabilstic (risk-targeted) and From Figure 22-1 ;= 1.2099
deterministic ground mations in the direction of maximum horizontal respanse, please return to the application
and select the "2008 NEHRP" building code reference document,
From Figure 22-2 5. = 04989
MCE, Response Spectrum Design Response Spectrum
an
om
™ o
o
B oon 3 o
s i S _1 289
an ax =1.
an S g
e e
e -—
Pariod, T (sec) Pariod, T (sac)
For PGAL, T, C,,, 300 C,, values, please yiew the detailed report.
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The results from the USGS Utility are provided by the screen captures shown on
this slide.
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Adjusting for Site Effects
2009 NEHRP and ASCE 7-10

[Section 11.4.3 — Site Coefficients and Risk-Targeted Maximum Considered Earthquake (MCE;)
[Spectral Response Acceleration Parameters

Table 11.4-1: Site Coefficient F,

From Detailed Report |

Section 11.4.2 — Site Class

Site Ciass  Mapped MCE , Spectral Response Acceleration Parameter at Short Period

55025  §,=05  §=075 S§=1 52125
The authority having jurisdiction (nt the USGS), site-specifc geotechnical data, and/or the
default has classified the site as Site Class €, based on the site soll properties in accordance » o8 o8 o8 os o8
with Chapter 20. 8 10 10 10 10 10
Table 20.3-1 Site Classification c 12 12 11 10
Site Class % Rorf, B
o 16 14 12 14 10
A. ard Rock 5,000 A3 WA WA
B. Rock 2,500 to 5,000 /s WA WA E 25 1.7 1.2 0.9 09
€. Very dense soil and soft rock 1,200 to 2,500 /s >50 >2,000 psf . See Section 11.4.7 of ASCE 7
0. S0 S0 B0t 1La00 s 15t 5D 1,000t 2000 p =)
¢ cott oy sal o0 s e <1000 ot Note: Use straight -line interpelation for ntermediate values of S,

Any profile with mare than 10 ft of soil having the [ For StveCioes = Cond By = 1,230 g Py = 1000 ]
cnaracteristics: . .

« Plasticiy index 1 > 20,

 Moisture cantent w = 40%, and

= Undrained shear strength 3, < 00 psf

Toble 11.4-2: Site Coefficient F,

F. Soils requiring site response See Section 20.3.1 SkeClese _ Hooped MCE, Spactral Raspones Accaleration Farsmeter o€ 178 Parkod
analysis in accardance with Secton 5501 5= 02 5,=03 5,=04 5,205
" For SI: 173 = 03048 m/s 1B/1 = 0.0479 ki/m? A 08 08 08 08 08
) 10 10 10 10 10
< 17 18 15 14 13
o 2.4 20 18 15 15
Equation (11.4-1): Sus = F,Sy = 1,000 X 1.289 = 1.289 g 3 35 32 28 24 24
F

See Section 11.4.7 of ASCE 7

Sauation [124-2) S = RS, = 1.302x 0,456 = 0.649 9 Note: Use straight-line interpolation for intermediate vaiues of S,

[Section 11.4.4 — Design Spectral Acceleration Parameters [ rorsiteclass = Cand's, = 0498, 7, = 1302 ]

Equation (11.4-4): Sou =% Su = K x 0,649 = 0,433 g SDS=O.8609
Sp,=0.433g

FEMA JLP Instructional Material Compl ing FEMA P-751, Design E: | Motions - 21

I Ear

The USGS Web application also provides the interpolated values of the site
coefficients F sub a and F sub v. Using these values, S sub MS and Sub sub M1
are obtained, where the “M” stands for Maximum Considered Earthquake. Dividing
these values by 1.5 provides the Design values S sub DS and S sub D1.
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Topics Covered

* 2008 USGS Uniform Hazard Maps

¢ 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps

* Horizontal Response Spectra

* Vertical Response Spectra

* Peak Ground Acceleration

* Selection and Scaling of Ground Motions

g FEMA 'JLF Instructional Material Compl ing FEMA P-751, Design E: pl Ear Motions - 22

This slide presents a list of the next three topics covered.
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Development of Design Spectrum

Sbs Constant Acceleration

. T
s, =_s,,\[(1.J+(:,(\fJ

Spectral Response Acceleration,Sa (g)
w

Constant Displacement

v | '7h s &1 10 T}, = long-period transition period (s) shown in
s S é Sps Period, T(sec) Fig. 22-5.
-
@ FEMA 1@“ Instructional Material Compl ing FEMA P-751, Design Examples Earthguake Ground Motions - 23

This slide shows the basic design spectrum, which is Figure 11.4-1 from ASCE 7-
10. This spectrum would be used in Modal Response Spectrum Analysis as
described in Section 12.9 of ASCE 7-10. The shape of this spectrum can be traced
back to work done by Newmark in the 1960’ s. The Constant Velocity label
indicates that if the spectrum were to be converted to a velocity spectrum, this
segment of the spectrum would be constant. Similar for the Constant Displacement
branch. Note the unit inconsistency of the values; for example, the division by T in
the constant velocity region produces units inconsistency if the units of seconds are

attached to T.
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Sps=0.860g
Sp:=0.433g

So 9380 503

S, 0433
0.27, =0.2(0.503)=0.10s

!

T

T,=6s (from map)

Fig. 22-7 Long Period Transition Maps

Instr

Spectral Acceleration, g

Development of Design Spectrum

i

0.8

0.6

04

\M('Eu spectrum

Period, T (s)

S, @ T=0= 0.4(Sps)=0.4(0.860)=0.344g

% FEMA /(@

ional Material Compl
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This slide shows the calculation of the intermediate values needed to construct the
design spectrum. Also shown is the long period transition map which provides the
periods at which the constant displacement branch of the spectrum governs. For
the location in Seattle, T sub L is 6 seconds. This represents (approximately) a
building that is 30 to 40 stories in height, and is thus the spectrum beyond T sub L

is not likely to control for most buildings.
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Spectrum has Four Braches:

av 4

1

Vertical Response Spectra

* New Chapter 23 of NEHRP Provisions
* Not yet incorporated into ASCE 7

[1] S, =0.3C,Spy
[2] S, =20CS,(T,—0.025)+0.3C,S
[s] S, =0.8CS,

[«] §,=08CS [O‘ISJM
av — v vMDs T

Table 23.1-1 Values of Vertical Coefficient Cy

Vv

MCEg Spectral
Response Parameter at
Short Periods

Site Class A, B

Site Class C Site Class D, E, F

09

1.3 15

09

11 13

1 + Period, Ty, sec. $ 53“3_2‘00
0.025 0.150 m 5:=06

0.9

1.0 11

0.8

08 0.8

Ss=03

o7

0.7 0.7

* Use straight-line interpolation for intermediate values of Ss.

@ FEMA 'le Instructional Material Compl

ing FEMA P-751, Design Examples
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The 2009 NEHRP Provisions provide a means for computing a vertical design
spectrum. The spectrum contains four branches, as shown. Note that the period
shown in the plot and used in the calculations is the vertical period of vibration of
the structure. For vertical periods beyond 2 seconds (not likely for most buildings) a
site specific analysis must be used to determine the vertical spectral values. The
procedure for computing the vertical response spectrum is not adopted for use in

ASCE 7-10.
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Vertical Response Spectra

For current example Sg=1.389g, S;5=0.859g, Site Class D

S, =0.3C,S,, =0.3(1.158)(0.859) = 0.298

SEV
S, =0.8C.S,, =0.8(1.158)(0.859) = 0.796 0758
0.75 0.75
S, =0.8C.S [gj =0.8(1. 158)(0.859)(Lm] =0.114
T, 2.0
0.298  femdt
Table 23.1-1 Values of Vertical Coefficient Cy
0.114
MCE= Spectral
:;:T;::i:df:‘mmm Site Class A, B Site Class C Site Class D, E, F 1 Period, Ty, sec.
5,220 09 m 15 0.025 0.150 i
S5=10 0.9 1.1 1.3
5= 0. . o : 0.050
2 3 [oou ]
55502 07 07 07
* Use straight-ling interpolation for intermediate values of Ss. Note: ThIS iS the DBE
Interpolation gives C,=1.158 Spectra. Multiply all accelerations

by 1.5 to obtain MCE Spectra
g FEMA N/Lp Instructional Material Compl ing FEMA P-751, Design E:

Ear Motions - 26

This slide shows the computation steps for the vertical acceleration for the Seattle
Site.
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Section 11.8.3 of ASCE 7-10:

Table 11.8-1 Site Coefficient Fpg,

Peak Ground Acceleration

PGA,, =F,,PGA

Mapped Maximum Considered Geometric Mean (MCEg) Peak Ground Acceleration, PGA

Site Class PGA 0.1 PGA =02 PGA =03 PGA =04 PGA 2 0.5
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 12 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 25 1.7 1.2 0.9 09
F See Section 11.4.7

Note: Use straight-line interpolation for intermediate values of PGA.

@ FEMA va Instructional Material Compl ing FEMA P-751, Design Examples
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ASCE 7-10 provides a means to calculate the Peak Ground Acceleration. This
values is used in determination of the potential for liquefaction. The PGA values are

provided by the Map of Figure 22-7, or by the USGS Utility.
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Peqk Groynd Acceleration

Results from USGS Design Maps Utility
(Detailed Report) for Seattle Location

From Figure 22-7

Equation (11.8-1):

PGA,, = F,,PGA = 1.000 X 0,521 = 0.5219

Table 11.8-1: Site Coefficient F.,

PGA=0.521 g

Site Class. Mapped MCE Geometric Mean Peak Ground Acceleration, PGA
PGAS0.1 PGA=02 PGA=03 PGA=04 PGAZ0S5

A 08 0.8 08 08 0.8

8 1.0 10 1.0 10 10

c 1.2 12 1.0
] 16 14 12 11 10

E 25 17 12 09 09

F See Section 11.4.7 of ASCE 7

Note: Use straight-line interpolation for intermediate values of PGA

Figure 228 MCE geometric mean PGA. %g. Sile Class B for the conterminous Uited States.

% FEMA @

Instructional Material Compl

| A 3 For Site Class = € and PGA = 0,521 n.m
AT | PGA,, = Fq,PGA=1.0x0.521=0.521g

Note: This is the MCE PGA. Design PGA
(where used) = (2/3) PGAy,

j FEMA P-751, Design Exampl. Ear

Motions - 28

Computation of the MCE level PGA is shown for the Seattle site. The calculation
was done using the USGS application, as indicated by the screen capture. Note
that the mapped value of PGA, 0.521 g, is the same as provided by the USGS

maps, not adjusted for maximum and not adjusted for risk.
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Topics Covered

* 2008 USGS Uniform Hazard Maps

¢ 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps

* Horizontal Response Spectra

* Vertical Response Spectra

* Peak Ground Acceleration

* Selection and Scaling of Ground Motions

g FEMA 'JLF Instructional Material Compl ing FEMA P-751, Design E: pl Ear Motions - 29

This slide presents a list of the topics covered, and indicates that the next topic
covered (the last topic) is Ground Motion Selection and Scaling. Selection and
Scaling of ground motions is required whenever a response history analysis is to be
used.
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Selection and Scaling of Ground Motions

» Selection and Scaling procedures are Provided in
Chapter 16 of ASCE 7-10: Response History
Analysis

» Chapter 16 is usually used in association with
nonlinear analysis of special structures or structures
that do not conform to certain requirements (e.g.
height limitations) in ASCE 7-10.

« This example will demonstrate procedure for a site in
Seattle, Washington.

» Additional discussion of ground motion scaling and
use in linear and nonlinear response history analysis
is provided in Chapter 4 of P-751, Structural Analysis.

sl
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The slide provides several important points regarding selection and scaling of
ground motions.
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Ground Motion Nomenclature

An “Event” refers to a given historical earthquake, such as the
1989 Loma Prieta California Earthquake

« A “Record” refers to the recorded ground acceleration histories
at a particular recording station, such as the Saratoga-Aloha
Ave. recording of the Loma Prieta event.

+ Each record has (usually) three “Components™ consisting of two
(usually) orthogonal components and one vertical component.
The horizontal components are often, but not always, oriented in
N-S and E-W directions. In some cases fault-normal and fault-
parallel values are provided. Records can be transformed to
any direction (e.g. N-S and E-W recordings can be transformed
to fault-normal and fault-parallel given the orientation of the
fault.

« A “Suite” of ground motions consist of three or more records.

:l'“'r |
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This slide provides nomenclature used in ground motion selection and scaling.
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Location of Site

U.S. Seismic Design
Maps

Web Application
Batch Mode
Min/Max for Regions
FAQ

Help

Seismic Design for
Engineers

Seismic Hazards

U.S. Seismic Design Maps Web Application

Please note that the most recent design code(s) (e.g., 2012 Intemational Building Code) may not yet govem in your municipality. If
you are unsure of which document is currently enforced in your area, please consult your local building or transportation official
before using this application.

_\ Application \wuu- i_nclp |

"R | North Creek
0

Aidgrwond Manor_Matoy é

Design Code Reference Document :‘==‘p ._.;=_;,
Consut your ocal design offcia  you need hop selecing S—.

e
2010 A5CE7 =] IO'

Report Title (Optional) uh “\. o
This wil appoar ai ho 10 of 1ho generatod rpor 2
DESIGN EXAMPLES %

Site Soil Classification

joodinville.

This 's not automatcaly seictod based on 10 0CAtoN.

"
Bainbridge island
Site Class C - Very Dense Soil and SoftRock™ 18 32 )

Risk Category b
Usod 10 COMOULD Tho SOSMIC GOSN CAEgOry.
Please Select... ]
Site Latitude Manchester
Docimal dagrees 107 ha $1¢ CATON. o
47.65 oPlnwenl
Site Longitude (IR In|
Oxcl dogasa e i 2 s |
1223 Powered by Leaflot — Ties Courtesy of MapGuest — Data @ DpenStroathiap contributors, ¢
Compute Values
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In the following example we will describe the procedures for selecting a suite of
motions for the site in Seattle.
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Selection of Appropriate Records

« Select from records of events having magnitude,
fault distance, and source mechanisms that control
the maximum considered earthquake (MCE)

« Pertinent information can be obtained from
“Deaggregtion” of the seismic hazard

i zhttp://earthquake.usgs.gov/hazardsfapps/#deaggint
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The first bullet is taken directly from Chapter 16 of ASCE 7-10. While there are
thousands of recordings available (e.g. from the PEER NGA site), it is often difficult
to find a suitable number of records that match the criterion listed. The USGS utility
for hazard deaggregation provides information that can be used to detect the
appropriate types of ground motions (but not the actual recordings themselves).
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Deaggreagtion of Hazard (2.0 sec Accel)

Distant large

MEEIHITER recc:rds PSH Deaggregation on NEHRP C soil

Seattle 122.300° W, 47.650 N.

SA period 2.00 sec. Accel >=02485 g

Ann. Exceedance Rate 404E-03. Mean Retum Time 2475 yrs
Mean RMzg) 852km8.17, 121

Modal (R Mgg) =114.1 km, 9.00,0.91 (from peak R M bin)
Modal (R M£*)=114.1 km, 9.00. 1 to 2 sigma_(from peak R M.¢ bi
Binning: DeltaR=10. km, deltaM=0.2, Deltae=1.0

16

12

Closer lower
magnitude records

4

B 2<e<a1 05<g<1
1<, <05 1<gy<2

M 05<c,<0 M 2<¢<3 200010 uPDATE

[Tl 7012 Do 16 155250 Distance (R, maguitnde (M, top 30 e
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This slide is a screen capture of the results of the deaggregation for ground motions
that affect the 2.0 second spectral acceleration for the site on Site Class C soils,
and a 2% probability of occurrence (consistent with the MCE). The three axes are
the distance from the site, the magnitude of the ground motion, and the percent
contribution to 2.0 second spectral acceleration. In this case, there appear to be a
cluster of events, 0 to 100 km from the site with a maximum magnitude of about 7
and which have moderate contribution. Somewhat further away (100 to 200 km)
are higher magnitude events that contribute even more significantly to the 2.0
spectral acceleration.
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Distant large
magnitude records

-

Deaggregation of Hazard (2.0 sec Accel)

Seattle Geographic Deagg. Seismic Hazard
for 2.00-s Spectral Accel, 02485 g

PSA Exceedance Return Time: 2475 year

Max. significant source distance 192. km.

View angle is 35 degrees above horizon
Gnidded-source hazard accum. in 45° intervals
Rock site. Vs30(m/s) = 564.0

# o ~N~DR®R©
NO= BNOWDON

; % ;

g
£
e

[=]

Vertical scale 20% hazard
[]
fuil

Closer lower
magnitude records

= ==88. ﬁ,ﬁ T -
plo-=28r-- ..

[THz012 Doc 18 15250
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This slide shows the 2.0 second deaggregation information on a map of the area

surrounding the site.
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® Contibutin 1o Huzaid

i
g FEMA N/Lp Instructional Material Compl ing FEMA P-751, Design E:

Deaggreagtion of Hazard (0.2 sec Accel)

PSH Deaggregation on NEHRP C soil
Exampl: 122.300° W, 47.650 N.

SA period 0.20 sec. Aceel >=1 3482 g
An Exacedance Rate A0SE.03, Mean Retur Time 2475 yrs
Mean (R Mg,) 47.5 km/7.18, 1.39
Modal (R,M£0) =114.1 km, 900, 1.38 (from peak R,M bin
Modal (R M.£%) =114.1 km, 9.00, 1 102 sigma (rmmpea.kRM.( bin)
Binning: DeltaR=10. km, delta\=0.2, Deltae=10

73

&

5

Example Geographic Deagg. Seismic Hazard
for 0.20-s Spectral Accel, 1.348 g
PSA Excecdance Retum Time: 2475 year
Max. significant source distance 185. km.
View angle is 35 degrees above horizon
- cum. in 45° intervals
64.0
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The same USHS utility can provide deaggregation information at any period. In
these screen captures the contribution to the 0.2 second spectral acceleration is
shown.

dramatically when compared to the deaggregation for the 2.0 second acceleration.

Note how the importance of the close-by motion has increased
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Spectral Characteristics of Close
and Far Records

_ Moderate, close earthquake
5 \\ 5
E \ Large, distant earthquake
& —e
d rang N e T
;& FEMA -qup Instructional Material Compl ing FEMA P-751, Design Examples Earthquake Ground Motions - 37

Similar information is shown on this plot, which shows response spectra for large
distant earthquakes, for moderate close-by earthquakes, and the code design
spectrum. The moderate, close-by earthquake dominates at lower periods, and the
large distant earthquake dominates at the longer periods. The smooth ground
motion curves were obtained from ground motion models called “attenuation
relationships”.
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Deaggregation of Hazard
(0.2 Sec Accel)

Principal sources (faults, subduction, random seismicity having > 3% contribution)

Source Category: % contr. R(km) M epsilon0 (mean values).
Cascadia M8.3-M8.7 Floating 6.12 109.2 8.52 1.64

Cascadia Megathrust 19.51 108.9 9.02 1.30

Wash-Oreg Cascades-West faults + 17.61 12.1 6.96 1.14

WUS Compr crustal gridded 17.51 9.4 6.14 1.13

50-km Deep Intraplate 21.72 60.6 6.79 2.07

Puget Lowlands gridded 16.55 9.4 6.32 1.03

Individual fault hazard details if its contribution to mean hazard > 2%:

Fault ID % contr. Rcd(km) M epsilon0 Site-to-src azimuth(d)
Seattle fault zone, mid. GR 3.25 12.1 6.82 1.24 =172.2
Seattle fault zone, north, GR 5.14 9.9 6.82 1.01 -175.4
Seattle fault zone, N. Trace, Ch 4,55 8.0 7.16 0.72 -177.6

#xxxxxxxx*End of deaggregation corresponding to Mean Hazard w/all GMPES #kk&kkkaxi

Cascadia Subduction Zone=6.1+19.5=25.6%
Shallow Crustal=17.6+17.5=35.1%
Deep Intraplate=21.7+16.6=48.3%
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The deaggregation utility provides detailed information on how different types of
earthquake contribute to the hazard. A portion of the the text file that is provided
with the deaggregation is shown.
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Source Mechanisms for Selected
Records
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The information shown on the previous slide can be used to create a graph as
shown on the bottom of the current slide. As can be seen, the Cascadia subduction
zone dominates at longer periods, and has relatively low influence at short periods.
The influence of the deep intraplate events is just the opposite; dominant at lower
periods and waning at longer periods. The shallow crustal contribution is
somewhat constant along all periods.
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Scaling Requirements

« 2D Analysis: The ground motions shall be
scaled such that the average of the 5% damped
response spectra is not less than the design
spectrum over the period range 0.2T to 1.5T.

* 3D Analysis: The ground motions shall be scaled
such that the average of the SRSS spectra from all
horizontal component pairs does not fall below the
design spectrum over the period range 0.2T to 1.5T.

At sites within 5 km of the active fault each pair of
components shall be rotated to fault-normal and fault-
parallel directions and shall be scaled such that the
fadltrermal dominant component is not less than the
MCE_ design spectrum over the period range 0.2 to
18T,

A sl
@ FEMA 1@" Instructional Material Compl ing FEMA P-751, Design Examples Earthquake Ground Motions - 40

This slide provides a summary of the ASCE 7-10 ground motions scaling
requirements. The strikeouts and rewording in the last bullet are discussed in the
text of the example.
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Analysis

Ground Motion Scale Factors for 3D

Table 3-1 Selected and Scaled Ground Motions for Example Site

Record Distance
No. Year Earthquake name M Source type Recording station (km)
1 2003 Tokachi-oki, Japan 8.3  Subduction zone  HKA 094 67
2 2003  Tokachi-oki, Japan 8.3  Subduction zone HKD 092 46
3 1968  Tokachi-oki, Japan 8.2  Subduction zone  Hachinohe (S-252) 71
4 1949  Western Washington 7.1  Deep intraplate Olympia 75
5 1989 Loma Prieta 6.9  Shallow crustal Saratoga -- Aloha Ave 9
6 1999  Duzce, Turkey 7.1  Shallow crustal Duzce 7
7 1995 Kobe, Japan 6.9  Shallow crustal Nishi-Akashi 74
@ FEMA 'le Instructional Material Compl ing FEMA P-751, Design Examples
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The table provides seven records that fit the characteristics derived from the
deaggregation. As may be seen, the sources types, magnitudes, and distances are
consistent with the deaggregation. (Other pertinent information, not shown in the
example, is the site class at the recording station. This should be consistent with
the site class for the building under consideration). Note that all distances are
greater than 5km, so it is not necessary to rotate the components to fault-normal,
fault parallel, or to find the dominant component.
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Components of the Northridge Earthquake

06 7

o
S

45

0 5 10 15

20 25
Time (s)

Component 2 Acceleration, g

o
Component 1 Accelertion, g
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These ground motion acceleration histories are fault normal (upper) and fault

parallel (lower). The orbit plot (lower right corner of slide) shows that the motions in

the two directions are largely out of phase, and that the maximum resultant
acceleration occurs at a 45 degree rotation.
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Ground Motion Spectra

Table 3-1 Selected and Scaled Ground Motions for Example Site

% FEMA /(@

2.0 25
Period, Sec.

Instr

ional Material Compl

ing FEMA P-751, Design Examples

Record Distance [ Scale
No. Year  Earthquake name M Source type Recording station (km) factor
1 2003  Tokachi-oki, Japan 8.3  Subductionzone HKA 094 67 2.99
2 2003  Tokachi-oki, Japan 8.3  Subductionzone HKD 092 46 0.96
3 1968  Tokachi-oki. Japan 8.2  Subduction zone  Hachinohe (S-252) 71 1.28
4 1949 Western Washington 7.1 Deep intraplate Olympia ) 1.92
5 1989 Loma Prieta 6.9  Shallow crustal Saratoga -- Aloha Ave 9 1.28
6 1999 Duzce, Turkey 7.1 Shallow crustal Duzee 7 0.85
7 1995 Kobe, Japan 6.9 Shallow crustal Nishi-Akashi 7 1.18
—
All RecordS, Unscaled All Records, Scaled to MCE
3.0 3.0
0.2T=0.46s
25 25
wll w20 |
H 5
Eais B1s
2 J 2
8 §
< <

2.0 25 3.0 35 4.0 45

Period, Sec.

Earthquake G

10T=23s | 1.5T=3.45s
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This slide shows the 5% damped response spectra for both components of each
record, together with the MCE Target Spectrum. The plot on the left shows the
unscaled records, and the plot on the right shows the record with the scale factors
shown in the last column of the table. The vertical lines in the scaled plot indicates
the period range over which the scaling applies, where the structural period is 2.3

seconds.
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Response Spectra for Two Selected
Scaled Motions

1989 Loma Prieta 1999 Duzce, Turkey
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This slide shows the response spectra for two of the scaled records. Each
individual component is shown, as is the SRSS and the MCE target spectrum. The
individual component spectra as well as the SRSS spectra have a shape that is
consistent with the target spectrum over the indicated period range.
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SRSS Scaled Spectra and MCE Spectrum

3.5 H H
§ 0.2T=0.46s § 1.0T=2.3s
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The plot on this slide shows the scaled SRSS spectra for the seven events,
together with the average of the SRSS (heavy red line), and the target MCE
spectrum (heavy black line). As can be seen, the Average SRSS falls above the
target spectrum over the indicated period range, with the match point at about
T=1.0 sec. Note that one of the SRSS spectra (for GM 7) has high amplitude at
T=0.5 seconds. Thus, this record will have a larger higher mode influence than will
the other records. Note also that the ordinate for GM 1 is nearly twice the ordinate
of the design spectrum at the period of 2.3 seconds.
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Scaled Records and DBE Spectrum
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This plot shows the individual MCE scaled components together with the DBE
target spectrum. On the average, the MCE scaled records are a good match for the
DBE target spectrum, thus little additional scaling would be required if was desired
to re-scale for analysis in 2-Dimensions, where the average of the individual
component spectra is used instead of the average of the SRSS spectra.
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Alternate Scaling
3.5
| 02T=0465 i 1.0T=23s
30 - i ==MCE Spectrum
——Average SRSS

25 —
& —Period SCALED
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K] I SRSS Spectra scaled
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In the Chapter 3 example the method for determining the individual record scale
factors was not mentioned. In fact, there are an infinite number of sets of factors
that will fit the ASCE 7 criterion. In this slide, an approach is used where the SRSS
spectra are first scaled to match the target spectra at the design period (2.3 sec in
this example), and then re-scaled such that the average of the SRSS spectra does
not fall below the target over the period range 0.2 to 1.5 T. As may be seen, the fit
is much better near the target period, but a few of the individual records have
relatively low acceleration at the lower periods.
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Questions
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Slide to initiate questions from participants.
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Instructional Material Complementing FEMA P-751, Design Examples

b sl

2009 NEHRP Recommended Earthquake Ground Motion
Seismic Provisions: Nicolas Luco, Ph.D., PE., Michael Valley, S.E.,

Training and Instructional Materials and C.B. Crouse, P.E., Ph.D.

— Slide set created by Finley A. Charney, Ph.D., P.E.
¥ FEMA (F@ne Y Finiey 4
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Topics Covered

® 2008 USGS Uniform Hazard Maps
® 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps
* Determination of Ground Motion Values

* Horizontal Response Spectra

* Vertical Response Spectra
* Peak Ground Acceleration

* Selection and Scaling of Ground Motions
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Topics Covered

® 2008 USGS Uniform Hazard Maps
® 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps

* Horizontal Response Spectra
¢ Vertical Response Spectra

* Peak Ground Acceleration
* Selection and Scaling of Ground Motions

& FEMA - @e
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2008 USGS Maps

* Probabilistic

« Uniform Hazard (e.g. 2% in 50 year probability)
« Spectral Contours (T=0, 0.1, 0.2 sec...)

* 5 9% Damping
» Site Class B/C Boundary

¢ Geomean Values

F FEMA i@
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Obtaining 2005 Maps from

& FEMA i@
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2008 USGS Seismic Hazard Maps

& FEMA - @e
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Obtain Accelerations for Given Lat-Lon

US Seismic Hazard 2008

Lo | Teots

(@ Haassvokay o

II Messre

For Lat = 47.65
Lon=-122.3

2% in 50 year
GEOMEAN values:
PGA=0.520 g

0.2 sec=1.186 g

1.0 sec=0.4015 g

FEMA ~|ndhe
& peter Instructional Material Complementing FEMA P-751, Design Examples Earthquake Ground Motions -7

2009 NEHRP Maps

Probabilistic / Deterministic (Separate Maps)

Uniform Risk (Separate Maps)
Spectral Contours (PGA, 0.1, 0.2 sec)

5 % Damping
» Site Class B/C Boundary

¢ Maximum Direction Values

B FEMA J50  oions vt onplemening v P 753 s canples e g e ot 8

2009 NEHRP Probabilistic Maps

+ Spectral Contours (PGA, 0.1, 0.2 sec)

T=0.2 Seconds . Prt?bablllst.lclDetermlnlsllc (Separate Maps)
+ Uniform Risk (Separate Maps)

| | 5% Damping
« Site Class B/C Boundary
* Maximum Direction Values

" " 2 1
_"} - T=1.0 Seconds

& FEMA - @pe Istucionl wteril Complomenting FEWA P75, Dosign Examples _Earrguake Ground otons -9,
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Maximum Direction Conversion

3 f f To convert from‘ USGS C_Seomean
AR . - to NEHRP Maximum Direction
i : . Al Multiply 0.2 Sec. values by 1.1
! Multiply 1.0 Sec. values by 1.3

T = = m ]
e i, )y aa T=1.0 Seconds

For Lat = 47.65

Lon =-122.3

2% in 50 year

Max Direction Values:
0.2sec=1.186 x 1.1 = 1.305 g

1.0 sec=0.4015x 1.3=0.522 g

B FEMA W ctons vt conmonenig e 2751 b s _ e o vens 0

T e A

Using the USGS Utility: 2009 NEHRP

O

'?;/;—--_v'-r

& FEMA i@
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Ao Drcanar Do .

Results from Detailed
Report

Seun=1.305g
S,un=0.522g

For Lat = 47.65
Lon=-122.3

2% in 50 year
Max Direction Values:
0.2sec=1.186x1.1= 1.305¢g

1.0 sec=0.4015 x 1.3 =0.522 g
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Adjustment for Risk and Deterministic Cap

, N .
o

s + ¥

i o )

NEHRP‘ S‘penral Accelerations NEHRP Risk Coefficients NEHRP Deterministic Peaks

r
Py
B FEMA {00 otons vt Comtenening cevi 751 e Exanples e crund s 13

Adjustment for Risk

Sg= min(?sw CRS/' Sso)

S = min(@UH Cry Sio)

Syn Maps (S, maps similar) Cgrs Maps (Cg, maps similar)

Adjustment for Deterministic Cap

Ssp Map (S, map is similar)

Deterministic Cap is 84t Percentile Ground Motion
But not less than 1.5g (Sgp) or 0.69 (S;p)

& FEMA - @pe Istucionl wterial Complementing FEWA 15, Dosign Examples _earhguake Ground otans -
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2009 NEHRP Intermediate Results

s
‘gl-
i
4

$15=0.600 g

S5 = MiN(SqyCre: Sip) = MiN(L.305x 0.988,1.5)=1.289g

S, = Min(SyyCap Sip) = MiN(0.522 x 0.955,0.6) = 0.498¢

 FEMA - e il Nt Complementing FEVA P 755 Design ExaplesEartate crount Mot - 16

2009 NEHRP Results

. -
S,=1.289g
S,=0.498g
M “
= - BN
B FEMA {00 notons ot componaningreve 151 cegn canpies e runs rne 57

Summary of Differences between 2009

NEHRP and ASCE 7-10 Approaches

* NEHRP Starts with maximum direction maps
and a uniform hazard and provides explicit

values (Cgg and Cg,) for adjust to uniform
risk.

* NEHRP Provides maps for deterministic cap
* When using NEHRP the user must manually

(or via web utility) convert to MCEg values.
» ASCE 7-10 Provides MCEg, values Directly

& FEMA - @pe Instucionl wterial Complementing FEWA 15, Dosign Examples _earhguake Ground otans -1
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Using the USGS Utility: ASCE 7-10
B FEMA @00 s e componeming e 11, e canies et crons ot 1o

ASCE 7-10 Results

EISGS Desion Maps Summary Raport

b g g

— % T From Detailed Report

[USES Desgn Has Detaied Anpert

HoN N S.=1.289g
S,=0.498g

3 FEMA @ Istucions Mairial Complementing FEMA P75 Design Examples __earinguake Ground Motons 20

Adjusting for Site Effects
2009 NEHRP and ASCE 7-10
From Detailed Report - -
. » .
= o
——
G Sps=0.860g
Spi=0.433g
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Topics Covered

® 2008 USGS Uniform Hazard Maps
® 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps

* Horizontal Response Spectra
* Vertical Response Spectra

* Peak Ground Acceleration
® Selection and Scaling of Ground Motions

 FEMA - e o Mol Complaning FENA P71, Deig Exanpies gt roun otors 2

Development of Design Spectrum

‘Gonstant Acceleraton

B FEMA -|rahn
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Development of Design Spectrum

Sps=0.860g
Sp,=0.433g

7,23 08005036

TS, 0433

T,=0.2T, =0.2(0.503) = 0.10s

T,=6s (from map)

Spectral Acceleration, g

@

Period, T (5)

S, @ T=0= 0.4(Sps)=0.4(0.860)=0.344g

Fig. 22-7 Long Period Transition Maps

= FEMA -|nahep
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Vertical Response Spectra

* New Chapter 23 of NEHRP Provisions

* Not yet incorporated into ASCE 7

Spectrum has Four Braches: Sa=0.3C,Sps

S, =20C, Sps (T, —0.025)+0.3C, Sps
S, =0.8C,Sps
15

015"
[ 5, =08CS; T—]

v

Tabie 2,141 Vaboes of Vrtical Conflicient Gy

T e Class A8 Sin Class € SaeClana 0.8 F
Beriod, Ty, sec. 5220 oo 1 i
i 2 3 i

FEMA ~|ndhe
& e Instructional Material Complementing FEMA P-751, Design Examples  Earthquake Ground Motions - 25

Vertical Response Spectra

For current example Ss=1.389g, S,5=0.859¢, Site Class D

S, =0.3C, Sy, = 0.3(1.158)(0.859) = 0.298 s

S, =0.8C, Sy, = 0.8(1.158)(0.859) = 0.796 o196 —
_ oas]"_ 015)"_

S 7o.scvsr,5[ T ] 08(1.158)(0.859)( 50 ) 0.114

o \
A
g

Period, T, sec.

3 secmins | smoms | swowmser
—m e ooz | | [o10

Note: This is the DBE

Spectra. Multiply all accelerations

Interpolation gives C,=1.158 |
by 1.5 to obtain MCE Spectra

T FEMA @ve nstruionsl iatral Complementing FEMA P51, Design Examples  Cathquase round Hotions -2

Peak Ground Acceleration

Section 11.8.3 of ASCE 7-10:

PGA,, = F,.,PGA

Table 11581 Site Coeflickent F.,

Mapygead Nt Csveresd Diosemeic Wi (MCE, ) Pk Cirmsinl Aéelerasions, FOA

& FEMA - @pe Instucionl wterisl Complementing FEVA P75, osign Examples _earihguake Ground otons -27
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Peak Ground Acceleration

Results from USGS Design Maps Utility

e . (Detailed Report) for Seattle Location

[p— PGA=0521 g

et TN

LTPeATT

PGA,, = FossPGA=1.0x0.521=0.521g

Note: This is the MCE PGA. Design PGA
(where used) = (2/3) PGA,,

& FEMA -|fann
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Topics Covered

® 2008 USGS Uniform Hazard Maps
® 2009 NEHRP Provisions Maps

* ASCE 7-10 Seismic Maps
* Horizontal Response Spectra

* Vertical Response Spectra

* Peak Ground Acceleration
* Selection and Scaling of Ground Motions

B FEMA -|rahn
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Selection and Scaling of Ground Motions

» Selection and Scaling procedures are Provided in
Chapter 16 of ASCE 7-10: Response History

Analysis
» Chapter 16 is usually used in association with

nonlinear analysis of special structures or structures
that do not conform to certain requirements (e.g.
height limitations) in ASCE 7-10.

» This example will demonstrate procedure for a site in
Seattle, Washington.

« Additional discussion of ground motion scaling and

use in linear and nonlinear response history analysis
is provided in Chapter 4 of P-751, Structural Analysis.

= FEMA -|nahep
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Ground Motion Nomenclature

« An “Event” refers to a given historical earthquake, such as the
1989 Loma Prieta California Earthquake

« A “Record” refers to the recorded ground acceleration histories
at a particular recording station, such as the Saratoga-Aloha
Ave. recording of the Loma Prieta event.

» Each record has (usually) three “Components” consisting of two
(usually) orthogonal components and one vertical component.
The horizontal components are often, but not always, oriented in
N-S and E-W directions. In some cases fault-normal and fault-

parallel values are provided. Records can be transformed to
any direction (e.g. N-S and E-W recordings can be transformed
to fault-normal and fault-parallel given the orientation of the

fault.
» A “Suite” of ground motions consist of three or more records.

& FEMA -|fann
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Location of Site

gpietew U5, Seismic Design Maps Wob Application

B FEMA -|rahn
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Selection of Appropriate Records

« Select from records of events having magnitude,
fault distance, and source mechanisms that control

the maximum considered earthquake (MCE)
< Pertinent information can be obtained from

“Deaggregtion” of the seismic hazard

b zhttp:,.’,fearthquake.usgs.gov,.’hazardsfappsf#deaggi nt

= FEMA -|nahep
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Deaggreagtion of Hazard (2.0 sec Accel)

Distant large
magnitude records
m

. Closer lower
magnitude records

Instructional Material Complementing FEMA P-751, Design Examples

Earthquake Ground Motions - 34

Deaggregation of Hazard (2.0 sec Accel)

Seattle Geographic Deags. Seismic Hazard 82
fox 2 00 Spectral Accel, 02485 11
PSA Lureedace Rerum Tume: 2473 year 3 683

Mas sy dntamce 192 m 88w
Distant large View segle i3 15 deypees sbove e i
magnitude records iy oo, in £ ek i
L a8

o
b

i
B | Closer lower
& o | magnitude records =
3 . e LT R e =

walle”

& FEMA i@
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Deaggreagtion of Hazard (0.2 sec Accel)

Grograbic Deag,Scane Hared "
iy e i
¢
a"
3 &
&
8
: owm
Rt
& FEMA -
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Spectral Characteristics of Close

and Far Records

| mapped

\ / Moderate, close earthquake ‘

Spectral Acceleration

perios range | T2 R
P N
G o S P,
period, T

& FEMA -|fann

Instructional Material Complementing FEMA P-751, Design Examples __Eartnquake Ground Motions -37

Deaggregation of Hazard

(0.2 Sec Accel)

Principal sources (faults, subduction, random icity having > 3% contribution)
Source category: % comtr. R(km) M  epsilon0 (mean values).
Cascadia M#.3-M8.7 Floating 6.12  109.2 8.52  1.64

Cascadia Megathrust 19.51  108.9 9.02  1.30

wash-Oreg Cascades-West faults + 17.61  12.1 6.96  1.14

WuS Compr crustal gridded 17.51 9.4 6.14  1.13

50-km Deep Intraplate 21.72  60.6 6.79  2.07

Puget Lowlands gridded 16.55 9.4 6.32  1.03

Individual fault hazard details if its comtribution to mean hazard > 2%:

Fault ID % contr. Rcd(km) M epsilon0 Site-to-src azimuth(d)
seattle fault zone, mid. GR 3.25  12.1  6.82  1.24  -172.2

seattle fault zone, north, GR 5.14 9.9 6.82  1.01  -175.4

seattle fault zone, N. Trace, Ch  4.55 8.0 7.16  0.72  -177.5

#an of ion ng to Mean Hazard w/all GMPES #ssxssswsf

Cascadia Subduction Zone=6.1+19.5=25.6%
Shallow Crustal=17.6+17.5=35.1%
Deep Intraplate=21.7+16.6=48.3%

= FEMA -\ rahen
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Source Mechanisms for Selected
Records
g 15
§ 1
i
' ' hm:«.rm : ¢
i
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Scaling Requirements

» 2D Analysis: The ground motions shall be
scaled such that the average of the 5% damped

response spectra is not less than the design
spectrum over the period range 0.2T to 1.5T.

» 3D Analysis: The ground motions shall be scaled

such that the average of the SRSS spectra from all
horizontal component pairs does not fall below the
design spectrum over the period range 0.2T to 1.5T.

At sites within 5 km of the active fault each pair of
components shall be rotated to fault-normal and fault-

parallel directions and shall be scaled such that the
faultrermal dominant component is not less than the
MCE; design spectrum over the period range 0.2 to

1.5T.

& FEMA -|fann
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Ground Motion Scale Factors for 3D
Analysis

Table 3-1 Selected and Scaled Ground Motions for Example Site

Record Distance
No. Year _Earthquake name M__ Source type Recording station km’
1 2003  Tokachi-oki, Japan 8.3  Subductionzone HKA 094 67
2 2003  Tokachi-oki, Japan 8.3  Subductionzone  HKD 092 46
3 1968  Tokachi-oki, Japan 8.2 Subductionzone  Hachinohe (S-252) 71
4 1949 Western Washington 7.1  Deepintraplate  Olympia 75
5 1989 Loma Prieta 6.9  Shallow crustal Saratoga -- Aloha Ave 9
6 1999  Duzce, Turkey 7.1 Shallow crustal Duzce 7
7 1995 _Kobe, Japan 6.9 Shallow crustal Nishi-Akashi 7

B FEMA -|rahn
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Components of the Northridge Earthquake
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Table 3-1 Selected and Scaled Ground Motions for Example Site

Ground Motion Spectra

Record Distance | Scale’
No. Year _Earthquake name M___Source type Recording station (km) factor
1 2003 Tokachi-oki, Japan 83 Subduction zone  HKA 094 299
2 2003 Tokachi-oki, Japan 83 Subduction zone  HKD 092 0.96
3 1968  Tokachi-oki, Japan 82  Subduction zone  Hachinohe (S-252) 7 128
4 1949 Western Washington 7.1 Deep intraplate Olympia 192
5 1989  Loma Prieta 69 Shallow crustal Saratoga - Aloha Ave 9 128
6 1999 Duzce, Turkey 7.1 Shallow crustal Duzee 085
7 1995 Kobe, Japan 69 Shallow crustal _Nishi-Akashi 7 118
All Records, Unscaled All Records, Scaled to MCE
30 10
0.2T=0.465 0T=23s | 15T=3.45s
25 25
f |
I
20 /

s T

Acceleration, g

00 05 10 15 20 25 30 35 40 45 00 05 10 15
Period, Sec.
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Response Spectra for Two Selected

Scaled Motions

1989 Loma Prieta 1999 Duzce, Turkey
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SRSS Scaled Spectra and MCE Spectrum
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Scaled Records and DBE Spectrum

30

0.27=0.465 10T=2.3s
—DBE Spectrum
> —Average of Scaled Records
20 |

\ 1.5T=3.465

Acceleration, g
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35
0.2T=0.465 10T=23s
30 —MCE Spectrum
—Average SRSS
25 —
w —pPeriod SCALED
<
2
g20 Step 1:
Kl /| SRSS Spectra scaled
< to match target at T=2.3 sec.
£ Step 2:
8 Rescale to conform with
requil over range 0.2T to
1.5T.
{ 1.5T=3.46s
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