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Abstract

The study is related to the historical and architectural heritage of the city of Tirana, based on the period of Italian influ-
ence until 1940. The stock of these buildings represents an interesting case, in terms of research, since they are close to the
100th anniversary after the construction and have great values for the city, as well as architectural heritage. The lifespan of
these objects depends on interventions over the years, conservation, updating with digital monitoring technology and the
inclusion of BIM and h-BIM tools in the treatment process. It is important to mention that the building does not only need
facade maintenance and refinishing, but by getting to know its fragile parts we can have a seismic retrofit strategy ready.
Specifically, this research focuses on several digitization processes, 3D models, simulation and intervention proposals. One
of the main aspects is the communication between computer models, dealing with the FEM numerical model and the archi-
tectural model inside and outside the BIM environment, reducing the gap between them and without major data loss. After
analyzing the collapse scenarios, it is intended to increase the accuracy of seismic retrofit interventions, with the sensitivity
that belongs to a cultural heritage object. The application of numerical models for legacy objects presents a challenge since
the complexity of handling an old building, the parameters of materials, calibrations and approaching the real response of
the building in a seismic situation is known. Applications through BIM tools and files with numerous numerical data tend
to make a contribution to the field of seismic engineering and heritage restoration in Albania. Variants with proposals on
seismic retrofit strategies for protected buildings will be given at the end of this study.

Keywords Cultural heritage - Survey - Seismic retrofit - Numerical models - Nonlinear analysis - BIM tools - Revit -
Dynamo - Interoperability

Introduction

The research will start with a short presentation of the cul-
tural heritage buildings of Tirana, Albania during the Italian
influence until the end of 1940s, archival research on the
details of the projects and technical interpretations on the
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solutions given in that early period [1, 2]. Aspects on the
architecture of the buildings and the related architectural
solutions will also be addressed [1-3]. These are symbolic
buildings that lay the foundations of a city like Tirana. On
the contours of these buildings along the two main boule-
vards of the city, urbanism continues to be conceived and
updated for the future (Fig. 1) [3]. Through these objects,
symbols of heritage, today Tirana of skyscrapers continues
to be intertwined in a silent harmony.

In the history of architectural design, a group of design-
ers from Florence proposed and designed the monumental
structures in Tirana, which possess precious architectural
and cultural elements that must be preserved and promoted,
taking them into the future as a value for the nation. In
this study, a building that is significant for the city and its
inhabitants will be treated in particular. The research will
address the case, highlighting the architectural qualities of
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Fig. 1 Axonometric representation of the central boulevard, showing the interweaving of skyscrapers with cultural heritage buildings [4]

the building through analysis, architectural modeling and
numerical simulations working in BIM environments. It is
intended to explain and recognize design morphology, mate-
rials, architectural surveying, data collection and numerical
modeling working through BIM. The data of this study will
serve for restoration, adaptation and consolidation interven-
tions in the future.

The protected heritage buildings, being positioned in the
central axis called "martyrs of the nation avenue", are con-
sidered assets of the city, their facades have always been
preserved in terms of aesthetics (Fig. 1) [2, 3]. But, there has
been no in-depth researches regarding their structural perfor-
mance as well as genuine repair interventions. There are also
many unknowns regarding their current seismic capacity
and performance. This concern is related to the engineering
opinion, numerical models and matrices with data for simu-
lations of possible scenarios of the structural aspect. Today's
dilemmas related to numerical models for old structures is
the prevalence of non-coherent data related to the real object
and its performance. But the numerical model f.e.m' and
the inclusion of BIM helps engineers and architects take
effective measures for the building [4]. Seismic retrofitting
for cultural heritage buildings often causes damage to the
originality, style and aesthetics of the architecture and theo-
retically should be done, only if the stability of the structure
is in real danger [5, 6]. An efficient “surgical-intervention”
can only be realized if numerical models are created within
BIM, to enable simulations, possible collapse scenarios and
theoretical interpretations on the respective strategies.

The purpose of this research is to present and partially
apply a detailed methodology to address the problems of
cultural heritage restoration, the survey process, the crea-
tion of a database with different numerical data for the this

! The finite element method (FEM) for numerically solving differen-
tial equations arising in engineering and mathematical modeling.
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objects, simulations and theoretical analysis on the possible
scenarios of collapse according to unfavorable situations,
giving proposals with relevant solutions. Listed below are a
set of key objectives:

(a) The objective of this study is the optimization of cul-
tural heritage restoration and increasing the efficiency of this
field in Albania, Through BIM tools, numerical models &
F.E.M modelling, controlled by several algorithms to reduce
the gap between architects, engineers and other experts in
the field of restoration [4]; (b) Through this research, the
announced target was to find GAPs and limitations of ret-
rofitting interventions in cultural heritage buildings; (c)
Including seismic simulations within the architectural res-
toration process, as well as the study of collapse mechanism
scenarios, before an intervention; (d) Long-term objective,
Continuous monitoring of buildings and equipping buildings
with automated sensors, focusing on seismic performance
and operation of technological networks inside the building,
controlled through BIM tools and MEP models.”

The study aims to evaluate the performance of these
buildings, as well as to evaluate and compare their seis-
mic performance in today's condition also according to the
requirements of the Eurocodes, considering all the condi-
tions of the time when they were built.

Theoretical framework
Numerical model
Axonometric representation of building structure can be

considered as a complex problem and for solution of this
kind of problem is often obtained by using finite element

2 MEP stands for “mechanical, electrical and plumbing.” MEP engi-
neering is the science and art of planning, designing and managing
the MEP systems of a building.
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Fig.2 Equivalent frame model
with its elements, proposed for F,
simulations [4] >

method [7]. The computational or numerical model, which
uses classical finite elements, incorporates substantial dis-
advantages as a result of high time-consuming computations
and algorithms “high number of degrees of freedom in terms
of statics” and extended data processing [8—10].

The 3-muri calculation model is the numerical parameter-
ization of the global behavior of the structure, respecting the
constitutive bond and cooperation of the material parameters
or data (Fig. 2). The most frequent cause of errors in struc-
tural design is the difficulty to identify calculation models
that are effectively representative of structure real behav-
ior. The 3Muri model and concept, always starting from the
basic concept of equivalent frame model (Fig. 2), rigorously
addresses the bending mechanism considering the effective
redistribution of the compressions to the discretization of
the section, also to the achievement of the maximum com-
pressive strength of the panel, while describing the “shear
mechanism” according to the bond effect [11, 12]. Struc-
tural masses and stiffnesses are distributed over all 3-dimen-
sional model of degrees of freedom. The connection nodes
and joints, belonging to a single wall panel, maintain their
"degrees of freedom" in the local reference plane, while the
nodes belonging to several walls connected in axonometric
projection, must necessarily have the “degrees of freedom”
in the global reference of the structure, considered “three-
dimensional nodes” [7, 13, 14].

BIM tools and h-BIM levels concept

Building Information Modelling (BIM), which is said to
be most likely a technology-led change to deliver the high-
est impact to the construction sector.” BIM means differ-
ent processes related to different professions. BIM can be
considered as a process for design and creating information
database on buildings. BIM applications have a comprehen-
sive approach to all the steps of design, construction and

3 [referred to “World Economic Forum WEF, Shaping the Future
of Construction, 2016” http://www3.weforum.org/docs/WEF_Shapi
ng_the_Future_of_Construction_Inspiring_Innovators_redefine_the_
industry_2017.pdf].
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maintenance of a building, making the process more optimal
and efficient [15-18].

According to [15], “A modelling technology and associ-
ated set of processes to produce, communicate and analyze
building models; A new approach to being able to describe
and display the information required for the design, con-
struction and operation of constructed facilities”.

Currently there are many definitions with different points
of view related to BIM, however there is a common denomi-
nator that BIM is a process for combining and storing infor-
mation, numerical data and digital technology to create an
automated process on a project [17, 19]. It integrates data
from many sources and fields, at the same time it is updated
in parallel with the real project along a set time frame in a
parameterized way, including the design phase, construction
management and operational information needed for these
processes [20].

The research first examined the logic of BIM and the
multi-disciplinary context of BIM. Then the focus is given to
the latest methodologies related to h-BIM processes, which
can be useful for restorers and professionals in the pres-
ervation of historical heritage buildings [18, 21, 22]. The
h-BIM will be used beyond the classical framework, using
up to 3-levels of BIM for this target. The research uses the
anticipated potential of HBIM to support the treatment of
historical heritage, documentation, digital libraries, simula-
tions and information exchange for professionals and experts
involved in this process [23, 24]. HBIM tools produce in
a parameterized and automatic way all architectural and
engineering project drawings, 3D axonometric models of
buildings, plans and all 2-d sections, implementation details
and technical specifications [25, 26]. These digital models
are very suitable for introducing the culture of handling this
issue, to enable professionals to interact with files and model
database of architectural heritage in order to continuously
improve the process.

According to [27], there are 3-levels of h-BIM as follows:
“h-BIM Level 0: Unmanaged CAD, probably 2D, with paper
as the most likely data exchange mechanism; h-BIM Level
1: Managed CAD in 2D or 3D format with a collaboration
tool providing a common data environment, possibly some
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standard data structures and formats; h-BIM Level 2: Man-
aged 3D environment held in separate BIM(M)* tools with
attached data. The approach may utilize 4D programme data
and 5D cost elements; h-BIM Level 3: Fully open process
and data integration. Managed by a collaborative model
server. Could be regarded as iBIM° or integrated BIM(M)
potentially employing concurrent engineering processes’.

Connection between the architectural model
with numerical model f.e.m.

As one of the basic interconnections of BIM modeling, a
finite element treatment "F.E.M. method", would be valu-
able, also desirable, with which to schematize each indi-
vidual brick unit, local wall panels, discretized frames and
the reciprocal constraints. However this operation including
4D BIM® modeling would involve an enormous computa-
tional burden and extremely random relationships [4, 9, 22,
26, 28]. By adopting 3-dimensional finite elements models
it’s possible to obtain an exhaustive modeling for any type
of existing construction and in particular, for those made
entirely of unreinforced masonry with simple rigid ribbed
slab. In particular, technical-application aspects are further
elaborated in (Chapter 3) [8, 10].

Non-linear analysis for seismic analysis

The nonlinear analysis Pushover, methodology is able to
define capacity curves with performance point, the shear
resistance and collapse mechanisms. It is able to combine
different mechanisms for global seismic performance analy-
ses of buildings with sufficient regularity and limited height,
and take into account the type of connection among the
structural elements [29].

The assessment of seismic performance of URM build-
ings’ requires the identification of the collapse mechanisms
and masonry local damages step by step activated by the
synthetic earthquake (elastic demand spectrum).® Refer-
ring the current practice in our region has been taken into
account only three first modes of failure, by studying the
capacity curves of certain structural typologies to get the
right strategy for strengthening and updating the structure.

4 BIM(M) refers to management of “collection and exploitation of
information across a project”.

5> {BIM stands for “Integrated Building Information Modelling” and
it is a BIM model that includes “‘concurrent engineering processes”.

% 4D-BIM dimension is commonly known as “modelling scheduling
information to model construction and retrofitting sequences”.

7 Unreinforced masonry building typology, without reinforced con-
crete frames.

8 Merging a number of strong short-period ground motions and long-
period ground motions. From the merging of these accelerograms, an
elastic specter is deduced.
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The most important step is transformation and conversion
of panels in piers and spandrels labeling.’ The vertical
panels working in compression are converted in the Piers
(frame elements that work in compression), while the hori-
zontal panels under the openings below are converted to
the spandrels that means “beams in bending” [30]. The
parameters for the seismic analysis will be considered
according to Eurocode recommendations, since this analy-
sis will be based on this evaluation method [31].

The state of seismicity in Albania

The territory of Albania is familiar with the seismic events
generated by the fusion of the Alpine-Mediterranean seis-
mic plates, which derives from the collision of the Euro-
Asian plate with the African plate and accounts about 15%
of the total energy released by earthquakes worldwide [32].
Throughout history, many seismic events have shaken the
area from ancient times to the present days. The Earthquake
of November 26, 2019 (moderated event) (Fig. 3C) should
be mentioned, which was the strongest seismic event that
was recorded in Albania for a period of 40 years (the last
one that should be mentioned again, the Ulqini-Shkoder
earthquake of 1979), the map showed in (Fig. 3A) [32, 33].
The 2019 earthquake was a significant event, despite the
fact that the maximum ground acceleration was only 0.195¢g
in the Durrés region and 0.12g in the Tirana region. The
second map shows the update of the old map considering
the recent seismic events with a focus on the earthquakes of
2019 (Fig. 3B) [33].

Above in (Fig. 4A, B), the seismic acceleration of the
events of 2019 is presented, accompanied by other recorded
components. Related to (Fig. 4C), a numerical processing
of the recorded data was done to generate the elastic design
spectrum, which is widely used in seismic analysis, as well
as the comparison of the 2-accelerations of the September
and November 2019 earthquakes [34]. After the events
of November 26, 2019 in Durres region (Fig. 4A, B, C),
the focus and underlining of the destructive power of the
earthquake was returned, where, in addition to the victims,
it caused a significant impact on the country's economy,
through a broad campaign called the "reconstruction fund"
[34]. It is clear that these circumstances expose the high
seismic vulnerability in the Albanian territory and there-
fore the need to incorporate reliable, efficient and affordable
anti-seismic solutions. To continue with the special care and
complicated solutions for the “cultural heritage” buildings
and their structures.

9 pier is equal to column; spandrel is equal to beam. Both piers and
spandrels are equivalent panels constructed of shell elements, show-
ing the element way of work according the static concept.
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Proposed methodology

A summary explanation on the steps of the proposed method:
The developed h-BIM model has the ability to provide the
geometric information and numerical data of the structure
(a) from the architectural survey and (b) digitization of the
archival project, accompanied by its attributes such as: (i)
mechanical parameters of materials, (ii) introduction to seis-
mic structural analysis. The results of such analyzes are also

= = Time (5) 0

T T T T

05 1 15 2 () 25 3 35 4 45

response spectra from Tirana re-worked and compared to the current
design code elastic spectrum [34]

stored as attributes within the h-BIM base model, provid-
ing a usable integrated platform for building management
[4]. Phase A—Problem formulation, on-site investigation
process and database creation; Phase B—Architectural 3D
Model Design, h-BIM model with 3 in-depth levels and
analysis; Phase C and D—(a) Familiarity with the BIM
Environment and recommended platforms; (b) Multidisci-
plinary simulations with f.e.m. model and (c) inclusion of
non-linear seismic analysis, outside the BIM environment,
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ensuring an efficient connection; Phase E—Assessments
on efficient variants and design of “seismic retrofitting pro-
jects”; Phase F — Results and proposals. The principle of the
method is the interoperability between numerical models
and data [4, 23, 28].

An illustrated scheme, to show the applicability of
the proposed method, based on the [4], shown in (Fig. 5)
where several cycles are summarized: (a) collection of
numerical data, survey method; (b) the basic 3D model
of the building assisted by BIM tools and communica-
tion with satellite models, Inside and outside the Autodesk
environment; (c) parameterization and connection between
models; (d) relevant seismic analyzes and other possible
simulations, especially the focus in this study was the
inclusion of non-linear static analyses, interpretations on
possible collapse scenarios; (e) intervention proposals and
project drafting, which aim to optimize the interventions
for this category of buildings and minimize the damage to
the cultural heritage image, continuing with the control
and monitoring of the building's performance for a long
time [15, 20, 26, 28].

In the process of modeling with the help of BIM tools,
we can optimize this process by including Dynamo scripts,

@ Springer
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in Revit within the Autodesk environment. So, another level
of efficiency is achieved in the process of digitization of
cultural heritage buildings, parameterization of restoration
processes and libraries with numerical data exportable in
excel (Fig. 6) [35]. By creating these bases with accurate
geometric data, we can follow the process of further analysis
and simulations inside and outside the Autodesk environ-
ment [23, 26, 28, 35]. This algorithmic model is used in
the selected case study for seismic simulations and possible
collapse scenarios.

To provide more details on the applicability of the
method, based on the principles explained above, in (Figs. 7
and 8) are shown some specific stages of application of
Dynamo scripts to optimize and parameterize processes
such as the creation of technical files with numerical and
geometric data for certain elements of the Building. Also,
the transfer of data in an excel file where an architect or
engineer can perform parametric intervention through this
programming language, powered by Dynamo. Scripts have
the advantage that they can be used for other buildings as
well [22, 23, 35].

While a theoretical diagram related to the process of com-
putational design, the diagnosis of a failed step and the cyclic
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Fig.6 Graphics files of a basic script included in the methodology, with the help of Dynamo algorithms within the Autodesk Revit environment
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Fig.7 Applications of an algorithm through Dynamo in Revit Autodesk, creation of digital files with data for building elements and interaction
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operation of the analysis phases is summarized in (Fig. 9)  the analyzes are performed inside and outside the environ-
[4]. Normally, it is a theoretical diagram which allows the ment, having small losses of numerical data, at the moment
possibility of improvement, for further research and a real  of transferring models from one software to another [4].
adaptation within the Autodesk environment, since currently ~ Specifically, in this study, two special software were chosen
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for performing seismic analyses, first in ETABS, for simple
seismic performance and then performing advanced “static
non-linear analyzes” and simulations in “3muri software”,
parts of which are shown in detail in (Chapter 3).

Case study

Introduction of “City Hall building” a symbol
of Tirana’s cultural heritage

The building had a C-shape geometry with the entrances at
an angle, connected by circular exedras. The structure of the
building consists of the union of two typologies: typical RC
frame and structural load-bearing brick masonry. This is a
constructive solution that allowed flexibility for large rooms
with presence of sunlight, such as the ballroom on the rear
side of the Skanderbeg square. Also, at the same time the
solution manages to provide the characters of the typical
massiveness of the masonry, present on the entire external
skin of the building. The main facade of the wall surface is
very rich of elements, the numerous decorative layers of the
wall surface treated with different materials (stone, bricks
and plaster) accentuate the vertical sections of the facade,
highlighted by stone colonnades between which the window
openings are clearly elegantly framed [1-3, 36].

@ Springer

Data collection, Architectural survey process and 3D
model inside BIM

The knowledge of the building for which an investigation
and analysis is planned is the first operation to be performed.
The immediately visible and detectable information are those
of a geometric nature and those relating to the surfaces. To
these must be added the historical and documentary informa-
tion, including those transmitted orally, and, deepening more
and more, the knowledge of materials and their mechanical
parameters, textures, masonry equipment, mortar param-
eters, historical evolution and the state of conservation, just
to name a few aspects. All these data subsequently require a
contextual and coordinated examination, so that the hypoth-
eses for the research and analysis are the result of an organic
operation that does not leave out any of the available data,
not even the apparently most irrelevant ones.

The research on-site was organized during the academic
year 2020-2021, led by the academic staff of the Cultural
Heritage Restoration course, also included students of Archi-
tecture and Civil Engineering, fourth year, as a coopera-
tion between Polis University, Institute of cultural heritage
and PhD program. The field work consisted of comparing
the planimetry of the archival project with the real build-
ing and measurements. Measurement sessions with laser-
meter, photogrammetry, and 3D scanning were carried out
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Fig.9 Optimization of computational processes within BIM environment, reworked [4]
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to give the exact dimensions that the building has today [1,
3, 36]. In this report from the research on-site, the objects
are presented and compared, coming up with some findings.
Geometric inconsistencies in plan and elevation were found
between the current project and archival projects. Also,
based on the photogrammetry of the facades some interest-
ing issues were highlighted to be analyzed (Fig. 10).

Numerical model and calculation assumptions

This paragraph is dedicated to the technical analysis of the
project and how the numerical model was built. The struc-
tural project and technical specifications for this building
are taken from the technical archives of Tirana [1]. While
the data regarding the addition of the building in 2001, we
are based on the respective drawings of the architectural and
structural project [36] (Fig. 11).

The structural typology is a masonry structure (central
block). The eastern extension of the building consists of RC
Frame structure + infills, typology widely used in that period.
A numerical model is shown in (Fig. 12), which compares the
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model BIM format RVT IFC; (¢) FEM numerical model outside the
Autodesk environment in 3muri software in format DB1/2 IFC DXF

theoretical aspects with the specific FEM model used in this
analysis.. Are evidenced four different masonry thicknesses,
60cm at basement level, 52cm, 34cm, and 17cm. The last
thickness is used as separating walls between rooms [1].

For all case studies treated in this study, laboratory tests
were performed, conducted on site by the "Altea & GeoStu-
dio 2000 company" for the generation of data and mechani-
cal characteristics of materials [38]. In the case of the town
hall the focus was on taking and conducting tests on the
brick and mortar material. The procedure performed start-
ing from sampling the material in the structure, performing
the relevant tests and obtaining the test results will be sum-
marized in this section below. Other technical data of the
laboratory tests will be summarized in the (Table 1) [38].

Material parameters used for numerical model are set to
the current state, referring to the laboratory results performed
above (Fig. 11), and reviewing the mechanical parameters
according to the literature [8, 10, 39]. The masonry behav-
ior is modeled by two different layers accompanied by stress
and strain characteristics [8, 12, 14, 40]. The layers represent
the vertical stresses S,_;, S,_, horizontal stresses and shear
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Fig. 12 A unified numerical model for the seismic analysis of URM
structures (reworked); (a) the transformation of the building into a
dynamic model; (b) the local mechanism; (c) shear mechanism; (d)

frame equivalent model; (e) one of the models built outside the basic
BIM environment [37]

Table 1 Data based on the physical-mechanical properties of materials, extracted from the results of laboratory tests of samples from site inspec-

tions [38]

Materials & mechanical data | Laboratory test

Nr. Parameter Value Unit Type of test Sample image
performed

1 Compressive strength — digimax 19.75 MPa  Compression test
results for the red brick

1.1  Failure load 294 kN  cubic sample-1

2 Compressive strength — direct 18.66 MPa  Compression test
results for the white

2.1 Failure load 71.7 kN  brick cubic sample-1

3 Compressive strength — direct 15.13 MPa  Compression test

3.1 Failure load 230 kN results for the white
brick cubic sample-2

4 Elastic modulus E (The Young's 15837  MPa

Modulus)
4.1 Shear modulus G 1811 MPa
4.2 Poisson's ratio v 0.15

stresses S, ,. It’s very important to predict the best possible
stress—strain graph for each direction [8, 12, 39, 41].

The foundation is continuous with stone masonry,
placed in plan according to two levels. The first level is in
the depth of -2.7 m and the second near the level +0.00.
The foundation is realized using two models: (a) Theoreti-
cal model according to “Timoshenko and Euler” princi-
ples (accompanied by the geotechnical conditions of the
structure-basement interaction); and (b) Numerical model
adapted to the corresponding case study [4, 8, 10].

Seismic parameters: Since the objective of this research is to
evaluate the seismic performance and capacity curves through

linear and nonlinear analysis, we have to show below the elas-
tic response spectrum'® parameters [31] (Fig. 13).
Eurocode have a detailed specific way to calculate the
seismic spectrum. In this case it depends on several fac-
tors: peak ground acceleration PGA'!; soil category and

10" A response spectrum is a plot of the peak or steady-state response
(ground acceleration) of a series of oscillators or earthquakes of vary-
ing natural frequency, that are forced into motion by the same base
vibration.

' 15 equal to the maximum ground acceleration that occurred during
earthquake shaking at a location. PGA is equal to the amplitude of
the largest absolute acceleration recorded on an accelerogram at a site
during a particular earthquake.
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Fig. 13 a Timoshenko continuous beam with technical boundary conditions resting or the Winkler model; b the case study numerical model [10]
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Fig. 14 Results from 3muri and 24 capacity curves related to 24 scenarios of collapse mechanisms

geological profile; the predicted magnitude (in the case
of our country is M > 5.5) and the behavioral factor [32].
This last one as a concept is comparable to the inverse of
ductility. Based on empirical studies and research, Albania
has a variety of seismic peak ground acceleration from
0.15-0.3 g [31, 32, 34]. Based on these empirical argu-
ments and several site visits, a series of parameters have
been selected related to the spectral acceleration. Eventu-
ally the selected parameters are:

a. Soil category: Type-B [36];
b. Spectral acceleration: ag/g=0.27m/s* [33];

@ Springer

c. Eq. direction: Horizontal (type-A);

d. Behavioral factor: 2.6 (calculated according to the build-
ing conditions) [36];

e. Damping factor: 5%

Outputs and results

After performing the modal analysis, related to the case
study the nonlinear static analysis was performed through
the SMURI software to obtain the capacity curves and target
displacement. Also to analyze the possible mechanisms of
collapse, the vulnerable parts or elements of the building and
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Fig. 15 Data processing from 3muri and generation of diagrams, according to 24 simulations in two directions

the scenarios of local mechanisms. The case of this category
of buildings manages to highlight that even in a fairly simple
construction, with regular geometry and symmetric distribu-
tion of stiffness, can highlight a series of specific technical
aspects. This was achieved after a process divided into two
phases: on-site investigations and experimental simulations
(Fig. 14).

Referring to the analysis, the target of the study requires
further investigations on the capacity curves. Meanwhile, the
respective mechanisms of these panels and their respective
parameters are summarized in (Figs. 14 and 15) discussed
in the paragraph above. Re-emphasizing that the study does
not attempt to provide solutions or details of reinforcement
projects. On the other hand this will not limit researchers to
simulate building models with different retrofitting strate-
gies. The use of this integrated hBIM framework & BIM
tools enable the extracting as many structural parameters and
multi-scale data, to increase the efficiency of modeling in the
context of Cultural Heritage objects [26, 28] (see also Sec-
tion 2.6). So at this stage what will be proven is the testing
and simulation of selected panels with some simple inter-
vention techniques, which aim to provide effective solutions
to address the structural issue of masonry, increasing their
performance, in objects of this category, without directly
affecting the architectural aesthetics of the building [6].

Referring to the analysis step N° 4 pushover simulations,
two representative panels were simulated in 3muri software.
It is about the panel N° 1 of the masonry that corresponds
to the main facade positioned in the western direction of
the building. This represents one of the vulnerable panels
that reacts in a weak mode and shows fragility at this step
(Fig. 14). Also in the same analysis is selected panel N°
3 of the internal masonry of the building near the longi-
tudinal hall, this panel shows some areas where the wall
fails and creates local collapse mechanisms, which risk the
performance of the structure (Fig. 14). Following the anal-
ysis, 2 other panels with high expectations were selected

for simulation. Since the direction of seismic forces in this
analysis comes in the direction -Y, the selected panels are
oriented according to the transverse direction, namely panel
N° 25 which corresponds to the southern side facade of the
building. The other is N° 16 which corresponds to a partial
internal wall (partially on the first two floors and a perimeter
side wall on the second floor level). Also, this panel shows
vulnerability and local collapse mechanisms which should
be highlighted for further investigation in the proposals for
repairing interventions (Figs. 14 and 15) [4].

Regarding the situation presented after performing the
second phase of simulations, which shows the mechanisms
of collapse of the most vulnerable facades (Figs. 14 and
15), the following has been advanced with an intervention
strategy in the framework of seismic retrofit. The proposals
are conceived in such a way that they do not affect the aes-
thetics of the respective facades, but at the same time signifi-
cantly increase the seismic performance of the masonry. The
"FRCM type of reinforcement" method is recommended,
where this reinforcing layer is added to the masonry panel in
its inner part. Specifically the selected material is “GeoSteel
G1200, Kerakoll'?” with the data showed in (Fig. 16) [42].
The placement of the reinforcing layer presented above will
be applied on the inside of the facade masonry, will be fixed
with the existing masonry and will perform in normal envi-
ronmental conditions. Reinforcement applications in trans-
verse masonry are placed on both sides of the building to
maintain the sense of symmetrical distribution of masses and
rigidities. The application of FRCM from “Kerakoll prod-
ucts” was applied for two longitudinal panels ascertained by
analysis N° 4 according to the + X direction. After simula-
tions this type of application is not enough to avoid failure
mechanism on both transverse panels according to the -Y

12 ISO 9001 CERTIFIED IT10/0327; Kerakoll quality system | BS
18001 CERTIFIED IT255412.
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Fig. 17 a proposed retrofitting configurations; b axis.3 Panel simulations, before and after the interventions
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direction [42]. Following the addition of FRCM applica-
tions, “The steel-bracing systems” have also been applied
to increase the performance efficiently and in harmony with
the response of the structure. Their configuration is applied
in simple logic according to the openings located in the
masonry (doors, windows, ), and necessarily their application
in the interior of the masonry panels of the facades (Fig. 17).

Based on the results of the simulations, the main find-
ings will be highlighted. This simple interventions, proved
effective from the first attempt. Efficient interventions were
applied to the inner part of the side walls, specifically in
three longitudinal panels oriented in the X-direction of the
building plan (Fig. 16). The proposed technique does not
affect the aesthetics of the facade of the building, part of the
cultural heritage [6]. On the other hand, the intervention in
the transverse masonry panels in the Y-direction was carried
out effectively, after the interpretation of the results obtained
from “analysis N° 24 according to the Push-Y loading”. The
target was on intervening to improve the mechanical proper-
ties of the existing masonry, through the reinforcing layer
with “FRCM Geosteel g1200” [42]. The intervention in this
case was not enough to eliminate all the local mechanisms,
so at this point was followed by a second intervention, the
establishment of "steel-bracing systems", with two possible
configuration scenarios, positioned in two internal transverse
axes of the building (Fig. 17A). This double intervention
provided a significant increase of seismic performance in
terms of strength and rigidity (Fig. 17B).

Conclusions

Cultural heritage buildings are historically considered as
national assets that should be monitored and treated through
the most advanced technologies of building science. By
introducing the application of HBIM tools gradually, with
three to four dimensions in the improvement of the current
methodologies of the management of heritage buildings
and creating conditions for multiscale integration between
BIM environments, efficient outputs of 3D parametric mod-
els with massive data can be produced (Figs. 5 and 9). But
emphasizing the limitations within the state and academic
instances, progress must be advanced by highlighting the
problems of restoration in Albania.

The theoretical approach including several disciplines
with the help of BIM-Tools, followed in this study and fol-
lowing the path has shown its effectiveness in assessing the
vulnerability of the “cultural heritage” building designed by
the Italian architect Bosio (Fig. 1) [4]. The research under-
lines the possible applications of seismic-retrofit interven-
tions in a wide variety of unreinforced masonry buildings,
part of the architectural property of this period in Tirana. On
the other hand, the study aimed and succeeded in conducting

an in-depth research of archival projects; making frequent
historical documentation campaigns; surveying with innova-
tive instruments like “UAYV, Drone LiDAR Scanner, G.N.S.S.
tools, robotics” and digitization of projects including the his-
tory of interventions and layering (Figs. 5 and 10). Impact
on methodology and the findings of this study will be fully
available to other researchers to advance with more appli-
cable aspects regarding restoration strategies and projects.

The database and numerical files of integrated 3D mod-
els cannot be effective if they are not properly connected
with each other or without creating simulation parameteri-
zation. In the diagrams presented in (Figs. 5, 9 and 11) are
shown several sets of files that supply with data to the BIM
model, and on the other hand how the main model provides
or receives information continuously. All this aiming to cre-
ate frequently updated computational models which are not
only used for digitalization, digital archives or restoration
projects, but also perform the role of frequently monitoring
of the building performance (Fig. 10).

The method developed and adapted for the Albanian
case offers several categories of benefits: (1) an experimen-
tal model and an opportunity for improvement or reflection
on the systematization of the required data; (2) the proper
management of restoration processes; (3) a wide range of
data collection enabling processing layers without skipping
integrated BIM layers; (4) the treatment of structural perfor-
mance by relating the condition of the building to adequate
seismic adaptation; (5) multi scalar management of restora-
tion issues and interoperability of models through BIM; (6)
the integration of the information and data associated with
different researchers or actors with the main h-BIM model
including the multiscale BIM model to command the resto-
ration process and seismic retrofitting management (Fig. 5
and 9). The elaborated method is not rigid, it uses some prin-
ciples discovered by other researchers, on the other hand, it
gives a specific contribution to the connection and commu-
nication of models with the help of BIM-tools, minimizing
the loss of data (Figs. 5 and 11), also some tangible algo-
rithms (Figs. 6, 7, 8 and 9). The h-BIM model that operates
in different environments is a proper tool able to collect a lot
of sources and numerical data into main 3D-BIM environ-
ment to an important heritage building. In this research each
source was collected in the Autodesk environment, which
communicated with the 3Muri of the STA Data environment
easily converted within Autodesk with DXF & IFC formats.
The efficiency of the connection was achieved through the
use of the 3D model with geometric data of the building
in the 3Muri software, outside the Autodesk environment.
3Muri software used the simplified model in DXF format
imported from AutoCAD (Fig. 11).

Regarding the numerical model F.E.M. a good database
accessible inside and outside BIM environments was reached.
Static Non-linear analysis “Pushover” verifications in 3Muri
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software have given satisfactory empirical results related to
many aspects of seismic engineering, on the scenarios of local
and global collapse mechanisms referred to the selected build-
ing (Figs. 14, 15, and 17), improving further from [4]. Capacity
curves have been generated according to two directions, based
on the vulnerability index method, data that serve to identify
the vulnerable parts of the building. On the other hand give us
indications for efficient intervention projects on the seismic
retrofit strategy (Figs. 16 and 17A). Integrated h-BIM linked
with numerical model F.E.M. of the Tirana City Hall can be
adopted simply for different restoration purposes, including
management; seismic or other simulations; the draft-proposal
of retrofitting interventions; architectural adaptions; recon-
struction and digital management for MEP networks.

A series of limitations and boundaries are still present in
this study mainly in terms of the interconnection of models
between software’s which means few losses of numerical data
when the model is transferred outside the BIM environment.
Finally, it should be underlined that in general an acceptable
level of data integration has been achieved, indicating great
potential for further developments for integration and high
efficiency in the context of preservation, monitored mainte-
nance and adaptation of cultural heritage buildings.
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