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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

INTRODUCTION

e present a review of current approaches to
Wassessing 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

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

e modification of EVM model
the earned schedule concept;

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

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

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

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

indicators;

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.

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

e 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 management'
[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,

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

obema.html (rus.).
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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 V,, 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-T, (1)
AV = AV, -AQ = AV, -AP-T, ©2)
EV = PV, -AQ = PV, -AP-T, ©)

where PV, 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;

CIW Valuation

CIW Value

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

T is the control period; AV, 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:

AC=EV—-AV. (4)

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

AC=PV,-AQ-AV,, -AQ=(PV,, - AV, )AQ=AV, -AQ (5

AC=PV,-AP-T-AV, -AP.T =

(6)
=(PV,, - AV, )AP-T =AV,, (PP + AP)T.

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.

AQ = PQ-AQ. (7)
Then
AQ =PQ-AQ, (8)
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AC=AV,,(PQ +AQ). ()

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 AC in respect of re-
sources.

AC, =EQR-PVR- AQR-AVR =
=AQR,,-AQ -PVR-AQR,,-AQ-AVR = (10)
= AQR,,(PVR- AVR)AQ = AQR,, - AVR - AQ,

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; AQR,, is the actual unit amount of resources
per unit of work during the control period; AVR 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.

AS=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):

AS=PV,,-AQ-PV, -PQ=PV,, -AQ. (12)

Formula (12) has a deviation from schedule AQ, 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, AQ, ACR, AV, AP, AVR, AS and recommendations for
establishing other significant deviations in the course of implemen-
tation of investment and construction projects. Basic deviations DS,
AQ, ACR, AV,,, AP, AVR, AS 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:

e determine the common progress of the project;

e control deviations according to project indicators, identify

trends and prevent possible deviations;

e justify the need for additional work funding, rescheduling and

shifting the end of work stages, increasing the project team;

e reducing and preventing the risks of work performed on

the basis of objective indicators;

e justifying the need to withdraw from the project or transfer it to

other implementing structures;

e 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;

e accumulating and summarizing quantitative and qualitative

chronological information, making databases;

e 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.

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.

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
thatallow to achieve the desired result

v

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

v

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

Estimate the predictive effectiveness of
theselected activities and analyze
the expected completeness of achieving
a given goal

Proceed with the implementation
of selected management activities

Fig. 2. A decision-making algorithm for the implementation of an investment and construction project

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.
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MeTop ocBOeHHOro oé6bema
B MHTEJINIeKTyaJlbHOW CUCTeMe yrpaBrieHUs
CTPOUTENIbHbIMU NPOEKTaMM

MpenctaBneH kKpaTkuii 0630p METOAOB OLEHKM CTEeneHwn pea-
M3aLmMnN MHBECTULIMOHHO-CTPOUTENbHBIX MPOEKTOB. BbigeneHsl
[JOCTOMHCTBA MeTOAa OCBOEHHOro O6bema, HampasneHus ero
pasBUTUS U NEPCMEKTUBbLI NCNONb30BAHNA B UHTENNEKTYanbHOW
cucTeMe ynpasneHus npoektamu. ABTOPOM pa3paboTaH pom6-
[OMycK Ansi HOPMUPOBAHWA MPOLIECCOB peanu3auun CTpoUTesb-
HOro NpoeKTa 1 aBTOMATUHECKOro YNPaBneHns No OTKIIOHEHUAM.
PaccmoTpeHa 3aBMCMMOCTb CTOMMOCTM OT 06bema CTPOUTENbHO-
MOHTaXHbIX paboT, KaK OAUH U3 acrneKkToB hOPMMPOBAHUA MONSA
[OMyCTVMbIX NOKasaTenen peanusaummn NpoeKkTos. BeissneHa an-
Hammnyeckas 3aBUCUMOCTb M B3aUMOCBA3b KOMMHYECTBA MPOEKT-
HbIX paboT, CTOMMOCTM U pacnucaHus. NpepcTaBneHo passo-
XXEHVEe MNPOEKTHbIX NoKasaTesie MO KOMMOHEHTHbIM Fpymnnam.
OnpepfeneHbl 6a30Bble OTKNOHEHWS, BO3HUKAKOLLME Npu peanu-
3auumM NPOEKTOB: O6LLee OTK/IOHEHME NO 3aTparam, OTKIOHeHne
yOEeNIbHON CTOMMOCTM paboT, OTKIIOHEHME BbIPABOTKM, OTKIOHE-
HVMe KonuyecTBa pPaboT, OTKIOHEHWE CTOMMOCTM 3aTpayveHHbIX
pecypcoB, OTKIOHEHWE pacnucaHus. PaccmoTpeHa curHanbHas
YHKLUMS MOSYyYEHHbIX OTKIOHEHU MokasaTtenen peanu3aumu
WNHBECTULIMOHHO-CTPOUTENBHOMO MNPOEKTa. BbisiBNEHbl akTyasnb-
Hble yrnpaBfieH4Yeckne yHKLMM METOLONOrMN OCBOEHHOMO 06b-
ema. B cTtatbe BbifBfeHbl 6a30Bble cUTyauun Ans peannsaumu
CUrHasbHbIX OYHKUMIA B CUCTEME MHTENNEKTYanbHOro ynpasne-
HUS CTPOUTENbHLIMM MPOEKTaMU Ha OCHOBE METO[OSIoOrnW Oc-
BOEHHOro o6bema. MpeHTndmumpoBaHbl CUTyaLUmMoHHbIE npeLe-
[EHTbl COCTOAHNA NHBECTULIMOHHO-CTPOUTESIbHBIX MPOEKTOB, Kak
MeToaM4ecKas ocHoBa 6yayLlero npeLefeHTHoro MoaenMpoBa-
Hus. OnpepeneHa COMOCTaBMMOCTb METOAOSIOMMU OCBOEHHOMO
o6bema 1 akTyanbHOro CTPOUTENBHOIO MHXWHWPWUHra. Paspabo-
TaHbl OCHOBHbIE UTepaLun BHEAPEHUS METOA0NOrMN OCBOEHHO-
ro o6bemMa B CUCTEMY MHTENNEKTYaslbHOro ynpasfieHWsi Npoek-
Tamu. MNpefcTaBneH anroputm NPUHATUA PELLEHNI B OTHOLLEHWN
peanu3aumm MHBECTULMOHHO-CTPOUTENbHBIX NMPOEKTOB, MOCTPO-
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