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INTRODUCTION

e QOutline the methodology for each of the following
packages:

WP1 i WP 2 [:z WPO
Identification £ ’ Management and
' st sde P dination of the
of suitable data collection coordination o
hazard models/ Action
. r b2 i
— L we3 wpra § - ( W_P 7“%
= = Infrastructure ol
Fragility assessment tﬁ Training and

vulnerability

of single structures assassment

knowledge transfer

Case study

WP5 =
Development of the

Web-Based Platform application of
\_ methodology )

WPS8
Dissemination
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EXPOSURE METHODOLOGY

 An exposure model is a georeferenced inventory
with standardised information

For any bridge:
* Location
e Structural System (taxonomy)
* Dimensions
* Detailing
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EXPOSURE METHODOLOGY

* The bridge inventory of an entire country is large

Initial screening for

North Macedonia sets
the total assets in the
range of 2000 bridges

* |tis not feasible to have complete information for
all assets
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EXPOSURE METHODOLOGY

* Information from multiple sources is collected,

processed and classified
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Source of

Knowledge \information

Location
Length
+

Structural System

Materials

Incomplete Geometry
+

Complete Geometry

Damage information

+
Reinforcement config.

Foundation information J

[ OpenStreetMap }

~

Google Street View

~

Local Census info
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Inspection reports

[ Blueprints ]
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SEISMIC VULNERABILITY FRAMEWORK

In general

-

DATA COLLECTION

« Level 0 (OSM)

e Level 1 (StreetView)

» Level 2 (Inspections)
\- Level 3 (Blueprints)

N

* Matlab too/
» Taxonomy
» Fragility curves

Bridge

database

\

CALCULATION ENGINE

~

ANALYSIS

TOOL

J

-
J

4 TAXONOMY )

DEEYMTION , CURVE ASSIGNMENT
Spans Deck i |
Schem Type « Taxonomy based
MAT 7 Type .
PC o4 S. S. Beam S. Column « Considers level of
Cont. wall knowledge
6+ Plate
\ Frame M. \
Y-y Iy
Infra

SETS OF FRAGILITY
CURVES

Slight
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TAXONOMY DEFINITION
RC.1 RC-2/4-SS-B-MC (10)
(296) 4 RC-2/4-55-B (25) RC-2/4-55-B-W (10)
RC-2/4-55 (34) RC-2/4-55-P (3) RC-2/4-55-B-SC (3)
RC-2/4 RC-274-C (5) RC-2/4-F-B (3)

RC-5+-SS-B-MC (9)

RC-5+-S5-B-W (9)
RC-5+-55 (54) ? RC-5+-SS-B (41)

RC RC-5+-55-B-SC (7)
(57 7 R(Cé._-}i.l. RC-5+-C (4) RC-5+-S5-P (2)
/ RC-5+-F (3)
Spans Static Scheme Deck Pier Type
MAT 7 Simply Type Single Column
RC 2-4 Supported Beam wall
5+ Continuous Plate Multiple Column

—
rrame
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FRAGILITY CALCULATION

* Representative taxonomies are characterised

* 30/50 numerical models are created compatible with the
taxonomy

North Macedonia o .
Girder Bridge, 4 Span T 3 e

~ — 410 P 30 3 <
5. — 4 0 5 20 5 > < 20
< o > 10 0 B 10
10 < 30 5 o 5
b < 20
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FRAGILITY CALCULATION

For each model

b & b Lo
VA
w
&

e NLTHA with selected records

* IM chosen is Avg(Sa) inthe 0.2s—-1.0s
range

eleration (g)

Spectral acc

e 30EQs x7R.Psx50 bridges
= 10500 runs/taxonomy e

—— mean recorded

107! 10°
Period (s)
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FRAGILITY CALCULATION

e Calculation per simulation
vasversa Transverse and

- - ] ]

ol longitudinal
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FRAGILITY CALCULATION

* If we plot the structural response versus ground
motion intensity, we get this

25 T T T T
Many Ground |
Can use this
information to
sl describe
performance

probibalistically

0‘5 b eieean d ;

Intensity Measure - AvgSa [g]

0 . | ; i ; ; ; ; ;
0 002 004 006 008 01 012 014 016 018 0.2

Structural Demand (e.g. Peak Displacement)
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FRAGILITY CALCULATION

* By counting the number /\
; oGl e oo

of exceedances with

1
Increasing intensity, we g
. S 038
can start to build an B .l
. . . . . o
empirical distribution g 06
4 05
. . . . . o’
* By fitting a distribution  zos
S 03r
such as a lognormal 2 0l
distribution, we arrive at &£ o1
. 0 1 I 1
what is known as a 0 03 ! E 2

fragilitv curve Intensity Measure - AvgSa [g]
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FRAGILITY CALCULATION

 Mean fragility is obtained and assigned to all
elements in the database with same taxonomy

Collapse mean

mean=3.52
e—| stdv=0.77

1.0 4 —— Damage mean 10 {[—
0.8 0.8

[

)

©

° 06 = 0.6 1

o mean=0.69

) '«e—| stdv=0.52

5

o 0.4 0.4

g

=8
0.2 A 0.2 1
0.0 A 0.0 A

0.0 0.5 1.0 1.5 2.0 0

AvgSa(0.2-1.0s) [g]

i~ Infra
NAT

2 4 6 8

AvgSa(0.2-1.0s) [g]

1.0 A

0.8

0.6

0.4

0.2

0.0

—— Damage mean
—— Collapse mean

0 2 4 6 8
AvgSa(0.2-1.0s) [g]
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NETWORK VULNERABILITY ASSESSMENT

* Bridges are part of a road network

* Need to consider the effects of bridge collapse in the
overall network system

Infra
NAT
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NETWORK VULNERABILITY ASSESSMENT

Infra
NAT

Overall

INFRASTRUCTURE
NETWORK MODELLING

+ Connectivity

+ Capacity and traffic flow
» Static or dynamic flows
* Macro-economic model

VULNERABLE COMPONENTS

+ Scope (bridges, tunnels, etc)

* Location

» Network interaction

* Fragility curves

Probability of Exceedance

Slight

loderate,

Extensive
Component

Collapse database

Intensity Measure

/ SEISMIC HAZARD

+ Shake Maps
\ * Intensity at component location

DATA

ANALYSIS

PROBABILISTIC
DAMAGE
DISTRIBUTION

Hazard
model

J

/ CONSEQUENCE \

ESTIMATION

Connectivity loss
Traffic flow changes
Performance index
Recovery times
Cost

J
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NETWORK VULNERABILITY ASSESSMENT

* Model the ° --------------------------------

network .

* |dentify vulnerablé\‘
components

* Seismic hazard
event

* Conseguence
evaluation

Source

Infra
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NETWORK VULNERABILITY ASSESSMENT

* The platform can calculate optimal routes

@® Origin-Destination Nodes

X Barrier/Disruption

== Alternate route
Infra
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NETWORK VULNERABILITY ASSESSMENT

 Then implement for trips between cities

A /0 40 60 A0 40 60
B (40 0 50) B | 40 0 110 a
c \60 50 0 c \60 110 0 Y
Baseline Travel Time Matrix Interrupted Travel Time
BTT (min) ITT (min)
A B C
A /1 [A[1y > [1.00
B (|1} —-1--[0.45]} > [0.72] > 0.82
C 11110.45 17 > [0.72] Seismic event
Event Interruption source
Interruption Coefficients Ind
BTT/ITT naex

Infra
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