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Model Code 2020: a fully comprehensive code
for new and existing structures

Based for new To be extended for To be complemented
structures on 7.4.3 the assessment of with some general
seismic design existing structures Information on

chapter of MC 2010 seismic risk
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Seismic Risk (R)

4

Estimation of global cost (human life, economical values,
cultural values, structures and infrastructures) to be
expected in a reference time in a predefined region

4

Probability to reach a predefined level of loss within a
reference time interval
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Seismic Risk
Is a function of

- N
Hazard Vulnerability Exposition
Generally: R=HxVxE
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Seismic hazard map
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@ Hazard (H)

Depends on the physical parameters of the seismic event and on
the local geological conditions (to be defined by the Authorities)
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@ Vulnerability (V)

Depends on the sensitivity of a structure to be damaged by effect
of a certain earthquake, at different levels of intensity (designer

task)
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@ Exposition (E)

Depends on nature/ quality/ value of potential losses, like
buildings/economical activities/infrastructures/population density,
.... (owner and designer task)
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Within the field of
Limit State (LS) approach

4

Evaluation of P; within a reference time

P;=P(C<D)

Where: C = non linear structure capacity
D = seismic demand
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Cornell (2004)

Separation of structure capacity by probabilistic
evaluation of seismic demand

P(C<D)=) P(C<D|IM =a)-P(IM=a)
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P(IM =) » Probability to have an earthquake
with magnitude IM=a , to be
evaluated by means of probabilistic
analyses of the site

(PSHA —> Probabilistic Seismic
Hazard Analysis)

P(C< D|IM =) - Structure fragility or failure probability
for a certain IM, so describing the
structure vulnerability
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Exposition defined by means of an index I,

I, =I,xI;
Number of people Activity expected within
expected to be present the building

in the structure

4 4

Accounts for reaction Accounts for the actual
capacity of people period of use of structure
with a given people density
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Limit states to be considered within the approach
of performance-based engineering

-~ N
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Seismic performance limit states in fib MC2010, with
associated seismic hazard levels for ordinary facilities and
member compliance criteria

Performance Facility operation Structural condition Deformation limit Seismic action
limit staie in fib MC2010 per fib MC2010
Operational (OF) Continued use; No structural damage Mean value of yield  Fregueni:
any non-siructural damage deformation -70 % probability
is repaired later of being exceeded in
service life
Immediate use (IU) Safe; Light structural damage Mean value of yield  Occasional:
iemporary interruption (localized bar yielding, deformation may be  -40 % probability
of normal use concrete cracking/spalling) exceeded by a factor  of being exceeded in
of 2.0 service life
Life safety (LS) Only emergency or Significant structural damage, Safety factor 9% of Rare:
temporary use; no imminent collapse; 1.35 against lower 10 % probability of
unsafe for normal use; capacily for quasi-permanent 5 % fractile of plastic being exceeded in
no threat to life during loads and sufficient seismic rotation capacity service life
earthquake; sirength/stiffness for life
repair feasible but possibly protection until repair
uneconomic
Near collapse (NC) Unsafe for emergency use; Heavy structural damage, Lower 5 % fractile WVery rare:
life safety during earthquake on the verge of collapse; of plastic rotation 2-5 % probability of
mostly ensured but not fully sirengih barely sufficient for capacity may be being exceeded in
guaranieed (hazard from quasi-permaneni loads, bui reached (y*g=1) service life
falling debris) not for aftershocks

(Fardis, 2013)
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Format for verification

M.C. 2010 mainly conceived for framed structures

\ ¢

Chord rotation Is the governing parameter (9,,) including
the contribution of slippage (Jg,)

OP IU LS NC
ﬂy 2'9)/ ﬂpI,Ed 19|O|,U,k
with 19pl,u,k = 19u,m /}’Rd ﬁpl,u,k /1,35
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The mean value of plastic contribution of ultimate chord
rotation may be derived by a physical model, which assumes
that the plastic part of curvature is uniform within the lenght of

plastic hinge (L)

L
"guplm — (CDU _qoy)l—pl [1_ 2|il j_I_A"gslip,u—y

S

Where:
Pand ggre the ultimate and yield curvature

L IS the shear span
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Confinement effect should be considered for the
evaluation of @

In existing structures generally this contribution is
negligeable
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Remarks on y,=1.35

This value should be probabilistically
calibrated considering the
related model uncertainties.

pl,u,m

YR " VRd

pl,u,d —
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Non-linear analysis

T

}‘ 1D
2
A Q T;

Idealized Pushovei
V. _Elasto-Plastic Curve
Y Pushover
e b Over?trelngth
nominal value, N
QCy ; reduced by CD/%O

QO ratio when used

D
hp=—Eml2lp,,
D Dy

Base Shear

R vith elasto-plastic
l curve)
Vy Z )
=(-£. ), Sl (}__}- SasTip
D, Dio -
Roof Displacement

Safety format should be consistent with the recent issues and the
remaining part of the code

Apply the Global Safety Format (GSF)
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GSF can be applied in the field of accelerations!
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Perform the analysis with the mean values of mechanical
parameters and then evaluate the structural design
deformation as:
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Being the materials described with lognormal PDFs, also the
structure response is essentialy lognormal

1 PDF
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Use a reduced Monte Carlo simulation to evaluate mean and
COV of structural response

Derive analytically yp

Prof. Giuseppe Mancini

Politecnico di Torino 21




% 1mg Should cover the uncertainties due to
use of non linear FEM

% Another )4 should be considered Iin the
evaluation of empirical formulas transferring
the mean value of tests to the design ones
(see positon paper)
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For instance, for the empirical formulas proposed in MC
2010
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A %4 Wsiopa) Value of 1.75 is proposed
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There is the need to split the y5,,p4 1N Y and

Yrg tO calibrate the best fitting of experimental

tests in agreement with the position paper to
be used all along the MC 2020
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Starting from experimental tests, an empirical or semiempirical
Resisting Model can be defined as:

Mean of the empirical coefficient Term including the
defined after statistical deterministic part of the
calibration (best fitting) model (geometry,...)

R, =C '\f(xl,m: X2.m =) xn,m)}' A

l

Mean of the Function of considered
experimental variables with mean or
resistance nominal values
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Probabilistic model

Definition of a set of random variables enriched by model

uncertaintes J calibrated on experimental results

4

X1, X9, e, Xp, U

26



R(x1,Xx2,....,X,,9) =9 -C- f(xq1,X2,..., X)) -4

Monte Carlo simulation to definea *
PDF

Evaluation of fractiles of resistance

R(x4,x9,...,X,,9)
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Assessment of existing structures

Structural knowledge

il N
Geometry Details Materials

Interior non—loadbearing
imber frame

28
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Knowledge levels

(ECS8)
|
| | |
Limited Normal Full
(KL1) (KL2) (KL3)
| | |
|
Confidence factors
|
| | |
1.35 1.20 1.00

To be applied to the
material properties
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Remarks

The definition of knowledge level is not objective and
may produce discrepancies

—> The definition of KLi-th values is too empirical

_ Itis not correct to mix the uncertainties of different
nature (geometry/details/materials)

30
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A more confident approach

$

Use a Bayesian approach to treat at the same level
the different types od uncertaintes

- N

Random Epistemic
uncertainties uncertainties
Frequentistic Degree of believe
Interpretation interpretation

31
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Random uncertainties
(Generally described by PDF and CDF)

Material properties Seismic action Model uncertainties in
description of material
l l properties and actions

Bayesian upgrading Different probability of
of old and new tests  exceedance may be
accepted

v

Partial or full improvement

32
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Epistemic uncertainties

Choice between
Lack of structural alternative

knowledge resisting models

Event tree approach

33
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P1=pa,;pb,pc;

g |
B
8 g|
a8 &' p,=pa;pb,pc,
b
DQ g Ps=pa;pb,pc,
o i
g 8" (c
-~ & Ps=pa;pb,pc,
ka
i £ Ps=Pa,pb;pc,
© >
a )
© 8 g
Db & Ps=Pa,pb,pc,
b
§ g —— P;=pa,pb,pc,
O
g
& Ps=pa,pb,pc,

Variables a/b/c are
supposed to be
independent

Weighted mean of
probability of different
legs with probabilities

P;
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Target reliability levels

!

To be modified considering
economical/social/sustainability
aspects

!

See fib bulletin 80

Partial factor methods for
existing concrete structures
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Applicability of procedures used for new structures design

!

In existing structures generally
confinement is very poor

!

Maintaing the same procedure based on 4
governing parameter

pl,u,d as

Mean value of yield deformation exceedance should
be very limited (factor 5 to 10 respect to yield one), or
alternatively with capacity design

q=1.5-=2

36
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Assessment procedure

—> Evaluation of hazard (seismic action)

—> Evaluation with a step by step procedure of maximum
hazard level that can be reached

By comparison with the prescribed hazard: evaluation
of probability of exceedance (= 10%)

37
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Decision making for the upgrading,
when necessary

-~ N
Accept a limited Full upgrading |solation
upgrading with B
orobability of (@=1)
exceedance T
higher than 10%

Don’t forget the
uncertainties
related to the

ISolators
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Thank you for the
kind attention
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