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H mapodoa Aumdopatiky Awtpipn (AE), n omoio exmovibnke oto mAaicio Tov
petomTuylokoy pécm épevvag «Evpun Zvomuota [TAnpoeopiknoy, kabmg ko to
Aowmd oamotedéopoto TG avtiotoyng AE  amotelovv  cuvidloktnoiac  TOv
[Tavemomuov Atyaiov kot Tov @orTnTH/TpLag, 0 Kabévag amd Tovg omoiovg £xel TO
dkaimpa aveEAPTNTNG YPNONG KOl OVATOPOY®MYNSG TOVG (GTO GHVOAO M TUNUOTIKA) Y10
OWOKTIKOVG KOl EPEVVNTIKOVS GKOTOVG, GE KAOE TEPIMTMON AVOPEPOVTOS TOV TITAO
Kot 10 ovyypagéo kot to Titho tov IIMX tov Ilavemotiuiov Atyaiov mov
exmovnOnke n AE kaBmg kot tov emPAETOVTIO Kot TNV EMLTPOTN Kpiong.
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Eg@appoyég BIM ywo tekpunpioon roMtiopikig kinpovopde: H

TEPIATOON TOV KAGTPOL Xiypiov

Evotpdrtiog Kovtpog

Xpriotog-NiwkoAaog Mwpyog Toekoupag Kwvotavtivog Kwtng
Avayvwotonoulog
KaBnyntnig KaBnyntng AvamAnpwtng Kabnyntng
ErupAénwv E€etaotikn Emutponi) E€etaotikn Emttponn)

E€etaotikn Emtponi)
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Hepiinyn

ITnv onpepvn emoxn tng e€eldikeuonc, n SLEMOTNUOVIKA TIPOCEYYLON €VOC £pYOU AmOTEAEL
mAéov TNV OBV TMPAYHOTIKOTNTA 0TO KAASO Twv Kataokeuwv. OL cUYXPOVEG TEXVNTES
avTLKoOLoTOUV TI¢ TaPaSooLaKEG LeBOSOUC OoXeSLAOUOU, TTPOYPOUUATIONOU KAl KATAOKEUNG
£vO¢ Ktnplou. MapdAAnAd, eldikd og £pya HeyAAng KALLOKAG, TTOAD GUXVA Ol EUTTAEKOUEVOL
€VOG £pyou SpaoTnPLOTMOLOUVTOL TOUTOXPOVO KOl ETILKOWVWVOUV OE TIPAYHUATIKO XPOvo,
ETLTUYXAVOVTAG KOAUTEpO amoteAéopata. Ta Aoupwkd Movtéda MAnpodopiwv (BIM)
Bewpouvtal MAEov pa SladeSOUEVN TAKTIKN Kol adopoUV TOGO O£ GUYXPOVEG KATAOKEUEG
000 Kal o€ LoToplka Ktrpla. Eva lotoptkd Aoptkd Movtého NMAnpodopwwv (HBIM) cuvbualel
moAamAd SeSopéva, aglomolwVTag TNV YEWUETPLKN KL TV YEWXWPLKA TTAnpodopia evog
OVTLKELUEVOU, TPODHOSOTWVTAC TOUG EUMAEKOUEVOUG EVOC £PYOU, UE T QAPOITNTA OTOLXELD
Kol gpyadeio. H Bepatoloyia twv mAnpodoplwv mou eival eVOWHATWHEVEG og €va BIM
pumopolV va ekdpootolv péca amd TNV £vvolad Twv ToAAamAwy Slaotdoswv (n-
dimensionality). H é€psuva mou Tmpayuatonow}Bnke ota TAQIOLO TNC HETATITUXLOKNAG
gpyooiag, adopd otnv Siepeivnon twv Sladopetikwy Slootdoswv evog HBIM amo tnv
OTITIKA TNC Taflvounong twv mAnpodoplwy. ITOX0G TNG UETAMTUXLOKAG €pyaciag NTav n
QTMOKPUOTAAAWGN TNC £vvolag TwV SLOOTACEWY Kal Twv HETAEU Toug oplwv ocov adopd
otnv tafwvouncn tng mAnpodopiag. H petamtuylakn epyacia PacioTnKe O €KTEVIG
BBAoypadikr €psuva kot avaluon Kabwe Kot TNV epopUoyr TWV OMOTEAECUATWY QUTWY
otnv mpafn, Méow Tng meplmtwong tou Dpouplou Tou Zypiou otnv vioo AéoPo.
JuyKekplpéva avamtuxbnke éva 7D HBIM yw to mapomavw pvnueio pe okomd tnv
taflvounon twv mAnpodoplwy, Tou CUMEXBnkav kot adopolv ot €va TPEXOV €pYO
OMOKATAOTOONG, OTLG avtiotolxeg Staotaoelc. O okomog tnv €peuvag dev adopoloe otov
OPLOMO HLOG TIAYLOG TIPOCEYYLONG OXETIKA HE TG SLOOTACELS KAl TNV TAfVOUNCN TNG
mAnpodopiag, aAAd otnv SlatlTwon ULoG Tmopelag okéEPNG HEOW HLOG XOPOKTNPLOTLKAG
TPAKTLKAC eDAPUOYNC TIOU Uropel va Aettoupynost cov o8nyog ya thv dSnuloupyio HBIM
TIOANQTTAWY SLACTACEWV.

AgEerg-krewond: Aopwkd Movtérha IMinpogoprov, Iomtictiky Kinpovoma,

Awotdocseig, Taivopnon, Awayeipron 'Epyov Anokataotaong
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Evyoprotieg

Me tnv oAoKApwon Tng mMapoloOC HETAMTUXLOKAG epyaciag Ba nbela va suxaplotnow
OAoug ekelvoug mou cuveRaAav, o KaBevag e Tov S1KO Tou eEXwpPLOTO TPOTO OTNV ETILTUXNA
ekmdévnon tne.

Apxka Ba nBeAa va suyaplotriow Bepud Tov eMIBAEMOVTA TNG LETATITUXLOKNG Epyaciag, K.
Xpnoto NikoAao AvayvwoTtomoulo yla Tnv opopdn cuvepyaciog pag kad’ oAn tn Sapkela
TOU WETAMTUXLAKOU TIPOYPAUMOTOS. H otnplén tou, oL oulntnoslc Kol ol GUUPBOUAEG Tou
£natéav KaboploTikd poAo oTnv OAOKANPWGON TNG CUYKEKPLUEVNG EPYAOLOC.

Jtn ouvéxela Ba nBeAa va mw €va peydlo suxoplotw otov MNpolotapevo tng Edopeiag
Apyatotntwv Afofou, k. Mavlo Tplavtaduliidn yla tnv gukalpia mou pou £6woe va
00XoAnBbw pe TO KAOTPO TOU Zlypiou. Tov guxaplotw Bepud yla TV EUTLOTOCUVN Kol TN
otAPLEN TIoU Hou TPOodEPEL, KABWC KL yla TNV APLOTH CUVEPYAOLO HaG. XTO onuelo auto
o€ilel va eMONUAVW KoL TO UALKO TO OTIOLO HOU EUTLOTEVONKE, OMWG LEAETEG, CUYYPAUUATA,
dwtoypadieg K.A. TPOKELUEVOU VO OAOKANPWOW TN UETATITUXLAKI LOU £pyacia.

EruumAéov, suxaplotw toug BapPapa Bahdkou (apxltektovikn LeAétn), Mwpyo Ntouvid kot
EupuBLadn Awrmeépn (vewtexvikn pehétn), Kwvotavtivo Mamavtwvonoulo (otatikn LEAETN)
KoL TNV etalpeia Imantosis (YEWUETPLKA TEKUNPLWON) yla TIC €EALPETIKEG HUEAETEC TIOU
ekmdvnoav oTo TAAICLO TOU £PYyOU QTIOKATAOCTAONG Yl TO KAOTPO TOU Zlyplou KO OTLG
omnoleg Baolotnke LEPOG TNG MAPOUCAC LETATITUXLAKNAG Epyaoiag.

Akoun, odpeilw éva peyaho suyoplotw otnv Eupudikn Tolhykipn, ApXLITEKTWY MnXaviko, TnG
omolag oL oupPouréc cuvéBalav otn PBeAtiwon TOU QMOTEAECUOTOC TNG gpyaciag. Tnv
EUXOPLOTW YLO TIC OUTNTNOELG HaG KOL TLC TTOAUTLUEG TANPODOPLEC TIOU OV TIPOCEDEPE.

Oa nbela va suxaplotriow tn GiAn kat cuvodolmopo Aéva Tupokou, Tomoypado Mnxaviko
Tou £ival cuvexwg mapoloa Kal UTIOOTNPLKTIKA O O,TL 0TOX0 BETw.

KAelvovtag, Ba nBela va nw £va TEPAOTLO EUXOPLOTW OTOUC GIAOUG KOl TNV OLKOYEVELA HOU,
ol omoiolL OMW¢ KAVOUV MAvTa, £T0L Kol autr Tt dopd otnp€av tnv mpoomadeld pou va
EPEUVNOW TO ETILOTNOVLKO TieSi0 TIOU e evBladEpeL, e evBAppUVAV KL LE CUVTPODEUTAV
og OAn TN SLdpKeLla autol tou dpopdou Tattdlou.
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Abstract

In today’s expertise age, the multidisciplinary approach of a project is becoming a universal
reality in the AEC industry. Modern techniques are superseding the traditional ways of
planning, scheduling and constructing a building, while in large-scale projects the
stakeholders are acting simultaneously and communicate in real time, achieving better
results. Building Information Modelling is a novel technique assisting both the modern
constructions and the historical buildings. A Historical Building Information Model (HBIM)
integrates multiply data through the geometry of an object, providing stakeholders with the
necessary information. The subject matter of the information enveloped within a BIM are
expressed through the different dimensions. The postgraduate thesis approaches the
dimensions of an HBIM from a classification perspective. The main object of the research
was to clarify the utilization of the dimension classification and overpass the blurred
boundaries between them, encouraging stakeholders to determine the dimensions of
HBIMs. The survey was based on a bibliography research and analysis, alongside the
implementation of their results within the case study of Sigri’s Fortress. A 7D HBIM of the
monument was developed in order to crystallize the dimension classification through
ranking all the gathered information to the corresponding dimension. The purpose of the
research was not to establish a rigorous standard of classification, but rather to provide a
typical example of mindset regarding the dimensions of a Heritage BIM.

Key-words: Historical Building Information Modelling, Cultural Heritage,
Dimensions, Classification, Restoration Project Management
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Introduction

The purpose of this particular postgraduate thesis was to research the modern techniques
and the perception regarding the introduction of n-dimensionality within HBIM systems.
Alongside, through the case study of Sigri’s Fortress, theory and practice coordinated in
order to achieve the clarification of 4D to 7D dimensions of an HBIM restoration project.

In detail, chapter one introduces the reader to HBIM systems through a brief introduction,
concerning the adoption of BIM and HBIM systems within modern and historical buildings.
The advantages and the opportunities from the utilization of BIM systems are pointed out,
focalizing the coordination of the information and the stakeholders’ collaboration.

Chapter two concerns an extended bibliographical research, regarding the trends of HBIM
adoption and dimensions. Firstly, the dimensionality of HBIM systems is represented in a
classification perspective. Consequently, seventy-two (72) case studies are analyzed and
their subject matter is documented. Furthermore, based the dimension classification, the
“incognitos dimensions” of every case study is pointes out, resulting charts and graphs that
represent the evolution of every dimension adoption in practice and their in between
correlation.

The theoretical perception, turned into practice within chapter three. Based on the
dimensionality adoption in modern construction and the research conducted in chapter two,
an extended and detailed, restoration oriented, table with every dimension content is
created. Based on the table of dimensions’ content, all the necessary data and information
for the development of a 7D HBIM for the restoration of Sigri’s Fortress is acquired.

Chapter four concerns, the development of a restoration oriented 7D HBIM for Sigri’s
Fortress ongoing restoration project. Firstly, the modeling phase of the HBIM is described in
detail. Consequently, every dimension of the HBIM is enriched with the corresponded
information and data. Alongside, a short application/implementation from the utilization of
every dimension is represented.

The conclusions of n-dimensionality implementation, within HBIM systems, for the
management of an ongoing restoration project are analyzed in chapter five. In particular, the
advantages of HBIM n-dimensionality in practice are pointed out. Also, the facts that came
up as results from the case study are substantiated and documented as granted to be used
in further projects regarding HBIMs.

Postgraduate Thesis MSc by Research «Intelligent Computer Systems» of the 9 b
postgraduate student Efstratios Koutros 1
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1 Historical Building Information Modelling — A Brief
Introduction

Building Information Models were developed and mostly used by the modern AEC industry,
as a result such technologies are popular among countries with long and large construction
projects or rapid urban development [1]. The advantages of BIM systems, among others,
concern the coordination of a construction (from its planning until its demolition) and the
integrated management of the project alongside the financial management. The benefits of
utilizing BIM in practice are multiple, and related to minimized cost, timescale and resources
of a construction project, reducing at the same time the environmental footprint of a
construction [2].

In terms of cultural heritage, the coordination and the management of a project is a
multidisciplinary procedure that requires the systematic collaboration of various
specializations. During a restoration or consolidation project, there is a chance of
inestimable aberrations to come up. In the case of a historical building, the risk of an up-
coming mistake concerns the impact to its cultural values and its sustainability. Therefore,
Historical/Heritage Building Information Modelling - HBIM came up to meet the demanding
needs of cultural buildings and their corresponding assets. Since its first introduction by
Murphy in 2009 and its utilization as a modelling tool [3] until nowadays, HBIM appliance in
historical buildings is becoming widespread and more efficient in matters of restoration and
management.

Fast visualization of the studies, carried out within a monument’s restoration project,
through 3D representation stands as a key tool for information and data transmission [4].
Furthermore, the complicated terminology and the intricate draws, used as the main
communication channels, are proven to act as barriers that limit effective communication. In
this sense, the key tool, for information and data transmission, mentioned before may
sometimes be the only one [5], taking into consideration that the stakeholders may often
belong to a completely different scientific field.

HBIM systems are considered a collaborative methodology revolved around advanced
technologies capable to associate the 3D geometry and the cultural context of a monument
throughout its lifecycle [6]. Such systems are able to give solutions to the core of the
problem offering an environment, accessible for all the stakeholders, in which geometric
information, accompanied with essential data, are provided for everyone in the simplest
possible way, through an enriched 3D model.

An appropriate appliance is able to incorporate essential information for a historic building
such as material and decay data, structural methods, environmental assets etc. Taking
advantage of this, it is possible to carry out different studies and operations using the same
informational system [7 A3]. Furthermore, due to the interoperability of BIM platforms,
stakeholders, engineers, responsible authorities, advisors and contractors are able to
collaborate and communicate efficiently, overcoming complications and data lose arising
from traditional design approaches.

Postgraduate Thesis MSc by Research «Intelligent Computer Systems» of the 0 b
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2 Dimensionality Extension of BIM/HBIM - Bibliographical
Research

Alongside with the spread of HBIM regarding managing cultural context, such as in the
modern construction industry, the need for classifying a model depending on its geometry,
details and information complexity came up. In the case of a modern building construction, a
solid and linear procedure has been established, in order to enhance the Level of Geometry
and Information (LoG & Lol) during the lifecycle of the settlement, from its design phase till
its demolition. Every construction element is treated according to the Level of Development
required for its planning, development and management [8 A4]. However, because HBIM
contains more complex entities, similar classifications came up to meet and complement the
needs of the existing historical buildings. The previews concept of LoD and Lol are enriched
with a more practical approach that enhances the process offering the benefit of classifying
complex objects and data while giving, at the same time, traces about their modeling
technique [9 A5].

So far, Grade of Generation and Grade of Information (GoG & Gol), in combination with the
established, from the AEC, concepts, have offered a great deal in determining the
requirements of a HBIM project both in matters of data collection and processing as much as
in the effortless and direct transmission of the model’s development. Stakeholders can be
constantly aware of the amount and detail of information that are enveloped in the model.
In this sense further studies can be focused in fulfilling deficiencies, additionally it is possible
to utilize the model as a sustainability tool that can be used from cadets stakeholders at
future time.

2.1 The Dimensions Classification for HBIM systems

As far as the details, the amount and even the quality of information is concerned, standards
have been set to serve the needs of HBIM projects and the requirements of unique
specialized approaches. Similar efforts were carried out in order to apply the dimension
classification for Historical BIM projects (see Fig. 1). In contrast to LoD and Lol, matching the
dimension of a BIM for a modern contraction to the ones of a historical monument is not a
direct process. For the most of these classes some differences arise imposing certain
conversions [10]. Thus, the exact equivalence has not yet become clear, nonetheless, there
is, for the time being, a common acceptance concerning dimension 3D to 7D.

The generation of a high detailed, in terms of architecture, model is common both in
modern construction and existing buildings. The latest trends in documentation heritage
buildings through BIM, although they are using high accuracy technologies to capture reality,
focus on exploiting dense point clouds to achieve deep perception of the historical structure.
Putting in use all this information the 3D of an HBIM is consisted of the meaningful
geometrical elements in a conceptual way, sparing energy and time during the modeling
process [11, 12].

The parameter of time in HBIM project, as it happens with modern constructions, is
expressed with the fourth dimension (4D). Through this dimension the stratigraphy of the
historical building can be captured, including phases that are not still preserved ‘in situ’ [13
A10]. In this sense, historical analysts can interpret the construction process [14, 15 Al11, 12]

Postgraduate Thesis MSc by Research «Intelligent Computer Systems» of the 1 b
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or events that affected the state of the monument, while engineers and constructors are
able to scheduled restoration activities within this dimension.

The cost management for the construction of a modern building is concluded within 5D. For
a new construction these costs respond to materials costs, land value, labor, construction
machinery etc. Suchlike this dimension for heritage building corresponds to the cost of a
restoration or a conversation operation and their parameters [16 A13]. In such cases,
intervention studies are conducted in a sustainable way preserving and promoting the
cultural assets. Expanding the concept of cost around cultural heritage, 5D may include
expenses for the dissemination of the cultural values of a historic building such as special
lighting, occasional culture exhibitions or even operating costs (energy consumption,
employees etc.).

The interaction of new buildings, with the physical aspects and the adjoining environment in
general, is attributed through 6D. As it happens in modern facilities the environmental
conditions affect directly a historical building [9 A5]. Whether a building with a beneficial use
or not is concerned, the state of preservation depends on natural mechanisms which, may
cause critical damage to architectural parts and authentic material. If a historical building is
still in use (original or alternative use), it is important for the stakeholders to incorporate
within the HBIM all the physical aspects that affect the structure or the operation of the
building [17, 18 A14, 15]. Nevertheless, just as the environment affects a historical building
thus the second influences the first, it is essentially a relation based on interaction. In this
sense, 6D correlates a historic building to the conditions that have been formed in the
related area because of it. This becomes more understandable, when significant monuments
are taken into consideration, due to which specific urban conditions and circular economies
[19 A16] have been established. These conditions may not necessarily correspond to the
present, but perhaps they are referred to specific historical phases of the monument [20
A17].

For the time being the correspondence of dimensions between BIM and Historical BIM
reaches the seventh dimension (7D). Within this dimension, stakeholders enrich HBIM with
all the necessary studies, information and data for the sustainable management of a
historical building and its cultural values [21 A18]. Such information may be conservancy
status [22 A19], decay, corrosion and decomposition data [23, 24 A20, 21], interoperability
matters [25 A22], activities for dissemination the cultural values [20, 26 A17, 23] and virtual
reconstructions of collapsed monuments [27 A24]. Moreover, having all this critical
information attached to the same model, decision-making process is facilitated and
managers reach optimal conclusions and solutions [28 A25].

Postgraduate Thesis MSc by Research «Intelligent Computer Systems» of the 2 b
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Figure 1. Dimensions classification expressed with HBIM terminology.

2.2 Bibliography Research and Analysis Objectives
The purpose of the bibliography research and analysis, is the gathering, the analyzing and
the classification of a representative sample of HBIM case studies related to historical
buildings and cultural heritage management in general. The classifications concern the
dimensions 3D to 7D of HBIMs, according to the information attached to them and the
object of their subject.

This research was chosen to be conducted in order to fill in the gap detected within the
scientific literature. Several analyses have been conducted concerning optimally workflows,
open software, special classifications, efficiency of BIM among diagnostic and management
issues, spread of HBIM over the years within other information systems, research of the
latest trends around HBIM etc. [6, 29, 30, 31, 32, 33, 34, 35]. Nonetheless, there are some
missing points concerning the subject matter of HBIM projects over time and also the
dimension classification of the projects which is not mentioned. This review aims to cover
the bibliographical gaps, while at the same time, to confirm the importance of HBIM
dimensions and their application to the efficient and sustainable management of cultural
heritage.

2.3 Research Methodology

2.3.1 Data Collection and Coordination

In order for the review to be representative, seventy-tow (72) conference and scientific
journal articles were selected, which they correspond to the research, projects and trends
over the years and around the world. Every article or paper concerns a case study, either for
a specific monument or for a set of historical buildings and a HBIM had been established for
each of them. At first place, every case study was listed according on its publication date
(year), the main author’s name and affiliation details (country, university or agency). Also,
for every one of them, a brief description was drafted for easy and rapid access to the key
content. Furthermore, for convenience in analysis of the data a unique ID was assigned to
each case study. (see Fig. 2)

The second part of the data coordination, dealt with the correspondence of every HBIM
dimension to each case study. According to the prevailing interpretation of the dimensions
(as explained above), five categories were created (3D, 4D, 5D, 6D and 7D). For each case,
the dimensions corresponded to the HBIM were marked. As a result, a list that connects
every case study is created, to the dimensions it develops and all the necessary information,
suited for the specific analysis as it presented in Figure 2.
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Case Country of | Institution/ 5
, Date (Year) s .| Short Description First Author 3D 4D 5D 6D 70
Study 1D arigin  |Organization

1 2016 Spain University of [H and8oon oto HlJuan E. Nieto
Sevilla
2 2018 Poland Military AxpfAw povtsdorlAnna Fryskowska
University of
Technology

in Warsaw

3 2018 ltaly University of [Avantiazet StadodS. Brusaporci
L' Aguila
4 2018 ltaly Univerity of |Texkunpiwon g yAngela Bosco
Salemo,

Univerity of
Napoli

5 2020 Spain, Italy |University ot |AtoBntr)peg ou t|Rocio Mora
Salamanca,
University of
Madrid,
University of
Torino

6 2019 Spain, University of |HBIM mhaxddppa [Isabel J. Palomar
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Figure 2. A part of listing and management of the necessary data from each case study.

2.3.2 Data Analysis
Prevalence of HBIM Dimensions. At first glance, it is obvious that most case studies
concerning HBIMs have to do with the geometric documentation of the object and its overall
management. As it is shown in Figure 3 3D and 7D appear to be the most common
dimensions.

As far as the 3D is concerned the geometrical documentation of the historical building is
necessary, similarly to the case of setting up a HBIM. Furthermore, according to the data
collected, it is noticed that during the first years of the past decade most of the research
efforts focused on establishing a workflow for the modelling process utilizing laser scanner
and photogrammetry documentation techniques. Contrariwise, in recent years, these
research approaches have been minimized, as previous efforts paid off. In most of the case
studies, Scan-to-BIM methods are applied, approaching the geometry of the object in a
more conceptual way. In any case the deviation is checked depending on the projects’
demands.

Almost in one out of three cases within the HBIM project the parameter of time, i.e. 4D, is
included. The most frequently usage of 4D is related to the stratigraphy and the
historical/structural phases of the monuments. There are also cases where the parameter of
time participates in operations planning [36 A32] or as information for the dissemination of
the monuments’ historical values [20 A17]. However, despite the fact that the results were
efficient, such applications were limited.

The dimension that was developed less among the case studies was 5D. One of the reasons
related with this fact is that HBIM is not still a methodology applied widely for the execution
progress. As a result, there is no need for estimating costs for the restoration tasks. Unless
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the stakeholders and managers put this new approach (HBIM) into practice there will be no
change regarding this fact.

As in the previous case, 6D is a dimension that is not often included in the management
process. In most case studies, 6D concerns the environmental parameters that have
noticeable affects to a monument, while in fewer projects it is presented the relation
between the monument and the urban environment [37 A33]. However, the sustainability of
cultural heritage is a major issue while the environmental factors are perhaps the most
important aspect especially for recent monuments that are still in use [38 A34]. In this sense,
it is expected that 6D will be an integral part of the management process.

From the early ages that BIM technologies were applied within cultural heritage till the time
being (December 2022), the main ambition was a methodology for the interoperable and
integrated management of cultural heritage. In other words, 7D is a dimension appeared in
most of the cases whether it concerns the preservation planning, the presentation of the
cultural values or the management of a monument in general. During the past decade the
research community examined the enrichment of a 7D HBIM with various parameters
aiming to amplify the efficacy of cultural management not only within BIM platforms but
other subprofessional applications due to the interoperability of BIM.

Figure 3. Frequency of HBIM dimensions among the case studies (expressed in percentage).

Dimensions Over Time. The utilization of HBIM dimensions depends on the usage of BIM
techniques for heritage issues. Over time the use of such methods have increased
impressively, especially during the last years. In general, it is marked that all dimensions (3D-
7D) appear an increasing rate of appliance that is more intense during the last two years
(2021 and 2022). (see Fig. 4). This incising rate is expected to continue, while the appliance
of all dimensions will be balanced equally as HBIM systems are evolved to be an integrated
management process.
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Figure 4. Temporal evolution of the appliance of dimensions within HBIM projects.

Dimensions Correlation. The cases that all dimensions have been developed in a single
project are few [39 A35], but still embody the efficiency and benefits of using BIM
techniques as an integrated tool for the management of a monument. High correlation is
observed between 4D and 7D, since in many cases the historical and structural evolution of a
monument is necessary and takes place before other management tasks. This way, the
stakeholders are able to understand the monument and incorporate the appropriate
parameters within the 7D. Another frequently occurring interconnection is the one between
6D and 7D. This is due to the fact that, in most cases, the environmental parameters were
included into the model, they were used for conservation, preservation issues and
management [18, 38].
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Figure 5. Correlation among the dimensions of HBIM.

2.3.3 Bibliographical Research and Analysis Conclusions

Most efforts, concerning HBIM, are related to research project on various, specialized most
of the times, topics, while in specific cases certain methodologies and workflows have not
yet been clarified. Although BIM has been applied to solve specific issues, the cases that it
has been treated as an integrated management tool are the vast minority. In these few
projects, it is observed that all dimensions (3D to 7D) are developed in order for the model
to be enhanced with all the necessary information. In particular, emphasis is given to specific
matters, but still information that is involved indirectly is not sidelined. In this way,
stakeholders are deeply aware of all the parameters of the monument, resulting in optimal
decisions and more effective solutions.

The HBIM of a monument is not just about dealing with a specific situation or issue, instead
it constitutes a depositor of information and data for the monument and if treated
appropriate it can compose an integrated tool for the management of the monument. If the
information and the geometry are being transformed accordingly to the changes that
happen to the monument in reality, the HBIM can be turned into a digital twin. In this sense,
the HBIM of a monument is a management tool that is meant to be for a long time after its
development as it escorts the monument in every step of its life cycle. Therefore, just like it
happens with the other classifications (LoD, Lol, GoG, Gol), it is necessary for the dimensions
of a HBIM to be defined from an early stage. In this manner the stakeholders, especially the
new ones, may be aware of the subject matter of the HBIM. This is a great help for other
relevant specialists that have no experience is such matters.

In conclusion, dimension classification is characterized as essential for a HBIM. Through this
particular research, utilizing this classification, it was made possible to study and analyze the
subject matter of HBIM over the years. It seems that BIM techniques, concerning cultural
heritage, are evolving impressively to a dynamic management tool. This modern approach,
regarding historical buildings, has gone through evolutionary stages and has become a solid
solution in the hands of the specialists. During the last two years, the appliance of BIM
techniques has revealed a huge impact regarding the management of cultural heritage,
while this fact is expected to be continued in the future more intensely.

Postgraduate Thesis MSc by Research «Intelligent Computer Systems» of the 7, b
postgraduate student Efstratios Koutros 1



[TANEITIZTHMIO
AII—‘AI()E BIM applications in Cultural Heritage: The castle of Sigri, Efstratios Koutros

3 Dimensionality of HBIM in Practice - The case study of Sigri’s
Fortress

The primary objective of this particular postgraduate thesis is to examine the introduction of
the HBIM’s dimensions in a classification perspective in order to further categorize
information, data and tasks of an ongoing BIM restoration project. Through the case study of
Sigri’s Fortress restoration, theory and practice around BIM and HBIM n-dimensionality
trends are combined together, analyzed and clarified in order for a typical example to be
conquered. Alongside, the research tends to invalidate the perception of a rigorous standard
regarding n-dimensional extension of HBIM systems [40], towards a flexible classification of
the information and the activities to a corresponding dimension in dependence to the
purpose and the need of the project.

3.1 BIM n-Dimensionality in Practice- AEC industry and Historical
Buildings

The 4th and the 5th dimensions (4D and 5D) were rapidly adopted within BIM techniques
representing the variables of “time” and “cost”. These dimensions are considered
crystallized, regarding their information. Through their utilization, results of high accuracy
can be exported [41]. The 6th and the 7th dimensions (6D and 7D) are still under
consideration, regarding their variables, since confusion between theory and practice, still
stands. Specifically, 6D and 7D, in theory, represent information regarding sustainability and
management while in reality, professionals have not yet established the appropriate
standards accompanied with typical examples, offering a consistent procedure to attach and
utilize such information within a BIM system [42]. A thorough introduction of the 8th
dimension (8D) of BIM systems has been made recently, embedding the activities regarding
SOEL management [43]. The adoption of the 8D in practice would integrate the commonly
accepted variables of a construction project within an all-inclusive intelligent system (from
its planning until its demolition). Although it seems quite promising, professionals should
examine whether the SOEL management requires the adoption of 8D or it can be included in
the other existing dimensions.

BIM systems, related to cultural heritage, also introduced dimensions other than 3D, for
them to assist the management of their multifactorial information. The different perspective
of a restoration or a consolidation project of a historical building, compared to a modern
construction, requires additional effort. The tasks and the information enhanced within a
HBIM are not always similar to the ones of a modern’s building BIM. Correspondingly the
dimensions (4D to 7D) of a HBIM are not a direct match with the dimensions of a BIM [10].
For the time being the n-dimensionality within Historical BIMs has not yet been clarified,
nevertheless there have been some significant attempts which map the regular activities of
historical buildings management to a corresponding dimension [44, 21] (Table 1). However,
the lack of certainty, guidance and typical examples makes the professionals and the
stakeholders decline the appliance of nD terminology, within their projects.
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Table 1: Dimensionality extension of HBIM systems [45]

Dimensions Substance Activities/Data Data
3" Dimension Geometrical Documentation Conceptual Modelling Point Cloud
Architectural Documentation Detailed Modelling Architectural Draws
Modelling Geometry Clarification Photographs
3D Reality Documentation Orthophotos
Design 3D Objects/NURBS

4™ Dimension

5% Dimension

6" Dimension

7™ Dimension

Stratigraphy
Historical Analysis
Structural Phases
Planning/Timetable

Diagnosis
Studied/Researches
Restoration Costs
Conservation Costs
Consolidation Costs
Dissemination Costs

Environmental Factors
Urban Environment
Cultural Landscape
Energy Efficiency

Management
Preservation
Protection
Dissemination
Sustainability

Historical Research
Construction Stratigraphy
Restoration Planning

Architectural Study
Structural Study
Geotechnical Study
Material Study
Restoration Costing
Conservation Costing
Consolidation Costing

Energy Consuming
Wind/Rain Simulation
Neighboring Entities
Shadows Simulation
Environmental Interaction

Cultural Assets Highlighting
Restoration Interventions
Consolidation Operations
Maintenance Activities
Sustainability Research
VR/AR Sightseeing
Stakeholders Communication
Sightseeing Management

Historical Documents
Historical Sources
Excavation Data
Construction Timeline
Scheduling

Historical Photographs

Material Cost
Equipment Cost
Machinery Cost
Energy Cost
Workers Cost
Operating Cost

Wind Rose

Sun Path

Surface Temperature
Physical/Chemical Assets
Topography

Kw/h per Operating Equipment

Studies/Researches Blueprint

Studies/Researches Instructions

Law Restrictions
Protection Protocols
Realistic Material Texture

Information Sharing Protocols/IFC

Visitors Traffic
Activities Planning/Execution
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3.2 A Data Acquisition and Coordination

3.2.1 Historical Analysis
In the southern part of Sigri, a village in the west side of Lesvos island, stands until today an
imposing Ottoman fortress, testifying the history of the land and the strategic importance of
Sigri’s during the last period of Ottoman’s domination in Lesvos (Figure 6).

Figure 6: Aerial view of Sigri’s Fortress from the west, the settlement of Sigri can be seen in the
background.

In order to put a lid on piracy hogging of the area and ensure a strategic rout to Aegean Sea,
“Kapudan Pasha” Karabagli Suleyman, during the short reign of Sultan Osman lll (1754-
1757), commanded the construction of the Fortress of Sigri, in the year 1757 [45]. Because
of the fortress and its regular guards. From reports, it appears that the primary aspiration of
the Fortress was to defend against small local attacks since, in accordance to its capabilities,
the construction was not able to come up against a strong, methodical attack from the sea
[46]. Sigri at that time, due to the fortress’s regular guards, was an administrative division
(Kazas) of great importance that ruled the western coasts and villages of Lesvos and was
inhabited by 235 ottoman families [47].

In a short time after the Fortress’s establishment, a major renovation took place. The new
plan of the structure pertained to the weakest SW part of the fort and the form of the main
walls (Figure 7). Such modifications, in the case of Sigri, were not the result of destructive
attacks or natural disasters, but a part of an extensive reconstitution of Ottoman military
force and modernization of fortresses [48].
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Architectural Phase A = Architectural Phase B

Figure 7: Sketch representation of the first (left) and the second (right) architectural phases of
Sigri’s Fortress within BIM software.

During the operation of Sigri’s fort three earthquakes took place and affected the area, one
in 1775, one in 1867 (6.8 R) and the last and most destructive in 1889 (6.7 R), which also
caused damage to the fort and destroyed several parts of the main wall [49]. Regular
Ottoman guards were settled and operating in the fortress until the independence of the
island of Lesvos in 1912. In 1915 the fort of Sigri was used for the last time as a supply center
from the British-France alliance “Entente Cordiale”.

In 1923, after the co-sign of the Treaty of Lausanne, the exchange of Greek-Turkish
population took place and as a result Greek population established in Sigri [50]. As the needs
for housing were increased, many poor residents were benefited from the building material
of the fortress. Therefore, during that period, most crenellations (due to easy disintegration)
of the Sigri’s fortress, were detached and were used as construction materials for the local
settlements. Since 1938, the fortress of Sigri is protected by law, as a declared monument of
the Greek state [51, 52]. In the early 2000s, a series of consolidation and restoration tasks
took place in the main gate, in the guard’s cells and other critical areas [50] ending up
warping the architecture of the fortress.

Nowadays the monument is of great importance for the local community in two ways:
firstly, as a pole of culture for the residents (at some point the patio of the fortress hosted
cultural events) and secondly as a significant factor for the strengthening of the local,
growing, economy regarding tourism In terms of history and architecture the fortress is
considered significant because, there have been only some scarce examples of designing and
constructing fortifications, according to the modern techniques, on behalf of the Ottoman
Empire in Greek territory [53].

3.2.2 Architectural Analysis
The historical and architectural research of Sigri’s Fortress concerns three main topics: the
analysis of the construction phases, the architectural documentation of the existing status of
the monument and the analysis of the pathology and deterioration of the historical
structure.

The identification of the first and the second construction phase of the fortress was a critical
factor for the 4™ Dimension of the HBIM but also for the modelling process. Objects from
different construction phases should be modelled as individual, in order to enhance them
with the corresponding historical data. The geometrical documentation of the monument
through, highly detailed and accurate, 2D draws was a substantial tool for the 3™ dimension
and the modelling of a representative HBIM. As mentioned before, the main object of the
research was the development of a 7D HBIM, as a result the time-consuming modelling
process was surmounted. Through the architectural draws, the documentation step was
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skipped while the selective modelling of specific objects with sufficient detail was possible
and time efficient. At the same time through the appropriate tools the highly detailed draws
could be included within the HBIM, incorporating supreme geometrical information.

Concerning the deterioration integration within the HBIM, for every architectural draw there
was also a corresponding draw relating geometry with decay. In this sense, all this
information could be linked with the HBIM, enriching with information 5D and 6D.

The aforementioned research was the background for the restoration study. At this point
the study concerned the main gate and the bastions of Sigri’s Fort, giving guidance through
restoration plans and technical reports. Such data were utilized almost in every single
dimension of the HBIM and proved to be very useful in several ways (3D modelling
unconstructed objects, 4D separate modern interventions from the historical construction,
5D restoration cost estimations, 7D general management of the restoration tasks

3.2.3 Geotechnical Research
The broader topography of Sigri’s Fort is indissolubly connected with the monument’s life-
cycle. The foundation of the walls and the bastions, which are established on the natural
rock of the cape, directly affects the preservation of the historical structure over time. The
multifactorial, geological and morphological, analysis of the natural rocks is of great
importance and could be considered the starting point for the restoration project.

The subject area of the geological and geotechnical study of the Fortress encompassed, not
only the physical properties of the natural rock beneath the historical structure, but also a
wide field of factors that have an impact on the natural landscape or the monument itself.
The seismicity and seismic risk of the island of Lesvos, along with the seismic activity of the
area were analyzed and associated with the geological analysis of the cape of Sigri’s. Within
the geological analysis, samples were selected and tested in order to identify their physical-
chemical properties. Moreover, risk areas were detected, recorded and analyzed, helping to
draw conclusions about the failure mechanisms. The results of this extensive research led to
the compilation of thematic maps for Sigri’s cape, among others the geological map of the
natural rocks of the cape and the area beneath the foundation of the Fort (Figure 8) and a
risk-map indicating the dangerous areas of the cape. The methodological approaches,
dealing with the structural and erosion problems that concern the foundation of the
monument were also discussed. The aforementioned study, was included within the HBIM,
utilizing the maps and the physical properties of the rocks, and mostly reflects the 6%
dimension of the model. Through 6D, the association of the monument with a part of its
physical environment, was accomplished.
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Figure 8: The geological overall map of Sigri’s cape. (Dunias G., Liberis E. | EDAFOS | Consulting
Engineers S.A.). Source: Archive - Ephorate of Antiquities of Lesvos.

3.2.4 Structural Research
The structural analysis of Sigris Fort consists of two leading topics, the durability of the
material related to the monument and detailed instructions/approaches for the structural
rehabilitation of the historical construction.

The study of the material durability took into consideration the other three researches and
classified the historical materials (existing stone, mortar, wood etc.), the modern
intervention materials and the natural minerals underneath the fort, according to their
durability, such as compressive resistance, tensile strength, bending strength, Young’s
modulus, etc. The physical properties of the materials (historical or modern), consisting the
monument, were included within the HBIM, mirroring the 5™ and 7" Dimension.

In accordance to static adequacy issues, the restoration study of the gate, the two main
towers and the material endurance study, created the corresponding finite element models
(FEM). Through the structural study, the adequacy of the main gate and the two towers was
inspected while the risk areas were detected. The study was accompanied with plans views
of the material loss, alongside the detailed draws indicating the restoration and
conservation approaches. Such plans and draws were attached within the HBIM of Sigri’s
Fort in the corresponding views.

3.2.5 Maintenance Research — Building Materials Analysis
The proposal of maintenance mortar for Sigri’s Fort took into consideration the physical and
chemical properties both of the authentic mortar and the historical structural stones, used
during the construction and the renovation of the Fortress.

During the preparation of the study, sample of authentic mortar and stones were collected
from different locations of the monument in order to collect representative data. The
analysis of the samples took place in specialized laboratories, notifying the physical
properties and chemical composition of the historical materials that constitute the Fort.
Taking into consideration the architectural restoration and structural rehabilitation of the
monument, several types of mortars were created and tested for the purpose of proposing
maintenance mortars ideal for any task required. The additional information of the
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maintenance mortars composed a part of the 5™ and 7" dimension and enriched the HBIM
of the monument. Having access to such information, assists the financial management of
the project providing accurate calculation of the material cost, while at the same time, is a
convenient tool during the restoration stage, expediting the dissemination of information
from an easy to manage 3D model, directly to the construction site.

3.2.6 Geometrical Documentation

The determination of the geometry of a historical building is considered a crucial point
within a restoration project and usually takes place in the early stages of research. For the
geometrical documentation of Sigris’s Fortress both terrestrial laser scanning techniques and
photogrammetry methods were used in order to capture reality. The whole process was
supported by classical geodetic methods providing a fixed point network and GCPs (ground
control points). The derivatives of the survey were highly accurate 2D illustrations
(orthophotos maps) and a detailed colored point cloud of the monument and the nearby
area (Figure 9).
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Figure. 9: The detailed point cloud of the monument and the nearby area, resulting from the
combination of photogrammetry and terrestrial laser scanning (IMANTOSIS | Architects |
Restorers). Source: Archive — Ephorate of Antiquities of Lesvos.

The high accurate and detailed geometrical documentation of the monument was a useful
background and utilized from the other researchers when needed. Alongside with the
architectural plans of the restoration research, geometrical documentation, proved to be a
decisive tool for the 3rd dimension of the HBIM, assisting in the modelling process and
saving time due to the easy to manage 3D model within the BIM platform. The 2D plans and
the 3D model of the monument were included within the final HBIM for easy access to high
detailed geometrical information, while they were also linked to it through URL encoding so
that they can be processed with expertise software.
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4 The Development of a 7D HBIM for Sigri’s Fortress

The development of an HBIM arises from the need to represent the geometrical information
of a historical building, enhanced with necessary assets that serve specific activities or
document crucial information. In the case of Sigri’s Fortress the primary objective of
developing an HBIM was to support the 1% phase of the ongoing restoration project and
comprise the bedrock for the planning and the implementation of the 2™ phase of the
project. Furthermore, through the utilization of the information and the tools which are
provided from the HBIM system it was possible to examine several proposals for the
utilization of the patio within the fortress’s walls in a realistic perspective both in matters of
architectural interference and in matters of construction and cost.

4.1 Modelling Phase
The modelling phase of Sigri’'s Fort HBIM was divided in three different parts, the natural
topography of the cape, the Fortress and the nearby environment (natural and urban). This
particular separation was deemed necessary, due to their differences regarding the accuracy
demand, the modelling tools needed and the information attached on them.

4.1.1 The Modelling Process of the Topography

From the utilization of the geotechnical 2D draws, combined with the proper tools, the
natural topography was modelled, based on the contour lines. The procedure was
completely automatic and the geometrical detail was more than adequate. The topography
of the cape was shredded in individual parts based on the corresponded rocks that form the
natural cape beneath the historical construction. Alongside the topography, the foundation
level of the fortress was approximately created based on geometry proportions (Figure 10).
The level and the geometry or the material of the foundation, are editable and will be
customized in accordance to the results of the future excavation research.

Figure 10: The modeling stage of the natural rocks of the cape (on the left). The modeling stage
of a realistic topo surface for casual use within the restoration project (on the right).

Furthermore, in order to achieve a realistic model for the natural surface of the cape, a
second topography was modelled based on the point cloud of the geometrical
documentation. This additional surface was deemed necessary, as a background more
likable for casual use within the HBIM. The user may have access at any time in the
topography based on the geotechnical research and its information, if a task of the project
commands.

4.1.2 The Modelling Process of the Fortress
The modelling process of Sigri’s Fortress was based mostly in the detailed point cloud, which
was assisted, when it was necessary, with the architectural draws. During the process it was
adopted a conceptual perspective for the representation of geometrical information, since
the main objective of the research did not require a highly detailed as-built BIM [11]. In this
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sense, the point cloud was inserted and processed within Revit environment, alongside
several architectural draws, resulting the modelling of the “meaningful geometry” of the
fortress’s construction parts, utilizing the Scan-to-BIM methodology [54] (Figure 11).

Figure 11: The modeling stage of Sigri’s Fortress, utilizing the point cloud, the architectural and
geometrical documentation conducted for the monument.

In detail, the main families that were used within the HBIM were, walls, floors and ceilings
representing in accordance the main/secondary walls and crenellations, the floor of the
individual rooms and the fort’s defensive route and the vaults that houses the rooms. In
order for the modelling background to be created, multiple horizontal and vertical sections
were cut using the point cloud. In situations where the geometry information of the point
cloud was missing or wrong due to decay/deterioration, the architectural draws alongside
several close-up photographs were utilized to determine the typical geometry of an object.
Additional, two families were created for the openings (doors and windows) of the fort’s
rooms (Figure 12). The dimensions of openings were the same, in accordance to reality. Due
to extended deterioration of the authentic opening, the new families were based on the
latest restored openings and are editable in any case of reformation.
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Figure 12: The modeling stage of the doors and windows. On the left are represented the parameters
of door.

4.1.3 The Modelling Process of the Nearby Area

The last stage of the modelling phase concerned the nearby area and the entities which are
spatially associated with the monument. Within these entities both natural assets (trees,
sea, bushes, etc.) and the urban environment (streets, neighboring buildings, construction
etc.) were took into account and were incorporated in the HBIM (Figure 13). Such objects
were modelled approximately, since they do not directly interact with the historical building
and have low impact and importance [55]. The purpose of their existence within the HBIM
was towards a holistic approach for the monument’s restoration project, enriching the 6D of
the HBIM. The background for the modelling process of such entities were the geometrical
documentation and specifically the orthophoto map of the area, supported with the
additional point cloud.

Figure 13: The modeling stage of the nearby urban landscape and the natural entities.

4.2 Information Enrichment

The amount of information and data collected for the restoration project of Sigri’s Fortress,
from the Ephorate of Antiquities of Lesvos and its partners, were extended and assorted. In
detail, not all the information was attached within the actual model of the fortress. The case
study was focused on the information associated with the 1st phase of the restoration
project, foreseeing the needs for the early stages of the 2nd phase that will be held in the
future. Additional information, such as historical scripts or photographs, data concerning
archaeological findings, etc., were linked through URL’s with the Ephorate’s repository
server and the HBIM of the monument [56].
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4.2.1 Historical Information and the 4™ Dimension
The stratigraphy of the historical structure was incorporated within the HBIM utilizing the
parameter of time. For each architectural phase an additional phase was created in the
HBIM. Furthermore, additional phases were created for the existing state of the monument
as well as several intervention tasks regarding the reconstruction project. Specifically, every
object that constitutes the fortress or the nearby environment was matched to the
corresponded time phase.

The information regarding the stratigraphy of the historical building and the timeline of the
restoration’s tasks, that were integrated the HBIM of Sigri’s Fortress, concerned the 4%
dimension [57]. Utilizing the information of a 4D model, the stakeholders are able to have
easy access, through 3D representation if needed (Figure 14), to historical information and
time-schedule data.

Figure 14: The time-line of Sigri’s Fortress, from its construction till the initial stages of the restoration
project.

Moreover, the stakeholders of the project, in specific the historical analyst or the
archaeologist, are able to access the historical data of the building through the
corresponded URL. In this way, they are able to study and evaluate if some information
within a historical script is necessary for a specific restoration task. If so, they may use the
HBIM to communicate and share their concerns with the other stakeholders of the project.

4.2.2 Diagnosis Research, Costing Analysis and the 5th Dimension
Several researches were conducted regarding the diagnosis of the historical building, such
as, the static adequacy, the risks areas beneath the fortress’s foundation, the decay analysis
of the walls etc. Each one of them consists of a technical report and the corresponded 2D
draws, which were attached to the HBIM of the fortress in an equivalent 2D view. As a
result, the geometrical information of the model was connected with the thematical
information of specific draws, making it possible for the stakeholders to have access at the
same time to multiple data [58]. Utilizing such information within the HBIM and taking
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advantage of the interrelation geometry tools, it was possible to create thematical maps of
specific views of the historical construction (Figure 15), passing on the information to the
experts who practically deliver the restoration on site.
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Figure 15: The development of a “risk assessment map”, through the coordination and utilization of
the HBIM.

The diagnosis of Sigri’s Fortress is integrated within the 5D of the HBIM alongside the costing
analysis of the restoration project. In practice, several parameters were created in the HBIM
project, matched to specific objects, and based on the experience of former restoration
projects, they were filled with approximate values [16]. Such project parameters were the
cost of the restoration materials (rock and mortar cost per m3), the cost of the equipment
(scaffolding, machinery etc.), the labor cost (masons, length of laboring time) or the energy
cost for the construction site’s operation. In order to achieve a more time-realistic
restoration scenario within the HBIM the 1st restoration phase was subdivided in several
“restoration stages” and the associated objects were linked to the corresponding phase
(Figure 16). In this way, it was possible to make a good cost estimation for every stage of the
restoration utilizing BIM tools, while at the same time the cost parameter and the time
factor were indirectly correlated.
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Figure 16: The costing analysis of the first (on the left) and second (on the right) restoration stages,
concerning the defensive towers.
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4.2.3 Physicochemical Properties, Natural and Urban Environment
and the 6th Dimension

A significant advantage of BIM platforms is the, easy to manage, association of the
geometrical entities and the corresponded physical or chemical properties. Through the
creation of specific materials with actual parameters (based on the building material
analysis) it was possible to instantly assign to an object the corresponded material [59]. Also,
taking advantage of the orthophotos’ high resolution, seamless realistic images were
created and attached to each material as texture, resulting a realistic 3D model. At the same
time the material association assists the stakeholders, by providing them with promptly-
recognizable alternation of the material (Figure 17).

Figure 17: The coordination of its object with the corresponded material, its physicochemical
properties and the realistic textured based on the orthophoto maps (Architectural Phase B).

In order to further correlate the HBIM of Sigri’s Fortress with the environmental assets and
the 6th dimension, additional actions were carried out. The individual parts of the fortress’s
cape were assigned with the corresponded material and its physicochemical properties. At
the same time realistic seamless texture were assigned to the topography used as the casual
background.

The project was also linked through URL’s with environmental data regarding the prevalent
wind and temperature conditions. This way the stakeholders are able to utilize the geometry
of the model, the physical properties of the objects, the IFC format for interoperability
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among specialized software and the environmental data, to conduct wind or temperature
analysis for the historical building and highlight risk areas within the diagnosis maps.

A factor that is rarely being considered, among HBIM projects, is the urban or the cultural
landscape of a monument [37]. In the case of Sigri’s Fort, only the first one exists and can be
defined. In detail the urban environment is consisted of the residential houses, the cobbled
streets that connect the fortress with Sigri’s settlement and the port in the northern region
of the cape. Also, the natural environment around the fortress that in any way affects the
monument or the restoration project were included within the HBIM integrating the 6th
dimension (Figure 18).

Figure 18: The interrelation of the HBIM of Sigri’s Fortress with the neighbor landscape.

4.2.4 The integrated management of Sigri’s restoration project and
the 7th Dimension

The efficient management of a restoration project depends on several factors and each one
has its own importance. In order to achieve better results, in matter of management,
organizing and decision making, the combination and integration of the necessary
information and the data impinging a restoration project, are considered a novel perspective
[60]. In the case of Sigri, multifactorial assets were attached within the HBIM of the
monument and resulting multiply conclusions and additional information to came up
through the utilization of the model. The gathering and the possession of all these critical
data in a single model, provides the stakeholders a key-tool for the management of several
tasks throughout the restoration project.

Through the utilization of the HBIM it was possible to organize the work-streaming of the
restoration, including the scaffold installation, the structural material transportation and
placement, while at the same time it became attainable to organize the workflow of the
workers in cooperation with the masons (Figure 19). Essentially, the significant achievement
of the HBIM appliance, was an actual simulation of the construction site [39] during an
ongoing stage of the restoration.
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Figure 19: The restoration management of the first and the second restoration stages, utilizing the 7D
HBIM of Sigri’s Fortress.

Furthermore, despite the restoration management, the 7th dimension concerns also the
highlighting of the monument. In this sense, the virtual sightseeing of Sigri's Fortress
achieved through a virtual reality tour of the monument, that was enhanced with realistic
texture and time-line information. The intelligent model of the monument can be exported
and processed with specialized software, regarding VR or AR applications, managing even
better results in matters of motion-realism and information presentation.

However, the development of the potentials, regarding the utilization of a 7D HBIM, can be
outlined in practice, during the implementation of the restoration plan and when issues
concerning the exploitation of the cultural assets of the monument will be raised (visitors’
accessibility, cultural events, exhibitions etc.). Despite the highlighting of the cultural
context, within the 7th dimension several researches can be conducted, regarding the
protection and the sustainability of the monument, through in practice interventions and,
law oriented, guidance and interference restrictions.
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5 Conclusions

The introduction of n-dimensionality and information classification within HBIM system:s,
towards the enhancement of their efficiency, is a supplementary process, but also proven to
be a pivotal node. Improving the data organization, alongside the definition of each
information purpose, assists the stakeholders of an HBIM project to communicate effectively
while, at the same time, enhances the merits of the model, all together through an
integrated 3D representation of reality.

Every monument and historical building are considered unique, in spite of similarities
between some of them. Not only the concept of a monument itself contributes to this fact,
but also multiple factors that carved out its shape and condition over time. In dependence of
a specific intervention, regarding a historical building, and according to its peculiarities, a
different approach may be required each time. Therefore, the development of an HBIM for
the fulfillment of a specific interventions occurring on a specific monument are the two main
factors which will determine the LOD and GOG of the objects’ representation accuracy, the
information and data that will be integrated within the model and eventually their
coordination to a corresponded dimension.

Consequently, the classification of HBIM dimensions in accordance to Table 1, which was
implemented for Sigri’s Fortress, reflects quite sufficiently a majority of restoration cases,
consisting of similar features. Further researches in the field will, likewise, clarify the
information-dimension correspondence, concerning implementation and management
projects within different historical buildings.

Through the development of an n-dimension HBIM for the restoration project of Sigri’s Fort
a typical example came up, which points out a few crucial conclusions. It is important for the
stakeholders of the project, to adopt a restoration-oriented perception throughout the
HBIM development (from the information/data collection, to their attachment within the
BIM and their classification). Dealing with a different project (i.e. visitors’ accessibility and
service facilities management) may requires disparate information, approaches and
requests, leading to a particular n-dimensionality context.

Furthermore, considering the 7th dimension of Sigri’s Fortress case, it was ascertained the
necessity of the development of all the previous dimensions (3D, 4D, 5D, and 6D) in order
for 7D to be considered as actual dimension. The leading potential of 7D, relays on the
competence of the dimension beneath, since within 7D is attained the integration of
essential information, which are considered necessary for a specific task or study.
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