EDACt>* Black$ea

e Rapid Earthquake Damage Assessment GunsurTium. CROSS BORDER
* COOPERATION

AJZ INTERNATIONAL
’g\é HELLENIC
) UNIVERSITY

Project funded by
EUROPEAN UNION

Riraiges Toma-Daimila
Univeiisity o Constainiz)
& [REDAGE teaim

Seminar — Rezultatele Proiectului REDACt, 23 iunie 2023

Common borders. Common solutions.

N & oovamron X




Sistemul REDAS

Caracteristici:
" REDAS = Rapid Earthquake Damage Assessment System

" Coordonator: Gebze University (in special Yasin Fahjan si Can
Zulfikar)

" Scris in C#, cu resurse aditionale: GDAL si EGIS

® Ultima versiune: 1.1

# REDAS Ver 1.1.0.0 — X
Scenario Events Real-Time Events
Black Hea
Configuration Show Output Configuration = Show Output Web server TR
Project fumded by
*?'r Ready For Run . @ ::‘;t. @ x o>
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Sistemul REDAS

Caracteristici:

" Contine 5 module distincte:

Estimare hazard prin intermediul ecuatiilor de predictie a miscarii solului
(GMPE)

Shakemap
Estimare pagube cladiri
Estimare probleme geotehnice (alunecari de teren, susceptibilitate lichefiere)

Conducte
" Functioneaza atat in timp real cat si pentru scenarii

" Poate utiliza date de la statii seismice: PGA, SA, PGV precum si
detalii despre cutremure in format .xml (ShakeMap)

Common borders. Common solutions.
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Sistemul REDAS

Date partajate pe Cloud

Timp (aproape) real

~ Cutremure 0@

" EventiD1 [ Server local
= Event Trigger xml Files REDAS pe server partener
= Station Data xml Files = Baza de date

= Cladiri
= Populatie
= Conducte

I~ Date operationale

= Harti cu falii

= Harti Vs30

" Functii de fragilitate si Rezultate: pe server local
vulnerabilitate

= Zone de activare REDAS

= Coeficienti si ponderi pentru
GMPE

Harti de intensitate
Harti PGA, PGV, PSA

_ Cladiri afectate

' Rata de reparatii pentru
conducte

Event ID> Grid Based Damage Data

Common borders. Common solutions.

\©

CROSS BORDER
* COOPERATION *




Sistemul REDAS

Ground Motion Prediction Equations

Configeration Form = O X |
- REDAS System o= A =
& Local System Configuration o= 3 ‘ =
- System Files v String[] Aray
Opessiiind Prnictins [0 Boore-Stewart-Seyhan-Atkinson, (2014) [BSSA14]
GMPE (Attenuation Relations) 1l Campbell-Bozorgnia, (2014) [CB14]
[ Landslide (Statistical) 2 Abrahamson-Silva-Kamai, (2014) [ASK14]
- Landslide (Infinite Slope) 131 Chiou-Youngs, (2014) [CY14]
- Liquefaction Model [4] Akkar-Sandikkaya-Bommer, (2014) [ASB14]
+- Building Risk 5] Boore et al. (2021) w bias [BWTB21]
) Lifeline Risk [6] Boore et al. (2021) w/o bias [BWOB21]
&) Fragilty Curves 7 Kale-Akkar-Ansar-Hamzehloo (2015) [KAAH15)
- Soil V30 Files 8] Sokolov et al (2008) [SKV08)
.. SGM Records Parameters 9 Vacareanu et al (2015) [VAC15)
v Alias String[] Aray
(0] BSSA14
Q) CB14
(2 ASK14
3] CY14
[4] ASB14
)] BWTB21
3] BWOB21
m KAAH15
(8] SKV08
19 VAC15
o

C Common borders. Common solutions.
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Ground Motion Prediction Equations

ZONE GMPE BSSA14 CB14 ASK14 CY14 KAAH15 BWTB21 BWOB21 SKV08 VAC1S ZMIN
(ST EEET L IECEEY IR I Boore et al (2014), Cauzz... | 0.50 0.00 0.00 0.00 | 050 0.00 0.00 0.00 0.00 0.000
Crustal earthquakes in Vra... | Boore et al (2014), Cauzz... | 0.50 0.00 0.00 0.00 | 050 0.00 0.00 0.00 0.00 0.000
Crustal earthquakes in and... | Boors et al (2021 witha... | 000 | 0.00 000 000|034 |03 033 |o000 | 000 | 0000
Intermediate Depth in and ... | Sokolov et al 2008, Vaca...| 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.50 0.50 60.000
Intemediate Depth in and .. | Sokolov et al 2008, Vaca..| 000 | 0.00 000 |000 000 |D000 000 |050 | 050 | 60000
Intermediate Depth in and ... | Sokolov et al 2008, Vaca...| 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.50 0.50 60.000
Intermediate Depth in and .. | Sokolov et al 2008, Vaca_.| 0.00 | 0.00 000 |000 000 | D000 |000 |050 | 050 | 60000
Intermediate Depth in and ... | Sokolov et al 2008, Vaca...| 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.50 0.50 60.000
Intermediate Depth in and ... | Sokolov et al 2008, Vaca... | 0.00 0.00 0.00 . 0.00 | 0.00 0.00 0.00 ‘ 0.50 0.50 60.000
Intermediate Depth in and ... | Sokolov et al 2008, Vaca...| 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.50 0.50 60.000
Intermediate Depth in and ... | Sokolov et al 2008, Vaca... | 0.00 0.00 0.00 . 0.00 | 0.00 0.00 0.00 ‘ 0.50 0.50 60.000
Intermediate Depth in and ... | Sokolov et al 2008, Vaca...| 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.50 0.50 60.000

0.00 0.00 | 0.00 | 0.00 0.50 | 0.50 60.000

Intermediate Depth in and ... | Sokolov et al 2008, Vaca...

0.00
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8 REDAS Ver 1.1.0.0 - Scenario Output i

[#-#* Operational Maps

=)-#* Scenarios Output

@) 19770304192154

&) 20140524092502

&) 20230527124625

&-{r) 20230531142731

&) 20230607121348

=) 20230607194447

=) 20230607194447_1

[ 20230607194447_FauttEpi_shp
[ 20230607134447_FauitLine_shp
# 20230607194447_Hazard_Grid shp
[ _20230607194447_Eventinfo xmi
[ _20230607194447_Eventinput xml

ijd(m) =

Map Plot Table Data

HOT - World Map @
Fault Map @

([34.0262 | [¢2.7844 |

T Shape File Data Plotting is Finished [383076]
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Date de la statii seismice

aE| REDAS Ver 1.1.0.0 - Event Output

 Fast Everts Outnt
By 15502

== Operational Maps )
E #* Real Events Output

=-{r= 9900530104006
15500530104006_FaultEpi_shp
19900530104006_FauttLine_ shp
19900520104006_Hazard_Grid shp
19900530104006_Records shp
15900530104006_Risk_Geo.shp
15500530104006_Risk_Grid.shp
19500530104006_SharedRiskGrid shp
15900520104006_Evert Time Stamp xml
19500530104006_GR_SharedRiskGrid x|
19500530104006_QA_Shared RiskGrid xml
15900530104006_RO_Shared RiskGrid xml
_15500530104006_EventInfo xml
_19500530104006_Event Input xml
[-{P 20140524092502
-{F7 20230409183652
=-{r5 20230504082658
3 20230504082658_FauttEpi_shp

nHw

&
&

wot

EEjerlerler e enlen enlen)

|

ShapeFile Dot Ploting i Finished 371830

[+ 20230504082658_Faukline_shp w
INTENSITY v : .
=
Map Flot Table Data § \ \
INTENSITY v World Map j/‘\_ L St
Fault Map / -~ E\X — __,:__"_:,——ﬂ_“—— —
- —_—
kflbgifxaka
\ \\
— 7
-
|BE B T - o )
L - = =

Shape File Data Plotting is Finished [30]
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Soil Shear Wave Velocity Distribution, Vs30

Configeration Form _ O %
- REDAS System
= Local System Configural
i System Files
i Operational Parame 78137,298 257223563 AUTHORIT
i GMPE (Attenuation
+- Landslide (Statistica
1)- Landslide (Infinite S|
+- Liquefaction Model %
+)- Building Risk ‘s sins @ 3
‘i‘ Lifeline Risk - : e A\t;Irrc\}ii£)|lmu
- Fragilty Curves R S, ‘
—J- Soil V30 Files Yoesa
i ; Global Vs30 el Fritdpuolon
Local> Vs30_L« Domai
SGM Records Para Q;.\» Aapeverne WK
{
: Serres\ly}ecmg C
- : ‘ Dir
Dian
Ch
o ,;‘ Pantelis D
MovoéBpuon ou a |
Neoxwpt ’- "")H/'/'.\.q,,r
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Sistemul REDAS

Functii de fragilitate

Martins L, Silva V (2020) Development of a fragility and
vulnerability model for global seismic risk analyses. Bulletin of
Earthquake Engineering 19: 6719-6745.

| Configeration Form

=) Fragility Curves

fca o

-CR_LD_H10

~CR_LD_HM

~CR_LD_H12

- CR_LD_H2

~CR_LD_H3

~CR_LD_H4

-~ CR_LD_H5

- CR_LD_H6

~CR_LD_H7

-~ CR_LD_H8

~CR_LD_HS

- CR_LDUAL-DUL_H1

- CR_LDUAL-DUL_H10

- CR_LDUAL-DUL_H11

- CR_LDUAL-DUL_H12
CR_LDUAL-DUL_H2
CR_LDUAL-DUL_H3

- CR_LDUAL-DUL_H4

- CR_LDUAL-DUL_H5

CROSS BORDER

- O X
= 4l | &
id CR_LD_H1
lossCategory structural
Configeration Form - [m] X
=1 Fragility Curves
;I CR_DH1 1004 —— - — slight
CR_DH10 90 — _ ocere
~CR_DH11 — comglete
-~ CR_DH12 80 /
- CR_DH2 <
~CR_DH3 £ 704 ‘
- CR_DH4 £ [
-CR_DHS £ 01—
CR_DH7 3 [
CR_DH8 e 404 |
CR_DHS = [
CR_DL1 g 304
CR_DL10 é [
CR_DLT1 209
CR_DL12 104 |
CR_DL2 /
CR_DL3 0 = .
CR_DL4 0 1 2 3 < 5 6
CR_DLS SA(D6)
CR_DLE
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Sistemul REDAS

Date de expunere

" De la Recensamantul din 2011, cu privire la cladiri rezidentiale, la
nivel de UAT (judetele Constanta si Tulcea):
Procesate aditional pentru incadrarea pe tipologii adecvate
Problema datelor colectate gresit — evidenta

Nu sunt considerate deocamdata cladirile cu risc seismic din zona analizata,
dar pot fi adaugate separat

Common borders. Common solutions.
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Sistemul REDAS

Rezultate preliminarii pentru Romania

Cutremurul crustal din 1981 (Tulcea)
Mw 5.1, 15 km adancime

Avarii din orasul Tulcea (la Liceul Pedagogic, Consiliul Judetean sau

Magazinul Diana)
Sursa foto: prezentare Emil Sever Georgescu (URBAN-INCERC)
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Sistemul REDAS

Rezultate preliminarii pentru Romania

Cutremurul crustal din 1981 (Tulcea)
Mw 5.1, 15 km adancime

MDAMAGE

Souras: Berl, Meper, GooEye, Baihstar Coographiss, CNES/Albus
DS, USDA, USES, AeroGRID, IGN, znd the GIS User Communiy

30°E
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Sistemul REDAS

Rezultate preliminarii pentru Romania

Cutremurul crustal din 1901 (Shabla)
Mw 7.2, 14 km adancime

INTENSITY
[

[ v
Bl v
R RIY2Y;
Bl v

[ v

[w

DS, USDA, USES,
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Sistemul REDAS

Rezultate preliminarii pentru Romania

Cutremurele de adancime intermediara din zona Vrancea

1977 - 4 martie, Mw 7.4, 94 km adancime 1986 - 31 august, Mw 7.1, 131 km adancime

F50° N 50° N-

F45° N 45° NAL

F40° N 40° N+

Common borders. Common solutions.
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Sistemul REDAS

Rezultate preliminarii pentru Romania

Cutremurele de adancime intermediara din zona Vrancea

1990 - 30 mai, Mw 6.9, 91 km adancime

20°E
1

50° N+

45° N4

40° N+

PGA (gal)
5-40

B 41-100

I 101 -250

F50° N

r45° N

40° N

\©

*

CROSS BORDER
COOPERATION

*

2022 - 3 noiembrie, Mw 4.9, 149 km adancime

20°E 25°E 30°E 35°E
! 1 1 1
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Sistemul REDAS

Rezultate preliminarii pentru Romania

Cutremurele de adancime intermediara din zona Vrancea

1977 - 4 martie, Mw 7.4, 94 km adancime

T T T T
20°E 25°E 30°E 35°E

combinate
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ita

Estimarea susceptibil
Metoda statistica: Jessee et al. (2018)

Configeration Form - ] x
. REDAS System | o= 4 | B
= Locd System Configuration
- System Files Configeration Form B - o
operduonal Parameters REDAS System D= ?1 ‘
-~ GMPE (Aftenuation Relations) 5 Local System Configuration - —
- Landslide (Statistical) ... Systesn Fea SlopeRasterFile C: \REDAS\Swﬂm\GededﬂchhzadDda\HlMeSlnpelbdd“ﬂkas\Slnpek\ge DEG tif
[ Lefkas . Operational Parameters SoilFrictionRasterfile CAREDAS\Scenarios\Geotechnical Hazard Data\Infi Slop I\Lefkas\FrictionAngle_DEG tif
" Landslide (infinite Slope) - GMPE (Attenuation Relations) SoilCohesionRasterfile CAREDAS\Scenarios\Geotechnical Hazard Data\Infi Slop I\Lefkas\Cohesion_kPa tif
+- Liquefaction Model = Landslide (Statistical) SoilUnitWeight RasterFile CAREDAS\Scenarios\Geotechnical HazardData\Infinite SlopeMedel \Lefkas\UnitWeight _kN_m3 tif
b Buiding Risk Lefkas SoilDepthRasterFile C:\REDAS\Scenarios\GeotechnicalHazard Data\Infinite Slope Model \Lefkas\Z_Vert_Thick_Sliding_slab tif
4. Lifeline Risk =) Landsiide (infinite Slope) SaturationRasterFile C:\REDAS\Scenarios\GeotechnicalHazardData\Infinite Slope Model \Lefkas\Saturation_Percent _% tif
- Fragity Curves VsSGRasterﬁle C:\REDAS\Scenarios\Operational\Ve30_Global tif
4ol V30 Fies i Liefaction Modl GrdSize 0.00025
- SGM Records Paramet #)- Buiding R )
Feos TeemeeE - ielne Risk IMinHazard 5
2l- Fragity Curves AnalysisMethod Infinite Slope
- Soil V30 Files
SGM Records Parameters
1, . . e .
* " effective angle of friction of geomaterial (0)
’. . . .
* (': effective cohesion of geomaterial (kPa),
* B:slope angle (Deg),

* p: bulk density (Kg/m3)

* y:specific weight (kN/m3),

-+ yw: specific weight of the water (kN/m3),

* a:earthquake acceleration (m/s2) Metoda Infinite Slope
* z:normal thickness of the failure slab (m)

* m=zw/z % of the water saturated failure slab

Common borders. Common solutions.
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38.80

38.70

38.60

P(t)=1/(1+exp(-1))

20.50 20.60

20.70

20.50 20.60

20.70

[o(P) = e(a+bx P+cxP2+dxp3}‘

Frequency of
landslide
occurrence
(%)
<0.2 +
0.2-1 ,
1-2
2-5
B 5-10
I 10-20
Il >20

-+

2015 Co-seismic Landslides

a=—7.592

b =5237
B c =—3.042

d=4.035

This equation corrects

the predicted probability.
Represents the frequency
of landslide occurrence

i.e. the portion of each cell
expected to have landslide
occurrence (areal coverage)

0,8

098¢
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Wet conditions

Sliding mass thickness: 1m

Infinite Slope Model y
Factor of Safety
N <1
Sl 1
(=
3| ™ 1.01-12 + e
1.21-1.5 /
1.51-2
8 P
o
¢
k'
8 Meyeagen
o
2 i
2 4 km
G réoordinateﬁéferencei;stem: GGRS87
Béckground: OpenStreet Maps

200000
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210000 220000

Statistical model and observed landslides

20.50 20.60

20.70

2015 Co-seismic Landslides

-+
_+ . - .- ‘

MW6.4 ‘ 3 :‘ d

20151117
—

2 4 6km
—

1 1 IF\
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Sistemul REDAS

Estimarea susceptibilitatii de lichefiere

Configeration Fc;rm - O X
~REDAS System oz 4) |
- L?‘_::ys;::';iz'ﬁwmn Vs30RasterFile C-\REDAS\Scenarios\GeotechnicalHazardData\Liquef actionModel\Larisa\Vs 30_WGS84 tif
| Operstional Parameters PrecipRasterFile C-\REDAS\Scenarios\GeotechnicalHazardData\LiquefactionModel\ Larisa\Annual_Precipitation WC tif
- GMPE (Atenuation Relations) :fp?::efg':
v L?"f_j:z:&m'“” dwRasterFile C-\REDAS\Scenarios\GeotechnicalHazardData\LiquefactionModel\Larisa\DW_km_WGS84 tif
i Landside (nfinite Slo wtdRasterFile C:\REDAS\Scenarios\Geotechnical HazardData\LiquefactionModel \Larisa\W TD_mask tif
- I ini pe)
L Lefk
- I.i_quefac::n Mode! GridSize I] 0025
. L.an's.a
+ Building Risk IMinHazard
1 Lifeline Risk Analysis Method Zhu et al (2017) methodology
+)- Fragility Curves
- Soil V30 Files .
~ SGM Records Parameters * PGV (cm/s): Peak ground velocity
* VS, (m/s): Shear wave velocity to 30m depth
* Precip (mm): Precipitation (mean annual)

* dc (km): Distance to the nearest coast

e dr (km): Distance to the nearest river

e dw (km): Distance to the nearest water body
 wtd (m): Water table depth

Common borders. Common solutions.
(M Ch e ceosseoroin oy .




Estimarea susceptibilitat

Py —r— A~
# Scanarcn Cumit r\\
£ 2210303107608
5 P 2021030001608, 1
4P 20210303101608_2
B 2210303106083
> 2021000101608 FakEp_sho
[ 2021030010160 Fane_s o

1-2
. 25
B 5-10
. 10-20
Il 20

tii de lichefiere

REDAS - M6.3
Larisa, Greece

(03/03/2021)

Common borders. Common solutions.
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Estimarea ratei de reparatii necesare pentru conducte

Configeration Form

-~ REDAS System
(=~ Local System Configuration
- System Files
- Operational Parameters
- GMPE (Attenuation Relations)
- Landslide (Statistical)
4 Landslide (infinite Slope)
+- Liquefaction Model
+- Building Risk
=} Lifeline Risk
i botas_dogalgaz_boru_hatti
| TestLifeLineData
+- Fragility Curves
Soil V30 Files
- Global V30
i e Local> Vs30_Local_Semes
" SGM Records Parameters

4l |8

DataBaseFolder CA\REDAS\Scenarios\LifeLineData\

v AnalysisMethod
10]
n
21
v Factor
0]
1l
12]

String[] Amay
JWA (1958)

ALA (2001)
Chen et al.(2002)
Double[] Aray
05

0.5

85 REDAS Ver 1.1.0.0 - Scenario Output

{7 2023031142731

5 20230607121348

{25 2023060714447

=) 2023060720024

&) 20230607200249_1

[> 20230607200249_FautEpi_shp
[+ 20230607200245_Fauitiine_shp
[ 20230807200249_Hazard_Giid shp
# 20230607200249_Lfeline_S0.shp
[* 20230607200249_Lfeline_S1.shp

Common borders. Common solutions.
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[ 20230607200243_Risk_Geo shp ﬁ
[ 20230807200249_Risk _Grid shp
[* _20230607200249_Eventinfo.xml
[ _20230607200249_Eventinput xmi
[PaAGa) °
Map Plot Table Data
HOT - World Map @
Faut Map @
293658 [s1.0132 | g

Shape File Data Plotting is Finished [117]




Sistemul REDAS

Sistemul este/va fi:

D% cooms x

Instalat pe serverele INCDFP (in baza unui parteneriat intre
INCDFP si OUC) si operat in timp real, cu date din Shakemap-ul
INCDFP

Adaptat in continuare la specificul cutremurelor vrancene

Configurat pentru estimarea susceptibilitatii la alunecari de teren
si lichefiere

Testat cu noi functii de fragilitate si date despre cladiri

O noua platforma de vizualizare avansata (webGIS) a rezultatelor
este in lucru (coordonata de IHU)

Common borders. Common solutions.
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