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Introduction: The Big Picture

=Foster ﬁ \ | . '
L enor
Hazard Module Exposure Module Vulnerability Module N F L

T T T | 4 I

Probability

Damage and loss Module

0.0 -
Medium Strong

Shaking Shaking Spectral Response

European Seismic Hazard Model (ESHM13)

M,

o IR £ P hg
o eE
= &

e
’
https://maps.eu-risk.eucentre.it/map/european-exposure-level-1/ Prémio Teixeira Duarte, 2014
3 < B universidade ANALYSIS AND MITIGATION OF RISKS IN INFRASTRUCTURES | INFRARISK-
23 [ o (e e P | .

FET PhD
PROGRAMMES

September 11


https://maps.eu-risk.eucentre.it/map/european-exposure-level-1/

Introduction: Fragility curves
Fragility
curves
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Analytical and
Shaking table
tests

Analytical and
— Hybrid
simulation tests

Challenges and Opportunities of a mixed method from analytical & shake table tests:
v' Representativeness of a test structure

Representativeness of hazard adopted for testing

Optimum number of tests for a reliable update

Maximal utilization of experimental test outputs
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Bayesian updating of RC fragility curves: Methods

Bayesian updating:
P(Exp|Pf"4s) X Pf'qs

PFf" 4. = P(Pf' 45|Exp) = , ,
flas = PEL aslBxn) = 5 B ExplPF a5 % Pf
» Likelihood= P(Exp|Pf;s) and Total probability = ), ;. P(Exp|Pf )

Unscented transformation (UT)/ATC-58:
Prior: Posterior:

’ In (am) or In (d/D’m)\ Likelihood :dln (a/A” ) orln (d/D” ))
Plhas = ( @\ P — s () i
,Bc,lsNN(/i = Bc,is' 0 = azﬁc’ls)

A ~LN(p = A’y 0 = a1 fgs)

A”mNLN(ﬂ = A”m» 0 = Bc,l’s
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UT method continued...

« Approximates a PDF by few discrete Bis  (Julier, 2002)
points & assigns coordinates, s, and

weights, w’, for each point (Porter K. et
al, 2007, ATC-58)

* Weights are updated via the
Bayesian framework, using a
likelihood L;

* Suppose M samples are tested:
P samples don’t fail at maximum EDP
« K samples fail at maximum EDP

S=coordinates
w=weights

»Am

L; = T11L, L(s;, Expy) = [Ti=4{1 — @(d;;)} x [T, (@(d; )

A”m _ 821]-?:1 W/ i XIn(Almy)

erij update

5
[; > 17 ! !
Lj—sWjX Lj ds:zwjxﬁds,j
j=1
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MCMC method

Markov Chain Monte Carlo (MCMC) method:
Pf" 45(61,0,) « L(Data|6y,6,) X Pf45(61,65)
where 0, =A,,, and 8, = B

Pf'4s(61,62) = P(61lue,, 04,) X P(621c,4) ; 61~LN(ug,,04,) and 6,~Gamma(c,A)

Metropolis-Hasting algorithm

propose update Exceedance indicator, €y
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T Inter-story drift for HAZUS 2000
l T Damage states
initialize
compute simulation - 11.5mm  18.4 mm
Pays Py oy p(y) measures </L
observables \I_ Stages Sa(T)eq 'SDrmax Slight Moderate
A (g] [mm]
Az, = min {1, iy"“p Ey;] _ 0.2911 7.886 0 0
x,yP\T
_ . . _ 0.5822 15.475 1 0
) . .| leave configuration
__“‘_‘k.“_MetrOpolls. _— NO T T unchanged
n.. Precautions:
B | . » Choice of Proposal PDF
T LpetecontisuRtiony — » Ensuring proper mixing of samples

(acceptance ratio, AR, need to be 10-50%)
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MCMC method continued...

Post-processing samples from MCMC:
> Bias due to Initial condition; Burning
» High correlation of samples; Thinning

Lp. — 0.8 - Raw data | | |
4y Burn-in — 06 95% CI for ACF=0
QD‘_‘ 0 I r'_T_‘Cb 0.4 I a3
5 02 (samples—l[} )
= 0 — _
) 1 l i . . 0.2
0 200 400 600 800 1000 r 15 29 4 57 71 8 100
0.4 § -
2 — Dbo“”; Sampljg 95% CI for ACF=0
—_ ' t f—
1;_';;;‘\1 1 [;‘qb 0.2 y a tactor M(sampleszlo?’)
Q 0
ﬂ BN A — — — —
0 : ' ' ' 02
0 200 400 600 800 1000 1 - 13 20
Number of samples [ ] Lag Length []

> Fitting a PDF to treated samples can be done through kernel fitting or using known PDFs

ANALYSIS AND MITIGATION OF RISKS IN INFRASTRUCTURES | INFRARISK-

P01 I RS (e

nnnnnnnnnn




Maximal utilization of shaking table test output

Index for RC damage:
In(DI) = bIn(S,(Ty)) + In(a)
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o
o]
. E 0w 04—~ 0 0 .25 w9 E,St9k
BP Q . DIStgj — max_l_lgx h
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e ~ 7 ~ I'ime [s]
2500 _—
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400 g 02t stg;j j stgy
% : 1 DIStgj — Umax + ’3 % Zk=1E
S0z} seq. T F,d
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204t ; ; : : : . ]
0 50 100 150 200 250 300 350
Time [s]
Stg.
Dlseq]
Sa(Tl)eq = stg; X Sq(Ty) : Sa(Tl)eq = S5q(Ty)
Non-seq
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Maximal utilization continued...

Parametric Numerical study on $4(T1)eq :

Considers:

Cantilever: Nonsequential

» Structure type 1.1 [—e=Col Aty ,
1 |— & Col-BriHz Collapse]
> Frequency of a structure - Col-C:{H P
== Col-A:2Hz i =
i - b Col-B2Hz o severe
» Column cross-section 075" K CoHB2Hzf @ Severe |
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Maximal utilization continued...

Parametric Numerical study on §,(T1)eq :

Stgj

seq

Step-1: Evaluate —-

DI

Non-seq,Sq(T1)

Step-2 : Fit for Power coefficient, b, from In (DI;Z‘Z{_SW) = b In(S,(T)) + In(a)

Step-3:

stgj

Iseq

Step-4: Compute

stg;
pr,,J

Cantilever column results:

Step-1

Non-seq, Sa(T1)eq

1.6

© Freq=1Hz
Freq=2 Hz
© Freq=3 Hz
1.4 Fit: Poly2: R 4=42.5%; Fix
p,=0.0502; p,=-0.0035; p,=1.00

yd

0 0.5 1 1.5 2
Sa(T) ]
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Redo Non-sequential analysis with S, (T;),,

(validation)
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Optimal shaking table data for Bayesian updating

Parametric study:

» Conducted by interpolating and extrapolating of a case study output, presented subsequently
» Employs ATC-58 procedure since a large number of analyses needs to performed

Effect of exceeding a particular DS in Bayesian updating

50 : : : ‘ o , 1~
E ............................ 7
£ a0 b e 0.95
& — = oo T T e e
T 30} =D =
o < I ————. % 085 | —— Slight DS
g 201 %i 1 PA - —Slight DS E ' = = ‘Moderate DS
g = = = Moderate DS £ sl —-—--Extensive DS
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Case study

Case study: 2D RC frame (Prémio Teixeira Duarte, 2014)

Hole for
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Case study: Numerical derivation of fragility curves

Seismostruct model:

@3 [
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HAZUS Damage State (HAZUS, 2000):

Inter-stoty drift for HAZUS 2000 Damage states

115mm 184mm 46 mm 118 mm
Stages  S,(T1) [ Sa(Ti)eq [g] 1SDmas[mm]  Slight ~ Moderate  Extensive  Complete*
I 0.2911 0.2911 7.886 0 0 0 0 = 06
2 0.5822 0.5822 15.475 1 0 0 0 &
3 0.9316 0.9316 27321 1 1 0 0 -
4 1.5138 1.5138 42453 1 1 0 0 =
5 2.0960 2.0960 48.323 1 1 1 0

Acceptance ratio (AR) = 30-35%

= 1
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05+ of}
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0.5 1
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1 1
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Application to case study

Pre & Post processing: Moderate DS

I 2 fter Burn-in

Probability [ ]
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B o Burnin
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[ after Thinning

Probability [ |
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! " |= = Prior
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1 & —— Posterior: MCMC

0 (315 1 1.5 2 25 3
Sa(T1 £=5%) [g]

Summary: In all cases, the ATC-58 approach results in a lower fragility compared to the MCMC method
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Strain-based (or physical) Damage States:

Visual inspection

Test stages  ISDma [mm] Cracking Spalling Yielding Crushing
1 7.886 0 0 0 0
2 15.475 1 0 0 0
3 27.321 1 0 0 0
4 42.453 1 1 0 0
5 48.323 1 1 1 1

Ed [
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Application to case study continued...

N}
o

A Posterior: MCMC

:’__-—
7
7,0

4
/4 Spalling of Concrete|
/

[

'.i —-—-.Posterior: ATC-58 |

0.1 0.2 0.3 0.4
Inter-story drift ratio [ |

= = Prior
====:Posterior: ATC-58
Posterior: MCMC
—=-—-=:Posterior: ATC-58; diffuse prior
Posterior: MCMC; diffuse prior

0.5 1 1.5 2 2.5 3
Inter-story drift ratio [ |

Note: MCMC is more robust to diffuse priors, important when an unreliable prior is present
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Application to case study continued...

Homogenized reinforced concrete (HRC) Damage States (Elnashai and Rossetto, 2003) :

Exceedance, &, for HRC Damage states (DS)

7.36 9.89 23.46 55.43 98.21 130.64
mm mm mm mm mm mm
Stages S (T S (Ty). q ISDmax  Slight  Light Moderate  Extensive  Partial ~ Collapse
] 2] [mm] collapse
1 0.2911 0.2911 7.886 1 0 0 0 0 0
2 0.5822 0.5822 15.475 1 1 0 0 0 0
3 0.9316 0.9316 27.321 1 1 1 0 0 0
4 15138 15138 42453 1 1 1 0 0 0
5 20960 20960 48323 1 1 1 0 0 0
1 1
— — — - Slight:Prior
_ — — —-Light:Prior
0.75 §0.75 —-—- 'Moderzilte:Pri.or
,%‘ Extensive:Prior
§ — — — - Partial collapse:Prior
mx — — —-Collapse:Prior
0-5 e 0.5 ——— Slight:Posterior
B

Light:Posterior
—— Moderate:Posterior

0.25 ¢

Extensive:Postetrior

Probability of Exceedance | |

Partial collapse:Posterior

Probabilit
o
>

Collapse:Posterior

MCMC

O 1 !
L5 . 15 2 25
—£o
Sa(T ,£=5%) [g] Sa(T ,£=5%) lg]
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Conclusion

» This work shows that the output of shaking table tests can be used for
improving the fidelity of seismic risk assessment if used carefully

» The scheme proposed for obtaining the modified intensity measure for
sequential shake table tests resulted in negligible modification factors for
damage indices below 0.75. Besides, larger dispersion of this modification
factor was observed in more complex structures

» Bayesian updating of fragilities is more reliable when the damage states are
exceeded during the experimental tests

» MCMC based Bayesian updating was found more reliable and robust
compared to the ATC-58 procedure. However, it is noteworthy that it needs
proper mixing of samples

» MCMC based Bayesian updating may result in erroneous values if prior
PDFs are poorly chosen and a small number of experimental tests is used
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Reflections, PhD dissertation & contributions
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Hybrid Simulation

Chapter-6
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Software and algorithms

mm ROUth stability routines

Bouc-Wen nonlinear
== model for substructuring
tests

OpenFresco based
middleware
Middleware free

= _LNEC-HS software

M-DRM algorithms for
global sensitivity &
reliability analysis

B MCMC algorithm for
Bayesian updating

MATLAB/Simulink based
LabVIEW based
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