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1. INTRODUCTION

In this report presented are engineering-seismological data on the assessment of seismic hazard
for the project: “Consultancy procuration for the design services in the framework of the project
EU4CULTURE Suport for the revitalization of the cultural heritage sites and monuments affected
by the earthquake in Albania“. The structure considered in this project is a portion of the northern
wall of the Lezha Castle.

Figure. 1 Ortofoto of the area of the construction site. The red line represents the position of the seismic line
through which we performed the seismic study using the MASW method

For the assesment of engineering-seismological data of the construction site we took into
consideration the data of the probabilistic seismic hazard of Albania and the assessemnt of
Ground Type according the standard of Eurocode 8 (EC8, 2004) obtained through the
measurements of shear waves velocities using the MASW method. On Figure 1 the position of the
seismic profile is shown

In order to achieve the goals of seismic hazard assesment, we are based manily on the following
aspects:

1. Assesment of probabilistic seismic hazard for “rock” site condition of the construction site for the
two performance criteria: “damage limitation” and “non collapse” (10 excedance probability in
10 years, return period 95 years; and 10 excedance probability in 50 years, 475 years return
period). This assessment is based on the recommendation given by IGEWE
(https://geo.edu.al/newweb/?fg=brenda&gj=gj1&kid=44 ) for the seismic hazard of the City of
Lezha, in appliance to the Governmet Decision VKM Nr. 1162, date 24/12/2020 "For the
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determination of procedures and terms to obtain the risk attestation for the subjects which
request the construction permission”, published on the Official Newspaper 10/2021

2. As horizontal and vertical elastic spectra for the Lezha City where the structure is situated, we
have accepted the standard spectral shapes of EC8 of Type 1, which have to be scaled with the
appropriate values of seismic hazard for the two levels of threat and chosen according the
Ground Type which results by the direct measurements in the construction site.

3. The structure in Lezha fulfils the condition of the point 1.2 of the VKM No. 1162, date 24/12/2020
(structures which should fulfil the basic requerements of seismic hazard).

Probabilistic seismic hazard maps of Albania which are recommended by IGEWE, are the result of
the pondering maps obtained by the NATO “SPS 984374", 2012-2015 project, calculated using the
OHAZ software (computer program of IGEWE in co-property with ARSO, Environmental Agency
of Slovenia), with the maps generated using the package software of NSHM2014r, of the United
States Geological Survey, which have been used for the assessment of the updated maps of 2014
of the USA (NSHM - National Seismic Hazard Models).

2. ASSESSMENT OF SHEAR WAVES VELOCITY (VS) ON THE SITE

The "passive” methods of the multichannel analysis of surface waves was used for the assessment
of shear-waves velocity on the construction site (Figure 2). The method is based on the study of
the "dispersion” property of surface waves. This is a fundamental feature of these waves and is
related to the change of phase velocity with the frequency. The shear-waves velocity can be
calculated through a matematical inversion of the phase-velocity of surface waves. The dispersion
of these waves is more pronounced on the layered geological strat, especially on the near-surfical
medium

From the measurement data analysis shown on the Figure 3, it results that the value of the Vs30
parameter (shear-waves velocity of the first 30 meters of the geological section) is Vs30=540.3
m/sek. Taken into account the EC8 standard (EC8, 2004), the influence of the local soil conditions
on the seismic action can be considered through the definition of seven ground types: A, B, C, D,
E, ST and S2. In accordance with these requirements for soil classification according EC8 and on
the value of Vs30 presented in the Figure 3, we can state that:

According ECS8, the geological medium on this constructon site belongs to the Ground Type B
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Figure 2 Aspects of the work carried out on the construction site using the MASW method
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Figure 3 Vs change curve at construction site and parameter value VS30
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3. PROBABILISTIC ASSESSMENT OF SEISMIC HAZARD

Probabilistic seismic hazard assessment for “rock conditions” at the construction site of this
structure for the two performance levels: “damage limitation condition” and “non-collapse
condition” (10% excedance probability in 10 years, that means 95 years return period and 10%
excedance probability in 50 years, the return period 475 years, respectively) is based on the
IGEWE recommendation (https://geo.edu.al/newweb/?fq=brenda&gj=gj1&kid=44 ) and in
aplliance of the Government Decision VKM Nr. 1162, date 24/12/2020 and published in the official
Nwespaper 10/2021 on January 2021.

The values of seismic hazard at this construction site for the two performance levels on rock site
conditions (Ground Type A according EC8), are presented on the table 1.

TabLE 1. Seismic hazard for the City of Lezha

PP=95year PP=475year

PGA 0.125g 0.264g

As far as the response spectra is concerned, in order to take into the consideration the diferencies
in hazard between zones with high and low seismicity, Eurocode 8 describes two diferent design
shapes. Type 1 describes the hazard in high seismicity areas. The code recommends to use Type 1
spectral shape if the earthquakes that contributes most on the seismic hazard at the site have
magnitude higher than Ms>5.5. Type 2 shape is recommended if the earthquakes that contribute
most in the seismic hazard have the magnitude of the surface waves Ms<5.5.

Data on the seismotectonics of Lezha area suggest ocurrence of earthquakes with magnitude
larger than 5.5. On the tables 2 and 3 presented are the values of the parameters that describe
standard shapes of Type 1 of the elastic horizontal and vertical response spectra according EC8.

In this way, the response spectra for the site of the project that considers a portion of the northern
wall of the Lezha Castle “Consultancy procuration for the design services in the framework of the
project EU4CULTURE Suport for the revitalization of the cultural heritage sites and monuments
affected by the earthquake in Albania”, for the two levels of performance, have been evaluated
takin into account that the Type 1 represents better the seismic hazard at that place.

Table 2. Values of the parameters that describe Type 1 horizontal elastic response spectrum
according EC8

Ground type S Tk (s) Tc (s) To (s)
A 1.0 0.15 0.4 2.0
B 1.2 0.15 0.5 2.0
C 1.15 0.20 0.6 2.0
D 1.35 0.20 0.8 2.0
E 1.4 0.15 0.5 2.0

UN House Skanderbeg Strét, Gurten Building 3rd Floor, Tirana, Albania, www.unops.org
Rr. "E Kosovaréve", Nd.35, H. 6,Ap.4/1,Njésia Administrative Nr. 5,1019, Tiran&, Shqipéri info@atelier4.al


http://www.unops.org/
mailto:info@atelier4.al

** %
* *
* *
* *
* gk

Funded by

the European Union

EEEEEOEETLEL R CE A A VEA4 FYED
------------------- U ERACHLTERE

MINTSTRIA F KITTIRES

22644-001_ALB_EU4C_RFP_01 - “Provision of Consultancy for Design services for
EU4CULTURE Project - Support for revitalization of cultural heritage sites and
monuments affected by Earthquake in Albania.”
22644-001_ALB_EU4C_RFP_01 - “Sigurimi i Konsulencés pér Shérbimet e Projektimit pér RO TECTURE - ENGINEERING » CONGULTING
Projektin EUACULTURE - Mbéshtetje pér rijetézimin e siteve dhe monumenteve té

trashégimisé kulturore té prekura nga Térmeti né Shqipéri.”

ATELIERZ4

Table 3. Values of the parameters that describe Type 1 vertical elastic response spectrum

according EC8

Spectrum Type vyl g Tg (s) Tc (s) To (s)
Type 1l 0.90 0.05 0.15 1.0
Type 2 0.45 0.05 0.15 1.0

On Figure 5 we present horizontal and vertical elastic response spectra according EC8 for the two
performance levels: “damage limitation condition” and “non-collapse condition” for this project
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Figura 4. Elastic horizontal and vertical response spectra for the two performance levels according
EC8 for the site of the project that considers a portion of the northern wall of the Lezha Castle:
“Consultancy procuration for the design services in the framework of the project EU4CULTURE
Suport for the revitalization of the cultural heritage sites and monuments affected by the

earthquake in Albania”
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4. CONCLUSIONS AND RECOMMENDATIONS

1. The ground where the project that considers a portion of the northern wall of the Lezha
Castle"Consultancy procuration for the design services in the framework of the project
EU4CULTURE Suport for the revitalization of the cultural heritage sites and monuments
affected by the earthquake in Albania”, will be developed, belongs to the Type B according
EC8 standard, with Vs30 = 540.3 m/sek.

2. Maximun acceleration for the "non-collapse” condition for the basement of the site
construction, assessed through the probabilistic method, is PGA=0.264g. To this parameter
corresponds return period 475 vjet (90% non-excedance probability in 50 years). For the level
90 non-excedance probability in 10 years (return period 95 years) we have PGA=0.125g. These
values are based on the IGEWE recommendation for the sismic hazard in the territory of
Albania (IGEWE, 2027).

3. Taken into account the seismicity of Lezha area where the project is situated, with earthquakes
with magnitude larger than 5.5, horizontal and vertical elastic response spectra have been
accepted those of Type 1 shape according EC8

4. We recommend to use the EC8 for the design of the structure in the framework of this project
that considers a portion of the northern wall of the Lezha "Consultancy procuration for the
design services in the framework of the project EU4CULTURE Suport for the revitalization of
the cultural heritage sites and monuments affected by the earthquake in Albania”, taking into
account the two performance levels of seismic action, the “non-collapse” and “damage
limitation” conditions. Specifically:

» For the "non-collapse” condition for the horizontal elastic design spectrum, the Importance
Factor according EC8 should be taken into account, yl =12 (Buildings whose seismic
resistance is of importance in view of the consequences associated with a collapse, e.g.
schools, assembly halls, cultural institutions etc). In these conditions, the reference PGA on
Ground Type A, agR, results: agR=0.264g (Table 1, PGA for return period 475 years), while
the design acceleration on Ground Type A: ag=0.264g*1.2=0.317g.

» Taken into consideration the Soil Factor for Type B Ground, S=1.2, the Design Acceleration
for the “non-collapse” condition for the works to be carried out, results:
ag*S=0.317*1.2=0.380g. Acceleration value 0.380g should be taken into account for the
structural design for this condition. The other parameters are: Tg=0.15 sec; Tc= 0.50 sec;
Tp=2.0 sec (Figure 4).

» It should be mentioned that the acceleration value 0.380g recommendet for the design of
the structure for the “non-collapse” condition is product of acceleration on Ground Type A
(ag=0.317g) with the Soil Factor (S=1.2). If the software used for the structural dimentioning
requires that the Soil Factor to be accounted separately (to be included into the program),
then the following parameters should be used: ag=0.317g and S=1.2.
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> For the "damage limitation” condition for the horizontal elastic design spectrum, the
Importance Factor according EC8 should be taken into account, yl =1.2 (Buildings whose
seismic resistance is of importance in view of the consequences associated with a collapse,

» e.g. schools, assembly halls, cultural institutions etc). In these conditions, the reference PGA
on Ground Type A, agR, results:: agR=0.125g, (Table 1, PGA for return period 95 years),
while the design acceleration on Ground Type A: ag=0.125g*1.2=0.150g.

» Taken into consideration the Soil Factor for Type B Ground, $S=1.20, the Design Acceleration
for the "damage limitation” condition for the works to be carried out, results:
ag*S=0.150g*1.20=0.180g. Acceleration value 0.180g should be taken into account for the
structural design for this condition. The other parameters are Tg=0.15 sek; Tc= 0.50 sek;
Tp=2.0 sek (Figure 4).

> It should be mentioned that the acceleration value 0.180g recommendet for the design of
the structure for the ” damage limitation “ condition is product of acceleration on Ground
Type A (ag=0.150g) with the Soil Factor (S=1.2). If the software used for the structural
dimentioning requires that the Soil Factor to be accounted separately (to be included into
the program), then the following parameters should be used: ag=0.150g dhe S=1.2

» For the "non-collapse” condition for the vertical elastic design spectrum, the design
acceleration to be taken avg=0.285g. The other parameters are: Tg=0.05 sek; Tc= 0.15 sek;
Tp=1.0 sek

» For the "damage limitation” condition for the vertical elastic design spectrum, the design
acceleration to be taken: avg=0.135g. The other parameters are: Tg=0.05 sek; Tc= 0.15 sek;
Tp=1.0 sek.

5. In this analysis, the Importance Factor is taken 1.2. The investor and the designer may take
other, larger Importance Factor than that value, if they consider it appropriate.
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