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Abstract: Expected direct seismic losses assessment is performed on probabilistic basis using
world-wide accepted methodologies for two study areas located in Iasi Municipality. The
probabilistic assessment refers to the following issues: site-dependent seismic hazard, expected
seismic response of buildings, seismic fragility of structures, expected seismic damage. The
analysis of the spatial distribution of the existing building stock as well as the presentation of
the results on expected direct seismic losses are performed using geographic information
systems (GIS)

Keywords: hazard, fragility, risk, losses, seismic

1. Introduction

This paper presents an evaluation model for the expected direct seismic losses applied on
two study areas in the Iasi Municipality. The elements presented are a synthesis of the
results obtained within CERSIS research project financed by the National Authority for
Scientific Research between 2007 and 2010. The expected seismic losses were assessed in
the following steps:
— probabilistic assessment of seismic hazard on selected sites in Iasi Municipality;
— evaluation of expected seismic capacity and response for building typologies
representative for lasi Municipality;
— development of a functional model for seismic fragility/vulnerability analysis for
building typologies representative for Iasi Municipality;
— development of a functional model for seismic risk analysis; evaluation of the expected
damage degree and of the expected direct seismic losses for buildings and lifelines within
two study areas in lasi Municipality.

2. Probabilistic Assessment of Seismic Hazard in Iasi Municipality

The mean seismic hazard curve from Vrancea subcrustal source for Iasi Municipality obtained
within CERSIS Project is presented in Figure 1. Details on the probabilistic seismic hazard
assessment in lasi Municipality can be found in [3].
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Fig. 1 - Mean seismic hazard curve for Iasi Municipality

The correspondence between the values of the peak ground acceleration, PGA and the mean recurrence
intervals, MRI is reported in Table 1.

Table 1

Peak ground horizontal acceleration values
with different mean recurrence intervals for Iasi Municipality

MRI, years 30 100 225 475 975
PGA, cm/s’ 100 190 250 320 400

Peak ground horizontal acceleration values with different mean recurrence intervals for lasi
from Table 1, PGAwmgri, are considered multiplication factors for normalized spectral
ordinates, £ (T), from P100-1/2006 design code. In this way the elastic response spectra for
absolute accelerations with different mean recurrence intervals, SAuri(T), are obtained:

SAMRI(T): PGAr ﬁ(T) (D)

For the validation of the results, in Figure 2 the (i) elastic response spectra is presented for absolute
accelerations obtained by averaging individual spectra corresponding to 15 strong ground motions
recorded in Moldova area in August 30 1986, May 30 and 31 1990 Vrancea subcrustal earthquakes.
Moreover, the elastic response spectra for absolute accelerations with 30 and 100 years mean
recurrence interval obtained with relation (1) are also presented in the same figure.
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Fig. 2 - Mean elastic response spectrum of absolute accelerations for 15 ground motions recorded in Moldova area
and elastic response spectra of absolute accelerations with 30 and 100 years mean recurrence interval



3. Expected Seismic Capacity Evaluation and Seismic Response for Building Typologies
Representative for Iasi Municipality

The CERSIS project utilised building typologies defined in the RISK-UE European Project
(2001-2004, 5" Framework), in Workpackage 1 - European distinctive features, inventory
database and typology (UTCB in charge). Details on buildings typologies can be found in [2].

The capacity curves developed in the CERSIS project are based on the seismic design parameters
according to different versions of P13 and P100 earthquake-resistant design codes and on the
engineering judgement. The building capacity curve model is described by two control points,
namely: (i) yielding capacity and (ii) ultimate capacity. The displacement and lateral force values
corresponding to the two control points of capacity curves of buildings typologies are obtained
from seismic design coefficient, fundamental period of vibration, modal participation factor and
modal mass, ductility factor and building typology over-strength. Details about the capacity
curves parameters are shown in [4]. As an example, in Table 2 are presented the spectral
displacement values corresponding to yielding capacity, Dc and ultimate capacity, Du, the
spectral acceleration values corresponding to yielding capacity, Ac and ultimate capacity, Au, for
low rise, L, medium rise, M and high rise, H reinforced concrete frame buildings, C1 and shear-
wall buildings, C2 designed for Iasi Municipality according to P13-70 code.

Table 2
Capacity curves parameters — 1970-1977
Building | Yielding capacity | Ultimate capacity
type
De(cm) | Ac(‘g) | Dy(em) | Ay (‘g)
CiL 0.3 0.078 2.3 0.195
CiM 0.8 0.048 5.7 0.120
C1H 0.9 0.035 6.6 0.088
C2L 0.2 0.106 1.4 0.212
C2Mm 0.6 0.096 3.6 0.192
C2H 1.0 0.061 5.8 0.121

The expected seismic response of representative building typologies from lasi Municipality was
obtained through capacity spectrum method [1] using as seismic demand the elastic response spectra
for absolute accelerations determined with relation (1) for different mean recurrence intervals.

4. Seismic Fragility Assessment for Representative Building Typologies in Iasi Municipality
4.1 Seismic Fragility Functions Based on Intensity

The calibration of seismic fragility functions based on intensity is performed using building
damage data occurred in lasi during March 4 1977 Vrancea strong earthquake. The study
presented in [5] on damage of buildings in Iasi was conducted on a sample that includes several
thousand masonry and reinforced concrete buildings. The study results were expressed in
damage grade, DG and corresponding macro seismic intensity, I. DG was quantified according
to the macro-seismic intensity scale MSK. The damage of the buildings is expressed as the mean
and standard deviation of damage grade DG for a given macro-seismic intensity and for a given
building typology. The damage grades used in the post-earthquake survey are [5]: 1 — Negligible,
2 — Slight, 3 — Moderate, 4 — Heavy and 5 — Collapse.
The probability distribution of damage grade is calculated using the Beta probability density function:

1 (x=a) " (b-x)" a<x<b

=1 Bar) (b-af

— 0, otherwise
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where x is damage grade, a=0, b=6, and B(q,r) is the Beta function:
I'\g)-I'(r
B(q,r)= (9)-T(r)
r(g+r) (3)
The parameters q and r of probability distribution are related to the mean and standard deviation
of the random damage grade, DG as follows:

Mean DG =a+—1—(b—a)
g+r ( 4)
(Stdev.DG) =— T (b—ay
(q+rf(g+r+1) )
The beta cumulative distribution function of damage grade DG is obtained with the following
relation:

Fy (x)zjx. f, (u)du
a (6)

In Figure 3 and 4 are presented examples of probability distributions of damage grade, DG for
masonry buildings with reinforced concrete slabs, built after 1950.
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Fig. 3 - Seismic intensity VII — Damage grade Fig. 4 - Seismic intensity IX - Damage grade probability
probability distributions for masonry buildings with distributions for masonry buildings with reinforced
reinforced concrete slabs, built after 1950 concrete slabs, built after 1950

The damage probability matrix (DPM) indicates in a discrete form the conditional probability of
a damage grade / state j, produced by a seismic intensity i, P[DG= j|I=i]. The damage probability
matrix elements are obtained with the following relation:

P(k)=Fy (k+1)-Fx (k)
where k (k=0,1,2,3,4,5) correspond to damage grade DG.

(7)

Table 3 presents the damage probability matrix for masonry buildings with reinforced concrete
slabs, built after 1950.

Table 3
Damage probability matrix for masonry buildings with reinforced concrete slabs, built after 1950
Damage Damage Seismic intensity
g{?&" state vI'? Vil v’ VIII vin'? X

0 Undamaged | 5.63E-01 | 4.80E-01 | 3.79E-01 | 2.78E-01 | 6.29E-02 | 1.39E-02

1 Negligible 2.92E-01 | 3.48E-01 | 3.43E-01 | 3.58E-01 | 2.30E-01 | 1.03E-01

2 Slight 1.11E-01 | 1.35E-01 | 1.88E-01 | 2.35E-01 | 3.09E-01 | 2.34E-01

3 Moderate 3.01E-02 | 3.29E-02 | 7.28E-02 | 1.03E-01 | 2.55E-01 | 3.11E-01

4 Heavy 441E-03 | 3.76E-03 | 1.63E-02 | 2.52E-02 | 1.24E-01 | 2.57E-01

5 Collapse 1.41E-04 | 7.41E-05 | 9.48E-04 | 1.60E-03 | 1.91E-02 | 8.09E-02




4.2 Seismic Fragility Functions Based on Spectral Displacement

The parameters of the seismic fragility functions based on spectral displacement were calibrated
for reinforced concrete frames and shear-wall buildings (which represent the most of Iasi multi-
storey residential buildings) that are analysed in CERSIS project [1].

The fragility curves are developed for Slight, Moderate, Extensive and Complete damage states,
as they are described in [1]. The probability of reaching or exceeding a certain damage grade is
modelled through the lognormal distribution function. For structural damage, the probability of
reaching or exceeding a certain damage state, ds, given the spectral displacement, Sd, is obtained
by the following relation:

P[ds[S, |= q{ﬂi 1n[_Sd H (®)

ds Sd ,ds

where:

Saas s the median spectral displacement value for which the building reaches the threshold of
the damage state ds;

Bds  standard deviation of natural logarithm of spectral displacement for damage state ds;
D is normal standard distribution function.

Table 4 shows the mean and the logarithm of standard deviation values of spectral displacement
for Slight, Moderate, Extensive and Complete damage state for low rise, L, medium rise, M and
high rise, H reinforced concrete frames, C1 and shear-walls, C2 buildings designed according to
P13-70 earthquake-resistant design code in Iasi Municipality.

Table 4

Seismic fragility curve parameters (1970-1977)

Building proprieties Spectral displacement, cm
Building Height, m Slight Moderate Extensive Complete
type Total | Modal Sau Po| Sam | Bu| Sae | Be | Sac Be
ClL 5.70 3.99 2 0.95 3 0.90 6 |085] 14 |0.95
C1M 17.10 | 11.97 4 0.70| 6 0.75| 12 |0.85| 28 |1.00
C1H 28.50 | 17.10 4 0.70| 7 0.80| 13 090 30 |1.00
C2L 5.70 3.99 2 1.00 3 1.00 6 1.00| 14 |0.95
Cc2M 17.10 | 11.97 3 0.80| 6 0.80| 12 |0.80| 28 |1.00
C2H 28.50 | 17.10 3 0.70| 6 0.75| 13 085 30 |0.95

5. Assessment of Expected Damage Grade for Buildings from Two Study Areas in Iasi
Municipality

The expected direct structural losses for different damage state are defined as a percent of losses
corresponding to complete damage state. According to [1], the relation between damage states
and replacement costs is as follows:

Slight damages: 2% of replacement value
Moderate damages: 10% of replacement value
Heavy damages: 50% of replacement value.

The expected direct losses and mean damage grades are determined as weighted averages, the
weights being the probabilities of different damage states. Expected damage state is determined
based on mean damage grade, by the following algorithm:

— if mean damage grade < 0.5, then the expected state is undamaged;

— 1f 0.5 <mean damage grade < 1.5, then the expected state is slight;



— if 1.5 <mean damage grade < 2,5, then the expected state is moderate;
— i1f 2,5 <mean damage grade < 3,5, then the expected state is extensive;
— if mean damage grade > 3,5, then the expected state is complete.
Expected direct seismic losses are evaluated for two study areas in lasi Municipality, as follows:

- North — Copou study area — Codrescu — located in Copou neighbourhood with
approximately 6 km®

- East — Podu Ros study area - Tudor Vladimirescu — located in Tudor Vladimirescu
neighbourhood with approximately 9 km?.

Figures 5 and 6 present the territorial distribution of North area buildings by bulging typology,
respectively by height level.

COPOU Study Zone COPOU Study Zone
Building typologies Height Level
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Fig. 5 - Building typology of North area buildings Fig. 6 - Height level of North area buildings

For the residential buildings in both study areas the following distribution of the expected
damage states are obtained:

— for earthquake scenario with MRI = 100 years
- 61 buildings are expected to be in slight damage state
- 13 buildings are expected to be in moderate damage state
— for earthquake scenario with MRI =475 years
- 5 buildings are expected to be in slight damage state
- 61 buildings are expected to be in moderate damage state
- 8 buildings are expected to be in heavy damage state
— for earthquake scenario with MRI = 975 years
- 66 buildings are expected to be in moderate damage state
- 8 buildings are expected to be in heavy damage state.



As an example, Figures 7 and 8 present the expected damage state, respectively the expected
direct structural losses of North area buildings for MRI = 475 years earthquake.

COPOU Study Zone COPOU Study Zone
Expected Damage State for MRI = 475 years Expected direct losses for MRI=475 years
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Fig. 7 - Expected damage state of North area buildings Fig. 8 - Expected direct structural losses of North area
for MRI=475 years earthquake buildings for MRI=475 years earthquake
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