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Presentation outline

* Risk assessment process
« Seismic hazard

« EXposure (izlozenost)

* Vulnerability (ostetljivost)

« Risk communication - ER2 Rapid Risk Evaluator
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file:///E:/../../../Users/mnastev/Desktop/Mandate/Hazus risk assessment.pdf

Procjena negativnih utjecaja od potresa

a) Dugorocno planiranje b) Upravijanje u hitnim
ublazavanja rizika situacijama
Interactivne simulacije “what-if” Procjena negativnih utjecaja u “real

scenarios time”
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Proces procjene rizika
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Stakeholders and end-users

Decision makers for di

Land use and urba

Stakeholders who

Authoritles

i

L, | R G

Respond
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Mota de Sa et al 2013; M.Savor Novak, J.Atalic, M.Uro$ et al. 2020
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« EXposure (izlozenost)
* Vulnerability (ostetljivost)
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Probabilistic seismic hazard analysis PSHA
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A.Cornell 1968; R.K.McGuire 1976; J.W.Baker 2008; M.W.Stirling 2014
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Probabilistic seismic hazard analysis PSHA

W
Hrvatski katalog seizmiénostizg\)
* lokacija,
* jacina, i
» frekvencija potresa
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EPICENTRI POTRESA U HRVATSKOJ

Magnitude:
(1850, - 2015.¢.)

> 6.00

' 5.00-5.99
® 400-499
¢ 300-399
* 2.00-299

<2.00

{373 pr.Kr.- 1849 g)

B0

B 5.00- 599

4.00 499 | * oo’

I*I Ressources naturelles Natural Resources ! “ :.;o"
Canada Canada

\ PMF-Geofizicki odsjek (https://www.pmf.unizg.hr/)
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Probabilistic seismic hazard analysis PSHA
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GMPEs are developed from strong motion data sets; describe the
change of amplitude of seismic shaking with D for given M magnitude.

regression analysis
e considers inter-event and intra-

event variability

a)

« may consider local site conditions —=

 may consider fault type (n, r, ss)

e estimates mean and ¢ of PGA,

PGV & Spectral accelerations ' .

Distance (Km)

i+l

Ressources naturelles Natural Resources C d
I*I Ganada Canada Akkar & Boomer, 2010; Atkinson et al 2012. ana— a
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Probabilistic seismic hazard analysis PSHA

Did You Feel It?

M6.0 earthquake

A« .. Central California

‘& i Sept. 28, 2004 -

M5.8 earthquake :
= ;.-' Central Virginia

Aug. 23, 2011

Stars show epicenters
and dots show where
people reported at least
weak shaking.
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Probabilistic seismic hazard analysis PSHA
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Karta horizontalnih Republika Hrvatska

- . . Karta potresnih podrucja
vrsnih ubrzanja: | ki diaia i
+ PGA(g) ol R
 Site class A
* Return period of 475g. | (/.

(10% probability of | 5

exceedance in 50yrs

vS. 2% in 50 yrs)

Utility of those maps:

* Engineers “.

* Insurance industries

« Policymakers &
Legislators

« Land-use planners =

« Comparisons regions
and hazards
Cost-benefit

[ ]
I* I Ressources naturelles Natural Resources

Ganada Canada 421‘-3 = PMF-Geofizicki odsjek (https:/mww.pmf.unizg.hr/)




Local site effects
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Utjeca
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When a lower Vg medium is encountered, seismic

lokalnih

uvjeta tla

[
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waves slow down. To conserve the energy, the

amplitude of the seismic waves increases.

Average vs. Interval Vs
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3D Geological models

Sand (alluvion)

Clay (fine sediments)
Till (glacial sediments)
Bedrock

University of

Waterloo

&

M.Ross, 2013
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file:///E:/Universités/Universités/Modèle_3D.avi

Local site amplification

Utjecaj lokalnih uvjeta tla (Vg5 - topografija)
Ulazno potresno gibanje PGA=0.185g

Vs30 (m/s)

800

150
Eurocode 8
A: Vs30>800 m/s
B: 360<Vs30<800 m/s
C:180<Vs30<360 m/s
D: Vs30<180 m/s

15.95 T.Allen & D.wald 2009; D.Stanko 2020; S.Markusié, D.Stanko et al 2020 16.1
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Event scenario modelling (point source vs. FF;

« disaster planning

« preparedness exercises
e emergency response

e post-eq. recovery

* public/sci. info
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Rupture length:

2004 M9.2 Sumatra - 1000 km
« 2011 M9.0 Tohoku -500 km
e 2010 M7.0 Haiti - 40 km
« 1988 M5.9 Saguenay -10km
« 2010 M5.0 Val-des-Bois - 1 km

Top depth = 21-2.5M

M7.0

M5.0

1 M4.

M6.0

M6.5

W = 0.6x107(-1.01+0.32M)

L = 0.6x107(-2.44+0.59M) -
Canada

Wells and Coppersmith 1984, Somerville 2005, Atkinson et al 2012
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Deaggregation of Seismic Hazard
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Montréal

rd

1

3 Contribution to Hazard

%5 Contrivulion to Hazard

Identifying predominant sources

40%/50 year probability, PGA

Pratasilsy D 010 par anrum, sesmic hazarg = 0037
Mear magntude (Mwa) 5.98 Mean distance 87 km
Mode magnauce (Mw] £ 85 Mode distance 30 km

P=1/100y, Mw=5.98, D=87km

-
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10%/50 year probability, PGA

Probablity 0 0021 per annum, seismic hazard =0 1319
Mean magnilude (Mw) 617 Mean distance 46 km
Vooe magnitude (Mw) 555 Mode distance 30 km

P=1/475y, Mw=6.17, D=46km

o 5 Halchuk et al. 2019
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5%/50 year probability, PGA

Probabdity 0.0010 per annum, sesmic hazard = 0.217 g
Mean magniude (Mw)] 6§28 Mean distarce 37 km
Mode magntude (Mw] £ 85 Woce distarca 10 km

P=1/1000y, Mw=6.28, D=37km

d05 >°

2%/50 year probability, PGA

Prabablity » 0.000404 p.a., Seismic bazerd » 0374 g
Mean magnitude (Mw) 642 Mean cstance 29 km
Mode magnitude (Mw) .75 Mode dstance 30 km

P=1/2500y, Mw=6.42, D=29km
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« Risk assessment process

« Seismic hazard
« Exposure (izlozenost)

* Vulnerability (ostetljivost)

« Risk communication - ER2 Rapid Risk Evaluator
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Standardized inventory (buildings) ”
Height .
No. | Label Description Range Typical DeS I q n | evel OC C u D an Cv C I aS S
Name Stories Stories Feet . .
T W1 [ Woed, Light Frame @ 5000 wa. 1) = | 1 [ | * pre-code * residential
2 W2 Wood, Commercial and Industrial All 2 24 .
C 5,000 5q. 1) * low-code ||+ commercial
3 SIL Low-Rise \13\ 2 24 d d . d . |
4 SIM Steel Moment Frame Mid-Rise -7 5 60 ) = °
5 S1H High-Rise \%\ 13 156 me CO e In UStrIa
6 S2L Low-Rise 1-3 7 24 ° I ° I
7 SaM Steel Braced Frame Maid-Rise 4-7 5 60 h Ig h COd e ag rl C u Itu re
3 S2H High-Rise 5+ 13 156 el
9 53 Steel Light Frame All 1 15 ° re I I g I O n
10 S4L . B ' . Low-Rise 1-3 2 2
11 [ sap [ SteelFramewith CastinPlace | ypgpice | 4.7 5 ;;\ * governme nt
12 SaH Concrete Shear Walls High-Rise 8+ 13 156 d .
s °
:i :;I:I Steel Frame with Unreinforced i;‘;_ll.:se 1-3 2 24 e u Catl O n
. Masonry Infill Walls e-nse 47 > 60
15 S5H - High-Rise 8+ 13 156
16 C1L Low-Rise 1-3 2 20
17 C1M Concrete Moment Frame Mid-Rise 4-7 5 50 .
13 | c1E High-Rise g+ 12 120 M
19 C2L Low-Rise 1-3 2 20 H
20 C2M Concrete Shear Walls Maid-Rise 4-7 5 50 ® WOOd I Ig ht fram e (< 460 m 2)
21 | coH HishRise | ge_ 12 120 . ) .
2 | oL | . - Low-Rise -3 fo2 | 2 e | ow-Rise: 1-2 Stories
71 M oncrete Frame w 1t.h U ?remforced Mid-Rise 4.7 \\ \& ) i
24 | c3m Masonry Trll Walk HighRise | 8+ 12 110 » Residential occupancy
25 PC1 Precast Concrete Tilt-Up Walls All 1 15
ig IE’EEET]LE Preczlst Concr;the Fra;:le]: with i;‘;_RR::: i : ? i ég
23 | poom oncrete Shear Walls High-Rise 8+ 12 120
29 RMIL | Reinforced Masonry Bearing Walls Low-Rise 1-3 2 20
30 | RM2M with Wood or Metal Deck Mid-Rise 4+ 5 50 # 2 O ' C 2 M
Diaphragms
31 RM2L Reinforced Masonry Bearing Walls LU.W_R.HC 1-3 2 20 ® CO n C rete S h ear Wa.l IS
g; Iﬁ{lé]; with Precast Concrete Diaphragms ;i’:ﬁiﬁ: 48_-'-? 152 15,,[?0 M o d R . 4 7 S .
= [ J = " =
g: ?}?& Unreinforced Masonry Bearing ioh‘;-::: ! 3__'_2 ; ;: I Ise ) to rl eS
x * Education Canada
36 MH Mobile Homes All 1 10




Aggregated vs. Individual Inventory Data

‘-/Structural types

Reinforced
concrete

‘
i concrete

Steel

9o

Precast

e
1
S5

M.Savor Novak, J.Atalic, M.Uro$ et al. 2020

Occupancy types

Government
Legend: Educaton  (3%)  Other residential
W Wood 65.06% Commercial ~ (3%) (5%) Residential single
N Steel 5.99% (10%)// \\\\\\\\ \fam"y (75%,)

»

Reinforced 2.15%
concrete

.

| Precast2.12% D
concrete

Industrial
B Reinforced 0.67% (4%)
masonry
] Mobile 4.64%
homes

I Unreinforced 19.32%
AL, )
masonry


file:///E:/Users/mnastev/Desktop/Mandate/Hazus risk assessment.pdf

D
Exposure: Urban Field RAT app )

Bullding Form

Choose

New
Building
Bullding ID : new

Building Type : Wood, Commercial and
Industrial
# Stories : 3
Helght Range : nothing
Occupancy Class : Commerdal
i
b
i
{
{
1
f
b
!
B

i+l

I*I Ressources naturelles Natural Resources ~ Ca n d
uOttawa ddd

Canada Canada
M.Sawada et al 2016
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« Risk assessment process

« Seismic hazard

« EXposure (izlozenost)

* Vulnerability (ostetljivost)

« Risk communication - ER2 Rapid Risk Evaluator
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Earthquake Response Spectrum
a) T by _Ull) Equation of motion:
SDOF \ | Fine ia + F ampin + Feas ic= O
(m. k, ¢, T) . O Q _'-u@(t) orta - damang el
= QO r mii,(t) = mii(t) + cd, + ku,

Displacement (cm)

To

TH

T2

movable rigid base

—
mu,(t) = cu, + ku,
C : coeff. viscous damping
(% of critical damping)
k : stiffness = mo-, ® = 2/T

: natural (angular) frequency

Elastic response.:

Spectral (pseudo) acceleration:
Sa(t) = o/ u )

Maximum ground acceleration:
PGA= 'u'g'“a"(t)

Maximum ground velocity:
PGV = max j u,(t)dt

i+l

Canada
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Response spectrum UHS

« smoothed Elastic Response

constant Spectrum for SDOF
35 A acceleration » describes the design ground
a shaking
il « Savs. period T domain
s constant « Design codes (base shear)
o velocity 1910s Fp=Wx 0.1
w 1950s Fp =W x Sa(T,)
CC) 1970s Fp =W x Sa(T,) x Factors
Sl = R
(©
-
L constant
() displacement
Q 05
O
< , T .
0 1 2 3 4
Period T (s)

i+l
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Seismic vulnerability: capacity curve
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Static Nonlinear Pushover Based Analysis vs. NRHA
Choose height-wise distribution of lateral forces
Monotonically increase lateral forces

Develop capacity (pushover) curve as base shear vs. lateral deformation

Control point
displacement

A

(roof displacement, IS drift)

<+

Fi=p.m

$4] TTTI

Freeman et al 1975 Fp = ZFi



' yield capacity

29
Seismic vulnerability: capacity curve
inelasti I .
e inelastic . co EESE Static
ductility - Nonlinear
; > 2 Pushover
= Q. Q O c
—~ e 5 =g =2 Based
iy o | °& Analysis
@ i i
5 Fpu i . colla_pise
. ultimate poin
2 capacity
L
w
=
o

displacement Su

ductility ratio Sy

Sy Su >
B Control point displacement (As) da
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Seismic vulnerability: CSM (Sa vs. Sd ¢:Iomain3i0

linear
system

Input spectrum Comparison of demand and
capacity in the acceleration —

displacement domain

g, B=p, (~5%)

forward

Spectral acceleration (Sa)

BeH=Bo+Bi

seismic demand

Sd for Beﬁ=Bo+Bp

= - > iyl
i+l C Spectral displacement (Sd) da

Kircher 2008
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Seismic vulnerability: CSM
Demand spectra
‘©
2
-
o
= erformance
o point
©
Q
&)
©
©
g major
L )
2 moderate shaking
minor shaking
shaking
,.h il

il ¢

Spectral displacement (Sd) ada

Kircher 2008
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c vulnerability: CSM
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Spectral acceleration (Sa)

i+l C

stiffness
!
! strength
_l — e T T wm o e

good ductility

medium ductility

poor ductility

Sd, Demand spectrum

Circher 2008 Spectral displacement (Sd)

i+l

mnada
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Seismic vulnerability: CSM
Elastic|[input Spectrum linear
. Id_gystem
) b &
© AN B=B, (~5%)
Qo O I
D N
S 4 TN \
5 \
o
E S~
(% Beﬁ=Bu+Bi
seismic demand
fi =
4 Sdp or Beﬂ‘ ﬁo-l-ﬁp
| - - > Red
i+l Spectral displacement (Sd) ator 2015 1da
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Seismic vulnerability: CSM
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Spectral acceleration (Sa)

il ¢

Input spectrum
o

Sa(0.3s)

seismic demand
for B=P, (~5%)

Sa(1.0s) \

backward
seismic demand

Sd for Beff=Bo+Bp

\ 4 P >
Spectral displacement (Sd)

Kircher 2008, Porter et al 2012, Abo-El-Ezz et al. 2019
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Seismic vulnerability: damage curves
Analytical method Fragility data:
Median values Sd
No damage (DSO0) Standard deviations oy
) ‘ o ]
Slight damage (DS1): g‘fgj ................. ,
First wall Flexural cracking S o e
. 5 : -
| ** Moderate damage (DS2): % .‘Sd’_fggs"gm
First wall Shear cracking 3 el % e |
E 00 0.(50.5.92;61 0.015 0.62 0.625 0.63 0.(535 0.04
Extensive damage (DS3): Spectral displacement Sd (m)
Maxmum base Shef':lr Damage state DS ISD [%]
capacity of the building Slight 0.05
Moderate 0.8
Extensive 1.15
Complete 2.8
I
I * I ng]sézirces naturelles g::gg;ﬂesources Canada

Nollet et al 2015
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Seismic vulnerability: damage curves
Empirical based on post-earthquake damage observations
Sa(1.0) used as IMs of seismic shaking

100. 1.0

»Camplete )

600} 20.8
5 5
= Extensive E 0.6
o 30.0 S
£ 2
0] =
(_% Moderate S04+
2 10.0 [
- sight| & 0.2 Extensiv

2.0 Complete

None
0.0 0.0 L
000 020 040 060 080 1.00 000 020 040 060 080  1.00
Sal.0s (9) Sal.0s (9)

i+l
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Seismic vulnerability: damage curves
Damage assessment
1.0 1.0
Q = 8] Q =
@ 5 é’ o = %.
o 0.8 o 08F € & C =
@© - o Q 0
= I Q = &
@ T, S o
© 06 o 06} .
o
2 Z 45%
= 04 Q04+
o] 0]
g 2
£ 02 @ o2t
9% 3%
|

Intensity measure (IM) Damage state

Damage factors: cost of repair - % replacement cost (example 100,000€)

none light mod. ext. compl. 23,550€
Turkey: 0% 5% 30% 70% 100% X=0+2,250+12,000+6,300+3,000=
USA 0% 2% 10% 50% 100% X=0+ 900+ 4,000+4,500+3,000=
12,400€

i+l

I * I Ressources naturelles Natural Resources
Canada Canada ana a



Uncertainty analysis

120 7?
= O
S8 60-
o &
<3 E 40 -
S E /
20 = : _
Montréal
0 - licl Ottawa
Qu® Trois-Rivieres
N Che “\6-0‘“@ : Québec
e
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Risk communication - ER2
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* Despite numerous research efforts in recent years, seismic risk
continues to be difficult to perceive and communicate
o Risk assessment
o Risk communication
o Risk perception
o Risk management

 ERZ2 Rapid Risk Evaluator
https://er2.geosciences.ca/earthquake
username: MNastev
password: NJE8ZePM
https://www.youtube.com/watch?v=kNZbvOVPsmwé&feature=youtu.be
&ab channel=NickGibb

i+l

I * I Ressources naturelles Natural Resources
Canada Canada ana a

M.Nastev et al 2015; M.Savor Novak, J.Atalic, M.Uro$ et al. 2020


https://er2.geosciences.ca/earthquake
https://www.youtube.com/watch?v=kNZbv0VPsmw&feature=youtu.be&ab_channel=NickGibb

