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Abstract

In the context of eliminating the consequences of emergency events (military
conflicts, natural disasters, man-made accidents, etc.), it is appropriate to focus
attention on issues of reengineering of infrastructure facilities, since the tasks go
beyond traditional engineering design and include redesign of the managerial con-
tour of the transport and logistics system (S&D — BIM/DT — 4D/5D — BPMN),
re-assembly of roles and responsibility, implementation of end-to-end trace-
ability (CDE/DT), risk-oriented prioritization and audit-ready frameworks of qual-
ity, safety and ecology. The authors of the monograph expanded the theoretical
framework of the semantic content of the concept "reengineering" in the context
of BIM/Digital Twin-oriented reconfiguration of the architecture and processes of
remediation/reconstruction/restoration of transport and logistics infrastructure fa-
cilities on the basis of observation and diagnostics data. The increase in the scale
and diversity of risks of a different nature determines the need to move from static
regulations to a data-driven approach, namely: expanding the range of application
of computer vision, analysis of images and UAV imagery, satellites, as well as neu-
ral-network recognition, which can be organically integrated with the BIM model
of the facility, thereby forming a "digital twin". Such coupling will make it possible to
provide a full cycle screening — diagnosis — prognosis — intervention, which will
make it possible to automatically identify defects, verify their spatial-semantic lo-
calization in BIM, assess the degree of risk of collapse of the facility and/or failure,
and on the basis of this - predict the operational life of structural elements. All this
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will make it possible to carry out more accurate planning of remediation/recon-
struction/restoration works (4D/5D), choose the optimal scenario and protocol
of necessary measures, effectively manage the course of implementation of the
complex of works for restoration with subsequent successful commissioning of the
facility into operation and audit. The authors of the monograph substantiated that
BIM technologies play the role of a driver in BPR (business process reengineering)
of the transport safety management system as a whole, since they are able to com-
bine surveillance and management of restoration and repair works within oper-
ational requirements in a single information contour, while increasing the speed,
accuracy, safety and minimization of risks of different nature and scale. The study
proposes a metric support, which will make it possible to assess the effect of the
implemented complex of works. Thus, the result of reengineering is proposed to be
assessed using an integral indicator BOR-Index, which includes an assessment of
safety, time, cost, quality, DT-fidelity, completeness of evidence, timeliness, and the
readiness of data and processes to be assessed using the I-Score index by levels of
interoperability (syntax/formats, semantics, process, operational, evidence/CDE).
The monograph studied and proposed a transferable benchmark of construction
and restoration of the Genoa bridge (Italy) as confirmation of the feasibility of the
coupling S&D — BIM/DT — 4D/5D in fast-track mode.
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3.1 Introduction

First of all, attention should be focused on the relevance and significance of this
problem area, which is determined by a number of facts, namely:

- the growth of the frequency and severity of emergency events, including mili-
tary conflicts, which lead to large-scale damage to infrastructure, including transport
and logistics infrastructure facilities, which directly affects the level of national secu-
rity and carries the risk of economic losses;

- the limitations of the traditional approaches used for eliminating the conse-
quences of emergency events and for the operational restoration of the transport
and logistics system;

- the emergence of an innovative technological "window of opportunity", which
is determined, first of all, by the scaling of the use of sensors, unmanned aerial

74



Chapter 3 Reengineering of management processes for the restoration of transport and
logistics infrastructure through image recognition and BIM-oriented remediation

vehicles (drones), satellite data, edge-Al, as well as the maturity of BIM/IFC, and the
introduction into the practice of carrying out repair and construction works of 4D/5D;

- the presence of a significant scientific-and-practical gap, which consists in the
shift of the focus of scholars to the problems of defect detection of the functioning of
transport and logistics infrastructure facilities and the not fully researched issues of
using the potential of BIM/DT in the context of selecting optimal managerial decisions
and quality control of remediation, reconstruction and restoration measures [1].

The authors of the study examined benchmarks of effective application of BIM,
in particular, projects on eliminating the consequences of events of a military nature
in Iraq [2] and the project of construction and restoration of an infrastructure facility
in Italy [3], which updates the problem area of expanding the range of application of
BIM/Digital Twin technologies in the transport and logistics sphere.

The authors defined the aim of the study - to form a holistic methodology and
management architecture for the reengineering of affected transport and logis-
tics infrastructure facilities based on end-to-end integration S&D — BIM/Digital
Twin — 4D/5D+BPMN within the framework of ensuring transport safety, with
a formally verifiable effect by the integral indicator BOR-Index, assessing safety,
time, cost, quality, DT-fidelity, evidence, timeliness of the implemented complex of
works and the interoperability profile I-Score [4, 5].

Inthe course of achieving the set goal, the authors performed the following tasks:
substantiate the theoretical foundations of BIM-oriented remediation in the con-
text of Surveillance & Diagnostics; form a conceptual model "surveillance — diag-
nostics — prognosis — intervention” in order to ensure operational management of
transport safety; analyze the role and significance of the 4D/5D approach and at the
same time to define the role of BIM as the "sense organ" of the digital twin; develop
and propose an integration architecture and principles of interoperability; study the
possibilities of transferring benchmarks of remediation/reconstruction/restoration
of transport and logistics infrastructure facilities into projects for eliminating the
consequences of emergency events.

3.2 The theoretical foundations of BIM-oriented remediation of transport
infrastructure facilities

First of all, within the theoretical basis, it is necessary to define the key concepts
and boundaries. The scientific reconnaissance of published sources on this topic car-
ried out by the authors revealed that most works focus on detection [6]. However,
in the authors' opinion, CV/ML can initiate the actions undertaken inside BIM/DT -
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from a defect map to a work schedule and budgets. In such a case, it is necessary to
substantiate semantically and describe the geo-referencing of the recognized ob-
ject (in this case, an element of point and/or linear infrastructure). This concerns the
transfer of a pixel mask/box into the object-oriented structure of BIM (for example,
a bridge element, a road-surface layer, a section of railway track, etc.), which is criti-
cally important in the context of remediation, reconstruction and restoration as are-
sult of repair-and-restoration works after emergency situations or military conflicts,
but is rarely described as a logical bridge between Al and engineering practice [7].

The ideational impulse for searching for solutions to the tasks set in this study was
a medical analogy. Namely, let's rely on the medical chain of continuity of care deliv-
ery — screening — diagnosis — prognosis — intervention — rehabilitation: screening
as early identification of the condition, the clinical pathway through establishing a di-
agnosis and forecasting risk, and then therapeutic intervention and subsequent reha-
bilitation aimed at restoring functions and reducing disability. This intuitive sequence
is used to clarify the logic of the engineering-and-managerial picture in the context
of post-war and post-disaster restoration of transport and logistics infrastructure [8].

Accordingtothe authors' vision of the monographic study, architectural-and-pro-
cess reengineering constitutes a purposeful, standards- and metrics-based trans-
formation of data architecture, roles and services, as well as end-to-end managerial
processes of the national (including regional) system for ensuring transport safety
and its remediation in the process of eliminating the consequences of emergency
events [9, 10]. This transformation covers the contour: "surveillance — image recog-
nition — situation assessment — action planning — risk assessment — implementa-
tion of a complex of works on remediation, reconstruction and construction — com-
missioning of facilities into operation — post-monitoring" through integration of:

- Surveillance & Diagnostics (S&D), which includes computer vision/ML, UAVs,
satellites (optical/SAR), (ground/airborne) LiDAR, IoT;

- BIM/Digital Twin (DT) as a semantic core (in accordance with IFC/BCF,
ISO 19650), in which the states are fixed as-designed — as-built — as-dam-
aged — as-repaired/as-remediated;

- the operational layer, which, among other things, includes BPMN orchestra-
tion, 4D/5D planning, as well as quality control, occupational safety, environmental
control and audit.

Reengineering of the transport safety assurance system within the aggregate
of all structural elements of the territorial transport and logistics system covers
the entire multi-level ecosystem of participants (including public administrative
bodies, operators, contractors, transport and communications regulators, financial
donors, etc.), all classes of transport and logistics infrastructure facilities (linear and
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point), the life cycle of remediation/reconstruction/restoration works, as well as the
security and interoperability policy [11].

In the authors' conviction, the term "reengineering" most accurately describes the
initial need to restore the functional properties of the transport and logistics systemin
the event of emergency situations, namely: destruction of a facility (complete or par-
tial), disabling of infrastructure facilities and its unfitness for further operation, as well
as complete and/or partial impossibility of carrying out the main processes for safety
reasons. As a result of this, the relevant governing bodies face, determined by these
circumstances, a goal - to radically redesign the architecture of data, roles, processes
and decisions (S&D <> BIM/DT «» BPMN +4D/5D) taking into account risks, standards
and regulations, technical, technological, as well as financial capabilities (Fig. 3.1).
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Fig. 3.1 Structure of APRe-TISRM (architectural-process reengineering for transport
infrastructure safety, remediation & management/restoration)

Summarizing everything above, it is possible to state that BIM and Digital Twin form
asingle axis, where BIM acts as a semantic foundation (IFC/BCF), which makes it possi-
ble to structure the geometry, composition and hierarchy of all infrastructure elements,
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the typology of defects and the necessary restoration-and-repair, as well as remedia-
tion/reconstruction/restoration works, also for the purposes of resource justification.
Digital Twin acts as an operational "living" mirror above BIM, which makes it possible
to synchronize the model with actual observations [12], as well as to record the states
as-designed — as-built — as-damaged — as-repaired/as-remediated, implement sce-
narios and, while closing control loops, implement the function of a semantic container
and a "sense organ" that is capable of integrating observation streams. In turn, Surveil-
lance & Diagnostics is interpreted by the authors as a triad of interrelated functions:
surveillance through the collection and processing of data of transport and logistics in-
frastructure facilities, recognition of patterns, and on this basis - diagnostics and prog-
nosis with the corresponding engineering conclusions and managerial decision-making.

Surveillance & Diagnostics (S&D) act as a kind of "sense organ" of the system,
which makes it possible to carry out comprehensive multimodal surveillance through
the integration of the received information of video surveillance, UAVs, satellites,
LiDAR, as well as 10T, etc. [13]. Then, identification and verification of patterns is im-
plemented: the results of diagnostics and prognoses are semantically addressed to
BIM elements or chainage segments (with an indication of the degree of confidence
and the level of error).

Accordingtotheauthors' view of the study, the uniqueness of BIM technologies lies
in the fact that they directly influence critically important factors in the remediation/
reconstruction/restoration of transport and logistics infrastructure facilities, namely,
4D (time) and 5D (cost) in operational management, scenario planning of the protocol
of necessary works, resource optimization, risk reduction and ensuring safety [14].
4D and 5D are layered onto the semantic model of organizing the implementation of
a complex of measures that are multidirectional by nature, which makes it possible to
implement optimal scenarios for restoring an infrastructure facility, while taking into
account access possibilities, time windows, weather and technical-and-technologi-
cal conditions, as well as the possibility of implementing combined measures. In turn,
BPMN orchestration makes it possible to take into account and to highlight priorities
in restoration scenarios into executable processes with human (Human-in-the-Loop)
and automated multi-agent (AOAM) participation where required [15, 16].

Thus, in APRe-TISRM, BIM/DT acts simultaneously as a semantic container and
an operational platform, which makes it possible to translate recognition results into
manageable decisions, which as aresult can significantly accelerate the remediation/
reconstruction/restoration of facilities (4D), optimize the budget (5D), and at the
same time ensure environmental and transport safety as a whole (including, through
aggregating a database of quality control of performed works, compliance with stan-
dards and norms, etc.).
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The next theoretically significant aspect is that, in the context of post-war and/or
post-disaster recovery, the concept of remediation should be considered at least in
terms of three interrelated layers [17], namely:

- technical remediation (engineering remediation), which covers a set of measures
to restore the main functional characteristics, eliminate defects and vulnerabilities,
bring facilities to safety and reliability operation standards, and in some cases - re-
design of transport and logistics hubs;

- environmental remediation, including, among other things, decontamination, ex-
traction, sanitary-and-environmental control, returning the facility to economic use
and preventing re-contamination;

- socio-economic remediation, namely, restoring accessibility and connectivity of
the entire transport and logistics system, reducing the time of logistics costs, restor-
ing network load, commodity flows, activating population mobility and employment,
active use of services by all subjects of the system - that which in the logic of Build
Back Better means not simply "return it as it was", but optimize the operational re-
source and increase the resilience of point and linear infrastructure facilities.

In accordance with what is indicated above, in APRe-TISRM this is reflected
through the implementation of a complex of multidirectional remediation/recon-
struction/restoration measures, covering a set of technical + environmental + so-
cio-economic interventions, stitched through BIM/DT, making it possible to fix the
semantics of the state of facilities, S&D (surveillance — recognition — diagnostics),
4D/5D scenario planning and BPMN orchestration with built-in Eco/Safety/Audit
gates, as well as the corresponding KPls.

Summarizing everything set out above, it is possible to state that BIM-oriented
remediation is an integrated (technical, environmental and socio-economic) set of
multidirectional interventions managed through BIM/Digital Twin, which play the
role of a semantic-and-operational core, where S&D events are addressed to IFC
elements and chainage segments, translated into 4D/5D scenarios with Eco/Safety
gates, and the implementation is fixed as as-remediated in the CDE with an audit of
the performed actions and calculated effects.

3.3 The methodological framework for managing
remediation/reconstruction/restoration of affected transport
and logistics infrastructure facilities

The process-and-architecture model APRe-TISRM substantiated in the pre-
vious chapter covers the end-to-end managerial contour of all remediation,
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repair-and-restoration and construction measures for transport and logistics
infrastructure facilities: from identification and verification of damage - to diag-
nostics of the possibility of putting into operation after carrying out the required
protocol of works with account of prioritization, then to 4D/5D scenario planning
in linkage to process orchestration of the set of measures, and at the final stage - to
commissioning of the facility into operation on the basis of the conclusion of a com-
prehensive independent audit with subsequent post-restoration monitoring (with
possible model training).

It should be especially emphasized that the semantic foundation of the frame-
work sets the axis S&D — BIM — Digital Twin — BPMN + 4D/5D. In it, S&D (Sur-
veillance & Diagnostics) plays the role of the "sense organ" of the system, where
multimodal data sources, including information from video surveillance cameras,
UAVs, satellites, LIDAR, etc., through fusion and registration are transformed into
detections/masks/anomalies with an assessment of the degree of confidence. Ag-
gregated S&D detections after fusion undergo geo-referencing and are addressed
to the corresponding IFC elements for point infrastructure facilities and to chainage
segments for linear infrastructure facilities with records of the degree of confidence
and errors. All this is stored in the DT state and influences the Confidence-Gate/HIL.

BIM occupies a central place in this foundation; in it, data about a specific infra-
structure facility are collected step by step and then, if necessary, used, starting from
the design stage and ending with its demolition (including key technical character-
istics, dimensions, cost, data on changes made during operation, etc.). Digital Twin
serves as a kind of operational mirror, which makes it possible to synchronize the
actual states of the facility (as-designed — as-built — as-damaged — as-repaired/
as-remediated) and link the surveillance carried out during restoration with the cho-
sen strategy, tactics, the established protocol, plans and deadlines of works. On this
foundation, a risk engine of managerial decisions operates, which forms the priori-
tization of interventions and the choice of optimal scenarios of remediation/recon-
struction/restoration of infrastructure facilities based on engineering risk, environ-
mental and socio-economic risks, as well as the overall impact on transport safety.

The actual implementation of the functions of the framework described above is
ensured by 4D/5D planning and BPMN orchestration. As indicated earlier, time (4D)
and cost (5D) are layered onto the semantics of BIM in order to be able to form
a set of permissible scenarios of remediation/reconstruction/restoration of facili-
ties and choose from all permissible ones the optimal one, taking into account ac-
cess windows, the level of safety of carrying out the protocol of measures, actually
available resources and supply capabilities, as well as taking into account routing
of construction-and-repair crews for linear infrastructure facilities and staging
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of performed works for point facilities. The described processes can be pre-
sented as a chain of interrelated actions Intake — Verify (HIL) — Triage (risk) —
— Plan (4D/5D) — Execute — QA/Accept — Monitor, where Human-in-the-Loop
is engaged at a low degree of confidence of image recognition and in the case of
critical extraordinary situations.

In the described configuration, the mechanism of manageability is regulated by
"gates", namely: a Confidence-Gate for the purpose of verification of the segregation
of S&D events with a low degree of confidence; an Eco-Gate in situations where car-
rying out a complex of remediation measures is mandatory from the standpoint of
ensuring environmental safety (including remediation of the infrastructure facility
itself, the territory on which it is located, as well as air and water) in cases of exceed-
ing standards and regulations; a Safety-Gate in the case of the need to ensure access
for carrying out the required protocol of works (including the need for demining,
equalization the impact of weather conditions that hinder/make impossible the im-
plementation of remediation/reconstruction/restoration operations, as well as tak-
ing into account actual technological windows); and at the final stage an Audit-Gate,
which makes it possible to put the facility into operation only if there are artifacts
as-repaired & as-remediated. All the above-mentioned artifacts, scenarios and
protocols are maintained in the CDE based on the standards 1ISO 19650, IFC/BCF,
BSDD, OGC/INSPIRE, which ensures interoperability, ensures automated interac-
tion between heterogeneous systems without limitations, which makes it possible to
carry out technical, donor financial and ESG audit.

It should be noted that, at the same time, the framework described above makes
it possible to clearly distinguish two classes of infrastructure facilities - linear (in-
cluding: highways, railways, tunnels, metro lines, etc.) and point (including: bridges,
transport hubs, seaports, railway stations, airports, etc.). Each of them has different
data addressing (chainage vs. IFC hierarchy), different profiled metrics, as well as
different planning models and protocols for carrying out remediation/reconstruc-
tion/restoration works. It is important to note that this separation is embedded at all
levels - from S&D mapping to KPI.

As was substantiated earlier in the study, in APRe-TISRM remediation is under-
stood by the authors in an integrated manner, namely, as a set of various technical,
environmental and socio-economic interventions in the logic of Build Back Better, in
which the goal is not only to return the functional qualities of the facility, but also to
optimize operational properties, increase its level of resilience, transport safety, and
also increase the efficiency of the transport and logistics network as a whole. For
these purposes, it is appropriate to implement in the framework a system of SLA/KPI
management tools with the possibility of exporting them in open formats.
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Thus, APRe-TISRM is not only a set of technologies, but also an executable
methodology that makes it possible to transform the system of continuous moni-
toring of point and linear transport and logistics infrastructure facilities into a man-
ageable system of their optimal operation based on the key parameters of ensuring
transport safety, thanks to data standardization, process discipline and clearly de-
fined responsibility.

Table 3.1 presented below serves as a bridge between the methodological de-
scription and the logic of the framework's functioning. It records those very "joints"
of the data — decisions — actions — evidence contour, starting from the mapping of
S&D events, including IFC elements and chainage segments - through updating the
states of facilities in the Digital Twin - to launching the risk engine for managerial
decision-making with the selection of strategy, tactics, priorities, optimal protocols
and scenarios with subsequent 4D/5D planning, and then to process orchestration
and completion of remediation/reconstruction/restoration works with an evidence
base of compliance with norms and standards in the CDE.

Table 3.1 Method for calculating BIM/Digital Twin indicators in the APRe-TISRM framework

Indicators APES‘?IISnRM Key variables Formula/rule
1 2 3 4
Mappingof  Transformationof deD-anS&Devent f:D— A, whereAisthe set of
Pixel/Track S&D events into (detection/anomaly/  infrastructure addresses: IFC
objects —» manageable data  change) obtained from  elements (point assets) and
— IFC/Chain- (IFC GUID/chainage surveillance sources; A;  chainage segments (linear
age segment) u(d) - degree of confi-  assets); f(d) = argmax_{a € A}
dence; £(d) - registration Overlap_{geo/sem}(d, a); u(d)
error and &(d) are stored in the DT
Confi- Filter for inaccurate  u(d) - confidence for Ifu(d) <@ coreld) >0 e=
dence-Gate data, as well as data eventd[0...1]; HIL/inspection, prohibition
with alow degree  &(d) - geo-registration  of auto-generation of tasks
of confidence; error of event d (m/pixel/ until verification
u(d) - confidence arcsec); 0.c,0 ¢ -

foreventd[0...1] thresholds for the Con-
fidence-Gate (minimum

acceptable confidence

and maximum accept-

able error)
Facility Life cycle and x,(t) - the state of DT xi(t') = Update(x(t), f(d),
state - DT history of astruc- element i over time (pa- evidence); states: as-de-

tural element of  rameters of the detected signed — as-built — as-dam-
aninfrastructure defect, load/environmen- aged — as-repaired/as-re-
facility (versions in  tal indicators, statuses) mediated
the CDE)
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Continuation of Table 3.1

1 2 3 4
Engineering Reliability/safety P; - probability of failure/ Ri*eng = P;-S;; P, - ML + phys-
risk (probability x con- degradation for elementi ics; S; - consequence matri-
sequences) (ML + physical models); ces/risk classes
S, - consequences of
failure (safety/lack of
accessibility/downtime),
damage scale
Eco-risk Compliance with ¢, A, T - contaminant con- Ri*eco = ¢(c, A, T) the specific
standards and centration, impact area/ ¢ is defined in the remedia-
regulations volume, exposure time  tion methodology; "compli-
ance vs exposure"
Network/ Impact on the AL - network effecton AL = g_net(Aflow, Atravel-
time, detours, resilience);

node effectin  logistics corridor/ alinear corridor (change

transport and transport hub in flow/travel time/ ANode = g_node(throughput,
logistics infra- detours/resilience); redundancy/centrality)
structure ANode - node effect
(throughput of a trans-

port hub, redundancy)

Prioritization ~ Unified interven-  w,, w,, w, - weights for 7Z;.=w,-R"eng+w, - Ri"eco +

of remediation/ tion priority aggregating prioritiza- +w;, - (AL or ANode); wis
reconstruction/ tion criteria (configured calibrated by the governing
restoration by the public administra- body; a multi-objective prob-
measures tive body/customer) lem formulation is possible
Eco-Gate Mandatory remedi- R;“eco - environmental If R"eco> 6O _eco=>re-

mediation is mandatory

ation when thresh-  risk for element/seg-
(before and/or together with

old contaminant ment i; 6_eco
pollution norms are reconstruction/repair, or
exceeded decommissioning); com-

missioning of the facility
into operation is impossible
without eco-evidence

If access to the facility for
executing the protocol of
measures is not ensured =
blocking the start of works

4D/5D planning Analysis of access  h(...) condition; 0_safe
to the remediation/ threshold
reconstruction/
restoration site;
demining/techni-
cal-and-techno-
logical conditions/
weather conditions/
time windows
photos/videos, LIDAR/ Audit-Gate: closure <
the work proto-  evidence (CDE) point clouds, environ- the CDE contains as-re-
col — evidence mental samples, as-built paired & as-remediated with
base for control models, technical and  geo-referencing, timestamps,
and audit financial documentation  and links to the element/
segment of the infrastructure
facility

Execution of Closing tasks by
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Continuation of Table 3.1

1 2 3 4
Post-monitor- Self-improving loop new events d’ Repeated surveys/sam-
ing/training pling — updating x;, retrain-

ing CV/ML, recalibrating
Gate thresholds, updating
maintenance plans for trans-
port and logistics infrastruc-
ture facilities

The Table 3.1 presented above is structured in such a way as to capture the key
managerial invariants of APRe-TISRM:

a) what exactly enters at each stage (key variables);

b) which rule is applied, indicating the formula and/or specifying specific con-
ditions;

c) the managerial effect that is achieved as a result of the actions undertaken.

Thus, BIM confirms its significance as a foundation, Digital Twin - as an oper-
ational "mirror" through synchronization of data on the state of facilities and the
implementation of the selected protocol scenarios of remediation/reconstruc-
tion/restoration of transport and logistics infrastructure facilities, and the CDE -
as an environment of interoperability, versioning and audit.

3.4 BIM/DT as the core of APRe-TISRM: verification of interoperability,
significance for ensuring transport safety, and the BOR-Index

Within APRe-TISRM, which covers a set of interconnected and mutually in-
fluencing structural elements such as Surveillance & Diagnostics — BIM/Digital
Twin — BPMN + 4D/5D — Evidence/CDE, it is precisely BIM/Digital Twin that
act as the semantic and operational core. A critical condition for the operability
of such a contour is interoperability, namely, the ability of heterogeneous systems
and data, including IFC/BCF/BSDD, OGC/INSPIRE, CDE/API, etc., to pass the en-
tire path from the source data to the decisions made and the evidentiary database
confirming the implementation of the work protocol without losses and delays.
It should be emphasized that losses during exchange and breaks at the junctions
S&D «» BIM/DT «<» BPMN/4D/5D significantly worsen safety, increase time and
cost, and also negatively affect the completeness of evidence.

An in-depth study of this issue confirmed the primary role and significance of
interoperability. In a general understanding, interoperability constitutes the ability
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to automatically, safely and unhinderedly exchange interpretable data between de-
vices and systems in an information-and-technology network in a standardized man-
ner without technical limitations [18].

In the authors' opinion, assessing interoperability is one of the significant para-
meters of APRe-TISRM, since it makes it possible to connect the logic of the theoreti-
cal linkage S&D — BIM/DT — 4D/5D — CDE with practice, taking into account safe-
ty, time, cost, commissioning of infrastructure facilities into operation, which makes
it possible to form an objective basis for ranking, financing and scaling BIM-oriented
remediation for both linear and point facilities.

For the purpose of an objective assessment of interoperability, the authors em-
phasized the key aspects:

1. Scope of coverage: linear vs point infrastructure facilities.

As was indicated earlier, transport and logistics infrastructure covers linear fa-
cilities (including roads, rail tracks, subway lines, etc.) and point facilities (including
bridges, tunnels, railway stations, transport hubs, logistics centers, terminals, sea-
ports, airports, etc.) [19].

For linear facilities, the key aspects, in the monograph authors' view, are: chainage
and dynamic segmentation, the continuity requirements of remediation/reconstruc-
tion/restoration works, routing of crews as well as equipment taking into account
the availability of time windows, metrics of the load of the transport and logistics
network, accessibility of facilities, and also the time and required resource provision
for carrying out the necessary measures. In turn, for point infrastructure facilities,
the depth of IFC hierarchies and domain MVDs, distribution by 4D/5D stages, and
assessment of the criticality of load on a transport and logistics hub (throughput,
redundancy, centrality) are of significant importance and role. In this regard, iden-
tification of risk profiles and the corresponding specific data necessitates separate
verification and validation of interoperability for linear infrastructure facilities and
separately for point infrastructure facilities.

In the context of this study, verification of interoperability is the answer to the
question: "Do we correctly understand/interpret the obtained data about the infra-
structure facility?". In turn, validation of interoperability is the answer to the ques-
tion: "Do our integrated exchanges and processes S&D «> BIM/DT «> 4D/5D/BPMN
actually work as intended and produce the required effect?" It should be emphasized
that they are closely and end-to-end interrelated: without successful verification,
valid effects are unstable and ultimately non-auditable, and without validation, the
completed verification remains formal. However, together they transform BIM/DT
from a "showcase" into an operational core for managing remediation and resto-
ration for linear and point infrastructure facilities.
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2. Interoperability V&V framework (verification and validation).

Four levels of interoperability and their corresponding checkpoints were exam-
ined in this study, namely:

- syntactic, which focuses on assessing the correctness of IFC/BCF/BSDD and
OGC/INSPIRE formats and schemas, as well as exchange profiles/MVDs and validators;

- semantic, which consists in analyzing the consistency and comparability of de-
fect types/codes/dictionaries for linear and point infrastructure facilities, as well as
the accuracy of Pixel/Track — IFC/chainage mapping;

- process, oriented toward assessing consistency with BPMN orchestration, gate
logic (including Confidence/Eco/Safety/Audit), statuses, as well as routes of remedi-
ation/reconstruction/restoration measures;

- operational, which focuses on assessing the causes and facts of delays, evalu-
ating transaction reliability, and resilience under conditions of unstable communi-
cations and connectivity. In addition, the degree of completeness and traceability of
evidence is assessed.

It is possible to note that for each level, the corresponding metrics are records:
AGeom/AAttr (round-trip losses), MapAcc (mapping accuracy), Latency (event —
— DT — task), GatePass% (percentage of cases that passed the gates), Traceabil-
ity (links evidence «> element/segment of the facility <> version), API-Reliability,
CDE-Conformance. These indicators are aggregated into the I-Score (0...1) - aninte-
gral assessment of interoperability with calibratable weights and thresholds.

3. Link between interoperability, safety, and the BOR-Index.

In APRe-TISRM, it is possible to define safety as the primary priority (safety-
first): through strict thresholds of the residual risk level at the level of elements and
the required network accessibility/LOS, as well as through the Safety-Gate, namely
through the possibility of safe access to the infrastructure facility, including by means
of demining and carrying out remediation measures for soil, water and air, ensuring
personnel-safe conditions for performing restoration works, as well as weather and
technological conditions. In the monograph authors' view, interoperability is a pre-
dictor of safety (including transport safety), since it determines the accuracy and
timeliness of defect mapping in the DT, the correctness of prioritizing the required
remediation/reconstruction/restoration works, and the quality of the 4D/5D plan.

To objectify the assessment, it is proposed to use an integrated BOR-In-
dex (BIM-Oriented Remediation Index) - an integral KPI of the quality of BIM-oriented
remediation/restoration (0...1), which is based on normalized sub-indices, namely:
the degree of reduction of engineering risk (S,), eco-compliance (S,), compliance with
4D parameters (S;) and 5D parameters (S,), DT consistency (S;), completeness of
evidence (S,), and the degree of impact on the transport and logistics network (S,).
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Note that interoperability will affect the BOR-Index directly through S, (DT-fidelity)
and S, (evidence completeness), and also indirectly through S,/S, (assessments of
risk accuracy as well as network accessibility). In practice, an increase in the I-Score
leads to an increase in the BOR-Index, which is expressed in shorter delays in mana-
gerial decision-making, less rework, better manageability of 4D/5D, and faster audit-
able commissioning of restored infrastructure facilities into operation.

The mathematical formalization of the BOR-Index is as follows

7 7
BOR :Gsafe 'Geco 'Gaudit 'GconfEkz;wk 'Skj' ;wk :1' wk 20 . (31)

mandatory gates

The decomposition of the BOR-Index formula with gates (indicator functions) is
presented below:
1. Safety-Gate.

— |V, €W, yia,<s,<b,~t; A Access; =
G =1{V,A:R® <R -1 o (3.2)
=1ADemining; =1 AWether, =1
2. Eco-Gate.
Goo =1{V, €A, 1R <O, | A1{V, €A, 1 SCT™ AT, <T™ AA <A™}, (3.3)

where R =¢(c,, A, T,); C"™, T™, A™ - approved limits based on standards/permits.
3. Audit-Gate.
Let's define the completeness and traceability of the evidence base in the CDE
for all tasks being closed for remediation/reconstruction/restoration of transport
and logistics infrastructure facilities

Y, €W, gt EvidComp; 217

4 ~ Trace;=1 A CDEconf; >t

evi cde

Gaudit = 1 completeness evidence connection to 1SO 19650: versions/ statuses  * (34)
photo/video/LiDAR/eco-probes  IFG-GUID/chainage+ WORM-logs
+geo/time+signatures
4. Confidence-Gate.
Gy =1{VdeD,,:(u(d)26, r&(d)<0, vHIL(d)=1)}, (3.5)

where u(d) - the degree of confidence of the object detection; £(d) - the registration
error; HIL(d) = 1 - the fact of passing mandatory verification by specialists in the case
of assessing "borderline" events.
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The scheme presented in Fig. 3.2 serves as a framework for linking the met-
rics described above. Thus, on the input contour S&D — CDE/DT, the I-Score is
assessed for: Syntax/Formats and Semantics (registration and mapping accuracy);
at the Prioritization/Planning junction - the I-Score for: Process/Operational (la-
tency evt — DT — task, gate compliance); at the output Execute/QA — Post-Moni-
toring - the I-Score for: Evidence/CDE (completeness/traceability of evidence). All
interoperability levels shown in the figure are aggregated into the BOR-Index, which
makes it possible to directly identify the impact of each node of the scheme on the
target effect of remediation and restoration of infrastructure facilities of the trans-

port and logistics system.

Donors/Audit
@ ,

Stakeholders
CDE/DT HUB
(1ISO19650, IFC/BCF,
S&D, UAY, OGC INSPIRE, BIM/DT Core, IFC,
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_;/\| - Sf&D < % - Plans & Working €, 41
& ream N N~
Y Confidence § S Data ~
Mapping, Gate
Pixels — IFC

< Risk Assessment/
R_Eng/R_Eco/A_L

Eco/Safety-
Gate
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Registration

Prioritization

Planning 4D/5D

Audit-Gate: as-repaired &
s-remediated + evidence .

BPMN < A3

Orchestration Q)

Execue/QA

Post Monitoring/
Education

Fig. 3.2 Architectural map of APRe-TISRM flows
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Next, let's move from the formal decomposition of the BOR-Index to its visual in-
terpretation, since even a correct mathematical formalization remains a "black box" for
various groups of stakeholders (let's refer to representatives of public administrative
bodies, investors, IT specialists, engineers, contractors, etc.). Visualization makes it pos-
sible to interpret accumulated data and the calculated indicators in a clear way, namely:

1) it explicitly shows where exactly losses arise in the contours S&D — BIM/DT —
— Ops (interoperability analysis by levels);

2) it explains which mechanism of improving interoperability is transformed into an
increase in BOR (let's refer to the decomposition of cause-and-effect contributions);

3) it allows quick comparison of groups of infrastructure facilities (linear vs point)
in terms of their weak/strong zones.

This is essential for the purposes of prioritizing remediation, reconstruction/res-
toration works, selecting the optimal scenario, protocol of measures, budget, as well
as the timelines for its implementation.

Of all possible options, it is feasible to select the following visualization forms:

- Heatmap, which provides a "diagnosis" by interoperability levels (Syntax/For-
mats, Semantics, Process/BPMN + Gates, Operational, Evidence/CDE) and metrics
(including Latency, MapAcc, Traceability), showing the specific breakpoints in the
APRe-TISRM framework chain;

- Waterfall, which answers the question "Why does the BOR index grow?", i.e.,
it makes it possible to see the contribution of AS, (DT-fidelity), AS, (evidence com-
pleteness) and indirect AS,/AS, (timeliness/accuracy), linking the driver (interopera-
bility) and the result (BOR);

- Radar (Linear vs Point), which makes it possible to compare profiles and see
where linear transport and logistics infrastructure facilities fall behind point facili-
ties (or vice versa).

In the monograph authors' view, together these three charts form a clear bridge
"from formalization to making rational managerial decisions".

For calculations and charting, the authors used Python (Matplotlib) scripts
in a Jupyter-type computing environment. This approach is reproducible (script
versions and the source interoperability matrices are recorded), transparent for
audit (all data transformations are documented), and vendor-neutral with respect
to specific CDE/IFC validation vendors - normalized matrices/metrics agreed with
the methodology presented above are provided as input. Numerical values in the
charts are marked as reference design values and are subject to refinement in pilots.

In summary, it is possible to state that visualization in this context acts as a tool
for managing the process as a whole, including managing information, coordinating
all project participants, responsibility, resource provision, risks, time, cost, and the
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results of remediation/reconstruction/restoration of transport and logistics infra-
structure facilities. In the authors' conviction, this set of visualizations will make it
easier to defend project decisions before public administrative bodies, investors, do-
nors and contractors, while minimizing the level of semantic ambiguity.

The heatmaps presented in Fig. 3.3 show where exactly the interoperability chain
breaks, and not simply which class of transport and logistics infrastructure facilities
is better or worse. Based on these data, a general conclusion can be made: for linear
infrastructure facilities, the weak point is addressing, routing, and delays, and for point
facilities - the consistency of the stages of remediation/reconstruction/restoration
works and the KPI of transport hubs. These are the growth points of the BOR-Index.

By the aggregate interoperability indicator, point infrastructure facilities out-
perform linear ones, namely: |-Score_Point = 0.805 versus I-Score_Linear = 0.746.
The weakest point for both groups is the operational delay "event — DT — task":
the row average for Latency (inv.) for linear infrastructure facilities is ~ 0.66 (values
in the matrix respectively: 0.68/0.68/0.66/0.62/0.65), for point infrastructure facili-
ties is ~ 0.70 (values in the matrix respectively: 0.72/0.72/0.70/0.68/0.70).

The Waterfall (Linear vs Point) presented in Fig. 3.4 shows which "building
blocks" the increase in the BOR-Index is composed of due to the growth of interoper-
ability. As is seen, the main contribution is made by AS, (DT-fidelity) and AS, (evidence
completeness), and the indirect contribution - by AS,/S,, which characterize time-
liness and accuracy. For linear infrastructure facilities, the total increase amounts
to ~ +0.050 (= 0.030 + 0.015 + 0.005), for point infrastructure facilities - ~ +0.060,
i.e., with an equal improvement of interoperability, point transport and logistics in-
frastructure facilities obtain a slightly larger gain.

Based on this, it can be concluded that the maximum effect on the BOR index is
produced by investment in the accuracy and relevance of the DT (reducing the gap
"as-is" <> "DT") and the completeness of the evidence database in the CDE (traceable
photos/videos/scans/environmental samples, etc.). For linear infrastructure facili-
ties, it is additionally necessary to critically strengthen the chainage mapping chain
and the VRPTW integration in order to reach the level of point infrastructure facili-
ties. These waterfalls make it possible to answer the question: where to direct efforts
first in order to transform I-Score growth into a tangible increase in the BOR-Index.

In the presented radar chart (Fig. 3.5), it is clearly visible that point infrastructure
facilities consistently outperform linear transport and logistics infrastructure facili-
ties across all five interoperability levels: the differences amount to ~0.04-0.06 on
each axis (especially in Operational and Process (BPMN + Gates)). The value labels
show: Linear ~0.71-0.77, Point ~ 0.77-0.82, i.e., the lag of linear infrastructure facil-
ities is systemic rather than local.
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Interoperability Heatmap - Linear Assets (reference design values)
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Fig. 3.3 Heatmaps of I-matrices for linear (a) and point (b) transport and logistics
infrastructure facilities
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Fig. 3.4 "Waterfall" of effects: how interoperability increases BOR:
a - linear transport and logistics infrastructure facilities; b - point facilities
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Fig. 3.5 Interoperability of S&D — BIM/DT — Ops by levels: comparison for point and linear
transport and logistics infrastructure facilities
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In practice, this means prioritizing the undertaken measures for linear infra-
structure facilities precisely in the "middle of the contour", namely, reducing la-
tency and improving semantic mapping/process gates, since this is where the
most significant breaks for the BOR-Index are. It is important to note that the ra-
dar chart makes it possible to set a vector for a roadmap oriented toward rapid
elimination of process-and-operational failures for linear infrastructure facilities,
while maintaining the achieved high level of Evidence/CDE for point infrastruc-
ture facilities.

3.5 Benchmark case (Italy): transferable BIM/DT practices
for remediation/reconstruction/restoration of infrastructure facilities
in post-disaster territories

In order to substantiate the expediency of the BIM-oriented remediation ap-
proach proposed by the authors, the Genoa bridge restoration case (Italy) was an-
alyzed in depth and comprehensively - a still rare, yet well-documented example
where the linkage BIM « Digital Twin <> 4D/5D <« evidence-based commissioning
of an infrastructure facility actually worked under the conditions of a crisis resto-
ration project. Implementation of this benchmark is absolutely expedient in the con-
text of eliminating the consequences of natural and man-made disasters, as well as
eliminating the consequences of military activity, since it:

- demonstrates a paradigm shift, namely, the transition from BIM as a design
showcase to an operational core for managing time, cost, quality and safety;

- provides an evidence base for stakeholders, namely, real facts of applying the
BIM/DT linkage in the urgent restoration of a critical infrastructure facility;

- directly correlates with the developed metrics, namely, this case makes it pos-
sible to test in practice the BOR-Index and I-Score proposed by the authors for im-
plementation;

- covers validation of the group of point transport and logistics infrastructure
facilities, since the Genoa bridge is a point asset with a high level of node criticality.

Description of the benchmark case: restoration of the bridge in Genoa (Viadotto Gen-
ova - San Giorgio, Italy).

Situation and scale. On 14 August 2018, a bridge span of approximately ~ 210 m
collapsed on the Morandi (Polcevera) viaduct, which as a result led to 43 fatalities,
the shutdown of three railway lines, as well as significant transport-logistics and
economic losses for Genoa itself and the region as a whole. A decision was made,
as a replacement for the destroyed bridge, to build the new Genoa - Saint George
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Bridge (Viadotto Genova - San Giorgio), which represents a mixed steel-and-con-
crete structure with a total length of 1,067 m and a width of approximately ~ 30.8 m,
supported by 18 reinforced-concrete piers. Sensor systems and robotic monitor-
ing systems were incorporated into this infrastructure facility. The project cost
amounted to about 202 million EUR. The opening of the facility took place on 3 Au-
gust 2020, and the opening of traffic took place on 4 August 2020.

Technical and managerial parameters of the project. This project was implemented
in an accelerated restoration mode with parallel dismantling of old structures, and
the construction of the foundation started simultaneously with the completion
of as-built design. Italferr (an engineering subsidiary company of Ferrovie dello
Stato Italiane) was selected by the Pergenova consortium to develop the project.
It should be noted that during design, 34 BIM models were synchronized into
a single package. In order to meet extremely tight deadlines (initially, about three
months were allocated for design), a BIM/DT approach with an open CDE environ-
ment on ProjectWise was implemented; MicroStation, OpenRoads, OpenBuildings
Designer, Navigator, Descartes, and SYNCHRO (4D) were used. In addition, the
geocontext of the data accumulated during project implementation was organi-
cally integrated, namely, LIDAR surveys of the terrain and orthophotos; digital sur-
face model data of the relief and the base of the bridge structure for checking pile
depths and aligning design decisions with actual elevations.

As a result, the following effects were obtained: optimization of the coordina-
tion process between project participants, automation of 4D scenarios, reduction
of clashes, and increased accuracy of estimates and set planned indicators (Fig. 3.6).

Fig. 3.6 The BIM information digital model for the Polcevera Viaduct
Source: [20]
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Composition of participants and roles. Architectural concept - Renzo Piano; builders -
Webuild and Fincantieri; operator/concessionaire - Autostrade per I'ltalia; technical
supervision and certification functions - RINA (a contract was signed for an amount
of about 14 million EUR). Commissioning was carried out with the participation of
regional government authorities. It should be noted separately that robotic inspec-
tion tools developed by the Istituto Italiano di Tecnologia were installed at the facility.

Chronology of the "compressed cycle". The public presentation of the concept took
place in September 2018; intensive design-and-survey works — dismantling of the
remaining structures in 2019; the "first stone" was laid on 25 June 2019; the main
concreting of the deck slab was completed in June 2020.

As aresult, intelligent 4D coordination of works on restoring the infrastructure
facility made it possible to meet the target horizon of ~ 15 months of construction.

Context and transferability boundaries in APRe-TISRM. In the Italian case, the link-
age S&D — BIM/DT — Ops was built as a single managerial contour in which surveil-
lance was immediately converted into manageable decisions. At the input, S&D pro-
vided multi-sensor surveying (UAV RGB/video, laser scanning, periodic inspections)
with subsequent normalization and consolidation of data streams in a common CDE.
In turn, at the BIM/DT layer, a high-detail model with specified LOD/LOI was main-
tained for critical nodes and in a mode of continuous synchronization of the states
"as-designed «» as-built". The digital twin performed the role of a "sense organ" and
a coordination plane for 4D/5D analysis with subsequent design and planning. Next,
in the Ops layer, a 4D chronology of the executed works and 5D estimates were
launched, and processes were orchestrated through BPMN with formalized Confi-
dence/Eco/Safety/Audit gates. These gates served as "admission points", allowing
the quality of data and the risks of starting/completing works within the specified
time frames to be cross-aligned, with record of the evidence base in the CDE. As
aresult, an end-to-end cycle "data — semantics — action" was created and success-
fully tested, which made it possible to minimize time delays, significantly increase
traceability, and ensure evidence-based commissioning of the facility into operation.

It should be especially emphasized that in the Italian project BIM/Digital Twin
acted not simply as one of the data sources, but as the semantic and operational cen-
ter of the entire contour S&D — BIM/DT — Ops. First, BIM/DT made it possible to
ensure addressability and traceability. That is, each signal from S&D (data received
from UAVs, LiDAR, change-detection, etc.) underwent normalization in the CDE and
was then linked to IFC elements (via GUID, MVD validation), which helped eliminate
hanging defects without geometric-and-semantic addressing. Second, the digital twin
maintained continuous synchronization of the facility's states (as-designed — as-
built — as-damaged — as-repaired/as-remediated) and served as a coordination
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plane for 4D/5D, where each model update was automatically translated into the
planned project timeline and budget. Third, BCF flows and BPMN gates in BIM/DT
performed the role of a kind of process "arbiter". Finally, BIM/DT performed the role
of the evidence base center: the "as-repaired & as-remediated" data were recorded in
the CDE with linkage to the corresponding photo/video data, as well as data of tech-
nical expertise, environmental samples, and financial audit, which as a result made it
possible to ensure the reproducibility of a direct link - "metric — artifact".

The case studied was interpreted in Table 3.2 as a transferable correspondence
table in terms of the parameters "data — tools — metrics — decisions", where each
type of observation has a standard route in the CDE, semantic addressing in BIM/DT,
and specific initial quality metrics.

Table 3.2 Generalized correspondence table relevant to APRe-TISRM

Block Processing — Target metrics/artifacts/
(data/tools) Used sources and means — integration transfer characteristic
1 2 3 4
Geometry UAVs (RGB/video), Registration of point ~ AGeom, AAttr, scan den-
and condi-  ground/airborne LiDAR, clouds; alignment with  sity/coverage; deviation
tion photogrammetry, period- BIM (as-built/as-dam- reports. Rule: each sur-
icinspections of the aged); uploadtothe  veyingcycle <> DT update;
infrastructure facility CDE deviations automatically
generate BCF issues
Semantics  IFC models, dictionaries, GUID traceability; MapAcc (Pixel/Track —
and ad- BCF issues mapping of S&D — IFC), attribute com-
dressing events — elements/ pleteness, % of valid
nodes of theinfra-  GUIDs. Rule: no GUID - no
structure facility; task. Planning is performed
MVD validation only for events linked
to IFC
Processes CDE (in accordance Auto-synchronization GatePass% (Conf/Eco/
and inte- with ISO 19650), of statuses; orches-  Safety/Audit), status trace-
grations  BIM«> 4D/5D <> supply/ tration of implement- ability, SLA compliance.
logistics API, starting ed measures and Rule: gates as predicates:
BPMN engine commissioning of the  without Conf/Eco/Safe-
facility into operation; ty-OK status, tasks do
analysis of protocols not start; without Audit
of planned works evidence, they do not close
Diagnostics Change detection, auto- Consolidation of Accuracy (F1/loU),
and prog-  mated/semi-automated conclusionsinthe DT; Latencyevt — DT — task,
nosis classification, engineer- updating tolerance RUL MAE/MAPE. Rule:

ing calculations curves; task routing

of RUL/risk

from pixel to manageri-
al decision: diagnostic
conclusions automatically
form 4D/5D tasks

96



Chapter 3 Reengineering of management processes for the restoration of transport and
logistics infrastructure through image recognition and BIM-oriented remediation

Continuation of Table 3.2

1 2 3 4
Evidence Photos/videos, point Linking evidence Evidence completeness,
and com- clouds, certificates of to elements/nodes; audit trail, reproducibil-
missioning  completed works, envi-  "as-repaired/as-reme- ity. Rule: closure = evi-
ronmental samples, etc.  diated" versionin the dence + version in the
CDE CDE: without this, the

Audit-Gate does not pass

Operation- 4D/5D plans, supply/ Updating schedules  Timeliness (S,), "plan vs ac-
al readiness routing of construc- as executed; VRPTW  tual" deviations, availabil-
tion-and-repair crews  with account of access ity (uptime). Rule: latency
windows; accounting down, uptime up: prioritize
for Safety constraints  optimization of delays at
the Ops stage

Thus, in the table presented above, each block of tools and data is closed on
BIM/DT - from a pixel and a point cloud to a manageable IFC element, from the
status of a structural element of an affected infrastructure facility as a result of
emergency events to the plan of remediation/reconstruction/restoration works
and to evidence, which is what makes possible the implementation of this case as
transferable into APRe-TISRM.

3.6 Conclusion

As aresult of the conducted study, APRe-TISRM was formed and substantiated -
an architectural-and-process model of an end-to-end contour Surveillance & Diag-
nostics — BIM/Digital Twin — 4D/5D + BPMN — execution — post-monitoring, ori-
ented toward restoration and remediation of transport and logistics infrastructure
facilities. It was substantiated that BIM/DT is not a "showcase" of data of a linear or
point facility, but performs the role of a semantic-and-operational core that links pix-
els/point clouds with manageable IFC elements and automatically translates updates
of the facility state in linkage with 4D (time) and 5D (cost) of remediation/recon-
struction/restoration. The study proposed the I-Score metrics for assessing in-
teroperability and the BOR-Index as a target integral indicator of safety - time -
cost - quality - evidence - timeliness of remediation/reconstruction/restoration
works, providing a unified basis for data interpretation for all stakeholders. A com-
parative analysis of linear and point infrastructure facilities was carried out: for the
former, the key failures are located in the chainage/operational latency chain (S,),
for the latter - in maintaining high DT accuracy and evidence completeness (S./S,),
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which determines the difference in priorities of implementing the work protocol.
The Genoa bridge restoration case was studied in order to analyze the possibility
of transferability of the practice of restoring an infrastructure facility located in
post-disaster territories. This benchmark will be especially relevant and significant
for countries that have suffered from emergency events of a natural and man-made
nature, as well as from military activity. Thus, the aim of the study - to build a ho-
listic methodology and management architecture for restoration and remediation
based on image recognition and BIM/DT - was achieved, and the tasks of theoreti-
cal substantiation, formalization, metrics and benchmarking were completed. In the
monograph authors' view, the APRe-TISRM model can be used as a pilot version for
approbation on infrastructure facilities of Ukraine after the end of the active phase
of hostilities, ensuring verifiable, accelerated and safe restoration of the national
transport and logistics system.

The authors plan to conduct an in-depth study of the possibilities of 6D (oper-
ations) based on BIM/DT, where the digital twin will act as an operational core for
managing energy consumption, operating modes and the technical condition of in-
frastructure facilities in real time. Research is also envisaged into algorithms of re-
silient operational management - MPC/RL - and the development of an extended
BOR index, allowing quantitative assessment of the effect of 6D interoperability
through reduction of OPEX/CO,e, increase of uptime, and improvement of safety.
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