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Resilience-based Seismic Design

Wider Performance Criteria

Pre-quake & Post-quake

Minimize implications on disaster
response (immediate after) and
recovery (in the long term)

Mitigate Seismic Risk (in terms of
direct damage and loss)
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Real-Time Seismic Risk of Intercity Highway Networks
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Objective

Risk-informed Decision Making of Highway Networks
for
State & Stakeholders
by integrating

vulnerability, seismic hazard, traffic analysis,
consequence analysis & SHM
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Case study

InterCity Network for the Prefecture of
Western Macedonia, Greece
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1. Area of study
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2. Network Grid (portfolio of critical nodes)
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3. Classes of Critical Components
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Seismic fragility of bridges
within the highway network

P(D=DS | )
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4. Vulnerability of each class of structures (1/2)

1. For each bridge class

Probability of Limit State I

P[(D=DS
I

IM)

The probability to exceed
Limit State 1 (minor
Ldamage) for an earthquake -

with PGA = 0.4g is 78%

0o 02

Concept

0.4 0.6 0.8
PGA (g)

Methodology

Objectives

[ I N N IS I I ¢
t . | IHIEEEERPSE R o
2w | < | | | | B 2. Introduce uncertainty in
Sa -=--===g- 4 material properties, geometry,
o | [ X] B s finite element modelling,
w =
e
7
L AE
X ] e .
s I I O 3. Generate analysis sample
1 2 3 4 5 6 7 8 9 1 (Monte Carlo, Latin Hybercube
5 1 [_twwﬁ]} sampling)
a2
P[(Dst|1M)=f _.e\ P )
LI, 2

4. Run series of nonlinear
response history analyses

5. Define limit states

6. Compute structural damage
proxies

7. Predict the probability of
exceeding a given limit state
for a given Intensity measure

(PGA, Sa(T))
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4. Vulnerability of each class of structures (1/2)

Multi-damage Fragility

Liis Piers / EDP : d (m) Abutments Bearings
t Stat
HL St TLocal Global EDP: 4 (m) EDP: y (%)
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0,: min (¢ J
ES 2 — Moderate & > 0004 , 0 min{d(%)} . —001-n |100
amass £ > 0.015) dy (V2)
3: min (g
<0.004 +
LS 3~ [d(p,)
Major/Extensive 14-p - & min J d,=0.035-h_ 1200
damage L ds: V5)
p: £ 20.06)
ps: min (g
d
LS 4~ M <0.90-M mind Y@L
. max ? d 01 h - 300
Failure/Collapse d(V,) 4 pachoal
p:& >0075) |4

Concept Objectives Methodology Pilot Study Conclusions



4. Vulnerability of each class of structures (1/2)

A: Abutment
B: Bearing
EG: Expansion Gap
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4. Vulnerability of each class of structures (1/2)
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4. Vulnerability of each class of structures (1/2)

= . | _
10 x 10 accel. at (k| Iﬁ”f #l.'.i'rn, i o N
foundation surface | " a .

Foundation Level | / FFTl

il
N shhil
2 b fl ”ek'lMl!*#%w.w
I“elaSt“Eg‘;ﬂ }’g‘f)ha“"“f Multiple Stripe Analysis
Rock f_f[})—ﬁ"\‘_

Sub-set 1(weak to moderate motions): 0=a,=0.4g, M<6.5,
Sub-set 2 (strong, far-field, motions): 0.4<a,<0.8¢ M=6.5, R=30km,
Sub-set 3 (very strong, near field, motions): 0.8<a,=1.0g, M=6.5, R=30km).
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4. Vulnerability of each class of structures (2/2)

[#] RETISRisk_Stepd._1 - x
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5. Vulnerability of each class of tunnels

*Fragility of:
i. Tunnels
ii. Slopes
* PGA/PGV/PGD as Intensity
Measure
* Definition of Limit States

=
r.‘
e e

= I =

e

a e

_i-
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5. Vulnerability of each class of tunnels

Tunnel Before
Wave Motion

Tunnel During
Wave Motion

Shear Wave Front

Limit States
No damage
g/€.1<1.0
Minor Damage
1.0 <g /e, <1.30

Major Damage
1.30< g /e, <2.0

Collapse
elee; >2.0

Mylonakis, Maravas,
Taskari, Sextos (2016)

Concept
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6. Seismic Hazard Assessment

Source 1 Source 3

Deterministic : DSHA Cl &
Single Magnitude, M

Single Source-to-site distance, R

Influence of M,R Source > )
Probabilistic : PSHA . Z g e Y,
Multiple probable Magnitudes, M 3 y="
Multiple probable Source-to-site distances, R ‘ Y.
Influence of M,R B R Distance

Aoy (gm™) E{IIII[GM > gm *|m,r,e |V, fy o (1,7,8), dmdrdt} (2.3)

v.-'f.-'-.-t.ﬁ,E (?H,F,E)! =V.fy (”E|x!wp)f}{,-”.l.: (xm-;; )fﬂ (f’|m,}{“, 50 ) fL (E)

"y

¥ L
how many times per year 'J“' how many times per year does an when this event occurs, h“‘-‘r llk'-"- are
all I'l‘l'l"\."-\.'II:llL levels of « rmlml carthquake of M=m occur in source what sort of rupture dioes the prr-1~.1l1||; [ |
motion oceur from source i? i with a hypocentre at x,, , } it produce? values for this

sCenario?
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6. Seismic Hazard Assessment

Geographical distribution of expected Intensity Measures WIT&&K
Mean recurrence period: 475 years (V. Margaris & N. Theodoulidis) —_
PGA (cm/sec?) PGV (cm/sec)

;b, : ?\ 1x1km grid

<
Y
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Mean annual frequency of

10

-]
WM
i
a
Yy
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6. Seismic Hazard Assessment

* k Scenarios (50, 100, 475, 1000)
* M seismic events => m maps of IM

* Functionality of a critical component i

r

~ 1 if B, ,[D=zDSs,]|im, , <0.5
01ifF,,[D=DS,]|im,,, =05

earthquake scenario k:

[S==—+ 475yeas 2 ====7
|
I : ————e
| . componenti— =T
| ) | 2
ap M- | 1
R i =
, e | - compo =]
| | . i L
| ! . 7
I | L. ;
| ! i i~
I I / 1
I |

| . ‘ Data 510, NOAA, 'S, Navy, NGA, GEBCO 4,
. 1 L Image Landsat

" AGRAFA

e e e e traffic scenarios associated to earthquake scenariok @ - ———————————— I

Traffic flow redistribution

traffic scenario 2

a given the network
components functionality
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7. Traffic analysis

NT =
| File View Edit Project MOE Tools Window Help — RETISRisk S
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9. Traffic analysis

end of network
d of work

RETIS - RISK
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All done!
{
i
5
B 2 CSV files have been created. Run NEXTA
\,\ multiple-scenario analysis and press "next"
i -

after NEXTA output files have been created.

f/,/\\‘ﬁ\‘ < Previous

Bl
K scenarios (50,100, 475, 1000, 200

M events (sources, IM spatial distribution)

Monte Carlo with the P(component 1 to remain open | IM)

R
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width: 122.7 mi; height: 64:3-mi
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7. Repair cost and restoration vs. time

Traffic capacity over time for each scenario, source and restoration phase
(as closed components gradually return to full function)

4] RETISRisk_Stepd - x

AR oEdeE

‘ Generate fraffic scenarios ‘

A traffic scenario is simulated by combining a
seismic map with the critical damage state
curves of all the network components. Every
traffic scenario is decomposed to several
phases that evolve in time based on the
gradual opening of the critical components
throughout the recovery period (“traffic
carrying capacity - time” relationship).

Select seismic source Select recurrence period Select phase

anthemounta :\. 475 ~ !

Traffic Capacity: anthemounta - RP3
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8. Total Traffic Cost

top : is the duration of phase p of traffic scenario m
1200 ~
o0 ! M P
800 % I1¢, =ZZEQM by
g g ],
Y 400 - / / S
200 - /Trafflc Cost // EC,, .
EC =D, -VOT — , /. /. /
0 10 20 30
days
D, = Z; Vol =Viels0)
j:
ECp : additional cost due to traffic conjunction during phase p (per time unit)
VOT : value of time
Dp : total delays during phase p
Vip : traffic load in network link j
tjp : travel time in network link j
Vjo : traffic load in network link j before earthquake occurrence
tjo : travel time in network link j before earthquake occurrence
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8. Total Structural Cost

DS — Repair Cost Ratio Index

Repair-Cost

Damage State Ratio
No damage 0.00
Slight damage 0.03
Moderate damage 0.25
Major damage 0.75
Complete damage 1.00

0 0.05 04 0.15 0.2 0.25 03 0.35 0.4 045 05
Sa (g)

Structural Cost for critical componenti :
M
D= (RCR#Ppg b+ RCR,*Pp, i+ RCR,#Ppg, i+ RCR,#Pp. 1) * TCC;
1
M : total number of the identified earthquake sources

TCC, : total construction cost of component i
Total (for the entire network ) Structural Cost :

N . o o
TSCk — - D . N: total number of critical
=1 b network components
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9. Consequence analysis

~assessment of losses that are not easily quantified in monetary units
values ranging from o to 1 (lower indicator values imply higher losses)

Economic
Loss (ECO)

e

i

Connecti
Loss

2
T,

Sextos et al. (2017),

16WCEE, Chile
Methodology Pilot Study

Conclusions

Objectives
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10. Decision making
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10. Decision making

il cull e
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To retrofit or not?
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SHM and (nearly)
Real-time Seismic Risk Assessment

Post-quake

Minimize implications on disaster
response (immediate after) and
recovery (in the long term)
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Update with actual IM
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Update with actual Sa(T)

Bridge I'9

‘ Control Center

G. Sergiadis et. al (2016)
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Update with actual Sa(T): Satellite link

Accelerometer 1
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Conclusions

O A novel, modular methodology for the assessment of Seismic Risk in
Intercity Highway Networks was developed

O Methodology and web-based software are parametrically structured and are
open to be used in different European Areas

O Modular structure permits incorporation of natural or man-made hazards as

well as additional network components
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