Bulletin Of High Technology N 2 (38) 2026.-pp.96-117. WATER SYSTEMS

H.V. Tokmajyan, A.Kh. Markosyan, E.Yu.. Galstyan
PROJECT COMPLEXITY AND DESIGN SERVICE PRICING IN PUBLIC PROCUREMENT OF WATER
INFRASTRUCTURE PROJECTS

UDC - 556:628.171.033:627.81

PROJECT COMPLEXITY AND DESIGN SERVICE PRICING IN PUBLIC
PROCUREMENT OF WATER INFRASTRUCTURE PROJECTS

Hovhannes V. Tokmajyan

Institute of Water Problems and Hydro-Engineering
Named After I.V. Yeghiazarov

125/3 Armenakyan St., 0011, Yerevan

e-mail: tokmajyan.hovhannes@gmail.com

ORCID iD: 0000-0002-2315-7233

Republic of Armenia

Ashot Kh. Markosyan

«AMBERD» Research Center

Armenian State University of Economics
128 Nalbandyan str., Yerevan

e-mail: ashotmarkos@rambler.ru
ORCID iD: 0000-0002-5077-4253
Republic of Armenia

Edgar Yu. Galstyan

Institute of Water Problems and Hydro-Engineering
Named After 1.V. Yeghiazarov

125/3 Armenakyan St., 0011, Yerevan

e-mail: galstyanedgar21@gmail.com

ORCID iD: 0009-0002-5595-2976

Republic of Armenia

https://doi.org/10.56243/18294898-2026.2-96

Abstract

The pricing of engineering design services represents an important component of
infrastructure project preparation and directly influences the ability of design organizations to
perform the investigations, calculations, and technical activities required for the development
of reliable project documentation. However, in public procurement procedures, design service
prices may be determined without systematic consideration of project technical complexity and
the actual scope of engineering work.

This study evaluates the adequacy of design service pricing in public procurement
procedures for water supply and irrigation infrastructure projects in the Republic of Armenia.
The research is based on a comparative analysis of selected procurement procedures, project
characteristics, contract prices, and estimated design costs derived from applicable pricing
approaches. Project technical complexity is assessed using the Project Complexity Score (PCS),
which integrates the principal engineering components of water infrastructure projects,
including the number of settlements served, pipeline length, water intake structures, pumping
stations, regulating reservoirs, and water treatment facilities.
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The analysis compares project complexity levels with the design prices established in
procurement procedures and examines whether increases in technical complexity are
accompanied by corresponding increases in the financial resources allocated for design
activities. To support the comparative assessment, a Design Price Adequacy Ratio (DPAR) is
introduced as the ratio between the contracted design price and the estimated justified design
price.

The results reveal substantial inconsistencies between project technical complexity and
design service pricing. Projects with considerably different engineering workloads may receive
similar levels of design financing, while in several cases the contracted design prices are
significantly lower than the estimated values required for adequate project preparation. These
findings indicate that project complexity and engineering workload are not systematically
incorporated into the determination of design service prices.

The study concludes that integrating project complexity criteria and quantitative price
adequacy indicators into public procurement planning could improve the transparency and
technical justification of design service pricing, reduce the risks associated with underfunded
design activities, and contribute to improving the quality and effectiveness of water
infrastructure project preparation.

Keywords: public procurement; design service pricing; project complexity; Project
Complexity Score; Design Price Adequacy Ratio; water supply systems; irrigation systems;
engineering design.

Introduction

The preparation of reliable engineering design documentation is a critical stage in the
development of infrastructure projects. Decisions made during the design phase influence
project feasibility, construction cost, implementation schedules, operational reliability, and
long-term infrastructure performance. Deficiencies originating during project preparation and
design may subsequently lead to design modifications, rework, construction delays, cost
overruns, quality deviations, and additional expenditures during project implementation [1-6].
Therefore, the effectiveness of infrastructure investment depends not only on the financial
resources allocated for construction but also on the adequacy of resources provided for
engineering investigations, technical analysis, and design activities before construction begins.
Engineering design services represent a knowledge-intensive professional activity involving
the integration of field investigations, engineering calculations, analysis of alternatives,
development and verification of technical solutions, preparation of cost estimates,
interdisciplinary coordination, and production of design documentation. The scope and
intensity of these activities vary substantially depending on project size, technical
configuration, the number and diversity of infrastructure components, environmental
conditions, technological requirements, and the degree of interconnection among individual
project systems [7-10]. Consequently, the resources required for engineering design should
reflect the actual engineering workload and technical complexity of the project rather than being
determined solely by the financial scale of the planned construction.
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Water supply and irrigation infrastructure projects are particularly relevant in this
context because their design frequently combines spatially extensive linear networks with
hydraulic structures, mechanical and electrical equipment, and technological facilities.
Engineering activities may include topographic and engineering-geological investigations,
assessment of water sources, hydrological studies, water demand analysis, hydraulic modeling,
pipeline design, and the development of water intake structures, pumping stations, regulating
reservoirs, water treatment facilities, automation systems, and cost-estimation documentation
[11-16]. The integrated development of these components requires the participation of
specialists from several engineering disciplines and sufficient professional, organizational, and
financial resources.

Public procurement procedures are intended to promote competition, transparency,
equal treatment of economic operators, and efficient use of public resources. However, the
economic efficiency of procurement cannot be evaluated solely through reductions in initial
contract prices. Procurement approaches dominated by price competition may result in contract
values that do not adequately reflect the actual scope, complexity, and professional effort
required for engineering services [17-20]. This issue is particularly important for intellectual
and professional services, where service quality depends strongly on specialist competence,
labor input, data quality, technical analysis, and interdisciplinary coordination.

International research has demonstrated that procurement strategies and tender
evaluation methods may significantly affect project performance. Excessive emphasis on the
lowest initial price can encourage aggressive bidding and increase the risk that contractors or
consultants operate under financial constraints inconsistent with the actual requirements of the
assignment [17-22]. Although competitive pricing is an essential element of public
procurement, insufficient financial resources for engineering design may restrict field
investigations, reduce the depth of technical analyses, limit the assessment of alternative
solutions, and decrease the resources available for design verification and coordination. Such
limitations may subsequently contribute to design deficiencies, rework, project modifications,
cost growth, and implementation difficulties [1-6, 21-24].

The determination of appropriate prices for engineering design services is complicated
by the substantial differences among infrastructure projects. Projects with similar construction
costs may require considerably different volumes of engineering work, whereas projects with
different financial scales may involve comparable levels of technical effort. Construction cost
alone therefore cannot provide a sufficient basis for evaluating the resources required for
engineering design. Project complexity is a multidimensional characteristic associated with the
number of technical components, their interdependencies, technological diversity,
organizational interfaces, uncertainty, and the range of professional disciplines involved [7—
10]. These characteristics directly affect the volume of investigations, engineering calculations,
coordination activities, technical verification, and documentation required during the design
process.

In water supply and irrigation projects, technical complexity may be influenced by the
number of settlements served, total pipeline length, water intake structures, pumping stations,
regulating reservoirs, water treatment facilities, and other hydraulic and technological
components. An increase in the number and interconnection of such components generally
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increases the engineering workload required for project preparation. Nevertheless, procurement
prices for design services are not always established using transparent quantitative criteria that
explicitly reflect these differences in technical complexity and engineering effort.

Existing studies on public procurement primarily focus on competition, tender
evaluation methods, procurement efficiency, construction costs, schedule performance, cost
overruns, and the consequences of lowest-price selection [17-22, 25-27]. Research on project
complexity, meanwhile, has developed conceptual and multidimensional approaches for
understanding the influence of technical, organizational, and environmental characteristics on
project management and performance [7-10]. However, considerably less attention has been
given to the quantitative relationship between the technical complexity of infrastructure projects
and the financial resources allocated for engineering design services, particularly in the water
infrastructure sector.

This research addresses this gap by evaluating the relationship between project technical
complexity and design service pricing in public procurement procedures for water supply and
irrigation infrastructure projects in the Republic of Armenia. To provide a quantitative basis for
comparative assessment, the study applies a Project Complexity Score (PCS) based on the
principal technical components of water infrastructure projects. The obtained complexity scores
are compared with contracted and estimated design prices to determine whether increasing
project complexity is accompanied by a corresponding increase in the financial resources
allocated for engineering design activities.

In addition, the study introduces the Design Price Adequacy Ratio (DPAR), defined as
the relationship between the contracted design price and the estimated justified design price.
The indicator is intended to support the identification of potential underpricing, overpricing,
and disproportionality in the financing of engineering design services and to provide a
guantitative basis for comparing procurement procedures involving projects with different
technical characteristics.

The aim of the study is to determine whether the prices established for engineering
design services adequately reflect the technical complexity and engineering workload of water
supply and irrigation infrastructure projects and to identify potential inconsistencies in existing
pricing practices. The results are expected to contribute to the development of more transparent,
technically justified, and complexity-sensitive approaches to the pricing and procurement of
engineering design services.

Literature Review

The scientific literature relevant to the pricing of engineering design services can be
divided into several interconnected research directions: the consequences of deficiencies during
project preparation and design, the multidimensional nature of project complexity, the technical
characteristics of water infrastructure design, and the influence of procurement mechanisms
and price-based competition on project performance. Although these research areas have
developed largely independently, their integration provides an important theoretical basis for
examining whether the financial resources allocated for engineering design services correspond
to the technical complexity and engineering workload of infrastructure projects.

A substantial body of research has demonstrated that deficiencies originating during the
design stage may significantly affect subsequent project implementation. Design errors,
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incomplete documentation, insufficient coordination, and inadequate technical analysis may
contribute to rework, cost growth, delays, quality deviations, and additional expenditures during
construction [1-6]. These findings indicate that engineering design should not be considered
merely as a preliminary administrative stage of infrastructure development. Rather, it represents
a critical professional process whose quality depends on the availability of sufficient technical,
organizational, and financial resources.

Research on rework and design deficiencies has also shown that the consequences of
inadequate project preparation may extend beyond direct correction costs. Design changes and
errors can generate additional coordination requirements, disrupt construction processes,
increase uncertainty, and affect overall project performance [1-6, 23, 24]. From the perspective
of engineering service pricing, these findings are particularly relevant because insufficient
resources allocated during the design stage may reduce the ability of design organizations to
perform comprehensive investigations, evaluate alternatives, verify technical solutions, and
coordinate the work of different engineering disciplines.

A second important research direction concerns the concept of project complexity.
Project complexity has been described as a multidimensional characteristic that cannot be
adequately represented by project size or construction cost alone. Baccarini conceptualized
project complexity in terms of differentiation and interdependency among project elements [7],
while subsequent studies expanded this understanding by incorporating technical,
organizational, and environmental dimensions [8—10]. These approaches demonstrate that the
resources required for project preparation and implementation depend not only on the financial
scale of the project but also on the number of components, their interrelationships, technological
diversity, organizational interfaces, uncertainty, and the range of professional disciplines
involved.

The literature on project complexity therefore provides an important theoretical basis
for evaluating engineering design services. As technical components and their
interdependencies increase, the need for investigations, calculations, modeling, coordination,
verification, and documentation also increases. However, most existing complexity frameworks
have been developed primarily for project management, organizational analysis, and
assessment of implementation risks [7—-10]. Considerably less attention has been given to the
direct quantitative relationship between project complexity and the financial resources required
for engineering design activities.

Water supply and irrigation infrastructure projects provide a particularly relevant
context for examining this relationship. The design of such projects may involve hydraulic
modeling, optimization of water distribution systems, assessment of irrigation performance,
design of pipelines and hydraulic facilities, and coordination of multiple interconnected
technical components [11-16]. The literature demonstrates the increasing analytical and
computational requirements associated with the design and optimization of water infrastructure
systems. However, these studies primarily focus on technical performance, hydraulic
optimization, system reliability, and operational efficiency rather than on the pricing and
financial adequacy of professional engineering design services.

Another major research direction concerns public procurement and the mechanisms
used for selecting contractors and professional service providers. Existing studies have
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examined tender evaluation methods, the role of price and non-price criteria, competition
among bidders, and the influence of procurement strategies on project outcomes [17-22]. This
literature demonstrates that the selection mechanism applied in procurement procedures may
influence bidder behavior, contract prices, and subsequent project performance.

Particular attention has been given to procurement approaches dominated by the lowest
initial price. Competitive bidding may contribute to the efficient use of public resources, but
excessive price competition can also create incentives for aggressive bidding and contract prices
that may not correspond to the actual requirements of the assignment [17-22]. For engineering
design services, this issue is especially important because the final quality of the service
depends strongly on specialist labor, professional expertise, investigation activities, technical
analysis, interdisciplinary coordination, and design verification.

Studies addressing construction performance, cost overruns, and project implementation
risks further demonstrate that decisions made during procurement and project preparation can
have long-term consequences [23—-27]. However, much of this literature focuses on construction
contracts, large infrastructure projects, and implementation-stage performance. Professional
engineering services are often considered indirectly, despite their critical role in determining
the technical quality and reliability of project documentation.

The reviewed literature therefore reveals an important research gap. Existing studies
provide substantial evidence regarding the consequences of design deficiencies, the
multidimensional nature of project complexity, the technical requirements of water
infrastructure design, and the influence of procurement and price competition on project
performance. Nevertheless, these research directions have rarely been integrated into a
quantitative framework for evaluating whether the prices established for engineering design
services are proportionate to project technical complexity and engineering workload.

In particular, limited attention has been given to the development of measurable
indicators that enable the comparison of project complexity with contracted design prices and
justified design costs. The absence of such indicators restricts the ability of contracting
authorities, researchers, and engineering organizations to identify potential underpricing,
overpricing, or disproportionality in the financing of engineering design services.

Accordingly, the present study integrates two analytical dimensions that have generally
been examined separately in previous research: the technical complexity of infrastructure
projects and the financial adequacy of engineering design service pricing. The Project
Complexity Score (PCS) is applied to provide a quantitative representation of the principal
technical components affecting engineering workload, while the Design Price Adequacy Ratio
(DPAR) is introduced to evaluate the relationship between contracted design prices and
estimated justified design prices. The integration of these indicators provides the conceptual
basis for the subsequent formulation of the research problem and methodological framework.

Conflict Setting

The pricing of engineering design services in public procurement involves a
fundamental conflict between the objective of achieving cost efficiency through competitive
procurement and the need to allocate sufficient financial resources for the proper preparation
of technically complex infrastructure projects. Contracting authorities seek to obtain
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engineering services under economically advantageous conditions, whereas design
organizations must perform the full scope of investigations, calculations, technical analyses,
coordination activities, and documentation required to produce reliable design solutions.

This conflict becomes particularly significant when the financial resources allocated for
engineering design are determined without explicit consideration of project technical
complexity and engineering workload. Water supply and irrigation infrastructure projects may
differ substantially in the number of settlements served, pipeline length, number and type of
water intake structures, pumping stations, regulating reservoirs, treatment facilities, and other
hydraulic and technological components. Consequently, projects included within the same
general procurement category may require substantially different levels of professional effort,
specialist participation, investigation activities, engineering calculations, and interdisciplinary
coordination.

However, the pricing of engineering design services may not adequately reflect these
differences. Projects characterized by substantially different technical configurations and
engineering workloads may receive comparable levels of design financing. Conversely,
projects with similar levels of technical complexity may be assigned considerably different
contract prices. Such inconsistencies indicate that the relationship between project complexity
and design service pricing requires systematic quantitative assessment.

A further methodological problem concerns the determination of a justified reference
price for engineering design services. The contracted price resulting from a competitive
procurement procedure represents the market outcome of bidding but does not necessarily
indicate the financial resources objectively required for the adequate performance of the design
assignment. At the same time, construction cost alone cannot serve as a sufficient indicator of
engineering workload because projects with similar construction costs may differ substantially
in technical complexity and design requirements.

Therefore, the assessment of design price adequacy requires two interconnected
analytical dimensions. The first is the quantitative characterization of project technical
complexity. The second is the comparison of the contracted design price with an estimated
justified design price determined using a consistent and transparent calculation approach. The
integration of these dimensions makes it possible to examine whether increasing project
complexity is accompanied by a proportional increase in design financing and to identify cases
of potential underpricing, overpricing, or disproportionality.

In this study, project technical complexity is evaluated using the Project Complexity

Score (PCS), which integrates the principal technical components affecting engineering
workload in water supply and irrigation infrastructure projects. The financial adequacy of
design service pricing is evaluated using the Design Price Adequacy Ratio (DPAR), defined as
the ratio of the contracted design price to the estimated justified design price.
Accordingly, the central research problem addressed in this study is the potential mismatch
between the technical complexity of water supply and irrigation infrastructure projects and the
financial resources allocated for engineering design services through public procurement
procedures.

The main research question is formulated as follows: To what extent do the prices
established for engineering design services in public procurement procedures reflect the
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technical complexity and engineering workload of water supply and irrigation infrastructure
projects?

To answer this question, the study addresses three interconnected research questions:

Is there a statistically identifiable relationship between project technical complexity,
expressed through the Project Complexity Score (PCS), and the contracted price of
engineering design services?

To what extent do contracted design prices differ from estimated justified design prices for
projects with different levels of technical complexity?

Can the Design Price Adequacy Ratio (DPAR) provide a consistent quantitative basis for
identifying potential underpricing, adequate pricing, and overpricing of engineering design
services?

The analysis of these questions provides the basis for evaluating whether existing design
service pricing practices adequately account for differences in project technical complexity and
for developing a more transparent and technically justified approach to the financial assessment
of engineering design services.

Materials and Methods

Research Design and Data Selection

The study was designed as a quantitative comparative assessment of engineering design
service pricing in public procurement procedures for water supply and irrigation infrastructure
projects in the Republic of Armenia. The analytical framework was developed to examine
whether differences in project technical complexity are reflected in the financial resources
allocated for engineering design activities.

The empirical dataset consisted of selected public procurement procedures for
engineering design services related to water supply and irrigation infrastructure projects. The
unit of analysis was an individual procurement contract for the preparation of engineering
design documentation. Projects were selected to ensure sufficient variation in technical
characteristics, engineering workload, and contracted design prices.

The selection criteria required that each procurement procedure contain sufficient
technical and financial information to identify the principal infrastructure components included
in the design assignment and to determine the initial estimated procurement price and the final
contracted design price. Projects for which the available procurement documentation did not
provide sufficient information for consistent technical characterization or price comparison
were excluded from the analysis.

For each selected project, data were collected on the type and scope of infrastructure,
number of settlements served, total pipeline length, number of water intake structures, pumping
stations, regulating reservoirs, water treatment facilities, and other major hydraulic and
technological components. Financial data included the initial estimated procurement price and
the final contracted price of the engineering design services.

To ensure comparability among projects with different technical configurations and
financial scales, the analysis was conducted in four consecutive stages. First, the technical
characteristics and financial data of the selected projects were compiled and standardized.
Second, project technical complexity was quantified using the Project Complexity Score (PCS).
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Third, contracted design prices were compared with estimated justified design prices, and the
Design Price Adequacy Ratio (DPAR) was calculated. Finally, statistical relationships between
project complexity and design service prices were examined, and the obtained results were
interpreted through comparative analysis of projects with different complexity levels.

The methodological framework was therefore structured to evaluate two interconnected
dimensions of engineering design service pricing: whether higher project complexity is
associated with higher contracted design prices and whether the financial resources allocated
through procurement procedures are proportionate to the estimated justified cost of the
engineering design activities required.

Research Results

Financial Characteristics of the Selected Procurement Procedures

The empirical analysis included 30 public procurement procedures for engineering
design services related to water supply, irrigation, and associated infrastructure projects in the
Republic of Armenia. The analyzed procedures covered projects with substantially different
construction costs and corresponding design price scales, providing an appropriate empirical
basis for evaluating variations in the financial resources allocated for engineering design
activities.

The construction costs of the analyzed projects ranged from approximately AMD 8.10
million to AMD 800.00 million. Depending on the construction cost category, the estimated
justified design prices were calculated using design price rates ranging from 2—-3% to 6—7%.
The comparison revealed substantial variation between the estimated justified design price
ranges and the prices established in the procurement procedures.

The results demonstrate that the analyzed procurement procedures cannot be
characterized by a uniform relationship between construction cost and design service pricing.
While some procurement prices were within or close to the estimated justified price ranges, a
considerable number of cases were characterized by substantial underpricing. Several
procedures showed particularly large discrepancies, with procurement prices representing only
a fraction of the estimated minimum design price.

Tab. 1 presents the complete financial dataset used as the initial empirical basis for the
subsequent analysis of project complexity and design price adequacy.

Project Complexity Assessment Using the Project Complexity Score (PCS)

To evaluate differences in the engineering workload associated with water supply and
irrigation infrastructure projects, project technical complexity was quantified using the Project
Complexity Score (PCS). The indicator was developed to transform the principal technical
characteristics of the analyzed projects into a comparable quantitative measure of engineering
complexity.

The PCS framework includes six technical components that directly influence the
volume of investigations, engineering calculations, hydraulic analysis, interdisciplinary
coordination, and design documentation required during project preparation: the number of
settlements served, total pipeline length, number of water intake structures, pumping stations,
regulating reservoirs, and water treatment facilities.
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Table 1

Financial Characteristics of the Analyzed Procurement Procedures

Project Construction Cost Applicable Estimated Justified Procurement Price

(AMD million) | Design Rate (%0) Design Price (AMD (AMD million)

million)

P1 565.00 2-3 11.30-16.95 3.50
P2 800.00 2-3 16-20 12.75
P3 23.69 6-7 1.42-1.66 1.056
P4 66.00 6-7 3.96-4.62 4.40
P5 257.94 3-4 7.74-10.32 18.00
P6 51.78 6-7 3.11-3.62 2.20
P7 47.14 6-7 2.83-3.30 3.00
P8 37.40 6-7 2.24-2.62 3.10
P9 25.00 6-7 1.50-1.75 0.50
P10 13.20 6-7 0.79-0.92 0.80
P11 27.50 6-7 1.65-1.93 2.00
P12 20.60 6-7 1.24-1.44 1.20
P13 55.00 6-7 3.30-3.85 1.80
P14 8.10 6-7 0.54-0.63 0.90
P15 81.40 6-7 4.88-5.70 4.00
P16 12.21 6-7 0.73-0.85 0.40
P17 33.00 6-7 1.98-2.31 8.00
P18 ~18-22 67 1.08-1.54 0.25
P19 8.80 6-7 0.53-0.62 0.60
P20 24.45 67 1.47-1.71 1.50
P21 214.50 4-5 8.58-10.73 9.30
P22 20.90 6-7 1.25-1.46 1.344
P23 157.30 4-5 6.29-7.87 2.90
P24 9.60 6-7 0.58-0.67 0.60
P25 209.00 4-5 8.36-10.45 5.60
P26 230.00 4-5 9.20-11.50 2.00
P27 250.80 3-4 7.52-10.03 2.34
P28 ~28-35 6-7 1.68-2.45 1.64
P29 209.00 4-5 8.36-10.45 9.225
P30 223.27 4-5 8.93-11.16 10.55

Source: Authors’ calculations based on public procurement documentation.

Because the selected technical components differ in measurement units and potential
ranges, their raw values cannot be directly aggregated. Therefore, each component was
transformed into a standardized component score using predefined ordinal scoring intervals.
The scoring intervals were established to represent increasing levels of engineering workload
associated with each technical characteristic.

The Project Complexity Score was calculated as:

PCS = wyS + wyL + w3l + wyP + wsR + wgT
where: S is the standardized score for the number of settlements served; L is the standardized
score for total pipeline length; I is the standardized score for the number of water intake

structures; P is the standardized score for the number of pumping stations; R is the standardized
score for the number of regulating reservoirs; T is the standardized score for the number of
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water treatment facilities; and wi—ws are the weighting coefficients assigned to the respective
technical components.

The weighting coefficients were introduced because the selected technical components
do not contribute equally to engineering workload. Pipeline length primarily affects the volume
of surveying, hydraulic calculations, longitudinal profiles, and preparation of linear
infrastructure documentation. Water intake structures, pumping stations, regulating reservoirs,
and treatment facilities require additional structural, hydraulic, mechanical, electrical,
technological, and automation design activities. The number of settlements served increases the
spatial distribution of the project and the requirements for network coordination, demand
assessment, and integration of individual system components.

For the present comparative assessment, the following weighting structure was
applied:
Table 2
Weighting Coefficients Used for the Calculation of the Project Complexity Score (PCS)

Technical Component Symbol | Weight
Number of settlements served | S 0.15
Total pipeline length L 0.20
Water intake structures | 0.15
Pumping stations P 0.15
Regulating reservoirs R 0.15
Water treatment facilities T 0.20
Total 1.00

Each technical component was evaluated on a five-point ordinal scale ranging from 1 to
5. A score of 1 represents projects with a limited technical scope, while a score of 5 represents
projects characterized by a large number or substantial scale of technical components and,
consequently, greater engineering workload.

Table 3
Scoring Criteria for the Technical Components of the Project Complexity Score (PCS)
Score Settlements Pipeline Water Pumping Regulating Treatment
Served | Length (km) Intakes Stations Reservoirs Facilities
1 1 <5 0 0 0-1 0
2 2-3 >5-15 1 1 2-3 1
3 4-6 >15-30 2 2 4-6 2
4 7-10 >30-50 3 3 7-10 3
5 >10 >50 >4 >4 >10 >4

The resulting PCS values range theoretically from 1.00 to 5.00. For interpretation and
comparative analysis, the projects were classified into four complexity levels.

Table 4
Classification of Projects According to the Project Complexity Score (PCS)
PCS Range | Complexity Level
1.00-1.99 Low complexity
2.00-2.99 Moderate complexity
3.00-3.99 | High complexity
4.00-5.00 | Very high complexity
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The proposed PCS framework provides a consistent quantitative basis for comparing
projects with different technical configurations. Rather than using construction cost as a proxy
for engineering complexity, the indicator directly incorporates the principal infrastructure
components that determine the scope of engineering investigations, calculations, coordination
activities, and preparation of design documentation.

The calculated PCS values were subsequently compared with the procurement prices
and estimated justified design prices presented in Table 1. This comparison was used to
examine whether higher project complexity was accompanied by a corresponding increase in
design financing and to identify potential inconsistencies between engineering workload and
the financial resources allocated for project preparation.

Project Complexity Results

The application of the proposed PCS framework requires the technical characteristics
of each analyzed project to be converted into standardized component scores according to the
criteria presented in Table 3. The weighted component scores are then aggregated to obtain the
final PCS value for each project.

However, the financial dataset presented in Table 1 does not by itself contain sufficient
technical information for calculating PCS values for all 30 projects. Therefore, the PCS-based
analysis was limited to those procurement procedures for which the available documentation
provided complete and comparable information on the technical components included in the
PCS framework.

Based on the completeness of the available technical documentation, projects with
sufficient information on the number of settlements served, pipeline length, water intake
structures, pumping stations, regulating reservoirs, and treatment facilities were selected for the
PCS-based assessment. For each selected project, the original technical characteristics were
converted into standardized scores using the criteria presented in Table 3, after which the
weighted PCS value was calculated according to the adopted weighting coefficients.

The calculated component scores and the resulting PCS values for the selected projects
are presented in Table 5. The table provides the quantitative basis for comparing project
technical complexity with the corresponding design service prices and for the subsequent
calculation of the Design Price Adequacy Ratio (DPAR).

Due to the absence of complete and comparable technical component data for all 30
procurement procedures, the subsequent price adequacy assessment was based primarily on the
financial dataset presented in Table 1, while the PCS framework was used as a methodological
basis for interpreting project complexity differences.

Design Price Adequacy Assessment

To quantitatively evaluate the adequacy of design service pricing, the procurement
prices presented in Table 1 were compared with the estimated justified design prices. Since the
justified design price was expressed as a range, the midpoint of the corresponding interval was
used as the reference value for comparative calculations.

The Design Price Adequacy Ratio (DPAR) was calculated as:

DPAR = ¢F
" JPR
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where CP is the procurement price of the engineering design services and JDP is the estimated
justified design price represented by the midpoint of the corresponding justified price interval.

Table 5
Design Price Adequacy Ratio (DPAR) for the Analyzed Procurement Procedures
Project JDP Midpoint (AMD Procurement Price (AMD | DPAR Interpretation
million) million)
P1 14.125 3.50 0.25 | Underpricing
P2 18.000 12.75 0.71 | Underpricing
P3 1.540 1.056 0.69 | Underpricing
P4 4.290 4.40 1.03 | Relatively
adequate
P5 9.030 18.00 1.99 | Overpricing
P6 3.365 2.20 0.65 | Underpricing
P7 3.065 3.00 0.98 | Relatively
adequate
P8 2.430 3.10 1.28 | Overpricing
P9 1.625 0.50 0.31 | Underpricing
P10 0.855 0.80 0.94 | Relatively
adequate
P11 1.790 2.00 1.12 | Relatively
adequate
P12 1.340 1.20 0.90 | Relatively
adequate
P13 3.575 1.80 0.50 | Underpricing
P14 0.585 0.90 1.54 | Overpricing
P15 5.290 4.00 0.76 | Relatively
adequate
P16 0.790 0.40 0.51 | Underpricing
P17 2.145 8.00 3.73 | Overpricing
P18 1.310 0.25 0.19 | Underpricing
P19 0.575 0.60 1.04 | Relatively
adequate
P20 1.590 1.50 0.94 | Relatively
adequate
P21 9.655 9.30 0.96 | Relatively
adequate
p22 1.355 1.344 0.99 | Relatively
adequate
P23 7.080 2.90 0.41 | Underpricing
P24 0.625 0.60 0.96 | Relatively
adequate
P25 9.405 5.60 0.60 | Underpricing
P26 10.350 2.00 0.19 | Underpricing
p27 8.775 2.34 0.27 | Underpricing
P28 2.065 1.64 0.79 | Relatively
adequate
P29 9.405 9.225 0.98 | Relatively
adequate
P30 10.045 10.55 1.05 | Relatively
adequate

Source: Authors’ calculations based on the financial data presented in Table 1.
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Fig. 1. Distribution of the Design Price Adequacy Ratio (DPAR) across the Analyzed
Procurement Procedures

The distribution of DPAR values across the analyzed procurement procedures is
presented in Fig. 1. The figure visually demonstrates substantial differences between
procurement prices and estimated justified design prices. While a considerable number of
procedures fall within the relatively adequate pricing range (0.75 < DPAR < 1.25), several cases
are located substantially below or above the adopted adequacy thresholds. Particularly
pronounced deviations are observed for P17 on the upper side and for P18 and P26 on the lower
side. The simultaneous presence of substantial underpricing and overpricing provides additional
evidence of inconsistencies in the existing pricing practices for engineering design services.

For interpretation purposes, DPAR values below 1.00 indicate that the procurement
price is lower than the estimated justified design price, while values above 1.00 indicate that
the procurement price exceeds the estimated justified reference value. In this study, DPAR
values below 0.75 were interpreted as underpricing, values from 0.75 to 1.25 as relatively
adequate pricing, and values above 1.25 as overpricing.

The DPAR results reveal substantial variation in the adequacy of design service pricing
across the analyzed procurement procedures. Of the 30 cases, 12 were classified as underpriced,
14 as relatively adequate, and 4 as overpriced. Thus, 40% of the analyzed procedures were
characterized by design prices below the adopted adequacy threshold, while only 46.7% fell
within the relatively adequate pricing range. The remaining 13.3% exceeded the upper
adequacy threshold. These results indicate that design service pricing practices are highly
heterogeneous and that a considerable proportion of procurement procedures do not provide
financial resources proportionate to the estimated justified design price.

The calculated DPAR values ranged from 0.19 to 3.73, indicating substantial differences
in the relationship between procurement prices and estimated justified design prices. The lowest
DPAR values were observed for P18 and P26 (0.19), followed by P1 (0.25) and P27 (0.27),
demonstrating cases in which the procurement price represented only a small fraction of the
estimated justified design price. Conversely, P17 showed the highest DPAR value (3.73),

109



Bulletin Of High Technology N 2 (38) 2026.-pp.96-117. WATER SYSTEMS

H.V. Tokmajyan, A.Kh. Markosyan, E.Yu.. Galstyan
PROJECT COMPLEXITY AND DESIGN SERVICE PRICING IN PUBLIC PROCUREMENT OF WATER
INFRASTRUCTURE PROJECTS

followed by P5 (1.99) and P14 (1.54), indicating substantial overpricing relative to the adopted
reference value. The simultaneous presence of pronounced underpricing and overpricing
suggests the absence of a consistent pricing mechanism capable of maintaining proportionality
between procurement prices and estimated engineering design requirements.

The distribution of DPAR values further demonstrates that deviations from the
estimated justified design prices were not limited to isolated procurement procedures.
Underpricing was observed across projects with different construction costs and design price
scales, indicating that inadequate design financing cannot be attributed exclusively to a
particular project size category. Similarly, relatively adequate and overpriced cases were
distributed across different financial groups. This pattern suggests that the observed pricing
inconsistencies are systemic rather than associated solely with the financial scale of individual
infrastructure projects.

Overall, the DPAR analysis demonstrates that the existing procurement pricing practices
do not consistently ensure proportionality between the financial resources allocated for
engineering design services and the estimated justified design prices. The results support the
need for more transparent and quantitatively grounded pricing approaches that can reduce
extreme deviations and improve the financial adequacy of engineering design contracts.

The identified variation in DPAR values raises an important question regarding the
factors responsible for the observed pricing inconsistencies. Since projects with different
construction costs exhibited underpricing, relatively adequate pricing, and overpricing,
construction cost alone does not appear to provide a sufficient basis for determining appropriate
design service prices. The obtained results therefore require further interpretation in relation to
project technical complexity, procurement pricing practices, and the potential consequences of
inadequate design financing.

Discussion

The results demonstrate that the pricing of engineering design services cannot be
adequately explained by construction cost alone. The coexistence of substantial underpricing,
relatively adequate pricing, and overpricing across projects of different financial scales
indicates that the current pricing approach does not consistently reflect the actual engineering
workload required for project preparation. This finding is particularly important for water
supply and irrigation infrastructure projects, where the volume of engineering investigations,
hydraulic calculations, technical solutions, and interdisciplinary coordination depends strongly
on project configuration and technical complexity.

The DPAR distribution also indicates that the observed pricing inconsistencies cannot
be interpreted simply as a general tendency toward underpricing. Although underpriced
procedures constituted a substantial share of the analyzed cases, several projects were
characterized by procurement prices considerably exceeding the estimated justified reference
values. This bidirectional variation suggests that the principal problem lies not only in
insufficient financing but also in the absence of a consistent and transparent mechanism for
determining design service prices. A pricing system that produces both pronounced
underpricing and overpricing may lead to inefficient allocation of public resources and reduce
the predictability of engineering service procurement.
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The results further indicate that construction cost-based pricing approaches should be
complemented by explicit consideration of project technical complexity. Projects with similar
construction costs may differ substantially in the number and type of infrastructure components,
spatial extent, hydraulic configuration, and interdisciplinary design requirements.
Consequently, the engineering workload associated with project preparation may vary even
when projects belong to the same financial category. The PCS framework proposed in this study
provides a methodological basis for incorporating these differences into the assessment of
design service pricing and for moving toward more complexity-sensitive procurement
practices.

The financial adequacy of engineering design contracts may also have implications for
the quality of project preparation. When procurement prices are substantially lower than the
estimated justified design prices, design organizations may face constraints in allocating
sufficient resources to field investigations, engineering calculations, alternative analysis,
technical verification, and interdisciplinary coordination. Conversely, procurement prices
considerably exceeding justified reference values may indicate inefficient allocation of public
funds. Therefore, improving design service pricing requires a balanced approach that seeks to
ensure sufficient financing for technically adequate project preparation while simultaneously
preventing unjustified expenditure of public resources.

The proposed combination of DPAR and PCS also has practical implications for public
procurement decision-making. DPAR enables the identification of substantial deviations
between procurement prices and estimated justified design prices, whereas PCS provides a
structured basis for considering differences in project technical complexity. Used together,
these indicators can support a more transparent preliminary assessment of whether the financial
resources allocated for engineering design services are broadly consistent with the
characteristics of the project. However, they should be regarded as decision-support tools rather
than substitutes for detailed cost estimation and professional engineering judgment.

The findings of this study are consistent with previous research emphasizing that
procurement decisions based predominantly on price may not adequately reflect the
requirements of professional engineering services [17-22]. At the same time, the results extend
the existing literature by demonstrating that the problem is not limited to lowest-price selection
alone. The substantial dispersion of DPAR values indicates broader inconsistencies in the
relationship between procurement prices and estimated justified design costs. This finding
supports the need to complement conventional procurement criteria with quantitative indicators
capable of evaluating price adequacy and project-specific engineering complexity.

The study has several limitations that should be considered when interpreting the results.
The analysis was based on a limited dataset of public procurement procedures and on estimated
justified design price ranges derived from the adopted pricing approach. In addition, complete
and comparable technical data required for calculating PCS values were not available for all
analyzed projects, which limited the empirical integration of project complexity and price
adequacy. Future research should therefore expand the procurement dataset, apply the PCS
framework to projects with complete technical characteristics, and examine the statistical
relationship between project complexity, design service prices, and subsequent project
implementation outcomes.
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Overall, the findings demonstrate that improving the procurement of engineering design
services requires moving from predominantly cost-based pricing toward a more differentiated
approach that considers both financial adequacy and project-specific technical complexity. The
combined use of DPAR and PCS provides a methodological basis for identifying pricing
inconsistencies and supporting more transparent and technically justified procurement
decisions. Although further empirical validation is required, the proposed framework offers a
practical direction for improving the allocation of financial resources for engineering design
services in water supply and irrigation infrastructure projects.

Conclusions

1. The analysis demonstrated substantial inconsistencies between the procurement prices of
engineering design services and the estimated justified design prices for water supply and
irrigation infrastructure projects. Only 46.7% of the analyzed procedures were classified as
relatively adequate, while 40.0% were characterized by underpricing and 13.3% by
overpricing.

2. The calculated DPAR values ranged from 0.19 to 3.73, revealing substantial dispersion in
the relationship between procurement prices and estimated justified design prices. The
simultaneous occurrence of pronounced underpricing and overpricing indicates that the
identified problem cannot be explained solely by a general tendency toward insufficient
financing of engineering design services.

3. The distribution of DPAR values across projects with different construction costs
demonstrates that pricing inconsistencies are not confined to a particular financial scale of
infrastructure projects. Construction cost alone therefore does not provide a sufficient basis
for determining financially adequate prices for engineering design services.

4. The results support the need to complement construction cost-based pricing approaches
with explicit consideration of project-specific technical complexity. The proposed PCS
framework provides a structured methodological basis for representing differences in
engineering workload associated with the number, scale, and configuration of the principal
technical components of water infrastructure projects.

5. The combined application of DPAR and PCS provides a methodological framework for
evaluating engineering design service pricing from two complementary perspectives:
financial adequacy and project technical complexity. These indicators may support more
transparent and technically justified procurement decisions but should be used as decision-
support tools rather than substitutes for detailed cost estimation and professional
engineering judgment.

6. Substantial underpricing of engineering design services may restrict the resources available
for field investigations, engineering calculations, alternative analysis, technical verification,
and interdisciplinary coordination, thereby increasing risks related to the quality of project
preparation. Conversely, substantial overpricing may lead to inefficient allocation of public
financial resources.

7. The findings demonstrate the need for a more transparent, differentiated, and quantitatively
grounded mechanism for determining the prices of engineering design services in public
procurement procedures. Such a mechanism should seek to ensure proportionality between
the technical characteristics of infrastructure projects, the engineering workload required
for project preparation, and the financial resources allocated for design activities.

8. Further research should expand the empirical procurement dataset, apply the PCS

framework to projects with complete and comparable technical characteristics, and
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statistically examine the relationships between project complexity, design service pricing,
and subsequent project implementation outcomes. Such analysis would allow further
validation and refinement of the proposed methodological framework.
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[leHooOpa3oBaHne MHKEHEPHO-MPOCKTHBIX YCIYT SBISIETCS BaXKHBIM KOMIIOHEHTOM
MOATOTOBKH HH(PACTPYKTYPHBIX MPOEKTOB W HEMOCPEICTBCHHO BIMSACT HA CIIOCOOHOCTH
NPOCKTHBIX OpraHW3alMii BBITOJNHITh HM3bICKAHHS, pacy€éThl M TEXHHUYECKHE paloTHl,
HEOOXOIMMBIE JUTS Pa3pabOTKK HAAEKHON MPOSKTHOM JToKyMeHTarmd. OHAKO B MPOIIEaypax
rOCYyapCTBEHHBIX 3aKyIOK CTOMMOCTh TIPOSKTHBIX YCIYT MOXET OIpeneisiThess 0e3
CHCTEMAaTHYECKOTO y4éTa TEXHHYECKOW CIIOKHOCTH MPOEKTOB M (DAKTHIECKOro 00BEMa
WHKCHEPHBIX paboT.

Llenbro HACTOSIIETO UCCIICTOBAHUS SIBIISICTCS OI[CHKA aJIeKBATHOCTH IICHOOOPa30BaHHUs
HPOEKTHBIX YCIyr B MPOIEAypax TOCYJIapCTBEHHBIX 3aKYIOK MPOEKTOB HHQPACTPYKTYpbhI
BOoJiocHaOkeHuss M opouieHuss B PecnyOnuke Apmenus. MccienoBaHue OCHOBaHO Ha
CPaBHUTEILHOM AaHAW3¢ BBHIOPAHHBIX TMPOLEAYP 3aKYIOK, XapaKTePUCTUK MPOCKTOB,
JIOTOBOPHBIX IIEH M PACYETHON CTOMMOCTH TPOCKTHBIX paboT, OMpeNe€HHOW Ha OCHOBE
OPUMEHSIEMbIX MOAXOAOB K II€HOOOpa3oBaHMIO. TeXHHYeCKas CJI0XHOCTh MPOCKTOB
OlICHMBAETCs C MCHOJib30BaHuMeM mokaszarens Project Complexity Score (PCS), koropsiit
YUYUTBHIBAET OCHOBHBIC HHI)KCHEPHBIC KOMIIOHEHTHI IPOEKTOB BOIHOH HH(MPACTPYKTYPHI,
BKJIIOYAs  KOJIMYECTBO  OOCITY)XHMBAaCMBIX  HACCAEHHBIX  IMYHKTOB,  MPOTSHKEHHOCTH
TpyOOIPOBOIOB, BO/I03a0OpPHBIC  COOPY)KEHHsS, HACOCHBIC CTAHIMH, PETYIUPYIOLIHNE
pe3epByaphl U COOPYKEHHSI BOJIOIOATOTOBKH.

B xoie aHami3a COMOCTAaBISIFOTCS YPOBHH CJIOKHOCTH IPOCKTOB M CTOMMOCTb
MPOEKTHBIX YCIIYT, YCTaHOBJICHHAS B MPOIIEAypax 3aKyMoK, C IIEIbI0 OMpEeAeTeHHs TOro,
COTPOBOX/IACTCS JIM YBEINYCHHE TEXHUUCSCKOH CII0KHOCTH COOTBETCTBYIOIIUM yBEIUICHHEM
(bMHAHCOBBIX PECypCOB, BBIICISIEMBIX Ha BBIIOJHEHUE NMPOCKTHBIX padoT. [l mpoBeneHus
CpaBHUTEILHON OLICHKHU TMpeajiaraetcs nokaszarenab Design Price Adequacy Ratio (DPAR),
onpenensieMblii KaK OTHOIICHUE JOTOBOPHOM CTOMMOCTH IPOCKTHBIX YCIYr K pPacy&THOM
000CHOBAaHHOW CTOMMOCTH MTPOCKTHPOBAHUSL.
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Pe3ynbpraTel HcClieIOBaHUS BBIABISIOT CYIIECTBCHHBIE HECOOTBETCTBUS MEXKIY
TEXHUYECKOH CIOXHOCTHIO MPOEKTOB U IIEHOOOPA30BaHMEM NPOEKTHBIX YCIyT. [IpoeKTsl,
3HAYUTEIHHO PA3IHYAIOIINECs 110 00BEMY U CI0)KHOCTH HHKEHEPHBIX paboT, MOTYT IOJy4aTh
COIOCTaBUMbIE O0BEMBI (DPMHAHCHPOBAHHS MPOCKTHPOBAHHUSA, TOTAA KaK B psAIE CIIydacB
JIOTOBOpHAsl CTOMMOCTH TIPOEKTHBIX YCIYr 3HAUUTEIbHO HIDKE pPAcU€THBIX 3HAYCHUH,
HEOOXOIMMBIX ISl HaJUIeXkalled IOATOTOBKM TNPOeKToB. llodydeHHble pe3ysibTaThl
CBHJICTEIBCTBYIOT O TOM, YTO TEXHUYECKAsl CIIOKHOCTh IIPOEKTOB M 00BEM MHKEHEPHBIX PadoT
CHCTEMaTHUYECKH HE YUUTHIBAIOTCS MIPH ONPEIEICHUN CTOMMOCTH MIPOSKTHBIX YCIYT.

B wuccnenoBanum nemaercss BBIBOA O TOM, YTO BKJIIOYCHUE KPHUTEPUEB CIIOKHOCTH
NPOCKTOB M KOJHMYECTBEHHBIX IIOKa3aTeJed aJleKBaTHOCTH CTOMMOCTH B  IPOIECC
IUIAHUPOBAHHS TOCYAapPCTBEHHBIX 3aKYNOK MOXET HMOBBICUTH MPO3PAYHOCTh U TEXHHYECKYIO
000CHOBAaHHOCTh II€HOOOPA30BaHMs IPOEKTHBIX YCIYT, CHHU3UTh PHCKH, CBSI3aHHBIE C
HEJIOCTaTOYHBIM (PMHAHCUPOBAHUEM IPOEKTHBIX paboT, M CIIOCOOCTBOBATH MOBBIIICHUIO
KadecTBa 1 3((HEKTUBHOCTH IMOATOTOBKH IMPOEKTOB BOAHON HH(PACTPYKTYPHI.

Knrwouesvie cnosa: rocyJapCTBEHHBIE 3aKYIIKH; [IEHOOOpa30BaHUE MPOEKTHBIX YCIYT;
ciokHocTh TpoekToB; Project Complexity Score (PCS); Design Price Adequacy Ratio
(DPAR); cucTeMbl BOJIOCHA0XKEHUS; OPOCUTEIbHBIC CHCTEMbI; HH)KEHEPHOE IPOCKTUPOBAHUE.
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