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An earned value method in a smart system  
of construction project management
The  article presents a  brief overview of methods used to estimate the  implementation of investment and 
construction projects. The advantages of the earned value method, areas of its development and prospects for 
its application in smart systems of construction project management are addressed. The author has developed 
a rhombus tolerance technique to standardize the implementation of construction projects and automatic deviation 
control. The valuation dependence on the value of construction and installation work is considered as an aspect of 
formation of a field of acceptable project implementation indicators. A dynamic dependence and correlation between 
the number of project assignments, valuation and schedule are revealed. The decomposition of project indicators 
into component groups is presented. Basic deviations, arising during the project implementation, including the total 
expenditure deviation, the deviation of the valuation of a unit of work, the productivity deviation, the deviation of 
the number of works, the deviation of the valuation of resources and the deviation from the schedule. The signal 
function of deviations of an implemented investment and construction project indicators is considered. Relevant 
management functions of the earned value methodology are identified. The author lists the basic situations that 
entail the implementation of signaling functions in the system of intelligent management of construction projects 
based on the earned value method. Situational precedents are identified as a methodological basis for future case 
modeling. The comparability of the earned value methodology and relevant construction engineering techniques 
is identified. Fundamental iterations of the  implementation of the  earned value methodology are developed. 
A decision-making algorithm, based on the principles of smart management, is presented for investment and 
construction projects. The  author presents the  areas of further improvement of the  earned value method to 
optimize the management of construction projects.
Keywords: an investment and construction project, an earned value method, deviation management, decision-
making

1	 Sultanov I.A. Management of the mastered volume and timely solutions. URL: http://projectimo.ru/realizaciya-proekta/metod-osvoennogo-
obema.html (rus.).

INTRODUCTION 

We present a review of current approaches to 
assessing the valuation of investment and 
construction projects at the stage of their 

implementation [1–15]. The traditional method used to 
analyze the project valuation uses the concepts of 
the planned valuation of work according to the sche­
dule and the valuation of the work, which is actually 
done. The traditional method of assessing the project 
valuation is simple and easily accessible, but it has 
the following disadvantages: there is no estimate of 
the project completion degree; the work, which is ac­
tually done at the expense of the money spent is not 
considered; there is not information about such pro­
ject indicators as value and time; it is not possible to 
predict the future performance of the project work.

Project managers should have a lot of information 
about the execution of work relative to the plan, about 
the compliance with the schedule, about the devia­
tions and their nature to make effective management 
decisions. These tasks can be solved by the earned 
value management (EVM) methodology that controls 
the main project parameters, including its planned, 
actual and earned valuation. According to the Project 
Management Body of Knowledge [10], the earned 
value management method conveys the actual phy­
sical progress of the project and the integration of 
the most important areas of project management, 
such as content, time and cost.

The application and development of the EVM 
methodology are studied in different ways [3]:

• modification of EVM model indicators; 
the earned schedule concept;

• using fuzzy logic and implementing a proba­
bility approach to improve estimates of real 
projects;

• control metrics for the adequate evaluation of 
the volatility impact on the project implementa­
tion;

• analysis of the EVM model dependence on ex­
perts’ judgments;

• analysis of advantages and critical success 
factors of the EVM model in construction pro­
jects;

• the  EVM model and quantitative methods of 
the control theory;

• analysis of the  EVM model as the  methodo­
logical basis of the  theory of management  
decision-making;

• the EVM model as a component of investment 
analysis.

The earned value management methodology 
significantly expands the evaluation, in particular, 
prospects for automatic deviation management1 
[16–19]. Continuous earned value management of 
a project ensures early warning signals of project 
problems and opportunities, accurately and reason­
ably predicts its full or partial implementation, 
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the risks of budget overruns and missed deadlines, penalties, and 
the launch of competing projects. 

RESEARCH METHODOLOGY

A systematic approach, basic principles of the standard cost 
system, methods of economic and mathematical modeling, valua­
tion parameters characteristic of an investment and construction 
project, decomposition methods of the project valuation and iden­
tification of deviations, projected prospects of an adaptive manage­
ment model, methodological elements of software development 
and algorithm formation were applied to achieve the goal of the re­
search.

RESULTS AND DISCUSSION

The earned value management method entails the use of a re­
port on the earned value, the time-focused allocation of planned 
and actual values, planned amounts of work performed within 
the framework of a project, including the planned value, the actual 
value, and the earned value.

The controlled implementation of an investment and construc­
tion project is based on analytical indicators that convey the devia­
tion of relevant accounting indicators from the planned ones. Con­
trol operations may be conducted for all component groups; 
methods of model differentiation are used in this study. Component 
groups are formed with account taken of the basic tasks of project 
management: objects, construction and installation works, struc­
tural elements, costs, resources, etc. The methodological plan is 
differentiated by absolute and relative indicators of each compo­
nent group, which is further integrated into common implementation 
indicators of an investment and construction project.

At the  micro-level of elementary work performed within 
the framework of an investment and construction project, project 
valuation can be considered as a  linear dependence between 
the  valuation and value of construction and installation works 
(Fig. 1). The variability of the valuation of an investment and con­
struction project forms a diamond tolerance for standardizing pro­
cesses of project implementation and deviation management.

The advantages of the earned value method allow to identify 
the dynamic dependence and correlation between the basic pa­
rameters of an investment and construction project implementation, 
including valuation, amount of work and schedule. For a detailed 
description of the  studied dependencies, we will decompose 
the basic indicators of the earned value method to project unit indi­
cators. 

For example, the concept of the unit valuation of work Vsp, wide­
ly used in construction, allows to analytically decompose the valu­
ation by the deviation factor — the unit valuation or the amount of 
work- and decomposition of the planned and actual value of work 
allows, in addition to all of the above, to control production P.

PV PV PQ PV PP Tsp sp� � � � �  , 	 (1)

AV AV AQ AV AP Tsp sp    � � � � � , 	 (2)

EV PV AQ PV AP Tsp sp    � � � � � , 	 (3)

where PVsp is the the planned unit valuation of construction and in­
stallation works; PQ is the planned amount of construction and in­
stallation works for the planned time; PP is the planned production; 

T is the control period; AVsp is the actual unit valuation of construc­
tion and installation works; AQ is the actual amount of work per­
formed during the planned time; AP is the actual production.

Single rates, presented in (1)–(3) by the type of work, allow to 
identify the use of resources for the implementation of these types 
of work in the future. A similar decomposition of the valuation of  
an investment and construction project can be performed in rela­
tion to objects, structural elements, costs, resources, implementers 
and other groups of components.

Given the basic methodological principles, the total deviation of 
the cost as of the date of control is the amount derived from the dif­
ference between EV, the earned valuation of the work performed, 
and AV, the actual valuation of the work performed:

ΔС = EV – AV.	 (4)

In (4), the indicator of the unit valuation of work and its deviation 
from the planned significance ΔV = (5), the indicator of production 
and its deviation from the planned significance ΔP (6) are used:

 � �� � � � � �Δ – –  Δ ,sp sp sp sp spС PV AQ AV AQ PV AV AQ V AQ 	 (5) 

 
� �
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We will also consider the deviation of the amount of construc­
tion and installation works in natural terms as of the date of control. 
Similarly to the above, we assume a positive significance corre­
sponding to favourable conditions and a negative significance cor­
responding to unfavourable conditions.

ΔQ = PQ – AQ.	 (7)

Then

AQ = PQ – AQ,	 (8)

Fig.  1. Valuation variability of an investment and construction 
project: 1 — actual valuation of the overspending in terms of the actual 
backlog value; 2 — actual valuation of the overspending in terms of 
the planned value; 3 — actual valuation of the overspending in terms of 
the actual lead value; 4 — earned valuation of the backlog; 5 — planned 
valuation of the planned value; 6 — earned valuation of lead; 7 — actual 
valuation of actual backlog value savings; 8  — actual valuation of 
planned value savings; 9 — actual valuation of actual lead value savings
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To estimate the current project state 
with the help of a comprehensive estimate of indicators 

Do a comparison 
of the current and planned project state  

Use the knowledge base to choose a variety of management alternatives 
that allow to achieve the desired result 

Compare the selected alternatives 
and determine the optimal alternative according to the given estimates 

Correct the measures and form a plan for the implementation 
of the optimal management solution 

Estimate the predictive effectiveness of 
the selected activities and analyze  

the expected completeness of achieving  
a given goal 

Proceed with the implementation 
of selected management activities 



PROPERTY ECONOMICS AND MANAGEMENT

32

Международный научно-технический журнал Недвижимость: экономика, управление Международный научно-технический журнал # 3 / 2022Недвижимость: экономика, управление# 3 / 2022

 ΔС = ΔVsp(PQ + ΔQ).	 (9)

In fact, we have proven the above (5) using other logical justifi­
cations.

In addition to the above method of decomposition of the devia­
tion of an investment and construction project valuation, we will 
consider the deviation of expanded valuation ΔСR in respect of re­
sources.

 � � � �Δ –RС EQR PVR AQR AVR
� � � �� �–sp spAQR AQ PVR AQR AQ AVR

� �� �� �– Δ , sp spAQR PVR AVR AQ AQR VR AQ

	 (10)

where R is the type of resources; EQR is the earned amount of re­
sources (the planned amount of resources by the actual value of 
work); PVR is the planned valuation of resources; AQR is the actual 
amount of resources by the actual value of work; AVR is the actual 
valuation of resources; AQRsp is the actual unit amount of resources 
per unit of work during the control period; ΔVR is the deviation of 
the resources valuation.

Based on the above (7)–(10), factors of deviation of resources 
and project indicators suggest a deviation in the amount of resour­
ces, the resource valuation, the amount of work performed. The de­
viation of the valuation of an investment and construction project 
includes basic components of the deviation of direct costs, devia­
tions of overhead expenses, the price for the contractor's work and 
other components in general and in each subject phase.

In turn, on the date of control, the schedule deviation is deter­
mined by the difference between the earned valuation of the work 
performed and the planned valuation PV of the work according to 
the schedule. Similarly to the work value deviation in natural indica­
tors, we assume a positive significance corresponding to the fa­
vourable conditions and a negative significance corresponding to 
unfavourable conditions.

ΔS = EV – PV.	  (11)

In the above (11), it is possible to associate a deviation from 
the  schedule with the  unit valuation of work, which illustrates 
the fundamental methodological significance of this valuation dis­
crepancy compared to the discrepancy determined by (6):

 � � � � �Δ – Δ .sp sp spS PV AQ PV PQ PV Q 	 (12)

Formula (12) has a deviation from schedule ΔQ, expressed in 
natural units or in units of construction and installation work value. 
The deviation from the schedule can be rationally used together 
with methods of network planning: an estimate of the event para­
meters, works and the network schedule, simulation of the project 
implementation based on the formation of a set of works, their pri­
oritizing, determining the necessary resources and tasks that must 
be solved to complete the project.

In this paper, the author presents the basic part of design de­
viations DS, ΔQ, ΔCR, ΔVsp, ΔP, ΔVR, ΔS and recommendations for 
establishing other significant deviations in the course of implemen­
tation of investment and construction projects. Basic deviations DS, 
ΔQ, ΔCR, ΔVsp, ΔP, ΔVR, ΔS serve as signals of the complex system 
and a chain of events, which further ensures automatic adaptive 
project management, such as the coding and implementation of 
one or more smart algorithms using a specially designed and struc­
tured database. The  process of smart project management is 
based on monitoring the signals and factor indicators, their analysis 

taking into account the impact on the target indicator, forecasting 
possible changes and conditions for the management of the object 
development process, evaluating alternative solutions when cho­
osing the most effective management actions.

The  EVM methodology provides project management with 
the necessary information that allows to:

• determine the common progress of the project;

• control deviations according to project indicators, identify 
trends and prevent possible deviations;

• justify the need for additional work funding, rescheduling and 
shifting the end of work stages, increasing the project team;

• reducing and preventing the  risks of work performed on 
the basis of objective indicators;

• justifying the need to withdraw from the project or transfer it to 
other implementing structures;

• optimizing resources allocation across projects;

• developing and implementing an adequate motivation policy 
for the  project team by linking the  corporate goals and 
the project team;

• accumulating and summarizing quantitative and qualitative 
chronological information, making databases;

• identifying current problems in the project management field.
The possibilities of the smart management of investment and 

construction projects may be expanded through the use of a situ­
ational approach. The earned value methodology is the analytical 
basis for assessing the state of an investment and construction pro­
ject; it assumes the  following basic situations. The situation of 
“Ahead of schedule and budget overruns” has a dual character. On 
the one hand, unplanned circumstances can lead to the over­
spending of funds in the course of performing the scheduled work. 
On the other hand, the work can be performed ahead of the sche­
dule and, accordingly, more money is spent. The situation of being 
“Behind the schedule and having budget overruns” occurs when 
the work is performed in violation of the planned schedule and in 
excess of the planned costs. This situation is negative.

The situation of being “Behind the schedule and having budget 
savings” is either neutral or positive. On the one hand, the work can 
be done behind the schedule and, accordingly, money can be 
saved. On the other hand, there may be real savings of money 
which is a positive fact. The situation of being “Ahead of schedule 
and having budget savings” is non-standard. On the one hand, 
given the accelerated performance of work, money can be objec­
tively saved. On the other hand, the project work implementation 
may be ahead of the schedule and budget savings are possible for 
the reason of the subjective nature of violations in the project and 
estimate documentation, work planning, accounting policy.

The implementation of the earned value management methods 
in the smart management system, applied to investment and con­
struction projects, involves the following iterations.

1. Definition of the value and detailing of project work. 
2. Creating a hierarchical project structure.
3. Setting control tasks at the level of individual components 

and indicators.
4. Responsibility delegation and the management schedule de­

velopment.
5. Evaluation of the actual project implementation, control of 

earned value indicators and cost effectiveness.
6.  Optimization of project costs during its implementation,  

taking into account the identified trends.
7. Management of work in progress.
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8. Management of identified trends in the implementation of all 
stages of the project.

The construction valuation engineering system allows to quick­
ly estimate and predict the  results of the  project based on 
the earned value methodology, to make management decisions 
based on a case approach used within the framework of an invest­
ment technology for the smart management of construction pro­
jects (Fig. 2). 

This algorithm includes integrated tools for the cost estimation 
of projects and prospects for the automatic adaptive management 
based on the deviations from the design parameters using modern 
economic models of development trends based on the earned 
value methods. The use of the methodology, addressed in this arti­
cle, will make it possible to form a special structured database for 
the systematic implementation of a smart management system for 
investment and construction projects.

CONCLUSION

In this paper, indicators of deviations in the  implementation 
phase of investment and construction projects are established, ba­
sic principles and specific features of the project management sys­
tem are described using valuation engineering methods. A model 
of analytical indicators is developed; recommendations and formu­
las for the application of the earned value methods are presented 
to rise the efficiency of control of the valuation of an investment and 
construction project.

Methodological advantages can be listed as a result of a sum­
marized research into the earned value methods: the ability to get 
an accurate idea of the project state, identify violations of the finan­
cial project model, implement corrective management measures. At 
the same time, it is possible to present directions for the further 
improvement of the earned value methodology: identification and 
optimization of interrelations between deviations from project indi­
cators, development of qualitative estimates of situations, develop­
ment of methods of indicative estimates, a rational combination of 
methods of accounting and evaluation of project parameters, im­
provement of methods used for the forecasting of the earned value 
of investment and construction works. An improved methodology 
for evaluating and analyzing project implementation indicators will 
improve adaptive management according to a special algorithm 
used for the optimal development of investment and construction 
projects.
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Метод освоенного объема 
в интеллектуальной системе управления 
строительными проектами
Представлен краткий обзор методов оценки степени реа-
лизации инвестиционно-строительных проектов. Выделены 
достоинства метода освоенного объема, направления его 
развития и перспективы использования в интеллектуальной 
системе управления проектами. Автором разработан ромб-
допуск для нормирования процессов реализации строитель-
ного проекта и автоматического управления по отклонениям. 
Рассмотрена зависимость стоимости от объема строительно-
монтажных работ, как один из аспектов формирования поля 
допустимых показателей реализации проектов. Выявлена ди-
намическая зависимость и  взаимосвязь количества проект-
ных работ, стоимости и  расписания. Представлено разло-
жение проектных показателей по  компонентным группам. 
Определены базовые отклонения, возникающие при реали-
зации проектов: общее отклонение по затратам, отклонение 
удельной стоимости работ, отклонение выработки, отклоне-
ние количества работ, отклонение стоимости затраченных 
ресурсов, отклонение расписания. Рассмотрена сигнальная 
функция полученных отклонений показателей реализации 
инвестиционно-строительного проекта. Выявлены актуаль-
ные управленческие функции методологии освоенного объ-
ема. В  статье выявлены базовые ситуации для реализации 
сигнальных функций в системе интеллектуального управле-
ния строительными проектами на  основе методологии ос-
военного объема. Идентифицированы ситуационные преце-
денты состояния инвестиционно-строительных проектов, как 
методическая основа будущего прецедентного моделирова-
ния. Определена сопоставимость методологии освоенного 
объема и актуального строительного инжиниринга. Разрабо-
таны основные итерации внедрения методологии освоенно-
го объема в  систему интеллектуального управления проек-
тами. Представлен алгоритм принятия решений в отношении 
реализации инвестиционно-строительных проектов, постро-
енный на принципах интеллектуального управления. В статье 
представлены направления дальнейшего совершенствова-
ния методологии освоенного объема для оптимизации управ-
ления строительными проектами.

Ключевые слова: инвестиционно-строительный проект, ме-
тод освоенного объема, управление отклонениями, приня-
тие решений
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