MICROZONATION WITH RESPECT TO
EARTHQUAKE HAZARDS

Prof. Dr. Atilla Ansal

Ozyegin University
Department of Civil Engineering, Istanbul
.

OBJECTIVES

The seismic microzonation maps indicate the
distribution of site response with respect to ground
shaking intensity, liquefaction and landslide
susceptibility at an urban scale.

=>For Urban planning, and urban rehabilitation actions,
=>To improve disaster preparedness,

=>For risk reduction and hazard mitigation decisions.
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URBAN AND LAND USE PLANNING

1. To specify building and population
densities,

2. To evaluate functional layouts,

3. For selection of locations for
important buildings and lifelines.
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GEOTECHNICAL SITE CONDITIONS
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PGAS RECORDED BY THE 24 STATIONS

DURING 12/3/2008 M, =4.8 EARTHQUAKE
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DEPTH TO ENGINEERING BEDROCK

Depth of Engineering Bedrock (m)

AN ALTERNATIVE SIMPLIFIED APPROACH
BASED ON V,,.,: BORCHERDT FORMULATION

Sa = [(760 / VsSO ) g ]*SS

where Sg is the spectral acceleration at T=0.2s on
the rock outcrop, Vg, is the average shear wave
velocity, and the power coefficient ma = 0.35 when
using the lower bound
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MAIN PURPOSE:

To estimate variation of the selected parameters
for land use and urban planning for the mitigation
of earthquake risk to man-made environment

EARTHOUAKE LANDSLIDE HAZARD

UQUEFACTION SUSCEPTIBILITY
Al
El
mc,

Seismic Macrozonation
National Seismic Zoning Maps

= in small scales such as 1:1,000,000 or less and mostly based on
seismic source zones defined in similar scales
= Independent of site conditions

Seismic Microzonation

» zonation with respect to ground motion characteristics
taking into account source and site conditions
major purpose is to estimate the variation of the

earthquake ground motion characteristics at a scale of
1:5,000




BASIC STAGES OF EARTHQUAKE MICROZONATION

Regional earthquake hazard

Site characterisation

1D site response analyses

Selection of input ground motion
Microzonation for ground shaking intensity
Microzonation for liquefaction susceptibility
Microzonation for landslide hazard

REGIONAL EARTHQUAKE HAZARD
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REGIONAL EARTHQUAKE HAZARD
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SITE CHARACTERIZATION

Assigning partly hypothetical boreholes at the centre of each cell

1. to utilise all available data in each cell to have more
comprehensive and reliable data for the soil profile;

2. to eliminate the effects of distance among boreholes or site
investigation points during the GIS mapping
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SITE RESPONSE ANALYSIS
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CYCLIC SOIL
BEHAVIOUR

DYNAMIC SHEAR MODULUS (MPa)

MODULUS REDUCTION AND DAMPING RATIO
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DINAMIK KAYMA MODULU VE SONUM ORANI

ShearWave Velocity (m/s)
[} 2% 500 TS0 1000

Eepth {m)

Shearing Strain, g, %

FREQUENCY CORRECTION

Effective strain is expressed as a function with respect
to frequency by

where F(w ) is Fourier spectrum of strain, and F,, is
its peak value as proposed by Sugito, M., Goda, H.
and Masuda, T. (1994)
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Spectral Aceleration (g)

AUGUST 17, 1999 KOCAELI EARTHQUAKE ISTANBUL RECORDS
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OBSERVED AND CALCULATED ACCELERATION TIME HISTORIES FOR
THE 17/08/1999 MW=7.4 EARTHQUAKE IN THE ATAKOY STATION ON
THE GROUND SURFACE

Acceleration (g)

Acceleration (g)

SELECTION OF INPUT GROUND MOTION

Simulated

=»Hazard compatibility with respect to calculated
acceleration spectra on rock outcrop

Real Acceleration Records
->

>
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SIMULATED INPUT GROUND MOTION

Acceleration Response Spectra Compatible: Tarscths, Rascal

RESPONSE SPECTRUM COMPATIBLE RANDOM

NEHRP UNIFORM HAZARD SPECTRUM HORIZONTAL GROUND MOTION

Spectral Response Acceleration, S,

S
=3

(9)

*Tg=028miiSms

o Tg = SmiiSms

® Sys = FaSs

O Sm1=F,S¢

M Site Specific PGA or 0.4 Sms

N
o
>

@
3
£l

Sp =SmifT

PGA=0.481 g

ACCELERATIO
565 o
o A MDD ODN

@
3

o

10 20

Site Specifi H TIME (second)

or 0.45ms

Period, sec

ACCELERATION TIME
HISTORY ON THE GROUND
SURFACE CALCULATED
BY ONE DIMENSIONAL

SITE RESPONSE
ANALYSIS TIMLo(secolZs)

(1 olth bl ‘ Wy
-

PGA=0.649 g

ACCELERATIONS (g)

EFFECT OF INPUT MOTION ON SITE
RESPONSE ANALYSES ON TWO SOIL PROFILES

SPECTRAL ACCELERATION (g)

SPECTRAL ACCELERATION (g)

1l Tarsctns

e I
30 i 111 Rasealy

PERIOD PERIOD PERIOD

16



0
So
=z
3o
=
2o
o
u o,
o
g
<

ACCELERATION (g)

ACCELERATION (g

INPUT MOTION: EARTHQUAKE HAZARD COMPATIBLE

I 00 o (R
e W [y ey B T D
\! [l (R

'ACCELERATION (g)

TIME (sec) PERIOD (sec)

SIMULATED

MM 1|nw

|
|
|
10 TIME (sec) 20 30 0 10 TIME (sec) 20

Two sets of scaled real and one set of simulated acceleration recerds
used for site response analyses for one cell

08.07.2015

17



08.07.2015

MICROZONATION WRT AVERAGE SHORT PERIOD SPECTRAL ACCELERATIONS
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MICROZONATION CRITERIA

Peak ground acceleration (Grosso and Maugeri, 2009),
Peak ground velocity (Singh et al., 2007),
Peak ground displacement (Parvez et al., 2003),

Spectral accelerations and amplification ratios
(Papadimitriou et al., 2008),

¢ Arias Intensity (Alvarez et al., 2005),

® Normalized peak strain (Todorovska and Trifunac, 1996),
® Response spectra ratio (Alvarez et al., 2004),

¢ Spectral intensity (Pergalania et al., 1999).

GROUND SHAKING INTENSITY

SPECTRAL ACCELERATIONS ON THE
GROUND SURFACE

BY SUPERPOSITION OF

Spectral accelerations (short  Average spectral accelerations
period) based on average (0.1-1s) calculated by site

Borcherdt, 1994)
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IVE MICROZONATION PROCEDURE
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Average Spectral Acceleration (g)

NOTE: If the difference between
. [ 33% and 67% percentiles is
B Intermediate 34 % percentile smaller than 20%, the area is
divided into two zones using
50% percentile (median).

MICROZONATION WITH RESPECT TO GROUND SHAKING

Zonation with respect
to spectral accelerations
(Borcherdt, 1994)
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MICROZONATION WITH RESPECT TO GROUND SHAKING

BOLU CITY
MICROZONATION WITH RESPECT TO
GROUND SHAKING INTENSITY
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MICROZONATION WRT GROUND SHAKING INTENSITY
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ZONATION MAP WRT GROUND SHAKING
IN COMPARISON WITH SURFACE GEOLOGY

MICROZONATION WITH RESPECT TO GROUND SHAKING
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NEHRP VERSUS SITE RESPONSE ANALYSIS

Variation of PGA and spectral Variation of PGA and spectral

acceleration at 0.2s based on acceleration at 0.2s by site

response analysis

GEMLIK MUNICIPALITY
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MICROZONATION WRT AVERAGE SHEAR

X

WAVE VELOCITY

ZEYTINBURNU

250 m/s > Vsgq =% 300 m/s

300 m/s 3 Vseq =>|350 m/s

350 m/s > Vseq =>\00 m/s

400 m/s > Vseq => 450 m/s

=> 500 m/s

MICROZONATION WRT GROUND SHAKING INTENSITY BY SUPERPOSITION

4 Aborch

cborch

MARMARA SEA

Microzonation with respect to peak spectral Microzonation with respect to average spectral
accelerations based on Borcherdt (1994) empirical accelerations calculated by site response site
amplification relationships response analyses
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Spectral Acceleration(g)
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SPECTRAL ACCLERATION (g) | SPECTRAL ACCELERATION (g
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Limited number of borings and site response analysis based
on 3 simulated acceleration time histories (Ansal et al.,
2005)

Limited number of borings and site response analysis

based on PGA scaled 28 real acceleration time

histories (Ansal et al., 2007)
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475 AND 2475 YEAR RETURN PERIODS
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MICROZONATION WRT $$, PGA, PGV
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COMPARISON OF MICROZONATION
WRT TO GS AND ARIAS INTENSITY

» FREQUENCY DEPENDENT f* FREQUENCY DEPENDENT

» MICROZONATION (ARY ¢ MICROZONATION WRT
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DAMAGE DISTRIBUTION FOR PROBABILISTIC HAZARD

ZEYTINBURNU MUNICIPALITY

N/

Distribution Frequency (%)
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LIQUEFACTION EVALUATION

* Seismic demand in terms of cyclic stress ratio, CSR
* Empirical approach (Seed & Idriss, 1971)

o, Stress Reduction Factor, r,

CSR = 0,65 2max

d
g G,v Youd et al., 2001

Cetin et al., 2004

* Site response analysis

CSR = Jav
O

v

* Capacity of the soil layers to resist liquefaction, expressed in
terms of cyclic resistance ratio, CRR

08.07.2015
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LIQUEFACTION SUSCEPTIBILTY -YOUD ET AL. (2001)

™ peak horizontal ground surface acceleration
= acceleration of graviry
o= total vertical overburden stress
a,= effective vertical overburden stress
rg=  stress reduction factor,

#
" va

e

o (1.00 - 0.41132"" 4 0.04052z + 0.001753z"")
T (LO0=-041772"" = 0,057292 - 00062052 +0.00121027)

Cydic Stress Ratio, ?

Corrected NV}, g values are calculated as,

Ny =NCyCC G

Y = factor to normalize M to a commeon reference effective overburden stress
Cp = comrection for rod length.
ection for non-standardized sampler configuration, 10 20 30

correction for borehole dinmeter, Corrected Blow Count, (N,)
correction for hammner energy mtio. . 16ocs

I
34-N

1,60

LIQUEFACTION SUSCEPTIBILTY

LIQUEFACTION POTENTIAL INDEX, PI
Ilwasaki et al (1982)

P, = JQF(:)H{:)(?’:

F(z)=1 - FS, For FS >1.0 F(z)=0
w(z) =10 -0.5z

=
(=]

PL>15

5<PL=<15
PL<5

Dzpth 2 (!

=
Lh
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LIQUEFACTION SUSCEPTIBILTY FOR GEMLIK

LIQUEFACTION SUSCEPTIBILITY
oA,
0B,
mc,

meters

LIQUEFACTION SUSCEPTIBILTY FOR GEMLIK

LIQUEFACTION SUSCEPTIBILITY
BY SITE RESPONSE ANALYSES
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ZONATION FOR
LIQUEFACTION
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LANDSLIDE HAZARD DURING EARTHQUAKES

PGA=0
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CONCLUSIONS

Earthquake hazard determination based on regional scale with respect to intended
performance levels,

Use of large number of hazard compatible real acceleration time histories for site
response analysis,

1D site response analyses appears to be sufficient to model the observed ground motion
characteristics.

Microzonation with respect to average spectral accelerations by site response analysis
and spectral acceleration based on equivalent shear wave velocity.

Microzonation with three relative levels of hazard (high, medium, low) with flexible
baundaries.

Detailed site characterization plays an important role on site response analysis.
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