
ГРАДОРЕГУЛИРОВАНИЕ И УПРАВЛЕНИЕ ЖИЛИЩНО-КОММУНАЛЬНЫМ КОМПЛЕКСОМ

46

Международный научно-технический журнал Недвижимость: экономика, управление# 1  / 2026

Mishchenko  
Valery Yakovlevich, 

Doctor of Technical Sciences,  
Professor of Department  

of Construction Organization and 
Real Estate Management;  
Moscow State University  

of Civil Engineering (National 
Research University) (MGSU); 

26 Yaroslavskoe shosse, Moscow, 
129337, Russian Federation  

ID RSCI: 386458,  
Scopus AuthorID: 57195990417,  

WoS ResearcherID: AAB-9505-2019,  
ORCID: 0000-0003-2385-5426; 

oseun@yandex.ru

Chechin  
Kirill Aleksandrovich, 

Postgraduate student of Department 
of Construction Organization  

and Real Estate Management; 
Moscow State University  

of Civil Engineering (National 
Research University) (MGSU);  

26 Yaroslavskoe shosse, Moscow,  
129337, Russian Federation;  

SPIN-code: 9428-9349;  
chech.kirill@yandex.ru

Mishchenko V.Ya. 
Chechin K.A. 

UDC 69.003.13:519.2

Positive emergent effect in post–collapse 
building restoration systems
The paper examines the phenomenon of positive emergence within the synergistic system of construction and 
restoration works following building collapses caused by significant natural or man-made impacts. Emergence is 
defined as the manifestation of qualitatively new, previously unpredictable system properties leading to the en-
hanced performance of the object. The post-earthquake restoration of the Italian village of Venzone (1976) 
serves as a case study, demonstrating how a disaster can catalyze improvements in architectural integrity, func-
tionality, and socio-economic value through adaptive reconstruction. A probabilistic-statistical model for predict-
ing the Positive Emergence Effect (PEE) is developed, incorporating key influencing factors: project team com-
petence, flexibility of design solutions, sufficiency of resources, and the architectural improvement potential of 
the project. Under favourable conditions, the baseline probability of PEE is estimated to exceed 17 %. The model 
is then refined by introducing the critical important risk factor of latent defects undetected during the initial tech-
nical survey. Accounting for this factor significantly reduces the predicted PEE probability, highlighting the para-
mount importance of comprehensive pre-project examination and uncertainty management. The practical value 
of the research lies in justifying adaptive project design and flexible management approaches to realize the emer-
gent potential in post-collapse restoration. The proposed framework provides a basis for developing compen-
satory measures against unforeseen complications. The research concludes that a positive emergent effect 
should be considered a valuable target in reconstruction planning, capable of transforming a recovery process 
into an opportunity for holistic systemic enhancement of the building across technical, economic, and sociocul-
tural dimensions.
Keywords: emergence, post-collapse restoration works, synergy, probabilistic forecasting, flexibility of design 
solutions, hidden defects

INTRODUCTION

The execution of construction and restoration 
works (CRW) on buildings after sustained dam-
age relies on clear planning, regulations, and 

standards. The issue of reviving cities after devastat-
ing military conflicts and natural disasters has been 
studied by P.P. Oleinik, A. Maaruf, E.V. Shcherbina, 
A. Belal and M. Hrasnica. Based on the results of 
the research work by B.F. Shirshikov and V.V. Akulich, 
it can be unequivocally concluded that CRW encom-
passes all types of general construction and special-
ized works and can have the character of either ma-
jor repairs or reconstruction, depending on the de-
gree of damage sustained. Some features of restora-
tion works can be distinguished [1]:

• specific types of works with their own non-
standard technology;

• the composition and scope of works depend on 
the spatial planning solutions of buildings and 
structures, the degree of their damage, the se-
quence of restoration works, and the concen-
tration of restoration works on the object and 
within a group;

• the structure of CRW, its non-repeatability;

• the possibility of forming and operating spe-
cialized mobile mechanized columns for per-
forming individual types of works by integrated 
teams;

• changes in the work structure, the ratio of spe-
cific weights of various types of works in the to-
tal volume of construction and installation 
works. The restoration of any building is sharp-
ly different from the work ratios in its new con-
struction;

• the absence of standard and ready-made so-

lutions, as well as all necessary regulations for 

CRW.

Under conditions of uncertainty arising from 

emergencies involving real estate objects, there is 

a need for rapid forecasting of the probability of pos-

sible scenarios, namely further consequences, both 

positive and negative, in terms of their impact on 

the  object under consideration. Probabilistic fore-

casting is defined by the post-nonclassical scientific 

paradigm, which has become most relevant in mod-

ern society [2].

Construction and restoration work (CRW) col-

lectively constitute a complex construction system, 

comprising various defined and variable parame-

ters. The CRW organization system after a collapse 

is a typical synergistic system, characterized by its 

components such as a high degree of uncertainty, 

internal and external interactions, and the capacity 

for adaptation and self-organization. The applica-

tion of synergy principles allows for more flexible 

and effective management of this complex process 

(Fig. 1).

Emergence in this context is understood as 

a qualitatively new property of a system arising from 

the interaction of its components, not initially em-

bedded in the design. We will consider this effect 

from the perspective of old construction objects' 

systems acquiring, as a result of forced changes 

and modernization, new aggregate qualities.

Let's consider a vivid example of European ex-

perience in restoring an entire village after a natural 

disaster.
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THE VILLAGE OF VENZONE IN THE ITALIAN PROVINCE 
OF UDINE (HISTORICAL MUSEUM OF MUMMIES)

On May 6, 1976, a devastating earthquake occurred in the Friuli- 
Venezia Giulia region in northeastern Italy, completely destroying 
the village of Venzone in the province of Udine [3]. Large-scale 
restoration works of the village's historical buildings and architec-
tural monuments began shortly thereafter. The city committee de-
cided to reuse suitable stone fragments from the destroyed build-
ings in the restoration and construction. During the meticulous 
process of collecting and sorting stones, over 10,000 stones from 
the destroyed buildings were preserved, stored, and cataloged for 
reuse in reconstruction. The reconstruction of Venzone was com-
pleted in 1990. Today, it is hardly noticeable that most buildings 
were rebuilt in the last few decades [3].

The restoration of the historical buildings led to Venzone being 
recognized as the most beautiful village in Italy in 2017 based on 
the results of the national television competition “Il Borgo dei 
Borghi”, surpassing 19 rival contenders. The winner received spe-
cial recognition from the judges as the best example of architec-
tural and artistic restoration after an earthquake1.

1  Venzone vince l’edizione 2017 Concorso “Borghi ”. Corriere della Sera. 17 aprile 
2017. URL: https://www.corriere.it/cronache/17_aprile_17/venzone-vince-l-edizione-2017- 
concorso-borgo-borghi-032ab05c-236e-11e7-9fca-ec0025fa502c.shtml

In the reconstruction of Venzone, one can note the acquired 
positive emergent effect in the form of widespread global publicity 
after winning the competition, a significant increase in tourism lev-
els, and the strengthening of the local economy (Fig. 2, 3)2.

Unlike new construction design, the organization system, for 
example, for reconstruction after destruction, must possess proper-
ties of flexibility, creativity, and adaptation “on the go”, which deter-
mines its viability. It is precisely under these conditions that the po-
tential for positive emergence arises. The forecast of obtaining 
a positive effect can be calculated using statistical mathematical 
analysis.

The concept of emergence pertains to systems theory, defined 
by the rule “the holistic property of a system is greater than the sum 
of the properties of all its individual elements”. The presence of 
generated properties specific to the system and not derivable from 
the known properties of the system's elements and the ways they 
are combined into subsystems is emergence [4, 5]. 

Experience in organizing construction works shows the emer-
gent structure of relationships between elements and subsystems 
of each system. Subsystems cannot function autonomously; they 
interact in such a way that the properties of a subsystem depend on 

2  URL: https://new.unarussainitalia.ru/srednevekovyy-vencone-i-ego-muzey-mum.
html

Fig. 1. Main features of synergy in the CRW organization system

The nonlinearity of the system
• the system does not respont proportionally to ecternal influences;
• small changes in the oprganization or resources can cause both positive effects
(acceleration of work) and crises (delays, risks of secondary collapses)

• in conditions of limited time and resources, there is a spontaneous
residtribution of functions and roles (for example the brigades themselves
distibute the sites in case of an overload of the management staff);
• local autonomy of working groups is possible

• the coordinated work of all participants (surveyors, designers, engineers,
builders, experts, etc.) leads to a result that cannot be achieved individually;
• there are properties and effects that are not inherent in the individual 
elements of the system

• during the restoration of buildings, the system faces critical points (bifurcation),
where several development scenatios are possible: acceleration, deadlines, 
increased risks, etc.;
• the choice of strategy (for example, temporary closure or demolition) determines
the further evolution of the entire system

• external and internal accidental events (for example, weather conditions,
errors in damage assessment, equipment failures) can change the trajectory
of recovery;
• some fluctuations may initiate the transition of the system to a new, more
stable mode groups’

• after the collapse, the system goes out of stable condition;
• restoration construction is a process of returning to sustainability, but through 
a series of transitional and unstable states

• the CRW system is open: it interacts with the external environment, such as
suppliers, the public, authorities, weather conditions, etc.;
• feedback from the external environment affects the progress and success of
the recovery process

Dynamic equilibrium

Ability to self-organize

Fluctuations

Bifurcations

Emergent property

Openness of the system
Construction and
Restoration
Works (CRW)

Synergetic
features of
the system
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the totality of interconnections with other elements and the quantita-

tive measure of these interconnections. The actual operational pa-

rameters of an engineering structure (service life, maintenance 

costs, etc.) often diverge significantly from their design values, 

which were forecasted based on calculation schemes of individual 

subsystems and elements prior to their integration. The emergence 

of a system does not allow limiting oneself to studying its elements 

and the connections between them but also requires conducting 

a holistic analysis of the complex system. The patterns of generated 

(emergent) properties are the most complex to observe, qualify, 

quantify, and forecast, requiring constant monitoring of the system's 

lifecycle, analysis of all available information about the object, and 

the development of situational support for the system's develop-

ment [4].

Key characteristics of the emergent effect:

• unpredictability: the inability to foresee at the design stage all 

positive and negative consequences for the implementation 

object;

• wholeness: the overall property of the system surpasses 

the sum of its components;

• contextuality: it depends on specific conditions (social, tech-

nical, environmental).

Also, it is necessary to highlight the possible positive conse-
quences of the effect, indicated in Tablе 1.

We have defined the goals of such projects aimed at obtaining 
positive emergent effects, and to achieve any goal, specific tasks 
must be set. Regarding construction and restoration works, it is first 
necessary to consider the tasks that will be set at the stages of in-
spection and design [6].

The experience of post-disaster recovery, described in other 
studies, confirms and specifies the key conditions for the emer-
gence of positive emergence in construction and restoration works 
(CRW). Analysis of works dedicated to damage assessment and 
reconstruction strategies shows that unpredictability and the ne-
cessity for adaptation are not obstacles, but potential sources of 
systemic improvements.

In the context of damage and hidden defect assessment, 
the study by M. Hrasnica (2019) emphasizes the unique complexity 
of inspecting historical masonry after wars and natural disasters, 
where a significant portion of critical damage may initially remain hid-
den [7]. In turn, the results of the work by Nestor M. et al. (2022), 
using the example of reinforced concrete columns damaged by ex-
plosions, show how combined impacts lead to complex, non-linear 
damages poorly amenable to standard assessment methods [8]. 
This illustrates the principle of wholeness and unpredictability of 

Fig. 2. Fountain in the square Fig. 3. The main cathedral of Venzone

Table 1. Positive consequences of the emergent effect

Aspect Before reconstruction After reconstruction Effect

Functionality Outdated planning solutions New public spaces, atrium, translucent structures
•  the flexibility of the system of planning solutions 
and space, increasing the safety margin of building 
structures can significantly expand the possibilities 
of application and purpose of the building;

•  reduced load on heating and air conditioning sys-
tems contributes to a significant reduction in the size 
of engineering systems, consequently freeing up us-
able volume, and the systems themselves are easier 
to conceal;

•  the system of integrating modern materials into 
the historical foundation and design, considering 
current societal needs, allows achieving a high level 
of social significance

Energy Efficiency Low
Enhanced by the use of the latest materials with 
an increased coefficient of heat transfer resistance

Architectural 
expressiveness

Standardized historical
Integration of new materials and architectural solu-
tions into the historical framework.
A unique blend of old and new

Structural strength
Heterogeneous, partially 
weakened

Reinforced with innovative materials

Social significance and 
identity

Low level of importance, 
appearance is repulsive

The updated visual appearance acquires a unique 
symbiosis of qualities already historically familiar 
with the updated and modern, the level of social 
attractiveness is high
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emergent systems, where the behavior of a damaged structure as 
a whole cannot be reduced to the simple sum of damages to its indi-
vidual elements. This conclusion confirms the necessity for flexible 
design and the presence of a broad base of innovative solutions to 
adequately respond to the actual, and not just the projected, picture 
of destruction.

Speaking of the aspects of recovery planning and social adap-
tation, one cannot fail to mention the dissertation research by 
S. Kassouha (2020), which analyzes the application of post-war 
housing recovery methods from West Germany to contemporary 
Syria [9]. Its key finding is the impossibility of mechanically copying 
solutions without deep adaptation to local social, economic, and 
cultural conditions. This directly corresponds to the contextuality of 
the emergent effect and underscores the role of socio-technical 
interactions. Successful reconstruction leading to positive emer-
gent results (as in the case of the village of Venzone) must consider 
the object not only as a physical structure but also as an element of 
a social system. Its restoration can become a catalyst for broader 
positive changes, taking into account the emergent historical spec-
ificities and identity of the CRW area [10, 11].

Thus, contemporary research in the field of damage assess-
ment and recovery emphasizes three interconnected aspects criti-
cally important for realizing positive emergence in CRW:

• deep and iterative condition assessment, revealing hidden 

potential and risks;

• holistic engineering approach, accounting for non-linear in-

teractions within the system of damages;

• adaptive socio-technical strategy, flexibly adjusting to varying 

situations.

The integration of these principles into the CRW organization 

system creates an environment where unforeseen circumstances 

are transformed from threats into opportunities for the evolutionary 

improvement of the object.

A post-collapse restoration project poses complex and unique 

tasks (Fig. 4).

These circumstances create an environment conducive to 

the emergent appearance of new architectural and engineering so-

lutions. We can calculate the approximate probability of obtaining 

a positive result using mathematical models from statistics. By 

adapting statistical models to our case of CRW, we will introduce 

the necessary variables, calculate the probability of a positive 

emergent effect, and consider measures to compensate for such 

a non-primary factor as the presence of hidden defects not de-

tected during the technical inspection.

Fig. 4. Flowchart of main CRW (construction and restoration work) tasks

1. General acceletated visual assessment of the condition of building structural elements 
and damage categories, determination of the accident rate of the construction site, general 
recommendations

3. Involvement of specialists in various areas of construction (surveyors, architects,
engineers, cost estimators), including highly specialized ones (scientific and technical 
support specialists, experts from design institutes in the preparation of recommendations
for the restoration of technically complex and unigue structures, experts on materials)

6. Development of a calendar schedule for construction work, taking into account
the critical path, as well as ways to optimize the timing of work, taking into account 
the specifics of the construction or repair area

4. Preparation of design and estimate documentation for restoration work with an ectended
inspection of the technical condition of building structures and engineering systems

5. Development of a project for the organization of construction, taking into account 
the specifics of the construction or repair area, logistical accessibility, including consideration
of the need for certain types of work by manual, mechanized and robotic methods (in some
cases, it is necessary to carry out unique types of work)

2. Commission recognition of buildings to be restored or demolished

Objectives of the building
restoration project
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 CALCULATION OF THE PROBABILITY OF A POSITIVE 
EMERGENT EFFECT IN CONSTRUCTION USING 
THE EXAMPLE OF POST-COLLAPSE RECONSTRUCTION

We will build a probabilistic-statistical model that accounts for 
key parameters influencing the outcome of reconstruction [12, 13].

1. Problem Statement
Let P+e — be the desired probability of a positive emergent ef-

fect (PEE), i.e., the probability that the outcome of post-collapse 
reconstruction will lead to improved architectural, technical-eco-
nomic, or functional characteristics of the building.

We proceed from a model of conditional probability consider-
ing independent variables (factors):

	 P+e = P(E1 ∩ E2 ∩ E3 ∩ E4),	 (1)

where E1 — presence of high competence of the design team in 
reconstruction projects;

      E2 — presence of an organizational knowledge base with 
a sufficient number of optimal and innovative technical solutions, 
enhancing the flexibility of applying design solutions;

      E3 — availability of sufficient resources (time, budget) for 
the timely implementation of changes in reconstruction projects;

      E4 — degree of elaboration of the architectural-functional im-
provement potential embedded in the project.

These events are assumed to be statistically independent for 
the sake of a first approximation (dependencies can be accounted 
for later if necessary).

2. Defining Probability Components
In Tablе 2, we adopt conditional probabilities (based on sur-

veys and practice of design organizations, using a typical speci-
men of 50 reconstruction projects of various types of capital con-
struction objects).

3. Calculation of Final Probability
Assuming factor independence:

	 P+e = P(E1) · P(E2) · P(E3) · P(E4),	 (2)

where P(Ei) — is the probability of each individual event. 
Let's perform the calculation using the formula:

	 P+e = 0.85 · 0.6 · 0.5 · 0.7 = 0.1785.	  

4. Result Interpretation
The probability of a positive emergent effect in post-collapse 

reconstruction, according to this model, is ~17.85 %.
What this means:

• approximately in every fifth or sixth case, reconstruction yields 
improvement in architectural-functional characteristics due to 
emergent solutions;

• this is a relatively high probability, considering it involves de-
viation from planned, standard solutions under conditions of 
large-scale destruction.

5. Conclusion
The calculation shows that under favourable conditions, 

the probability of positive emergence reaches ~18 %, confirming 
the advisability of supporting design flexibility and allowing innova-
tive approaches in post-collapse reconstruction conditions.

PROBABILITY OF A POSITIVE EMERGENT  
EFFECT (PEE) ACCOUNTING FOR THE RISK  
OF HIDDEN DEFECTS NOT IDENTIFIED  
DURING THE POST-COLLAPSE INSPECTION 

We will introduce an additional random variable — the pres-
ence of defects in structures not accounted for by the inspection 
(hidden defects) (D) — and forecast its overall impact on the sys-
tem. 

Important clarification:

• this variable is non-normative in terms of assessment3;

• defects D are not a consequence of contractor errors;

• defects D are not related to poor workmanship but are caused 
by undetected (hidden) damages discovered only after 
the start of reconstruction.

Impact of undetected defects on the overall outcome:

• emergence of unplanned work volumes (additional reinforce-
ment, dismantling, demolition, etc.);

• diversion of resources and time previously allocated for im-
plementing innovative or architectural-functional improve-
ments;

• shift in priorities: the design team may be forced to shift focus 
from optimization to threat mitigation;

• budget constraints, as the risk reserve budget may be fully 
utilized without replenishment;

• legal or contractual constraints: some decisions require recal-
culations, approvals, and deferred solutions.

General Extended Probability Model

We denote:

• P+e: probability of a positive emergent effect;

• D: the event that the building has hidden defects not detected 
during the inspection;

• ¬D: there are no hidden defects or their presence has no sig-
nificant impact on the result;

• P(D): probability of the presence of undetected (hidden) de-
fects;

• P+e|D: probability of a positive effect given the presence of 
hidden defects;

• P+e|¬D: probability of a positive effect given full identification of 
the structure's condition during the inspection stage (the influ-
ence of hidden defects is not significant).

General formula:

	 P+e = P(D) · P+e|D + (1 – P(D)) · P+e|¬D.	 (3)

Let us consider a case accounting for the previously consid-
ered model components (E1, E2, E3, E4).

3   GOST 31937–2024. Buildings and Structures. Rules for Surveying and Monitoring 
Technical Condition: effective date 01-05-2024. Official ed. Moscow, RIS, 2024; 64. 
URL: https://docs.cntd.ru/document/1305691614 (rus.).

Table 2. Adopted probabilities for each factor

Factor
Condition-
al event Ei

Probability estimation 
P(Ei)

Team Qualification E1 0.85 (85 %)

Flexibility of Design E2 0.6 (60 %)

Sufficiency of Budget/Time E3 0.5 (50 %)

Architectural Potential E4 0.7 (70 %)



ГРАДОРЕГУЛИРОВАНИЕ И УПРАВЛЕНИЕ ЖИЛИЩНО-КОММУНАЛЬНЫМ КОМПЛЕКСОМ

51

Международный научно-технический журналНедвижимость: экономика, управление # 1 / 2026



Then our formula takes the general form:

	 P+e = P(E1|D ∩ E2|D ∩ E3|D ∩ E4|D);	 (4)

	 P+e = P(E1|D ∩ E2|D ∩ E3|D ∩ E4|D) =	

	 = Р(E1|D) ⋅ Р(E2|D) ⋅ Р(E3|D) ⋅ Р(E4|D),	 (5)

where E1|D — presence of high competence of the design team in 
reconstruction projects where unaccounted-for hidden defects 
were identified during the installation process;

E2|D — presence of an organizational knowledge base with 
a sufficient number of optimal and innovative technical solutions, 
enhancing the flexibility of applying design solutions in case hidden 
structural damages are identified;

E3|D — availability of sufficient resources (time, budget) for 
timely implementation of changes in reconstruction projects where 
unaccounted-for hidden defects were identified during the installa-
tion process;

E4|D — degree of elaboration of the architectural-functional im-
provement potential embedded in the project.

Thus, the extended probability model: 

	 P+e = Р(D) ⋅ P(E1 ∩ E2 ∩ E3 ∩ E4|D) +	

	 + Р(¬D) ⋅ P(E1 ∩ E2 ∩ E3 ∩ E4| ¬D);	 (6)

	 P+e = Р(D) ⋅ P (E1 ∩ E2 ∩ E3 ∩ E4|D) + (1 − P(D)) ⋅ P+e|¬D.	 (7)

Parameter Estimation

Probability of hidden defects P(D).
According to data from technical audits and engineering in-

spections of buildings after accidents, as well as conducted sur-
veys of construction organizations, in 30–40 % of cases, not all 
significant defects can be detected at the inspection stage. Let us 
adopt an averaged probability value P(D) = 0.35.

Input parameters:
P(D) = 0.35 — probability of the presence of significant hidden 

defects;
P(¬D) = 1 − P(D) = 0.65 — probability of the absence of hidden 

defects with significant influence.
Let us introduce a coefficient for reducing efficiency in the pres-

ence of defects — αi, then:

• P(Ei|¬D) — effectiveness of the factor under normal condi-
tions;

• P(Ei|D) = αi ⋅ P(Ei|¬D), where α ∈ (0, 1) — is the efficiency re-
duction coefficient in the presence of defects (e.g., 0.6 means 
a 40 % drop).

Also, we consider the important condition that αi is not a result 

of poor workmanship but a forced adaptation of the project to new 

conditions. Consequently:

• αi values inevitably decrease even with high competence and 

a knowledge base;

• however, projects do not become failures; the overall emer-

gent effect merely diminishes.

	 P(Ei) = αi ⋅ P(Ei∣¬D) ⋅ P(D) + P(Ei∣¬D) ⋅ (1 - P(D));	 (8)

	 P(Ei) = P(Ei∣¬D) ⋅ [αi ⋅ P(D) + (1 – P(D))] =	

	 = P(Ei∣¬D) ⋅ [1 – P(D)(1 – αi)],	 (9)

where αi = 1: unaccounted defects do not affect efficiency → 

P(Ei) = P(Ei|¬D);

αi < 1: he smaller αi and the larger P(D), the more the overall 

probability P(Ei) decreases.

Tаblе 3 presents data from surveys conducted among con-

struction organizations and state institutions from 2021 to 2025, in-

dicating averaged values of coefficient αi and calculated Р(Ei|D) 

(probabilities considering defects). 

Substituting the found values into our model for determining 

P+e:

	 P+e = Р(D) ⋅ P (E1 ∩ E2 ∩ E3 ∩ E4|D) + (1 − P(D)) ⋅ P+e|¬D =

	 = 0.35 ⋅ (0.79 ⋅ 0.54 ⋅ 0.43 ⋅ 0.68) + 0.65 ⋅ 0.1785 =

	 = 0.35 ⋅ 0.1247 + 0.65 ⋅ 0.1785 = 0.1597 (~15.97 %).

Result interpretation:

• accounting for the risk of hidden defects, the probability of 

a positive emergent effect decreases from ~17.85 to ~15.97 %;

• this is a reduction of ~2 percentage points (~10.5 % relative to 

the previous estimate);

• thus, timely and thorough inspection of structures before 

the start of reconstruction can significantly influence the prob-

ability of success.

BAYESIAN REVISION: P(D|E)

Suppose that after observing a positive emergent effect, we 

want to clarify the probability that hidden defects were nevertheless 

present:

	
⋅

=
( | ) ( )

( | ) .
( )

P E D P D
P D E

P E
	 (10)

Table 3. Data obtained from surveys conducted from 2021 to 2025

Factor Mechanism of defect influence Probability value αi
Probability estimate

Р(Ei|¬D)
Probability estimate

Р(Ei|D), considering αi

Team Qualification E1 Efficiency remains unchanged, but the pace of work will decrease
0.75–0.85 

(average 0.80)
0.85 (85 %) 0.79 (79 %)

Flexibility of Design E2
The developed design solutions are subject to adjustments based on 
the actual situation

0.65–0.75 
(average 0.70)

0.6 (60 %) 0.54 (54 %)

Sufficiency of  
Budget/Time E3

A significant part of the budget/time is spent on correcting unforeseen 
design errors

0.55–0.65 
(average 0.60)

0.5 (50 %) 0.43 (43 %)

Architectural Potential E4

Forced adjustments to the project already during implementation may 
hinder the implementation of the architectural ideas originally laid 
down

0.85–0.95 
(average 0.90)

0.7 (70 %) 0.68 (68 %)
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 Using the values obtained above from the calculation:

P(D) = 0.35 — probability of the presence of hidden defects;

P(E|D) = P(E1 ∩ E2 ∩ E3 ∩ E4|D) = 0.1247 (calculated above);

P(E) = P+e = 0.1597 — total probability of a positive effect (cal-

culated earlier by the total probability formula).

Then we obtain:

	

⋅ ⋅
= = =

= =

( | ) ( ) 0.1247 0.35
( | )  

( ) 0.1597
0.0436

0.2733 ( 27.3 %).~0.1597

P E D P D
P D E

P E

	

Conclusion: even with a positive effect, the probability that hid-

den defects were still present is about 27.3 %. This indicates that 

the system can adapt to shortcomings — emergence acts as a com

pensatory capability.

This implies:

• the possibility of achieving positive results even in the pres-

ence of unforeseen problems;

• but it also points to the necessity of a systems approach to 

design that accounts for potential uncertainty.

System interpretation (Systems Theory)

The model is based on 4 independent factors (E1–E4), each in-

fluencing the system's readiness for adaptation:

•  E1 и E2 — the cognitive-design loop (knowledge and compe-

tencies);

•  E3 — the resource loop (time, budget);

•  E4 — the architectural-functional potential (system reserve).

In terms of systems engineering:

1. The probability of PEE is the reliability of the system's func-

tional reserve, realized under a certain configuration of factors.

2. The presence of hidden defects is a structural defect causing 

a potential “deviation from the norm”.

The model's robustness is manifested in that even with the de-

terioration of one factor (e.g., the appearance of D), a positive out-

come is still possible if strong compensating factors (E1, E2) are 

present.

The graph shows the dependence of the final probability of 

a positive emergent effect P+e, accounting for hidden structural de-

fects P(D) = 0.35, on the parameters:

• P(E1) — probability of having a competent design team;

• P(E2) — probability of flexibility of design solutions.

Key conclusions determined by the graph:

• with P(D) = 0.35, the effect of hidden defects reduces overall 

success but does not nullify it;

• the higher the values of E1 and E2, the higher the final proba-

bility P+e, but even with high values of E1 and E2, the presence 

of hidden defects reduces the probability of a positive effect, 

albeit insignificantly;

• the presence of hidden defects lowers the overall probability 

level;

• the effect of improving E1 and E2 is more pronounced in the range 

of high values (from 0.6 and above), but with a low level of any 

factor, a sharp drop in P+e is observed.

COMPENSATORY MEASURES  
TO REDUCE THE NEGATIVE IMPACT  
OF HIDDEN DEFECTS

To compensate for the negative impact of hidden defects (P(D)) 

on the probability of a positive emergent effect in post-collapse 

reconstruction projects, it is recommended to take measures to in-

crease the resilience of the project system to uncertainty [14, 15]. 

Fig. 6 presents directions and practical measures.

Fig. 5. Three-dimensional graph of result dependence on parameters E1 and E2 (dependence of P+e on parameters E1 and E2, taking into ac-
count hidden defects)
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

Conclusion from the statistical calculation

Even with P(D) = 0.35 (35 %), due to the professional level of 
the team and flexibility of solutions, the probability of a positive out-
come can be doubled. Therefore, the main attention should be paid to:

• proactive uncertainty management;

• accumulation and transfer of knowledge;

• and the implementation of adaptive design as a mandatory 
stage in the reconstruction of emergency objects.

CONCLUSIONS

The process of conducting construction and restoration works 

on damaged buildings, despite the inherently negative fact of dam-

age, can become a catalyst for such positive effects of synergistic 

construction systems as emergence. The analysis of a specific 

case showed that flexibility, collective intelligence, and adaptation 

to unforeseen circumstances can not only restore but also improve 

a building in a number of parameters. The proposed statistical 

Fig. 6. Compensatory measures to reduce the negative impact of hidden defects

•

•

•

The graph showed that the highly qualified designers significantly offset
the negative impact of hidden defects.

Measures: 

involvement of specialists with experience in emergency facilities  
and reconstruction; 

regular professional development of survey specialists, especially  
in terms of diagnostics of structures, reinforcements, adaptive solutions; 

the formation of an “emergency expert team” within the organization,
with an eye to responding quickly when hidden defects are detected

1. Professional development
of the project team (E1) 

The flexibility of design solutions is crucial for adapting a project  
to unforeseen circumstances.

•

•

•

Measures: 

implementation of digital libraries of design solutions, including
examples of reinforcement implementation, defect elimination,  
and backup structural elements for reinforcement; 

development of standard modules and nodes that can be easily adapted
to the actual conditions; 

development of a database of protocols and regulations in case  
of detection of various kinds of hidden defects at all stages of the CRW

2. Knowledge base
development and project
flexibility (E2) 

If there are hidden defects, an additional resource of time and money can
be crucial to achieve a positive result.

•

•

•

Measures: 

establish a “budget buffer reserve” for at least 10–20 % of the total
estimated cost of reconstruction; 

create extended work schedules with the ability to adapt  
when changing design assumptions; 

to conclude CRW contracts with a flexible financing model that
provides for adjustments in case of unforeseen circumstances

3. Increase the time   
and budget reserve (E3) 

Reducing the underlying risk of hidden defects directly increases the
chance of a successful emergent effect.

•

•
•

Measures: 

the use of “enhanced examination methods” (ultrasound, thermal
imaging, tomography, autopsy of individual hidden nodes); 

conducting an additional survey by an outside organization; 

the use of structural diagnostic methods based on the destruction data
(behavioral analysis by modeling the structure according to the shape
of the collapse)

4. Preliminary detection   
of defects and refinement   
of the examination  

(reduction of P(D))

IDEA: The project should initially assume several implementation
scenarios, taking into account possible risks, including hidden defects.

•

•

•

Measures: 

to form variable design solutions with the possibility of quick
replacement; 

to model critical nodes in advance, taking into account all  
the features in which problems may arise during disassembly  
or reinforcement; 

develop a protocol for “switching to a backup strategy” when
identifying hidden problems

5. Thestrategy of “adaptive
design”
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 model for forecasting the probability of obtaining a positive emer-
gent effect, considering various types of damages not identified 
during inspection, allows for assessing the shortcomings of 
the construction-restoration system and increasing its effective-
ness.

Thus, the positive emergent effect should be considered not as 
a side effect but as a potentially valuable objective in reconstruction 
and architectural design.
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Положительный эффект 
эмерджентности в системе 
строительно-восстановительных работ 
после обрушения зданий
Рассматривается феномен позитивной эмерджентности в си-
нергетической системе строительно-восстановительных ра-
бот (СВР), возникающей после обрушения зданий вследст-
вие значительных природных или техногенных воздействий. 
Эмерджентность понимается как появление качественно но-
вых, непредусмотренных изначально свойств системы, ве-
дущих к улучшению объекта. На примере восстановления 
итальянской деревни Венцоне после землетрясения 1976 г. 
показано, как катастрофа может стать катализатором эво-
люции, приводящей к росту архитектурной выразительно-
сти, функциональности, туристической привлекательности 
и социально-экономической значимости восстанавливаемо-
го объекта. Отдельное внимание уделено социотехническим 
взаимодействиям, роли интуитивных и креативных решений, 
и гибкости проектных команд, позволивших использовать 
катастрофу как возможность для эволюции архитектурного 
объекта в условиях неопределенности. На основе анализа 
реальных случаев и теоретической базы предлагается веро-
ятностно-статистическая модель для прогнозирования поло-
жительного эффекта эмерджентности (ПЭЭ). Модель учиты-
вает ключевые факторы: компетентность команды, гибкость 
проектных решений, достаточность ресурсов и архитектур-
ный потенциал. Расчет показывает, что при благоприятных 
условиях вероятность ПЭЭ достигает больше 17 %. При этом 
вводится важный корректирующий фактор — риск наличия 

скрытых дефектов, не выявленных при обследовании. Учет 
этого фактора в модели вносит важные уточнения и снижа-
ет вероятность ПЭЭ, тем самым подчеркивая критическую 
важность тщательного предпроектного анализа. Практиче-
ская значимость работы заключается в обосновании цен-
ности адаптивного проектирования и управления неопре-
деленностью для реализации эмерджентного потенциала 
в строительно-восстановительных проектах. Предложенная 
модель и выводы служат основой для разработки компенси-
рующих мероприятий, направленных на минимизацию нега-
тивного влияния непредвиденных факторов. Заключительно 
делается вывод, что положительный эмерджентный эффект 
следует рассматривать как целевой, а не побочный элемент 
реконструкции, способный превратить процесс ликвидации 
повреждений в возможность системного улучшения восста-
навливаемого объекта по широкому спектру параметров — 
от технико-экономических до социокультурных.

Ключевые слова: эмерджентность, строительно-восстано-
вительные работы, синергетика, вероятностное прогнозиро-
вание, гибкость проектных решений, скрытые дефекты
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