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ABSTRACT

Digital technologies are more and more needed to give access to Cultural Heritage (CH) and to
allow for their curation and re-use. For this reason, it is necessary to increase the knowledge on
the CH building stock to support sustainable maintenance, preservation and revitalization strate-
gies through the development of user-friendly asset management tools to support the decision-
making process towards an affordable and feasible conservation strategy. The Asset Management
tool described in this paper is a software solution used for condition assessment on-site and
management of assets with embedded Building Information Model (BIM) software. The main aim
of the tool is to leverage the existing data in BIM to expedite and enhance the quality of building
inspections. The solution provides the possibility to not only asses the condition in a professional
way, but also to optimize the conservation maintenance planning according to different ambition
levels and needs. A well elaborated and used standard for Condition Assessment is integrated and
tailored on Cultural Heritage within the framework of H2020-INCEPTION project. In this context,
the CH Asset Management (CH AM tool) is regarded mainly within the framework of decision-
making for restoration, conservation and maintenance of historic buildings.
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1. Introduction involved in the process as architects, engineering,

chemists, archaeologists, historians, owners, authori-
ties and technical specialists. For this reason, it is
important that any decision-making process on
Cultural Heritage is based on collective learning
among different actors, involving compromise as
a crucial step in the process (Turk et al. 2019).

A cultural heritage conservation project relies on two
linked aspects, the identification of historical and archi-
tectural values of the building and the evaluation of its
physical consistency, both addressing conservation deci-
sions (Simeone, Cursi, and Acierno 2019).

Decision on methods and intervention typologies is

Cultural heritage is a non-renewable, irreplaceable resource
and a common good, but is frequently under threat from
environmental challenges and climate change, disaster
risks, neglect, decay and under-funding. [https://ec.europa.
eu/research/environment/index.cfm?pg=cultural]

Several historical European Cultural Heritage sites
are showing the status of the introduced hazards. To
this end, the importance of building maintenance for
conservation (Worthing, Dann, and Bond 2002) is well
recognised and has been embedded into nearly all
building conservation legislative frameworks and char-
ters (e.g. the Venice Charter).

It is obvious the importance of coherent manage-
ment of the Cultural Heritage assets in order to
transfer its history to present and future generations.
Despite this, preservation, maintenance (Straub 2003)
and reuse of the Cultural Heritage is a complex chal-
lenge in consideration of the several and complemen-
tary aspects which play a crucial role (economic;
social;  historic;  architectural/structural/technical;
safety/security) in the decision-making process.
Furthermore, it is not simple and sometimes not
well harmonized, the cooperation of several experts

strictly depending on the conservation state of the Cultural
Heritage asset (Osello, Lucibello, and Morgagni 2018).

The Cultural Heritage inspection and assessment
program (Forster and Kayan 2009) become therefore
significant in order to define possible re-use, mainte-
nance and preventive decay interventions or to detect
and predetermine building faults. From the technologi-
cal point of view and material consistence, previous
research has pointed out that regular inspection activ-
ities propose several advantages, such as preventive
identification of emerging risk situation (Romioa,
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Paupério, and Pereiraa 2016); improvement and updat-
ing of the maintenance plan and maintenance program;
constant upgrading of the building knowledge includ-
ing owners’ feedback, it is cost-effective and is also the
least destructive approach to conservation.

Inspection activities consist of structured monitoring
actions on the construction or archaeological asset.
Control activities consist mainly of inspection visits
necessary for assessing the state of conservation of histor-
ical artefacts and archaeological sites, for identification of
the most obvious critical points, and for verification of
access and suitability for inspection. The information
produced by the inspection must be accessible, shared
and searchable through a specific database that can be
implemented and integrated, and able to incorporate all
the information that will be generated during the next
planned maintenance or restoration (Cecchi and
Gasparoli 2012; Tiano et al. 2019). Understanding of the
material evidence of built cultural heritage and the infor-
mation on its current state is important as it helps to
specify measures necessary to preserve structures in an
appropriate condition and ensure that the maintenance
required to keep them at this level is well defined.

In this context, it is very necessary to increase the
knowledge on the built cultural heritage stock to support
sustainable maintenance and make valuable decisions
regarding preservation and revitalization strategies. To
this end, the development of user-friendly asset manage-
ment tools (Al-Geendy, Osman, and Taha 2012) will
enhance the understanding of possible and necessary
(preventive) measures (Sanchez, Pontes, and Ldpez
2018), thus endorsing the decision-making process.

This paper presents a desktop (off-site) and mobile
(on-site)  application—conceived as an  Asset
Management Tool—developed within the
INCEPTION project. This application equips the sta-
keholders involved in CH preservation with cost- and
time-effective instruments for condition assessment
(through condition survey), asset management, rehabi-
litation and maintenance planning of heritage assets. In
fact, the project creates an inclusive understanding of
European built CH across different disciplines using
a set of relevant IT technologies and serving various
business sectors and different stakeholders.

The Horizon 2020 INCEPTION project—Inclusive
Cultural Heritage in Europe through 3D semantic model-
ling, is focused on innovation in 3D modelling of cultural
heritage through an inclusive approach for time-dynamic
3D reconstruction of built and social environments.

The main aims are:

e to create an inclusive understanding of European
cultural identity and diversity by stimulating and

facilitating collaborations across disciplines, tech-
nologies and sectors;

e to develop cost-effective procedures and enhance-
ments for on-site 3D survey and reconstruction of
cultural heritage artefacts, buildings, sites and
social environments;

e to develop an open-standard Semantic Web platform
for accessing, processing and sharing interoperable
digital models resulting from 3D survey and data
capturing.

Other complementary objectives that characterize
the project include the development of new methods
and tools for condition assessment of cultural heritage
based on predictive analysis (diagnostic, conservative,
morphometric), non-destructive procedures (thermal
imaging, level of reflectivity, integrated sensors, spec-
trophotometry, sonic surveys, etc.) and supported by
economically sustainable technologies and devices.

In order to accomplish the expected aims the consortium
partnership, which involved 14 partners from 10 European
countries coordinated by the University of Ferrara—
Department of Architecture, has defined a detailed work-
flow consisting of five main actions (Figure 1):

(1) the definition of a common framework for
catalogue methodology, by mapping the stake-
holder’ knowledge demands;

(2) the development of an advanced integrated 3D
data capturing;

(3) the identification of the CH buildings semantic
ontology and data structure for information cat-
alogue and modelling in Heritage-BIM environ-
ment, based on Open BIM standard;

(4) the implementation of the INCEPTION Semantic
Web Platform;

(5) Deployment and valorization of 3D heritage
models, to enable the sharing and enrichment
of the information and interpretation of the
models by users.

The main expected result of the project is repre-
sented by the Semantic Web Platform and additional
application tools. Purpose of the platform is developing,
collecting and sharing interoperable 3D semantic mod-
els “forever”, “for everybody”, “from everywhere”.
During the project’s duration, the platform will be
tested with several demonstration cases proposed by
a dedicated stakeholder panel.

The Semantic Web Platform and tools are based on the
development of a BIM model of the Cultural Heritage.
The BIM model could be created with different software
but, in order to guarantee to all end users of the platform
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Figure 1. Action scheme.

the enriching of the models with new semantic metadata,
new data and attachments, will be uploaded on the plat-
form as open standard: IFC files.

The platform offers the opportunity to manage contents,
such as single elements of a building, to visualize different
historic phases, store data of previous interventions and
links with external databases to increase the quality of reli-
able information. The possibility to share and make available
documents linked to the geometric 3D model and the
capacity to download 3D models with different scales of
detail are very relevant tools supporting diagnostic
procedures.

This could be particularly relevant to foster the use
of 3D models for diagnostic procedures and as a very
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efficient assessment and decision-making tool. Digital
data can be used to manage dimensional analysis of the
buildings or sites, typological analysis, technological
analysis and material assessment to determine the cur-
rent condition (typical materials and structures and
their damage) and state of conservation, technical solu-
tions for preservation and overall maintenance plan-
ning (Di Giulio, Maietti, and Piaia 2019).

2. Background development of asset
management tool

As introduced, in order to support technical stakeholders
in Cultural Heritage sector, the INCEPTION platform is
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enriched with additional complementary tools as the dedi-
cated BIM-based Cultural Heritage Asset Management
(CH AM) tool developed by the Dutch company, DEMO
Consultants B.V. as a partner in the project.

This tool offers advantages in the framework of deci-
sion-making for restoration, conservation and mainte-
nance of historic buildings by collecting, structuring,
analysing and disclosing data related to the buildings and
their surroundings. The CH AM tool is usable both on-site
as mobile application and off-site as desktop software.

The starting point and basis for the CH AM tool
development was the existing commercial software tool
for real estate asset management developed by DEMO
Consultants B.V.—RE Suite, applied daily in the pro-
cess of condition assessment and maintenance plan-
ning. Through research in the INCEPTION project,
this software solution was enhanced and extended
with the purpose of:

o facilitating the utilisation of 3D semantic BIM
dedicated to historic buildings and their specific
characteristics;

e supporting the required on-site technical assess-
ment and off-site analysis to determine the actual
condition of the historic buildings; and

e enhancing the understanding of possible and neces-
sary measures for the historic buildings, including

UNESCO World Heritage ™
Kinderdijk-Elshout, NL

is part of the CH asset
portfolio of the NL Cultural >
Heritage Agency of the
Ministry of Education,
Culture and Science /

Scale 1 -
CH portfolio

Mill Network 3
at Kinderdijk-Elshout, NL
The site illustrates all the
typical features associated
with the technology of
hydraulic works for the
drainage of land for
agriculture and settlement,)
consists of?:
* dykes h
*  reservoirs
* pumping stations
* administrative buildings
* aseries of beautifully
preserved windmills

Scale 2 -
CH site

Scale 3 -
Monuments &

Figure 2. CH Multi-scale approach.

> historic buildings

the implications of these measures in relation to
technical risks, monument protection regulations,
cost management, and socio-functional building
performance.

To this end, the physical scope of the CH AM in the
built environment can take a multi-scale approach as
illustrated below:

e Scale 1: CH asset portfolio;
e Scale 2: CH site;
e Scale 3: Monument and Historic building.

For a better understanding of this approach, see here
below the example of UNESCO World Heritage
Kinderdijk-Elshout in the Netherlands (Figure 2).

Besides the “physical scope” of CH to be addressed
by the CH AM tool, attention should be given to the
types of users and their roles in CH AM. The main
scope of CH asset is to face different user applications
to fulfil their requirements.

One of the most relevant use of the 3D models is
related to condition assessment: “integral narratives”
linked to 3D models include applications for techni-
cians, site managers and local authorities dealing with
technical and financial information related to the state
of conservations, structural condition, maintenance,

"9 Cultural Heritage Agency
Ministry of Education, Culture and Science




restoration, refurbishment, etc. Therefore, technical
condition assessment and asset management is one of
the added-values of the advanced 3D models, in addi-
tion to multiple purposes related to enhancement,
semantic integration, cross-disciplinary researches,
educations, etc.

2.1. Maintenance policy and existing procedures
for built heritage

Historic buildings’ preservation requires a knowledge-
based background of its current state and previous inter-
ventions in order to support proper decision-making
concerning compatible conservation materials and inter-
ventions. Documentation of a historic building’s current
condition should include materials characterization,
decay and damage diagnosis with the use of non-
destructive procedures. For this aim, the assessment of
the actual condition of the buildings is an essential part of
preventive maintenance and asset management.

Although maintenance is recognised as being funda-
mentally good for conservation, this is not yet reflected in
current international policies. Maintenance policy is gen-
erally poorly integrated, with a lack of leadership and
deviations from procedural systems (Dann and Cantell
2007). The existing approaches for inspection, diagnosis,
monitoring and curative conservation are often intermit-
tent, unplanned, overpriced and lack a methodical strategy.

One of the most successful implementations of national
policies supportive of preventive maintenance is to be
found in the Nordic countries. In the Netherlands, for
instance, the process of condition assessment has been
standardised in 2002 into the national framework, namely,
the Dutch Standard (Straub 2009) for Condition assess-
ment of buildings and infrastructural assets, NEN 2767.
The aim of this standard is an objective assessment of the
technical quality of building components, to provide prop-
erty managers with unambiguous, reliable information
about the technical status based on assessed defects using
a 6-point scale.

During research within the INCEPTION project, an
investigation has been conducted to verify the compat-
ibility of this norm to available European standards for
CH condition survey. One of the first adopted refer-
ences during the AM tool development has been the
EU-CHIC project (http://www.euchic.eu/), which pro-
posed several categories for built heritage condition
assessment:

¢ Building Pathology (Watt 2007);

¢ Surveying historic buildings (Watt and Swallow
2007);

e Conservation of Historic Buildings.
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Further investigation considered in particular the
CEN EN 16,096:2012: Conservation of cultural prop-
erty—Condition survey and report of built cultural heri-
tage. This European Standard provides guidelines for
a condition survey of built cultural heritage. It states
how the condition of the built cultural heritage should
be assessed, documented, recorded and reported on. It
encompasses evaluation of the condition of a building
or other structure mainly by visual observation,
together—when necessary—with simple measurements.
The relevant data and documentation on the built
cultural heritage should be collected and included in
the report. This European Standard can be applied to
all built cultural heritage such as buildings, ruins,
bridges and other standing structures and applies
a 4-point scale for defect assessment.

2.2. Condition assessment of buildings and
infrastructure

The existing DEMO RE Suite, maintenance tool was
developed and configured in the context of ‘surveying
historic buildings’ having as basis the abovementioned
Dutch Standard for Condition assessment of buildings
and infrastructural assets, NEN 2767. This standard dif-
fers from the abovementioned European norm for con-
dition assessment of built heritage as this gives a worked
out, objective method with which a condition score can be
calculated instead of more global and subjective descrip-
tions given in the EU norms. At the same time, there are
also relevant similarities to the CH standards with respect
to surveying methods and maintenance planning that
have been considered.

One of the other reasons justifying the choice for the
Dutch NEN 2767 is that on international level it is
expected that this survey method will be the standard
for the whole of Europe. This is the result of last few
years development of the norm within the context of
in-depth research funded by the European Commission
and conducted by a dedicated international consortium
(i.e. EU project “Condition Assessment of Buildings
and Building Components”) which has defined clear
directions for an effective and efficient condition
assessment that can be easily adjusted for application
in other European countries. As we speak, the CEN
(European Committee for Standardization) is planning
to realise a Technical Specification (TS) “CEN/TS
17,385;2019 Method for condition assessment of immo-
bile constructed assets” that describes a methodology to
carry out a physical condition assessment. The TS will
describe an objective inspection method, which is
usable for the determination of the technical condition
of assets in a uniform way. The final version of this TS
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will be published at the end of 2019. This methodology
is based on and has great similarity (i.e. in fact is it is
the same method with some added texts for clarifica-
tion) to the Dutch standard for Condition assessment
of buildings and infrastructural assets, NEN 2767.

In practice, the condition assessment process according
to NEN 2767 starts with locating defects in building com-
ponents. Subsequently, the inspector assesses the following
defect parameters: severity/seriousness of defects, intensity
of defects and extent of defects as listed hereunder
(Table 1):

The combination of these parameters gives the con-
dition score of the building components (Table 2):

The methodology can be explained referring to the
following example of defect classification of brickwork
(Figure 3):

The methodology standardising the classification of
defects to measure the physical quality of building com-
ponents/buildings objectively and uniformly is the essence
of condition assessment to provide insight into the main-
tenance condition of building components/buildings, to
be used as a basis for determining maintenance costs and
repair prioritisation and to enable better management and
control of maintenance work on the building stock.

2.3. Maintenance planning

Condition scores can be used can be to formulate perfor-
mance levels (or maintenance levels) to implement
a desired differentiation of the technical quality of build-
ings. Varying performance levels is advisable in the case of
a diverse portfolio and if the maintenance management
system easily provides possibilities to do so. Formulating
maintenance performance levels in planned maintenance
involves deliberation about maximum performance loss,
appropriate maintenance activities and the available finan-
cial means. Maintenance activities can be distinguished
according to type (cleaning, repair and replacement), the
part of the building component to which a

rehabilitation activity applies, the specification of
materials, the quantity of the work, the frequency of
short cyclical preventive maintenance actions and the
nature of an activity (preventive or corrective).
Maintenance or performance levels can be based on

Table 1.

Seriousness'

Extent
e Incidental (<2%)

Intensity®

® Minor (esthetical) e Starting (hardly

® Serious noticeable) o Partial (2-10%)
(degradation) ® Progressing (clearly ® Regular (10-30%)
o (ritical noticeable) e Frequent (30-70%)
(malfunction) e Developed (obvious) e General (=70%)

'In the latest version of the CEN/TS 17,385;2019 the term ‘severity’ is used
instead of seriousness.

2In the latest version of the CEN/TS 17385;2019 the term ‘degradation level’
is used instead of Intensity.

Table 2. Condition scores.
Condition score & Description

Condition state

1 Very good condition ~ Occasional minor defects

2 Good condition Occasional signs of ageing

3 Reasonable condition  Localised visible ageing, components
functionality not at risk

4 Borderline condition ~ Component functionality occasionally at

risk

Ageing condition is irreversible
Technical state for replacement/
demolition

(%]

Bad condition
6 Very bad condition

the demanded minimum condition of building compo-
nents after executing maintenance work.

An important sub-process of maintenance planning
is prioritising maintenance work. Normally, mainte-
nance work needed to secure safety performance has
precedence over work just for aesthetic or sustainable
reasons. The Dutch Government Buildings Agency uses
arisk-priority matrix in tuning the annual maintenance
stock for the available budget. The matrix (Figure 4)
has been included as anon-standard appendix to the
standard. By using the risk-priority matrix insight is
given into the effect on different aspects when not
repairing adefect.

Within the context of cultural heritage (Thurley et al.
2015), the risk parameter Cultural Value which describes
the cultural importance of the assessed building compo-
nents is critical. This aspect concerns situations where
properties with an art-historical or architectural value
are at risk of being lost if the defect is not remedied on
a short term. The effects of not remedying defects are
expressed on a 3-point scale, distinguishing between
slight effect (1), moderate effects (2) and strong effect
(3).In the light of the above-described investigation and
the found compatibility of the Dutch NEN 2767 (Dann
and Steel 1999) the existing DEMO RE Suite tool has been
found eligible as a basis to develop the INCEPTION CH
AM prototype tool at Technology Readiness Level (TRL)
6 as targeted by INCEPTION research and innovation
action.

However, implementing rehabilitation measures as
a result of a condition assessment on a monumental build-
ing without harming the cultural value is a complex pro-
cess, but one to consider as first. To this aim, among
different functionalities (described in more detail in
Results and discussion section), a special data field has
been added to the tool in order to determine the monu-
mental value of a building component. In this respect, the
following monumental labels based on existing methods
on cultural value assessment (van Beers 2004) have been
inserted in the tool:

(1) Highly monumental
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BIOLOGICAL GROWTH, CHIPPING,
STAINING, CHROMATIC ALTERATION,
SURFACE FINISH DETERIORATION,

EFFLORESCENCE, GRAFFITI, POLLUTION
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Figure 3. Classification of brickwork.

Users' safety/health (Safety) 1) (2) 3)
Structural safety (Reliability) 1) (2) 3)
Affected cultural heritage value (1) (2) 3)
(Environment)

Use and business process (Environment) (D (2) 3)
Technical consequential damage (Economics) (1) 2) 3)
Increase in maintenance in response to (1) (2) 3)

complaints (Economics)

Perception, aesthetics (Political) (€8] 2) 3)

Figure 4. Risk parameters where 1 means low risk and 3 high risk.

(2) Monumental

(3) Not monumental

(4) Disturbing the monumentality

(5) Highly disturbing the monumentality

Detailed adjustment of the tool depending on the
specific technical needs for CH survey (e.g. detailed
assessment of certain building materials based on spe-
cific technical norms) can be accommodated in the
follow-up TRL 7-8 development of the CH AM tool.

These types of new technologies and tools available
allow us to create an integrated digital database able to
collect dimensional data, information related to the
historical structures and materials, state of conserva-
tion, diagnostic analysis and historical data, making

DEFECTS UNDERMINING FUNCTIONAL
PERFORMANCE OF THE WALLING SYSTEM:
AGEING/DEGRADATION OF JOINTS,
FLAKING/SPALLING, HOLES & BLISTERS,
HORIZONTAL & VERTICAL CRACKS, MOISTURE

RETENTION, SWELLING/BULGING, PRESENCE OF
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CRITICAL DEFECTS

DEFECTS UNDERMINING PHYSICAL-
MECHANICAL PERFORMANCE & STABILITY
OF WALLING SYSTEM:

BOWING OF EXTERNAL LEAF OF CAVITY
WALLS, DETACHMENT, DIAGONAL CRACKS

FOLLOWING HORIZONTAL & VERTICAL

JOINTS, INTRINSIC CRACKS, LOSS

condition assessment an overall integrated process in
supporting sustainable decision strategies for conser-
vation, restoration and enhancement of Cultural
Heritage.

2.4. Conceptual workflow and software
functionalities

Prior to the development of the CH AM tool, the
research group has defined its expected scope and
software functionalities. As result, the scope of the
CH AM can be described as a software tool that
provides the manager of a monumental real estate
stock with insight into the current condition of
objects, helps him/her define the desired condition,
and provides him/her with the necessary informa-
tion to make informed decisions on how to main-
tain the real estate stock within constraints with
regards to monumentality and budget through the
process of condition assessment.

Keeping the previous sections in this paper as
underpinning, the workflow of the CH AM tool is
further detailed and conceptualized in the form of
a diagram. This diagram, and its corresponding
legend, is displayed hereunder in Figure 5-6.

This section will start with an explanation of the
diagram step by step using the CH AM tool as
a description of the workflow. It will be followed by
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Figure 5 and 6. Diagram scheme legend CH AM Tool workflow.
a description of the implementation of the workflow The first step in the workflow is to capture one’s real
in the software. Screenshots of the software are used  estate stock in the software (data describing object in
to illustrate these processes. the work area; adding pictures, documentation and

notes, etc.) This is done by adding real estate objects

. . in the CH AM tool (Figure 7).
3. Set up maintenance policy

o Step 1: Creating and managing real estate objects: e Step 2: Define(condition) ambition levels:
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Figure 5 and 6. (Continued).

As described before, in order to make informed
decisions regarding the maintenance of CH real estate
objects it is important to define the (condition) ambi-
tion levels. This is done by entering a description of the
maintenance level, the minimum acceptable value of
risk parameters (described earlier in this paper) and
the minimum acceptable condition score. (2) These
values will be used to determine if a measure, defined
after inspection of the object, is necessary to be taken.
In the case of heritage objects, the risk parameter
‘Experience and Cultural Value’ is one of the main
triggers to deploy rehabilitation measures (Figure 8).

o Step 3: Assigning maintenance constraints to real
estate objects

Next, the maintenance constraint created in the pre-
vious step needs to be assigned to the real estate object

created in step 1. This is done by choosing the envi-
sioned maintenance level as defined by the owner/man-
ager (Figure 9).

4. Inventorying

o Step 4: Creating inventories

After an object is created and maintenance con-
straints have been linked to it, it is time to create an
inventory for the object. This is done in three steps:

e Importing base inventories from an IFC-model;

e Manually adding detailed inventories for other
components not already included in the base
inventories;
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Edit inventories Object number INCPTNO1 Region Groningen
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Reduction strategy Inspection date End exploitation 2100
Shift activities Re-inspection date Longitude
Contact person 1 Latitude
bob rson 2 VAT lowal
Id  Object number Sul joct nunt Contact person /AT low allowed
Contact person 3
1433 INCPTNO1 Explancion 2
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INCPTNO1 St Nikolaaschapel

Maintenance

|

File Edit Stock Inventories Inspections Analyses
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Mamenance 1evers

iy

Objects
Edit inventories Description Basic
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Schedule inspections Foete z
1A Indoor Air 2
Authorize inspections
SAF Safety 2
Edit inspections N
CMA Complaints 2
CDA Consequental damage 2
Generate maintenance plan CBM Condition before maintenance 3
Reduction strategy Correction cycle 100 2

Shift activities

| Ld i
Id  Object number Subobject nun| —

escription EXP IAln  SAF  CM# CDA C Correction cycle
1433 INCPTNO1

Basic 1 2 2 2 2 2 3 100

Strict 1 1 1 1 1 1 2 100

Minimal 2 3 3 3 3 3 4 100
wie o

Figure 8. Managing Maintenance levels.

e Adding monumental statuses (i.e. labels) to the To import the base inventories from an IFC-model,
inventories. the tool retrieves a listing of available models from the
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Maintenance
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Figure 9. Assigning maintenance constraints to real estate objects.

external data source (e.g. INCEPTION platform) and In addition, one can edit or add new inventories manu-
imports it in the tool (Figure 10). ally if these are not already in the IFC model (Figure 11).

[ e —

File Edit Stock Inventories Inspections Analyses Configuration Help

B 4

Objects
Edit inventories.
Inspections n

Schedule inspections
Authorize inspections

Edit inspections

Generate maintenance plan

Reduction strategy

Shift activities
Objects Model
Id  Object number Name "
I St Nicolaaskapel Obergum.ifc | 2
[Cisincemoi stnkomsscrassl | Tl
= 5
_} L

Maintenance | RE_Suite_TFL11 | inception | Administrator | DEMO Consultants 1 CAPS | NUM | V2.2.6703.18475

Figure 10. Importing base inventories from an IFC-model.
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I RE Suite INCPTNO3
@inception h
Maintenance
File Edit Stock Inventories Inspections Analyses Configuration Help

bl o [ B
Objects
Edit inventories Object number INCPTNO1 Region Groningen
Subobject number Location
Construction year 1201 Refurbishment year 1969
Name St. Nikolaaschape!
Main building component 31/ Outer openings (12) Quantity 50
Building component 20/ Filled with windows - 05 steel (7) Niﬂ m2
L4 v
Inventory rows
Id  Object number Name
Description Tower Window - Round 375x375 - Steel Frame with Leaded ~ Quantity 1 Label B
1433INCPTNO1 St Nikolaaschapel Glass G
m2 v
Highly monumental
Monumental
Not monumental
Disturbing
I Tower Window - Round 375x375 - Steel Frame with Leaded Glass 1 m2 I 2 Highly disturbing
T W - 9 el Frame with lass m2 4

Figure 11. Editing inventories.

5. Inspection

o Step 4: Conducting an inspection

After an object has been inventoried and scheduled
for inspection it is ready to be inspected. This is done
on-site through the RE Maintenance iPad app. The
inspector, broadly, follows a form (i.e. linked inventory
to a specific component in the IFC file) representative
for that specific heritage site and is guided through the
process of condition assessment, consisting of the assess-
ment of the technical condition and assignment of risk
parameters according to the methodology set out in
NEN 2767. Thus, the inspector can register (i.e. link)
defects to selected components (Figure 12). When
choosing the defect from the dropdown menu the
inspector is being asked to state the intensity and extent
of the defect from which the subsequent condition score
is going to be derived (Figure 13). In addition, the
inspector can also propose rehabilitation measures and
activities to be undertaken, add observations and insert
pictures to the inspected object. Once the inspector has
conducted all inspection he/she will synchronize the
results with the server and all inspection data is linked
to the IFC model.

——

CAPS | NUM | V2.2.6703.18475

o Step 5: Authorizing and editing inspections

Once inspections have been conducted on-site and the
inspection data have been synchronized with the server,
the results of the inspection are available in the client
application for the manager/supervisor to review and
approval. Thus, the inspection results can be viewed,
edited and authorized by the manager in charge (Figure
14). For each inspection result the following information
is displayed and can be edited:

e The identified defect (A)

e The intensity and extent of the defect and the
condition before maintenance (B)

e How the defect affects the risk parameters (such as
Experience and Cultural Value) (C)

o The activity (if any) to be undertaken as a measure
for addressing the defect (D)

e A cost correction factor (E). This can be used by
an expert to offset the standard activity costs
stored in a database to more accurately estimate
the cost of conducting the activity.

e The condition after maintenance; the result of the
measures taken to remedy the defect (F).
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Figure 12. A) Conducting an inspection with the inspection app—Ilinked inventory list. b) Conducting an inspection with the

inspection app—IFC model on site.
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Figure 13. Conducting an inspection with the inspection app—Defect registration.
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¢ The cost required to conduct the activity and take
the measure, taking into account the extent of the
defect and the cost correction factor (G).

6. Asset management and policymaking

o Step 6: Attaining an overview at stock level

The end goal of inventorying and inspecting a building
stock is for the building stock manager to attain an over-
view of the state of his/her real estate stock, the rehabilita-
tion measures that need to be taken to keep the stock in an
acceptable condition, and which costs these measures
would incur. This overview is created when generating
a conservation maintenance plan. In order to generate
such a plan, one would need to consider the number of
CH assets he wants to include in the analysis (one or
entire CH stock), and define the maintenance level for
each of them in order to understand the (financial) impli-
cations and risks. This is done as follows (Figure 15):

¢ Selecting ‘Generate maintenance plan’ process step
in the side navigation

e Selecting one or more real estate objects in the object
navigator (1). This can be done through checkboxes
in front of each object. This way, one object,
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a collection of objects (for example, a particular
CH site) or the entire stock can be selected.

e Next, a maintenance level can be selected in the
upper panel (2). This maintenance level is used
to filter activities defined during or after inspec-
tion by comparing, for example, the condition
before maintenance of an inspected building
component with the maintenance constraints
defined beforehand (in step 2). If the condition
of a building component is worse than the mini-
mum acceptable level defined in the constraint,
the activity is deemed necessary and included in
the maintenance plan. This methodology also
applies to other risk parameters, such as
Experience and Cultural Value. After configur-
ing maintenance plan options, one can generate
a maintenance plan (3).

o After a maintenance plan is generated it is possible
to modify the activities deemed necessary through
the maintenance level filter (4). For example, it is
possible to reschedule activities by dragging them
horizontally.

e The total (financial) consequences of the mainte-
nance activities can be seen in the bottom row of
the maintenance plan (5).

To summarise to the above, the envisioned CH
AM tool contains the following functionalities:

Objects

MYMP (Options) MYMP (Filter)

Start year 2018
Show Costs

@inception h ﬁ
Maintenance |
File Edit Stock Inventories Inspections Analyses Configuration Help ~—

|vam:enae:ce level By object definition

Without requirements
As inspected

By object definition
Basic

I=
]

Initial indexing =~
Yearly indexing v
Incl. VAT v

| eEa—
el y Minimal
Object MC AC Activities 2018 2019 2020 2021 2022 2023
INCPTNO1 2120 01.01 Exterior walls, replacing structural masonry 27.351
Sel Id  Objectnumber Name — - — EE
INCPTNO1 21 Exterior walls, deep-cleansing structural masonry, apply protective coat
CPTNO 20 St jow frames - cleans i
L 1433INCPTNOT SUN INCPTNO1 20 Steel window frames - cleaning and waxing 833
INCPTNO2 4320 01.01 Flag floori I
1434 INCPTNO2 Hydra Muser il DL f2rce 4
v 1435 INCPTNO3 Villa Kionan [T 2! wa
Total 447530 12764 1935 2067 2240 2352 2470 5
s i 1
e | RE_Suite_TFL1: N | NUM | V2.2.6703.18475

Figure 15. Attaining an overview on stock level.
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e “Capturing a heritage real estate stock”, creating and
interrelating real estate objects, and being able to add
all relevant information and documents to these
objects.

e “Creating heritage real estate object inventories”, in
order to perform condition assessment, it is first
necessary to decompose a real estate object into com-
ponents or categories. Such decomposition is the
basis for condition assessment. Part of this decom-
position is automatically imported from the IFC file.

® “Defining maintenance constraints”, in order to be
able to take informed maintenance measures after
condition assessment it is critical to define con-
straints beforehand. This includes the minimum
acceptable condition, risk parameters, and monu-
mentality constraints.

e “Performing an inspection”, after a heritage
object has been inventoried and constraints
have been defined, an inspection of the object
can be conducted. The software tool should
facilitate this on-site process.

* “Defining measures to be taken”, once an object has
been inspected and its condition has been assessed,
maintenance measures can be defined in order to
keep the object at or bring the object to the desired
maintenance level.

e “Generate a maintenance/conservation strategy”, in
the end, the manager of a heritage real estate stock
needs to come to a coherent strategy for maintain-
ing the entire stock. This necessitates that after
individual objects have been assessed the outcomes
of these assessments are summarized and educated
decisions can be made on stock level while respect-
ing the constraints defined on object level.

6.1. Results and discussion

6.1.1. BIM integration and requirements
As previously noted, the development of the CH AM tool
was conducted in the framework of DEMO Consultants’
primary software product: the Real Estate (RE) Suite.
This software suite contains a plethora of different appli-
cations and modules which have all been developed for one
shared purpose: the management of real estate information.
Within the project development, the following key
aspects were chosen as the focus for the extension of the
existing solution and, thus, development of the CH AM
tool:

° “BIM”

BIM is not (yet) commonly used within the heritage
sector (Dore and Murphy 2017) since these kinds of
buildings are often difficult to model in 3D, due to their
irregular shapes and unusual building elements. Thanks
to the development of automated technologies nowa-
days, the creation of a BIM model of an existing build-
ing becomes less expansive and labour intensive
(Franco et al. 2015). BIM can be very effective and
support the management of monumental real estate in
their decision-making process and renovation designs
(e.g. transformation plan) ensuring the preservation of
cultural values.

In this context, the integration of BIM within the
process of condition assessment is unique and has been
found to have very large potential with regards to the
integration of real estate lifecycles (and the information
that is exchanged between them), as well as the auto-
mation of previously manual tasks (i.e. inventorying the
building components).

At the same, in practice, it is very difficult to create
the bridge between BIM and condition assessment (i.e.
methodology) in a practical and user-friendly way. In
the development of the CH AM tool, the goal was to
achieve the first steps towards condition assessment
BIM-integration.

e “Maintenance constraints”

One of the key considerations within the context of
cultural heritage objects is the value it creates and/or
represents which is not limited to its technical condition,
but it also encompasses intangible aspects. At the same
time, a CH stock manager is bound to financial limita-
tions while having to maintain the real estate stock. In this
combination lies a key challenge: how to make informed
choices and avoid the loss of cultural value with regards to
maintenance. To this end, a structure of maintenance
constraint definition and checking was defined.

e “Norms and regulations”

One of the key challenges in the combination of
cultural heritage and condition assessment is that
a wide array of norms and regulations exist, as
explained in the beginning of this paper; norms and
regulations can differ from country to country, and
some norms and regulations are more applicable to
one type of cultural heritage object than to others.
A key goal in the development of the CH AM tool
was to provide the end-user with a framework that is
adaptable to these differences, thus tailored-made to the
different contexts. Therefore, a key aspect of the devel-
opment process was to make the content of this



framework user-configurable, so that the tool can be
adapted for multiple use-cases.

e “Relation with the INCEPTION platform”

As previously mentioned, one of the key develop-
ments within the INCEPTION project is the creation of
the platform. This platform is envisioned as a central
storage—and the dissemination of information (data)
for cultural heritage objects. For this reason, all end-
user applications developed within the project are to
be connected to and use the contents available on this
platform for their own purpose. In this context, the
platform contains a unique combination of BIM-
models featuring both a physical and a semantic repre-
sentation of the monumental real estate object and
additional semantics linked to this model through
semantic web technology.

Due to the BIM integration within the CH AM tool
a connection with the INCEPTION platform needed to
be established in order to be able to retrieve the BIM-
model for a monumental real estate object and use the
data within this model as the foundation for the con-
dition assessment process (i.e. on-site inspection). Once
this assessment has been performed, maintenance
activities have been (pre)defined, and a holistic main-
tenance strategy has been formulated, this data is
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1 1.0

>

A

1n

IFC Import
1D Mapping

n 1 1
> Defect > Activity
1 1
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subsequently written back into the BIM-model and
uploaded to the platform again.

In short, this “interactive connection” between the
CH AM tool and the platform (Figure 16) can be
explained as follows:

e IFC model created based on 3D point cloud is
stored on the Platform;

e The CH AM tool will retrieve this model to be
used for building inspection based on the BIM
object decomposition according to the applied
technical norms for condition assessment;

e The CH AM tool will link the information result-
ing from building inspection to the IFC model;

e The inspection results are uploaded to the plat-
form. The semantically enriched IFC model, the
so-called “As-Inspected BIM”, is stored on the
INCEPTION Platform. This enriched model can
be used for further technical analysis and deci-
sion-making using the CH AM tool or other rele-
vant (third-party) software tools.

The diagram displayed above conceptually outlines the
interaction between the INCEPTION platform and the
CH AM Tool. The communication with the platform is
conducted programmatically, without manual interven-
tion from the end-user, in which the CH AM Tool has the

CH AM Tool

Inspection

Multi-Year
4 Maintenance Plan

1

Upload in ‘semantic
package’; combination
of class and instance

Cultural Heritage
Object

L I

Upload in ‘semantic
package’; combination
of class and instance

A
il Defect Semantic
’ Enrichtment

-

1
L 1.n 1
-

Activity Semantic S
Enrichment -
1

Upload as a document

INCEPTION Platform

Figure 16. Workflow between CH AM Tool and the INCEPTION Platform.
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Figure 17. Schematic process of creating condition assessment inventories based on an IFC-model.

role of the requester/uploader and the platform the role of
server/receiver of information.

The BIM integration into the condition assessment
tool is based on the IFC model that is used as the
source for (part of) the real estate object inventories.
This has been a significant challenge due to, in parti-
cular, the nature of IFC. IFC as a BIM-format
describes a structure to capture both geometric and
semantic data. Crucially, IFC is not a very strict data
format, leaving room for the end-user to use IFC in
the way that is best for him/her. For example, many
information elements are optional. Additionally, while
IFC describes a set of standard semantics relating to
building elements, it also gives the end-user the
opportunity to add custom, user-defined, semantics
(property sets in IFC terminology). This is
a significant advantage; an IFC-file can contain pretty
much any information the end-user desires. On the
other hand, this fact also means that when an IFC file
is used by another party, the structure of the informa-
tion within becomes, at least partly, unclear without
additional description or agreements. This is especially
crucial when depending on optional or user-defined
semantics within this IFC-model. A possible solution
is integrating a reference to the Heritage BIM (H-
BIM) ontology, which is part of the semantic approach
of INCEPTION. The second challenge is related to the
structure of condition assessment inventories versus
the structure of an IFC model; these are vastly differ-
ent. If one wants to use IFC as the source for
a condition assessment process, a conversion has to
be made between these two different worlds; the struc-
ture of an IFC-model needs to be mapped on the
structure of condition assessment inventories.

To illustrate the process and methodology of this
importing, mapping and conversion  process
a concrete example, in the form of a wall, will be used
to walk through the creation of condition assessment
inventories based on an IFC-model. This process is
schematically displayed in Figure 17.

The first step in this process is to recognize, to select,
elements that are relevant for inventory creation. At this
point it is important to illustrate the difference between
human and machine readability, while the geometry in
the left of Figure 4 is interpreted by us, humans, as a wall,
a machine will merely see this as an undefined geometric
entity. It is therefore necessary that this geometry is given
semantic meaning; it is required to have a ‘label” attached
to this element that denotes it as a wall, as illustrated to the
right in Figure 18. In the case of IFC, these elements are
captured in IfcWall and IfcWall Standard Case entities.

Next, once all wall elements have been selected from the
IFC-model, it is important to realize that a wall is not
necessarily one homogeneous entity; it can be composed
of multiple (material) layers. The distinction between these
different layers is very important in condition assessment.
For example, one would conduct very different activities if
a defect was identified for a wall finish then for a wall’s
structural layer. Therefore, material layers (Figure 19) are
distinguished from each other by employing IfcMaterialSet
entities assigned to the selected walls, which define
a structure for representing layered element compositions.

Additionally, there is a strong emphasis on materializa-
tion in condition assessment. This, again, can be attributed
to a distinction in potential measures between elements
composed of different materials; one would conduct differ-
ent measures for a masonry wall than for a wall with
wooden cladding. To correctly map elements to condition
assessment material categories, material information is read
from the IFC-model (Figure 20). IfcMaterial,
IfcMaterialList and IfcMaterialSet entities are all supported.

Once elements have been recognized, layers have been
distinguished, and material information has been read this
information can be correctly mapped to condition assess-
ment inventory categories. Next, quantity information
(Figure 21) is retrieved from the IFC-model and coupled
with the information previously distilled from the IFC-
model. Quantity information, such as square meters, is
important for the condition assessment process because it
allows you to attain comprehensive and realistic insight
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Figure 18. A wall represented purely by geometry (left), a wall given semantic meaning (right).

Figure 19. Layered wall composition.

Figure 20. Material recognition and filtering.

into the state of a real estate object. In addition, it is also

Figure 21. Retrieving quantity information from IFC elements.

important to know the scale of defects and rehabilitation
measures to be undertaken. This information is retrieved
from the standard BaseQuantities property set associated
with building elements in IFC.

Finally, within condition assessment, building compo-
nents or elements are often aggregated by ‘type’ (Figure
22); for example, all stucco wall finishes are aggregated into
one entry. However, within IFC entities this is represented
as separate objects, regardless if they would be considered
to be of the same type in condition assessment. Therefore,
after all, individual elements from the IFC-model have
been characterized and a quantity take-off has been per-
formed, they are compared and aggregated according to
their type.

As described earlier, some semantic elements within
IFC are optional or can be defined by the user. In devel-
oping the IFC import functionality as described above, an
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Figure 22. Aggregating wall elements of the same type.

emphasis was placed on employing as many semantics
from IFC that are pre-defined and required within this
data format. Nevertheless, it was not possible to base the
import methodology solely on such semantics.

Therefore, it was necessary to create “BIM-
requirements” for models that are to be used as input
for the CH AM tool. An effort was made to base these
requirements on other, international, standards in
order to ensure a broad usability of the methodology
and thus, that of the CH AM tool. These requirements,
in summary, concern the following aspects:

e The correct and full export of the BaseQuantities
property set in order to be able to conduct quan-
tity take-offs. This property set is pre-defined
albeit optional in the IFC format but is required
to use the IFC- model for condition assessment;

o The classification of building elements according
to the CI/SfB standard, and the export of this
classification to IfcClassification entities in the
IFC-model;

e The definition of element materializations in either
IfcMaterial (single material), IfcMaterialList (multi-
ple, unstructured, materials) or IfcMaterialSet (mul-
tiple, layered, materials) entities. The materials
themselves can either be formatted as a free string
(for example, ‘Stucco’) or by a string containing
a CI/SfB material code (for example, ‘g2 Brick’,
where ‘g2’ is the material code).

To summarize the above, using IFC-models in the
CH AM tool relies on the IFC data format and the CI/

SfB standard for certain content in this model. The CI/
SfB standard is a well-known and widely used, interna-
tional, standard for classifying (elements of) the built
environment. Due to this, and the fact that this is the
only additional standard required for the IFC import
process, this is seen as a reasonable additional require-
ment for the IFC-models when dealing with BIM-based
condition assessment.

7. Semantic enrichment of the BIM

The BIM semantic enrichment by ‘incorporating
inspection results as additional technical properties in
the IFC model’ specifically targets building technicians
and owners (i.e. technical expert users of the CH AM
tool). In the CH AM Tool, it has been deliberately
chosen to base the (INCEPTION) platform interoper-
ability on the BIM-aspect of the platform. This is better
suited to the users of the tool, i.e. technicians. In fact,
this specific approach highlights one of the key
strengths of the platform: the ability to facilitate differ-
ent (data) use-cases and audiences from one single,
central, data store.

Within the broader concept of INCEPTION, the
semantic enrichment can be done in different ways
depending on the purpose and targeted users. For
tourists and scholars for example, the semantic enrich-
ment of BIM models with photos and multimedia files
can be done through Linked Data approach on the
Platform instead of incorporating various types of
data in an oversize BIM model.

Having this in mind, for the purpose of maintenance
planning and asset management, the semantic enrich-
ment of the BIM model was implemented by assigning
two new property sets to the IFC file in order to store the
condition assessment data in the file (i.e. “As-Inspected
BIM”). In Figure 23, you can see the semantic inspection
data related to the Defect assessed and the rehabilitation
Measure proposed as new IFC property sets.

Enriching the IFC model with information about the
technical condition of building elements gives insight into
necessary maintenance and maintenance costs over time.
In addition, it supports the CH owners/managers in mak-
ing a risk-based maintenance planning due to the insights
given into the risks connected to the defects as well.

Using the Dutch NEN 2767 will allow the commu-
nication about the technical condition and connected
risks to be done in a uniform way. It is important to
realize that the level of detail of the model in relation to
the level of detail (building decomposition) used for
Condition assessment conform NEN 2767 has conse-
quences for the usability of the information and the
effort needed to acquire the information.
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Figure 23. Inspection results as two different property sets in IFC.

For a more precise overview, it would be very valuable
to know exactly which defects are located where (i.e. the
exact location in BIM) and to what extent are these
occurring. But the effort needed to collect the necessary
data and process it is not proportional to the added value
of the assessment process at this moment. Thus, more
research and development are needed on inspection
methods and tools that can be used to acquire the data
needed for a high level of detail in an efficient way.

Condition assessment conforms NEN 2767 focusses on
a level of detail that is needed to set up a maintenance
planning and predict maintenance costs for budgeting
purposes. For that reason, information is needed at build-
ing element level and specifically for building elements
that require periodic maintenance (i.e. roof covering, wall
finishing, etc.).

This means that at this moment, the model has to be
adjusted to the NEN 2767 decomposition (or vice versa) to
ensure usability of the data. As a result, the pilot case run in
the Netherlands (on a Romanesque church from the 13™
century) early 2019 has given insight into points of atten-
tion regarding level of detail of data collection and proces-
sing. Further research on this topic is advised (and is
already being done in other on-going EU projects (e.g.
BIM Speed) and development of Dutch standards (NEN
2660).

In relation to the INCEPTION platform, the
enriched BIM with survey data (i.e. Condition and
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Activity property sets) can be seen as a condition
record of the building’s condition, which has at the
same time, archival purposes. A condition record of
such kind is an essential tool in the management of
monumental real estate stock. It contributes to
a decision that something should be preserved.
A condition record in an IFC file is of historical value
and can provide evidence when defining conservation
needs and priorities. The information it contains can be
of interest to the public, enhancing their understanding
and appreciation of cultural heritage.

8. Conclusion

The CH-AM prototype tool has now been tested within
the INCEPTION project on aDutch demonstration case
and: is intended as the (first) pilot case to lead towards
more replications across Europe.

The validation of the tool on this demonstration case
remarked the following needs of the stakeholder and
was done in relation to the INCEPTION platform
implementation:

e Need for reliable and complete 3D information
model of the building since no up-to-date infor-
mation (i.e. drawings, technical details) exists.
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¢ Need for an insight into the actual condition of
the building and the associated risk estimation due
to more than 50 years of obsolesce.

e Need for a preliminary indication of the short-
term investment and long-term cost for renova-
tion and conservation of the building considering
the envisioned transformation plans.

The first need has been met through the integration
of BIM in the CH AM software tool for analytical
purposes. Technical information has been embedded
in the properties of the IFC BIM model. The second
need has been facilitated by the condition assessment
module and the associated mobile app as part of the
CH AM tool. The third need is supported by the cost
analysis functionality of the tool and can be extended
with additional cost indexes related to the proposed
transformation plans.

Testing and demonstration based on a real pilot case
have also contributed to improve the effectiveness of
the newly developed prototype toolset.

While the prototype toolset has validated the proof-
of-concept, further developments as described in the
previous section of this paper are still needed to
increase the Technology Readiness Level (TRL) of the
innovative solution towards TRL 8-9 and prepare the
toolset for practical implementation and market exploi-
tation. The recommended actions at this point are as
follows:

¢ Replacing or updating the technical norms and
procedures of CH AM/historic building condition
assessment as used in the software toolset with the
applied norms depending on the EU/national/
local regulatory framework;

It is to be expected that as a result of the
European standardisation of theDutch NEN 2767,
condition surveys for historical buildings will become
more reliable and as a consequence more popular
among CH owners/managers or other large-scale
CH property owners. Building inspectors can be
trained in using one method for all situations. To
this end, it makes the data suitable for asset manage-
ment and benchmarking purposes.

e The standard NEN 2767 is a tool to assess the
technical status of the real estate objects to underpin
the long-term maintenance expectations. This has
been tested that can be applied on monumental
buildings. Nevertheless, supplementary (expert)
information is needed in the phase of preparing
the execution of rehabilitation (specialist) work.

This may be the precise location of the defects and
causes of defects to take adequate conservation/
maintenance actions;

e Enriching the BIM model with the technical
information obtained from on-site condition
assessment on building level (i.e. Defect and
Activity) including the exact location of the
defect and visualisation of the monumental
labels with colour schemes which will support
the design phase for renovation plans;

e Detailing the risk parameters for monumental
buildings depending on the asset management
policy of the stakeholders;

e Creating in-depth cost analysis of the recom-
mended cultural heritage conservation or mainte-
nance measures referring to the specific
characteristics of the historic buildings, for exam-
ple, the building typology or material properties.
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