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Abstract—Urban regeneration as a complex project, generates authors analyse selected parameters (symptoms) allowing for
many extremely specific threats affecting the increase of diagnostics of the technical condition of buildings, road
investment risk. Its unique nature causes that probability pavement and underground infrastructure. Therefore, in the
parameter, normally applied in the process of risk quantification,  sjtuation, when the complete technical documentation is
is extremely difficult to estimate. Due to lack of historical data missing there is a chance for the indirect estimation through
ur_ban reger_1eration related activities are therefore associated gpservations introduced into the symptom variables. In
with uncertainty. authors’ opinion this approach can be especially useful at the

_According to the authors, a useful tool for resolving the above enaration stage of urban regeneration project when investor
issues may prove to be Bayesian networks (BN). Beliefs based on has to make decisions based on limited information
expert knowledge should be considered as a subjective measure, '

nevertheless BN also allow to combine this information with A special kind of BN has been constructed in order to
objective results of conducted research. represent RIR. Object-oriented Bayesian network (OOBN)
The authors built a model representing various urban reflecting various urban regeneration risk areas, has been
regeneration risk areas, where the analysis covers degradation of gevided into 8 parts presenting various groups of threats.
the urban regeneration area. The article also presents selected Analysis contained in the paper covers only degradation of
parameters allowing for diagnostics of technical condition of urban regeneration area, which is defined as one of
buildings, road pavement and underground infrastructure in the o bt 1ctures (objects) of the global model. The aim of the
area of urban regeneration. article is to determine the extent and size of the impact of the
Keywords—bayes methods; condition monitoring; degradation; technical co_ndltlon of bwldmgs_, road pavement and
urban areas. underground infrastructure on the risk level resulting from the
urban regeneration area degradation. In the course of study
one has used literature analysis, consultations with experts as
. INTRODUCTION well simulations conducted in AgenaRisk software, including
The Polish experience in urban regeneration, i.esensitivity analysis [7].
restoration of degenerated urban areas, indicates that such
enterprises are risky from the investor's point of view [4]. Il. RESEARCHMODEL
Despite that urban authorities continue to undertake such ) ) i
projects since in many cases a decisive impact have factors of 1he global OOBN model, being a representation of risk
social nature. Due to fact, that when assessing economf@ctors and groups of risk factors generating RIR was built in
effectiveness of the activities related to urban regeneratiof9enarisk software [13]. This model accounts for risk factors
projects, the typical indicators are not fully justified, in identified _durlng expert polling as havm_g. significant impact
practice there is a clear need for the risk assessment for tAB potential increase of cost, due to additional works required
projects of the above nature (urban regeneration investmef@ complete the project. Apart from risk factors, in line with
risk - RIR). BN prove to be a good tool to assess this type dpethodology of constructing a BN, it includes nodes

complex investments, because they factor in relations betwe&fPresenting -~ background - variables, symptom variables,
various elements of the project, creating a network oProblem variables and intermediate ones. Background and

interdependencies. symptom yariables.\_/vhen populated with information about

actual project conditions allow to update assessment of real
The article points out the possibility of using BN to risk level in a given project. Data necessary for qualitative

evaluate technical condition of facilities existing in the Urbal’anajysis (relations between specific objects and risk factors),

regeneration area, and as a consequence to determine the lexglwell as quantitative analysis of the netwogk giori

of investment risk [9]. The basis of estimates of the technicalrobability, node probability tables - NPT) was obtained

condition were the actual observations within urbanduring consultations with experts.

regeneration project conducted in Gdansk in 2009-2012. The
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Fig. 1. OOBN structure — global approach (risk arising from urban regeneration area degradation marked in green).

According to the idea of building OOBN [8], identified High number of factors impacting the diagnosis of
risk factors have been grouped into 8 thematic substructuréschnical condition of buildings makes it impossible to
presenting different areas of RIR (Fig.1). This paper coveraccount for all of them, especially in the initial stage of the
only a part of wider analysis. The considerations in terms gfroject analysis. Specific indicators (such as service limit
diagnosis of technical condition relate to buildings, roadstate, ultimate limit state, etc.) corresponding to the properties
pavement and underground infrastructure (Fig. 2). of specific construction element are also not analysed in the
model, only the general characteristics of the object are taken
under consideration. In order to build the network a simplified
set of key (in author's assessment) parameters has been used,
that represent the average condition of buildings in a given
urban regeneration area.

Ill. ANALYSIS OF THEPARAMETERSUSED IN THEM ODEL

A. Assessment of the Technical Condition of Buildings

Diagnosis of technical condition of buildings located in
Gdansk-Letnica was based on general criteria of assessment of Symptom variables (indicators of technical condition)
the technical condition of the building elements, which alsdnclude:
apply to assessment of the building as a whole (Tablel;
author’s research based on [5, 10, 11, 14, 15]). In accordance *
with the above, 4 conditions of the variabtechnical
condition of building$ave been considered as per Table I.
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Fig. 2. Bayesian network covering the issue of urban regeneration area degradation.
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TABLE . CLASSIFICATION OF THETECHNICAL CONDITION OF BUILDINGS (BASED ON[5, 10,11]).

Technical condition Technical damage [%] Criteria of assessment

very good 0-10 building in good condition, maintained, without signs of wear and tear and damage

good 11-25 building shows no significant signs of wear and tear, but specific parts may require maintenance

medium — 26-60 building condition is satisfactory, but a renovation is recommended; in case of damage of 351% a

satisfactory complete general renovation may be required

bad - emergency 61-100 building is sgverg:ly damaged; a complete renovation is required, especially if damage is over 70%
(then demolition is recommended)

* construction elements corrosioftelevant mainly for pavement, technical condition of underground infrastructure
Steel, wood and concrete; corrosion, erosion, mOlStUr%nd degree of land contamination.

biological damage etc; possible state of the variable: ) N
Low/Medium/High 1) Assessment of technical condition of road pavement
» state of internal installationgpossible state of the The parameters reflectmg technical Cof‘d't'on .Of road
variable:Good/Bad pavement were defined based on the instruction [12].
' According to [12] in determining the technical condition of the

« fulfilling thermal insulation propertiegfor example road pavement, it is necessary to:
heat transfer coefficient; possible state of the variable:

Yes/NJ. » evaluate bearing capacity (assessment of the level and
shape of surface deflection under pressure or sizing the
B. Degree of Land Degradation damage),

Assessment of the degree of land degradation directly ¢ measure the rut depth,
depends on the factors related to infrastructure decapitalization , 5ssess the pavement damage (calculation of the loss of

and pollution of former industrial areas. The degree of land chippinas arains and e.qa. asphalt mixture in the upper
degradation is assessed through the technical condition of road parFt)F())f gav%ment). g- asp PR

TABLE II. CLASSIFICATION OFROAD BEARING CAPACITY BASED ON THEEXPECTEDDURABILITY TIME [6].
Bearing Definitions of bearing capacity classes (expected expiration time)
capacity classes
A/B 18 years; pavement of class A should have bearing capacity close to new pavement (20 years)
B/C 8 years; length of the class C corresponds to typical inter-renovation period (the need for repairs coincides with expiration of
pavement durability and structural overlay)
c/b 2 years; pavement in class D requires immediate intervention; 2 years is the period sufficient to conduct resgarch and
preparing renovation before expiration of durability
TABLE Il CLASSIFICATION OF THETECHNICAL CONDITION OF ROAD (BASED ON[12]).
Technical condition Assessment criteria
good Class A
satisfactor Class B; the road does not require renovation, but a regular review of technical condition is recommended as well as
Y preventative maintenance
unsatisfactory Class C; pavement requires renovation
bad Class D; pavement requires immediate emergency renovation
TABLE IV. EVALUATION CRITERIA OF PAVEMENT RUTTING [12].
Pavement class Assessment criteria
A rut depth less than 10mm
B rut depth 11+20mm
C rut depth 21+30mm
D rut depth more than 31mm
TABLE V. EVALUATION OF SURFACE DEFECTSACCORDING TO THECRITERIA INDICATING THE NEED FORPREVENTION WORK (BASED ON[12]).
Classes Assessment criteria
| closed surface, without damage and losses
Il surface closing maintenance recommended
1} surface closing maintenance is necessary to extend the durability of pavement in sufficient technical condition
IV pavement degraded so much that surface closing maintenance is ineffective
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As much as measurements of the rut depth and assessmente overly dislocated or misshapen construction elements
of damage to the surface allows directly to qualify the road of the object;
pavement into one of previously defined classes, the pynctional damage — hydraulic limitations, caused by too
classification of bearing capacity depending on the remaining  gmg capacity of the network;
durability of the pavement is not so straightforward. ’
According to [6] the idea of bearing capacity of pavement ir8. Equipment damage:
road construction is ambiguous. It can be however evaluated | damaaes to internal insulation of the obiect caused b
based on time remaining until the loss of bearing capacity chemi?:al corrosion: J y
(Table 11). '
» damage to additional equipment, e.g. rungs or a fittings

In general, the indicated parameters (Table I, IIl) allow installed in the network.

for the mathematical point scoring, constituting the basis for The ab fd ire th Ivsis of risk
identifying the renovation needs of road infrastructure. Withi € above groups of damage require the analysis of 1is
this paper the above parameters can be used to diagngg el _they generate, wh|qh IS cor_lducted based on quallfyl_ng
overground infrastructure in the context of technical conditiorfrI eria: bearing capacity, environmental and hydraulic
of pavement, as classified in Table Ill. Values of the explame(_j W|der_|n [1]). For t_he purposes of the constructed
parameters (states of symptom variables) allowing to descrifB°d€!. diagnostics of technical condition of underground

the technical condition of road pavement as per Tables Il, |\|pfras_truct_ure is conducted by_ slmpllf_yln_g the above
and V. classification of damages and qualifying criteria. It is assumed

that the above diagnostics is based on symptom variables

2) Assessment of underground infrastructure technica(structural damage, functional damage, equipment dajage
condition defining the possible states of those variables lage,

The key task in the context of assessment of technicanedium and lowAs a result observation of those variables
condition of underground infrastructure is its complete surveyallows representation of the actual technical condition of
giving the full picture of existing and potential threats. It isunderground infrastructure.
crucial to identify and classify damages to the underground

) . ; . Apart from the symptom variables, technical condition of
infrastructure, which according to [1] include: b ymp

underground infrastructure depends directly on the causal
1. Construction damages: relation with the nodetechnical infrastructure equipment
) which should be considered as the background variable. Lack
* defects and damages of the material used to construgt equipment, in relation to classifying the technical condition
the line, as well as defects in pipeline connections;  and criteria of assessment provides information about
« gaps in the joints in masonry and prefabricated objectduffilling (or not) requirements of the some technical

in connections to cubature objects; condition.
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Fig. 3. Simulation of risk level resulting from urban regeneration area degradation.
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The node allows input of information about the actualdiagrams, additionally allowed to identify the impact of the
infrastructure of the urban regeneration area. Assuming logicabovementioned technical conditions on the risk level
values yes/no there is possibility of representing the resulting from the degree of urban regeneration area
percentage ratio of the area covered by the network to the ardegradation (Fig. 4).
without it, with default values defined as equivalent (50%
‘yes'and 50%no). V. CONCLUSIONS
The presented model allowing assessment of risk
stemming from the degree of urban regeneration area
Due to high level of uncertainty related to urbandegradation, allows for an individual diagnosis of technical
regeneration projects, BN are particularly useful at the initiatondition of buildings, road pavement and the underground
and preparation stage of the project. In case when the dirdofrastructure in the situation when direct assessment of
assessment of technical condition of construction elememéchnical condition is not possible. In cases where technical
(building) e.g. through technical expertise, cannot beondition is known the symptom nodes can be skipped in
conducted, BN allow to indirectly estimate it though further analysis and one can input only the observed technical
observations input into the symptom variables [3]. Thisconditions.
approach has been used in the simulation conducted.

IV. RESULTS OFCONDUCTED SIMULATIONS

It should be mentioned that the process of constructing a
In the analysis the idea gbft evidencéias been applied, BN is not limited to connecting the nodes and objects with

which denotes a situation when we are not able to introduasausal relations. The key subject is the expert knowledge that
the observation as a specific state of the variable (so callésl input as observations to the specific variables (respectively
hard evidence The use of soft evidence allows defining thea priori probability and node probability tables). Credibility

ambiguity in the input observations, through assigningand objectivity of the network models depends mainly on the
independent values of probability to specific states of eacborrectness of assigning the levels of the abovementioned
variable. probabilities by independent experts, who based on their own

The observations input into the model allowed to diagnongpe”ence assess the relation strength between variables.

technical condition of the buildings (probability of 79.85% for
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