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Site Effects — Historical Perspective
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Site Effects — Historical Perspective
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+ Ground motion parameters
Salsmic hazard analyses

— NEHRP/IBG2000 general“
— Site-specific proc_egures

Ground Motion Parameters

+ Peak-ground acceleration
- Fourier spectra .
+ Response spectra b
* Uniform hazard respon&a
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Fourier Spectra
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Uniform Hazard Response Spectra
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Response Spectra

Seismic Hazard Analyses

« Definitions:
- Components of hazard analyses
+ Deterministic analyses
« Probabilistic analyses
- Retumn period
— Epistemic and aleatory uncertatnty

Hazard Definitions

“The purpose of a seismic hazard evalualion is lo arrive at
uake ground molion parametlers for use in evaluating the
site and facllity under construction during seismic loading
conditions. Coupled with the vulnerability.of the sile and the
facility under various levels of these ground molion paramelers,
Ihe risk to which the sile and facility may be subject can be
assessed.” (Idriss, 1985)

+ Hazard - the expecled occu ;e‘b” fsmic évents
+ Risk —=the exp d of fu ismic evenls
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Components of Seismic Hazard Analyses

+ ldentification and
‘characterization of source
zones thal may produce
significant omund olions al
the site of interast

Solrce zones for the CEUS
(from Frankel et al., 1998)




Components of Seismic Hazard Analyses

« Definition of the recurrence L
oi%‘pmammodlo 4
characterize the sefsmicity or - gq\

temporal distribution of
earthquakes within w:h
source zone :
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b-value plot for CEUS events
{from Frankel et al., 1996)

Components of Seismic Hazard Analyses

+ Selection of a regional
altenuation relationship o
approprate that shows the ¢
variation of Wd malinn =F .

~'Stecondiions ¥, &
- Tmﬂmm £ ‘_! Tom wial (1997}
- Attenuafion relationships " E: s, = =
may be determined from: ST Denes fomy
~ Empirical data .
~ Stochastic simulations
»

Deterministic Hazard Analyses

Identify and characterize source zones that may produce
significant ground mations at the sile of interest

+ Determina.the appropriate di.slence irorn each source zone o
the site of Interest A 1

- Select the controlling earthquake (i, mag

. Cﬂculnle the ground mation pi
slisnualion relalionship

Probabilistic Hazard Analyses

" d characterize source zones thal may produce significant
ground mations al the site of interest including the spatial distrit
and probabiity of arthquakes in each zona
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Probabilistic Hazard Analyses

New M-dnd ‘eramll lLogic Tree
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+ Incorporate model
uncertainty via rdaﬂva

Source: USGS Memphis/Shelby
County Hazard Mapping Project [
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Uncertainty

+  Epistemic uncertainty — “Uncertainty that is due lo incomplete
knowledge and data about the physics of the earthquake
process. In principle, epistemic uncerainly can be reduced by
the collection of additional information.”

- Aleatory uncertainty — *Uncertainty thal is inharent to the
unpredictable nature of future events, It represents unique
details of source, palh, and sile rospame t cannot be

quantified before the earthquake occ ‘Alsa galory uncertainty
cannot be reduced by collection of additional Information. One
may be able, however, lo obtain b st gnﬁe aleatory
uncertainty by using additional data” ¥, Y

from Toro et. al. (1967)

Dynamic Soil Properties

+ Shear wave velocity profile
Gmax =pVE

+ Nonlinear soil behavior
- Modulus reduction curve

Gm/ = (lreyeic) £ -

- Material damping ratio cunia

D= e w ~rove)
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Laboratory Methods

- Resonant column

Torsional shear

Cyclic simple shear.

Cyclic triaxial ’ ’
Pulse propagation (i.e. Wr eiemants)

.

In Situ Methods
+ Invasive methods » Non-invasive
~ Crosshole methods
~ Downhiole/SCPT ~ Refraction
— P-8 suspension - High-resolution
logger seismic reflection
+ Invasive methods T vay
for nonlinear soil
properties gmif;ct;%l "
. Vertical arrays frefations wi
Y SPT and CPT
Charleston, SC V. Profile
Bhasr Wave Velociy [ma} Shear Wave Velodly {mis)
o 1 . 3000 o EO 00 L) [ 2]
i 1000 S * 1
& 1500 L
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2500 100 _‘
Wheeler and Cramer (2000)
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Modulus Reduction and Damping
“ » Seed et al. (1986)
2] - » Sun-etal. (1988) o
i = N » Vucetic and Dobry (1981).
.“‘Li_ '_\\\\ + EPRI (1993) '
e + Hwang (1997)
; Asswalagetal (2000)
7 . Totgéﬁnd Sﬂva (2001)
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Site Response Analyses

+ Amplification
~ Definitions
~ Fourier amplification speara

Spach‘alampiiﬁcaﬁorrf '

. $IIG responsa mecha

Equwaie nt finear, analyses
+ Nonlinear analyses

Amplification Definitions

Free Su rface Outerop

_ _Free Surface

Qutcrop
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Amplification Definitions

+ Fourier amplification « Spectral
3 amplification

Fe
Site Response Calculations
+ Layered profile
t ha VDR
Ll H + Vertically propagating,
hori:aomaily polarized
2 hyVeDaps Tl
plitude of
: down-
h, V., D, / in each
? i H : -enforcing
mnpanbuhry of
Veinety Daote Prs
It Voo Dok s -I— displacements and
stresses at each layer
- interface

Fod
Site Response Mechanisms
" Constant flux rale 3
+ Amplification
. Lowdrdnﬂmnplmaruappamnl -,
attenuation in soil = : }f
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Linear Analyses
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Amplification from Pre-Cretaceous

unconformity (outcrop) to ground surface
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Quarter-Wavelength Approximation

« Convert velocity to travel time + Calculate the Fourier
amplification spectrum between
by motion al the free surface and
tz)=% motion'al the surface of a half-
(Vs space with properties ¥, and p,
- Calculate average velocity io a g v
given depth Alt(z) s 5" exo(- o)
P 5 5
'V,(z]= Eé‘j e 1‘ 3 -,\?' ==
f(z)= —— x=£-'L
z;‘.‘{{z‘) Vel
1 1
N (P B,
R

3

Equivalent Linear Analyses

Start with
G =G, and
D=Dy,
M
Linear Calculate
G = Gy, ) and
analsysis D =iy,

Calculate Yoy,
and 4 In each
layer

Yol =0.65Ymay

Quarter-Wavelength Approximation

— Unesr
— CurirAY malengh with o = 0 028 sec

8l Cherlesion, 3C Profie
(Whealar ard Crames. 2000)
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Equivalent Linear Analyses

[— Eml.m
=—— Uinsar
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g Synibelic EQ with POA = 0 %

Response Analysis Comparison

Rock Qulcrop Ground Surface
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Nonlinear Analyses

Integrate the equalion o of motion
for pmmm.m

Design Ground Motions
- NEHRP/IBC2000 general procedure
- Site-specific procedures ;
L pAm——— &

Equivalent Linear vs. Nonlinear

From Kramer (1996):
. linsarity.of - -+ Nonlinear mathods require
Mlhﬂt umarnnm can robust constitutive model mat
g-'d rniy uire extensive fiald and
g to uatemmemaf

. I}hﬁmﬁmmuﬁah .
E wda Mw 8n

is not

EXCESS pOre prassures. e 2
“The equivalent linear mode! is deeply mo.led In engineesing practice snd will

remain so unti an easily paramatenzed and well-lested allernative Is avaliable.”
(Field ef al., 1688)

NEHRP/IBC2000 General Procedure

NEHRP/IBC2000 General Procedure

- Determine S, and S, from the maps

hitp:fgechazards.cr.usgs govieq/

Ao wirtogminty =
1 4

sawwnsariddN

« NEHRP/IBC2000 Maximum Considered Earthquake (MCE)
‘maps based on the 1098 USGS maps

- Probabilistic hazard analysis for.a 2% probabilily of exceedance
In 50 years modified by deterministic bounds near malar‘l‘wll.l

Maps provide speciral in:alamllanq, ,‘l;-,j;zne (s.; and T =
1 Osoc 15,) J 2

. Mapspmrm molians | l'crssitsc%fr
B/C boundary

+  Local site effecls included via gancﬁc lilo nod&ﬂ%nts (F,and
F,) for NEHRP site classes

+ Design response specira constructed from 5,.8.F,andF,
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NEHRP/IBC2000 General Procedure
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http://geohazards.cr.usgs.gov/eq/

NEHRP/IBC2000 General Procedure

TARLE L0040 Vahoon of 1, o & Fumriom of Sivs € Lam 4t
Furint Masirum 2 1

- Determine the site e e
coefficients F, and F, Fep e Doan [ i [ oo
from the values of S, R e Y ) T

;: L} (=3 [+ 7] (K} (¥
S, and site class : i o 2 i m
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NEHRP/IBC2000 General Procedure

+ Adjust the values of maximum considered
values of S; and S, for site effects

Sus=FS;  Sw=RS;
+ Calculate the design values of S, and S,

Sos =35us Son =35

e Aol i
.t.: e * 0 2 1.3.1 LTS
e i e e
Iumf e 2 L - ) A
= i NEHRP 1997
E’ﬁfr‘.ML E
a5
NEHRP/IBC2000 General Procedure
« Develop the design response spectrum
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Upper Mississippi Embayment

& Shasr wave wiooity profle
I Holocens-age dagasits [Lewlands )
{0 Piaistocane-spt depoaiis [Upiands|

:5:-... rlm Fa :ﬁ_

(pased on Beshans o o, 1987

: I?gilh of 1000 maters

near Memphis,
Tennessee

Site Amplification Factors - F,
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Site Amplification Factors - F

Lowlands Profile
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2002 Update of the National Maps

+ Same basic methodology
« More explicit treatment of uncertainty

Incorporate changes in source
characteristics of New Madrid and
Charleston, SC zones

Utilize addition attenu: “fﬂn*rel, ns

« Hard-rock site condltlons toc plement
BC site conditions -

.
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Site-Specific Procedures

+ Hazard estimates can be:
~ tallored to local conditions
- based on project-specific retum periods
— used lo obtain hazard-consistent ground surface motions
+ Site-specific analyses requizemore effoﬂ and
expertise to conduct
. NEHRP/IBC2000 places limits dﬁreasuns obtained by
site-specific procedures. (&
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Site-Specific Procedures

- Two-step procedures:
- Probabilistic “base level* ground motions combined with
regional or geology-based site amplification factors
~ Probabilistic "base laver ground motions combined with &
sile-speciiic response analysis :
. One-step procedure: i -
‘effecls included directly In atiéhuation relationships
T ows one Lo obtaln muw-wauﬂau

motions)
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ENA Attenuation Relationships

10" 10 Atkinson and Boore

N O e (1997) a!lenuallion
t\% =0, .g 10° ’ for hard rock site
3 . \_, conditions typical of
E 1 M7 | B " x . ENA
0" 8 w“‘ 5
o §
10

+ + Empirical Data (modified
WNA relationships)
» Atkinson (2001)

* Siochastic Model
» Frankel et al. (1996)
* Atkinson and Boore (1997)
+ Toro et al, (1997)
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ENA Hard Rock Response Spectrum




Regional Soil Amplification Factors

2 +  Amplification with respect to
hard rock

+ _Deep soil profile

48 ‘representalive of Soil Profile

14  Type S2'or Site Class C

Quanter-wavelength method

ud’ed for soff ampiification

Period (sac)
Atkinson and Boore (1897)

L g A o \&

i

Regional Soil Amplification Factors

Stochastic simulation using
EMA source and path
parameters
+ Amplification factors for sail
proﬂ,les representative of
mﬂmllh respect
y hard rock-
Equhﬂlﬂ'll finear method of
$0il amplification with
par; ic variation of V,,

sm,,,é and D

Madian Soll Dupth

e
Pariod (sec)

EPRI (1993)

Geology-Based Amplification Factors

Romero and Rix (2001)
and Romero (2001)
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Regional Soil Amplification Factors
— = Slochastic simulation using
= :;: ENA source and path
25 —, parameiers
g =% | . Amplification factors for
g 2 'NEHRP Siie Class C, D and
£ | E sites with H = 100 m with
s [ res lo'Site Class B
,; )ﬁ Equivalent linear method of
) Sl Claas DB ] Sa’iﬂ‘lﬂiﬂeallon with
e © | paramelric variation of V,,
osk - .l GlGy. and D
¥ pw:tml » F,and F, site coefficients
provided
Hwang et al (1997)
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Geology-Based Amplification Factors
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Geology-Based Amplification Factors
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Geology-Based Amplification Factors

Mamphia. 85,2123, 50375
M =8.0, Ry80 km

—— HEHAP Gie Class 8
—— NEHAP Sils Clssa 0

Paviod (sac)

Geology-Based Amplification Factors

Mhamphis. 5,123, §,%0.37g
M_B0, Ay=Bd km
1 o NEHERP Sie Class B
= NEHRF Gis Clusa D

Geology-Based Amplification Factors

Enveloped, median

spectral amplification

for Central U.S.

3 “Lowlands" profile for
‘H=1010 1000 m
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Toro and Sllva (2001)

Geology-Based Amplification Factors

Marmpiis: §,51.23g, 5,70 275
=80, RS0 kow
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= NEHRF Sia Clasa O
= BC Boundery

Paried juee)

Geology-Based Amplification Factors

4 4
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Site-Specific Response Analysis

Shesr Weve Velocly (ma)

o% W W & W m
Tiems Lso)

Synihelic EQ with POA = 0.5 g using
Atkinson and Boore {1995} ENA paramsters
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Site-Specific Response Analysis

It is important to include
deep siratigraphy (i.e.,
veldcity contrasis) in tha
profile 1o obtain accurate
low-frequency response

Soil Attenuation Relationships

NEHRP/IBC2000 Limits

Site-specific maximum considered
ground motions are taken as the
lesser of the ground motions from a
probabilistic-analysis for 2% PE in'50
8. and 150%0! Iﬂe mndlan nlound

ofa ummm: earthquake on
known faults, but may rot be less
lﬂgn the deterministic limit shown al
the right.
Site-specific design ground motions
are equal lo 2/3 of the maximum
considered ground motions, but may
not be less than 80% of the values i ———
blained via the g p .

5, (g

Soil Attenuation Relationships

!:'"""m‘m;l 2 + Slochastic simulation of
: ground motions using
b sourée, path and site
00 _ parameters typicaliof ENA
ool + Deep soil profila
. representative of Soil Profile
5 - Type 352 0r Site Class C
w0t er-waveléngth method
m' q fﬂl:deamphﬁcahon
Epm-'rlic’and aleatory

uncertaimy not modeled
Boore and Joyner (1991)

y e — *

e
Specific Locations
Memphis, TN
+ Stochastic simulation of
ground molions for
Memphis, TN St. Louis, MO:
and Carbondale, IL
- Quarter-wavelenglh method
Madfnraoﬂ urlpliﬁcaﬂon
from Wen and Wu (2001)
:gb‘“_t;“’? 4 M i e oty *

Additional Topics

+ Topography and basin effects

- 2D and 3D site response

+ Near-fault effects

+ 'Spatial variability of ground mgﬁbns
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