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Abstract: Delays and cost overruns are common problems in construction projects that may jeopardize construction completion when actual
construction times and costs substantially differ from estimates in the planning stage. This study examines the risks that contribute to delays and
cost overruns in drinking water supply and sanitation projects in Peru. Descriptive statistics, logistic regressions, and Chi-square tests were
applied to: (1) identify the primary risks; (2) analyze the influence of contracting characteristics on the occurrence of delays and cost overruns;
and (3) explore the association between delays and cost overruns caused by these risks. The analysis of charge order documents from 318
projects in Peru found that 22 of the risks identified in the literature are present in the reviewed projects, along with five additional risks
not described in the literature. The results indicate that the most significant risks in terms of frequency of occurrence include: delay in change
orders approvals, adverse weather conditions, inaccurate site information, inaccurate cost estimates at the design stage, and land availability
problems. Additionally, the contract amount is the most influential variable in the occurrence of delays and cost overruns. The higher the contract
amount, the greater the probability of occurrence. This research provides valuable insights for professionals involved in project management,
helping them better understand the primary risks contributing to delays and cost overruns. DOI: 10.1061/JMENEA.MEENG-6496. This work
is made available under the terms of the Creative Commons Attribution 4.0 International license, https://creativecommons.org/licenses/by/4.0/.

Practical Applications: Delays and cost overruns frequently affect the number of projects that public administrations complete within a
given period, ultimately affecting the population’s access to essential infrastructure for basic services such as drinking water and sanitation.
Additionally, public administrators usually lack comprehensive information on the risks that may affect the project schedules and costs. This
article identifies the frequency of occurrence of the main risks leading to delays and cost overruns on construction projects, highlighting the
five most significant ones. The study also finds that the probability of occurrence of delays and cost overruns depends on the contracting
characteristics. These findings enable risk managers to prioritize resources effectively. By focusing on the five most significant risks, they can
develop more targeted risk management strategies, improving the overall predictability and stability of project outcomes. Furthermore, under-
standing how contracting characteristics affect project performance allows for the development of better contract procedures.
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Introduction et al. 2003). However, the escalation of deadlines and costs in
public construction projects is a global phenomenon that has per-
sisted for the past 70 years (Flyvbjerg et al. 2002). Construction
projects unfold within complex and uncertain environments and
involve multiple stakeholders with diverse objectives and inherent
risks that can significantly impact project outcomes (Hamzaoui
et al. 2015). Timely identification and communication of risks is
crucial to effectively manage and mitigate delays and cost overruns
and ultimately enhance owner satisfaction (Perrenoud et al. 2016).
Conversely, unidentified and unmanaged risks pose threats to the
project objectives, leading to cost overruns (Chapman 2001), de-
lays, or even project failure (Derakhshanfar et al. 2019). Elbash-
bishy et al. (2022) studied 53 construction projects, where 80% of
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fore, it is imperative to identify and prioritize the risks contributing
to cost overruns before striving to enhance project cost estimation
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accuracy (Shane et al. 2009). Disputes over responsibility and cost
allocation often arise in the aftermath of project delays, often es-
calating to arbitration and, in extreme cases, litigation that has the
potential to result in project abandonment (Sambasivan and Soon
2007). Delay claims and extension of time claims are among the
10 most frequent types of claims in construction (Awwad and
Thabet 2024).

Within public infrastructure, drinking water and sanitation proj-
ects are critical drivers of urban development and public health,
evidenced by the correlation between access to these services and
a reduction in diarrheal diseases (Fewtrell and Colford 2005). Re-
garding public health, the health crisis of COVID-2019 highlighted
the urgent need to provide greater coverage to the population in
drinking water and sanitation services. Access to these services
also yields substantial economic benefits, including time savings,
increased productivity, reduced healthcare costs, and lives saved
(Hutton et al. 2007).

In the Peruvian context, the sanitation sector has received a total
budget of $10,070 million between 2014 and 2021, ranking third
among sectors with the highest public budget allocation in the
country. However, the actual investment execution has averaged
only 59.8% annually ($ 6,022 million) (Ministry of Housing
Construction and Sanitation 2021). It is estimated that achieving
universal access to sanitation services for Peruvians currently re-
quires $ 12,814 million. Population growth will increase by ap-
proximately $ 553 million per year, and the need for rehabilitation,
improvement, and replacement of infrastructure is estimated to in-
crease by $ 628 million per year (Ministry of Housing Construction
and Sanitation 2021). This investment gap is particularly worrisome
because of the limited access to these essential services. In 2020,
approximately 7.5 million Peruvians (i.e., 23.2% of the population)
had no access to sanitation services, and the lack of access to drink-
ing water impacted 2.9 million inhabitants (8.8% of the total pop-
ulation) (Ministry of Housing Construction and Sanitation 2021).
Additionally, all the efforts of the Peruvian government to achieve
universal access to sanitation services are hindered by the low per-
formance of the projects in terms of time and costs. As of July 2018,
867 projects between civil and buildings were paralyzed at the na-
tional level due to risks arising during execution, and 698 additional
projects were in arbitration, with deadline extensions being the pri-
mary point of contention (Controller General of the Republic 2019).
Overall, 2,324 projects have been suspended by March 2024, with a
contract amount of $ 8,504 million; 18.4% of this amount corre-
sponds to drinking water and sanitation projects (Controller General
of the Republic 2024).

According to the World Competitiveness Center (2024), Peru
ranks 63 out of 67 in the global competitiveness ranking. This rank-
ing analyzes economic performance, government efficiency, business
efficiency, and infrastructure. In the context of Latin America, Peru is
only ahead of Venezuela and Argentina and has shown a downward
trend in competitiveness since 2008 (World Competitiveness Center
2024). However, the problems Peru faces are not problems exclusive
to this country. These are common challenges faced by developing
countries, especially those with low levels of competitiveness that
experience structural problems in economic performance, govern-
ment efficiency, and business efficiency, as well as in the availabil-
ity and quality of basic infrastructure. Consequently, improving the
efficiency of investment in basic infrastructure is critical for enhanc-
ing economic growth and improving competitiveness at both the
national and regional levels. In this regard, it is essential to highlight
that the global economic return on every US dollar invested is esti-
mated to be $5.5 for sanitation and $2 for drinking water supply;
however, those for Latin America are estimated at $7.3 and $2.4,
respectively (Hutton 2013). Therefore, drinking water and sanitation

© ASCE

04025008-2

projects are highly beneficial and cost-effective investments for
society.

Knowledge Gap and Goals of the Research

Previous research on delays and cost overruns in the construction
industry has analyzed countries across different continents, includ-
ing America (Shane et al. 2009), Asia (Sambasivan and Soon 2007),
Europe (Giindiiz et al. 2013; Larsen et al. 2016), and Africa (Abd
El-Razek et al. 2008; Bagaya and Song 2016; Elinwa and Joshua
2001). In these studies, causes for cost overruns and delays were
identified from surveys or expert opinions. These studies, however,
have the limitation that the impact of risks on costs and delays is
studied independently, (i.e., studies either analyze the impact on
time or on costs), and impacts on both time and cost are often over-
looked. Also, existing research predominately relies on retrospective
opinions gathered through surveys or interviews (Siraj and Fayek
2019) rather than empirical data derived from project execution
reports—an approach that is crucial for identifying precise risks
contributing to delays and cost overruns.

While various authors agree that the same factors causing delays
may also lead to cost overruns (Kaliba et al. 2009; Sambasivan and
Soon 2007), there is also evidence that these factors do not equally
affect the schedule, cost, and quality of the project (Larsen et al.
2016). The main effects of delays and cost overruns are: poor qual-
ity, project abandonment, litigation, and project prolongation (Kaliba
et al. 2009). Therefore, the analysis of project delays should take a
holistic view, considering the potential impacts on cost and quality
(Santoso and Soeng 2016). Furthermore, while research into the
causes of delays and cost overruns looks for the influence of aspects
such as project complexity, location, type of project, and contract
size, it does not consider the influence of contracting characteristics,
such as award coefficient, payment strategy, or time lag between
approval of the project and start date of work, among others.

Despite extensive research on delays and cost overruns in con-
struction projects worldwide, limited attention has been given to
exploring the key risks affecting the duration and costs of construct-
ing drinking water supply and sanitation projects. For example, some
authors have studied these risks in road projects (Kaliba et al. 2009;
Mahamid et al. 2012; Santoso and Soeng 2016), building projects
(Abd El-Razek et al. 2008; Alaghbari et al. 2007), and construction
projects in general (Bagaya and Song 2016; Giindiiz et al. 2013;
Larsen et al. 2016). These aspects have been explored to a lesser
extent in groundwater (Frimpong et al. 2003) and oil and gas projects
(Rugaishi and Bashir 2014). However, Bhargava et al. (2010) high-
light that delays and cost overruns in different types of projects may
differ due to construction practices and planning processes specific to
each project. Consequently, there is a need to analyze delays and cost
overruns in drinking water supply and sanitation projects in Peru.

The main objective of this study is to analyze delays and cost
overruns in drinking water supply and sanitation projects, with
three specific research goals: (G1) identify the main risks contrib-
uting to delays and cost overruns; (G2) determine the contracting
characteristics significantly influencing delays and cost overruns;
and (G3) analyze the degree of association between delays and
cost overruns caused by each identified risk.

Research Method

The first step of this study aimed at developing a comprehensive
literature review to identify the risks leading to delays and cost
overruns in construction projects worldwide. The result was the
definition of a risk breakdown structure (RBS) in order to classify
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the risks into categories and subcategories. Then, the identification
of variables was carried out in which the contracting characteris-
tics to be analyzed were defined. Subsequently, to characterize the
delays and cost overruns in drinking water supply and sanitation
Peruvian projects, change order documents in drinking water sup-
ply and sanitation projects in Peru were collected, and a content
analysis was performed to extract the information from these docu-
ments. Once the data were extracted, descriptive statistical analy-
ses were conducted to identify the primary risks contributing to
delays and cost overruns (G1). Following this, logistic regression
analyses were employed to identify the contracting characteristics
significantly influencing delays and cost overruns (G2). Finally,
the degree of association between delays and cost overruns attrib-
utable to each risk was analyzed using the Chi-square test (G3).
The alignment of these analyses with the research goals is depicted
in Fig. 1.

Risk Breakdown Structure

The RBS is a common and practical tool widely used in risk man-
agement during the different stages of projects (Hamzaoui et al.
2015). This tool can be used to identify risks and support later
stages of the process (Chapman 2001). According to Derakhshanfar
et al. (2019), a RBS groups risk into categories based on the source
of risks. Siraj and Fayek (2019) recommend categorizing risks
according to their nature and conclude that a three-level RBS
(i.e., main category, subcategory, and risks at the lowest level) is
the most common practice among different authors.

To identify the categories and risks, a systematic literature re-
view was carried out from Scopus. Keywords used for the search
were: “delay” or “cost overrun” and “projects construction,” result-
ing in more than 500 papers. With the results obtained, we initially
filtered those papers published in the last 20 years, selecting those
whose titles indicated a strong relevance to the current research
topic, specifically, the identification of delay risks or cost overrun
risks in construction projects. This process yielded a final selection
of 21 papers. Then, a thorough review of the documents was carried
out with the objective of identifying the risks and the categories.
The main categories used for risk classification were established
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following the recommendations of Bagaya and Song (2016) and
Rugqaishi and Bashir (2014). Table 1 shows the adopted RBS and
references in the literature for each one on the risks associated.
The first level summarizes the categories (i.e., stakeholders,
contract, resources, unforeseen conditions in execution), the second
level comprises subcategories (i.e., owner, consultant/designer, di-
rect and indirect users of the project, government agents, other en-
tities, contractual relationships between the parties, materials and
equipment, natural causes, strikes and vandalism, and site condi-
tions), and the final level defining the risks. The risks belonging to
the contractor subcategory are outside the scope of the present re-
search since the source of information was change order documents
where the contractor is granted additional time or costs. According
to Peruvian regulations, change orders are approved when the con-
tractor has no responsibility for the resulting modifications.

Identification of Variables

In order to determine the contracting characteristics significantly
influencing delays and cost overruns, the research team identified
through a literature review the characteristics of tendering docu-
ments to be analyzed as a starting point (Table 2). These were clas-
sified into two groups: (1) contractual framework; and (2) execution
conditions.

The variables included in the contractual framework are as fol-
lows: payment strategy, owner, nature of intervention, and initial
contract amount. In terms of payment strategy, lump sum payment
is considered an effective option to keep projects within budget be-
cause the nature of the contractual agreements establishes that the
contractor must submit its bid with estimated quantities and a total
cost for the project, minimizing cost growth. However, the lump sum
payment strategy does not guarantee meeting deadlines in large-
scale projects (Choi et al. 2021); therefore, this variable should be
taken into account. Gomez-Cabrera et al. (2020) have shown that the
type of owner significantly influences both delays and cost overruns,
and this may be influenced by the amount of resources allocated and
the management capacity of public administrations.

On the other hand, due to the inherent construction practices
and processes associated with different types of projects, delays
and cost overruns may vary depending on the type of project
(Bhargava et al. 2010; Huo et al. 2018). Along these lines, it is
important to analyze the variable nature of intervention within
water supply and sanitation projects. The contract amount also
significantly influences delays and cost overruns, with larger proj-
ects experiencing greater delays and cost overruns (Gdémez-
Cabrera et al. 2020). However, Bhargava et al. (2010) found that
the effect of the explanatory variable contract amount may vary
depending on the type of project.

On the other hand, four variables were identified for the execu-
tion conditions group: geographical region, area of execution, award
coefficient, and time lag between approval of the project and start
date of work. The award coefficient is a variable worth analyzing,
as several authors have pointed out that awarding the project to
the lowest bidder is one of the most important causes of delay
(Mahamid et al. 2012; Santoso and Soeng 2016) as well as cost
overruns (Rosenfeld 2014). This may be justified because the low-
est bidders are less qualified contractors with limited resources
and insufficient experience, resulting in poor project performance
(Mahamid et al. 2012; Santoso and Soeng 2016). Concerning cost
overruns, Odeck (2004) identified significant differences depending
on the geographical location of the projects, related to characteristics
such as the topography of each region. Likewise, Bhargava et al.
(2010) concluded that weather conditions have a significant influence
on the occurrence of delays and cost overruns. Therefore, it is
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Table 1. Risk breakdown structure

Category Subcategory Risk References
Stakeholders Owner Delay in payment to a contractor ~ Abd El-Razek et al. (2008), Bagaya and Song (2016), Elinwa and Joshua
(2001), El-Sayegh and Mansour (2015), Frimpong et al. (2003), Giindiiz
et al. (2013), Kaliba et al. (2009), Mahamid et al. (2012), Odeh and
Battaineh (2002), Ruqaishi and Bashir (2014), Sambasivan and Soon
(2007), and Santoso and Soeng (2016)
Land availability problems El-Sayegh and Mansour (2015), Giindiiz et al. (2013), Mahamid et al.
(2012), and Santoso and Soeng (2016)
Changes in project scope Abd El-Razek et al. (2008), Alaghbari et al. (2007), Bagaya and Song
(2016), Giindiiz et al. (2013), Kaliba et al. (2009), Larsen et al. (2016),
Mahamid et al. (2012), Odeh and Battaineh (2002), Ruqaishi and Bashir
(2014), Sambasivan and Soon (2007), Santoso and Soeng (2016), and
Shane et al. (2009)
Delay in change order approvals ~ El-Sayegh and Mansour (2015), Giindiiz et al. (2013), Mahamid et al.
(2012), and Santoso and Soeng (2016)
Consultant/Designer Redesign due to changes in the Abd El-Razek et al. (2008), Elinwa and Joshua (2001), El-Sayegh and
original technical design Mansour (2015), Giindiiz et al. (2013), Kaliba et al. (2009), Mahamid
et al. (2012), and Santoso and Soeng (2016)
Inaccurate cost estimates at the Frimpong et al. (2003), Santoso and Soeng (2016), and Shane et al.
design stage (2009)
Inaccurate soil survey Abd El-Razek et al. (2008), Giindiiz et al. (2013), and Larsen et al. (2016)
Errors and discrepancies in Abd El-Razek et al. (2008), Alaghbari et al. (2007), Giindiiz et al. (2013),
design documents Larsen et al. (2016), Mahamid et al. (2012), and Santoso and Soeng
(2016)
Inadequate methods for quality Abd El-Razek et al. (2008), Bagaya and Song (2016), Frimpong et al.
control and quality assurance (2003), Odeh and Battaineh (2002), Ruqaishi and Bashir (2014), and
Sambasivan and Soon (2007)
Inaccurate site information Giindiiz et al. (2013)
Lack of adequate consultation El-Sayegh and Mansour (2015)
with the water authority and/or
Ministry of Culture in the design
stage
Direct and indirect users ~ Claims from project users Giindiiz et al. (2013) and Rugqaishi and Bashir (2014)
of the project
Government agents and Availability/authorization of Giindiiz et al. (2013)
other entities utilities on site (water, electricity)
Interruption of works from Alaghbari et al. (2007)
public entities
Governmental permits Abd El-Razek et al. (2008), Bagaya and Song (2016) Giindiiz et al.
(2013), and Santoso and Soeng (2016)
Regulatory changes Alaghbari et al. (2007) El-Sayegh and Mansour (2015), Giindiiz et al.
(2013), Odeh and Battaineh (2002), Ruqaishi and Bashir (2014),
Sambasivan and Soon (2007), and Santoso and Soeng (2016)
Contract Contractual relationship Legal disputes between parties Bagaya and Song (2016), Elinwa and Joshua (2001), Giindiiz et al.
between the parties (2013), Larsen et al. (2016), Mahamid et al. (2012), Odeh and Battaineh
(2002), Ruqaishi and Bashir (2014), and Sambasivan and Soon (2007)
Resources Materials and equipment  Shortage of materials and/or Abd El-Razek et al. (2008), Alaghbari et al. (2007), Bagaya and Song
equipment (2016), Elinwa and Joshua (2001), Frimpong et al. (2003), Giindiiz et al.
(2013), Kaliba et al. (2009), Mahamid et al. (2012), Odeh and Battaineh
(2002), Ruqaishi and Bashir (2014), Sambasivan and Soon (2007), and
Santoso and Soeng (2016)
Unforeseen Natural causes Adverse weather conditions Abd El-Razek et al. (2008), Alaghbari et al. (2007), Bagaya and
conditions in Song (2016), Elinwa and Joshua (2001), El-Sayegh and Mansour (2015),
execution Frimpong et al. (2003), Giindiiz et al. (2013), Kaliba et al. (2009), Larsen
et al. (2016), Mahamid et al. (2012), Odeh and Battaineh (2002),
Rugqaishi and Bashir (2014), Sambasivan and Soon (2007), and
Santoso and Soeng (2016)
Strikes and vandalism Demonstrations/strikes Giindiiz et al. (2013), Kaliba et al. (2009), Mahamid et al. (2012), and
Santoso and Soeng (2016)
Site conditions Inaccessibility to the worksite Mahamid et al. (2012) and Santoso and Soeng (2016)
Unforeseen worksite conditions Abd El-Razek et al. (2008), Alaghbari et al. (2007), Bagaya and
Song (2016), Frimpong et al. (2003), Giindiiz et al. (2013), Larsen
et al. (2016), Mahamid et al. (2012), Odeh and Battaineh (2002),
Sambasivan and Soon (2007), Santoso and Soeng (2016), and Shane
et al. (2009)
© ASCE 04025008-4 J. Manage. Eng.
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Table 2. Contracting characteristics and defined categories for the logistic regression

Group Variable name

Category

Source

Contractual Payment strategy
framework Owner
Nature of intervention
and/or extension
Initial contract amount

0: Lump sum; 1: Unit prices
0: National; 1: Regional; 2: Provincial
0: New construction; 1: Improvement

0: Less than $250,000; 1: $250,000 to

Choi et al. (2021)
Go6mez-Cabrera et al. (2020)
Bhargava et al. (2010) and Huo et al. (2018)

Bhargava et al. (2010) and Gémez-Cabrera et al. (2020)

$1 million; 2: More than $1 million

Execution
conditions

Geographical region

Area of execution

Time lag between approval
of the project and start date
of work

Award coefficient

0: Rural; 1: Urban

0: Coast; 1: Countryside; 2: Jungle

0: Less than 9 months; 1: Between 9 and
18 months; 2: more than 18 months

0:090<C<1.00;1: 1.00<C<1.10

Bhargava et al. (2010) and Odeck (2004)
Bhargava et al. (2010) and Huo et al. (2018)
Flyvbjerg et al. (2004)

Mahamid et al. (2012), Rosenfeld (2014), and Santoso
and Soeng (2016)

relevant to analyze the variable geographic region, especially in Peru,
where topography and weather conditions vary considerably between
regions. Finally, Flyvbjerg et al. (2004) found a positive relationship
between the time elapsed from the decision to build to the start of
construction and project cost overruns.

Data Collection and Content Analysis

To analyze delays and cost overruns in drinking water supply and
sanitation projects, information about the performance of Peruvian
construction projects was collected. Change order documents were
collected from the public access platform InfObras of the Peruvian
government (Controller General of the Republic 2021). The
InfObras web portal was used to retrieve information on drinking
water supply and sanitation projects registered on the portal as of
July 2021 (Controller General of the Republic 2021). The following
filters were established: (1) completed projects; (2) projects executed
by public contract; and (3) projects funded by a public (i.e., national,
regional, or provincial) agency. According to these filters, 1,781 con-
tracts were identified. Then, the following equation was used to
determine the sample of analysis (Vivanco 2005):

Z?>x025x N
(N—1)+272>%x0.25

(1)

n—=

where n = sample size; N = population size (1,781 contracts); Z =
confidence level (for 95%, Z = 1.96); and e = maximum permissible
error (5%).

A sample of 316 projects was estimated to be statistically
representative of carrying out this research. The information was
collected from contracts with complete information on the platform
(i.e., resolutions of schedule extensions and additional costs, start
and finish dates of the project, and project liquidation document).
Based on these criteria, information was collected from 318 ran-
domly selected contracts completed between 2010 and 2021 (see
List of analyzed projects).

Subsequently, the information was extracted from these docu-
ments through a content analysis. Content analysis is a research
technique that allows replicable and valid inferences to be drawn
from the data to the context of their use; it also allows for the
analysis of large volumes of written material (Krippendorff
2004). According to the recommendations of Stanford et al. (2016)
and Montalban-Domingo et al. (2019), the content analysis of this
study was based on five tasks: defining the protocol, collecting
documents modifying projects, reviewing documents according
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to the protocol, establishing interrater reliability, and statistically an-
alyzing the data.

In this research, the protocol to guide the content analysis was
elaborated according to the recommendations of Stanford et al.
(2016) and Montalban-Domingo et al. (2019). This protocol estab-
lished the coding procedure, the variables of interest in the research,
the recommended search terms, and examples of typical expected
results. The protocol was developed considering the results of the
literature review in terms of risks and contracting characteristics.

The charge order documents from 318 projects in Peru were
then analyzed according to the protocol. To ensure the objectivity
of the analysis and guarantee the correct application of the content
analysis, interrater reliability was measured for each variable. Con-
sidering the recommendations of Stanford et al. (2016), two coders
reviewed the documents of a random project to refine the coding
process and ensure consistency of analysis. Then, 35 projects were
randomly selected, more than 10% of the total documents collected
(Cohen 1960), to code them independently and measure interrater
reliability. Percent interrater agreement (PA,) was calculated for
continuous variables, and Cohen’s kappa (Cohen 1960) was se-
lected to calculate the interrater reliability for discrete variables.
According to Stanford et al. (2016), PA, is a widely used and easily
understood measure for determining interrater agreement. The ob-
served agreement ratio is calculated as the number of interrater
agreements divided by the total number of units coded by both
raters. Cohen’s kappa is calculated as follows:

k= (PA,—PA,)/(1 —PA,)

where PA, = proportion of agreement observed; and PA, = pro-
portion of agreement expected by chance [for more details the cal-
culation of PA, review Cohen (1960)]. PA, and k, range from 0.0 to
1.0, where 1.0 indicates perfect agreement (Stanford et al. 2016).
From the calculations performed for each variable in this research,
the interrater reliability yielded values greater than 0.8, which is
considered satisfactory according to Neuendorf (2017).

Statistical Analysis

After collecting the documents, the initial phase involved extracting
information about each project’s risks, contracting characteristics,
delays, and cost overruns (see Table S1 in Supplemental Materials).
We utilized the RBS derived from the literature review as the basis
to identify the principal risks contributing to delays and cost over-
runs in drinking water supply and sanitation projects (G1). Sub-
sequently, we identified the primary risks leading to delays and
cost overruns in the projects analyzed, determining the frequency
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of occurrence for each risk within the sample and assessing their
impact on time and cost.

To address G2, which aims to identify contracting characteristics
significantly influencing the occurrence of delay and cost overruns,
we gathered information on several factors including the award co-
efficient, payment strategy, owner, geographical region, area of ex-
ecution (i.e., urban or rural), nature of intervention, initial contract
amount, and time lag between approval of the project and start date
of work. In terms of geographic region, Peru is divided into three
regions: coast (i.e., Peruvian coast with minimal rainfall conditions),
countryside (i.e., characterized by rugged terrain with an average
altitude of 3,000 meters and a rainy season between November and
April), and jungle (i.e., area of the country with the most frequent
rainfall and rainy season similar to the one of the countryside re-
gions). With respect to the area of execution, rural areas are char-
acterized by a population of less than 2,000 inhabitants, whereas
urban areas have a population larger than 2,001. The Peruvian
government is structured in three levels: national, regional, and pro-
vincial. Finally, the award coefficient is the ratio between the award
budget (the budget by which the project is awarded to the winning
contractor) and the bid budget (the budget for which the project is
offered by the public agency). Data on delay and cost overruns for
each project were extracted, detailing the risks that gave rise to these
deviations in deadline and cost.

Once the database was compiled, a series of analyses were
conducted to ensure the validity of the data. First, we assessed the
normality of the data using the Kolmogorov—Smirnov test. Sub-
sequently, we examined multicollinearity among variables and risks
to identify highly correlated elements. This involved analyzing cor-
relations using Spearman’s coefficient, which allows for the detec-
tion of correlations exceeding 0.8, indicative of strong relationships
between variables (Field 2009).

The statistical technique of binary logistic regression was em-
ployed. This technique enables the prediction of categorical out-
comes from predictor variables (Field 2009) and is commonly
used to identify variables demonstrating a strong relationship with
the dependent variable (Montalban-Domingo et al. 2019). Two sep-
arate logistic regression analyses were conducted—one for delay
and one for cost overrun—given that the dependent variable is cat-
egorical with two possible outcomes (0: does not occur; 1: occurs).
The contracting characteristics listed in Table 2 were utilized as
independent variables. Numerical variables were transformed into
categorical variables to facilitate the analysis and interpretation of
results. To establish the ranges for the categories of the variable’s
initial contract amount and the time lag between project approval
and the start date of work, initially, different ranges were estab-
lished. For the case of the contract amount, ranges were established
at every $ 250,000, and for the time lag, it was every 3 months,
verifying whether they presented significant differences between
them. Then, the ranges that did not show significant differences,
i.e., p-value > 0.05, were grouped together. Finally, the intervals
that presented significant differences are shown in Table 2.

Binary logistic regression analysis was conducted using IBM
SPSS, employing the stepwise model, which is recommended when
reliable predictors are uncertain (Field 2009). A confidence interval
of 95% was established for the exponential Beta. Nagelkerke’s R?
statistics were utilized to evaluate the logistic regression model, as
alternatives to this statistic (i.e., the Cox and Snell R? statistic) may
not reach its theoretical maximum of 1 (Field 2009). In determining
the significance of independent variables, the level of significance
of the Wald statistic associated with each variable needed to be less
than 0.05. This indicates that the predictor variable significantly
contributes to the model; moreover, a higher Wald value suggests
a greater contribution of that predictor (Field 2009). For interpreting
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the results, exp(B) values greater than 1 indicate that the probability
of the outcome occurring increases as the predictor increases. Con-
versely, values less than 1 suggest that as the predictor increases, the
likelihood of the outcome decreases (Field 2009). It is important to
note that in logistic regression, interpretation always involves com-
paring two categories of a predictor; thus, a reference category was
established for all variables to facilitate the interpretation of the re-
sults (Field 2009).

Finally, for G3, the degree of association between delay and cost
overruns caused by each risk was analyzed. This analysis is per-
formed to assess whether the occurrence of a risk impacts both time
and cost. For this purpose, the Chi-square test was deemed appro-
priate, as it allows the study of the relationship between two cat-
egorical variables (Field 2009). The phi coefficient was the statistic
used to measure the degree of association, which ranged from 0,
representing no association, to 1, representing perfect association
(Field 2009).

Results and Discussion

Sample Characterization

A total of 318 project contracts were analyzed. Table 3 illustrates
that 52% of the projects were awarded with an initial contract
amount between $ 250,000 and $1 million, and 60% of the contracts
were awarded with an amount greater than the bidding amount.
In turn, the unit price payment strategy was the most prevalent strat-
egy used in more than 60% of the projects. Most of the projects
(i.e., 77%) consisted of expansion and/or improvement projects.
69% of the projects started construction in less than 9 months after
the approval of the project. In addition, the projects are mainly funded
by a provincial agency (68%) in an urban area (62%). In terms of
geographic region, the largest number of projects analyzed is concen-
trated in the countryside region (45%).

Occurrence of Delays and Cost Overruns

The analysis of the 318 projects reveals that 39.9% experienced
neither delay nor cost overrun, while 55.7% encountered delays,
44.7% faced cost overruns, and 40.3% of the total projects expe-
rienced both delay and cost overrun.

These findings suggest that project schedule estimates are gen-
erally less accurate than cost estimates or that schedule manage-
ment is less efficient than construction cost management. It may
also imply that public administrations may be more inclined to
grant extensions rather than incur additional costs for the contrac-
tor. These results align with a study on transportation project find-
ings in Florida that found 61.1% of the projects resulted in cost
overruns, 69.4% in delays, and 46.0% encountered both delay and
cost overruns (Choi et al. 2021). Similarly, Faridi and El-Sayegh
(2006) found that 50% of construction projects in the United Arab
Emirates failed to meet schedule deadlines. Al-Momani (2000)
highlighted even higher rates of delay, with 81.5% of public proj-
ects in Jordan experiencing delays. A study on rural roads in
Colombia found that 23.2% of the projects were delayed and 26.9%
resulted in cost overruns (Gémez-Cabrera et al. 2020). Results found
in the analysis of sanitation projects in Peru suggest alignment with
previous studies and reinforce the importance of identifying risks
early in the process to reduce the potential occurrence of delays
and cost overruns.
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Table 3. Summary of the data sample
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Main Risks

A total of 27 risks associated with delay and cost overruns were
identified. Among these, 22 were consistent with findings from the
literature review, while five additional risks were identified during
the analysis of order changes. An example of these risks can be
found in the “Supplemental Materials” section. These additional
risks include: Delay in responding to inquiries (R-5), Administra-
tive silence in response to requests from the contractor (R-6),
Appointment of a work supervisor (R-7), Permission from the ser-
vice provider to carry out work on existing building sites (R-16),
and COVID-19 state of emergency (R-27).

Table 4 provides a summary of the frequency of each risk in the
projects analyzed. Remarkably, risks with a frequency of occur-
rence exceeding 10% (highlighted in bold) include: delay in change
order approvals, adverse weather conditions, inaccurate site infor-
mation, inaccurate cost estimates at the design stage, and land avail-
ability problems. Among these risks, only delays in change order
approvals, adverse weather conditions, and land availability prob-
lems are prevalent in more than 10% of contracts experiencing de-
lays. Conversely, inaccurate site information and inaccurate cost
estimates at the design stage are found in more than 10% of con-
tracts facing cost overruns.

The land availability problems present a significant challenge in
the execution of drinking water supply and sanitation projects, as
the required land for infrastructure construction is typically privately
owned and processes for eminent domain introduce complexities.
Various studies underscore the critical nature of this risk across dif-
ferent countries and project types. For instance, it has been identified
as a primary cause of delay in road projects in Cambodia (Santoso
and Soeng 2016) and the United Arab Emirates (El-Sayegh and
Mansour 2015) and in drinking water and wastewater supply proj-
ects in Iran (Feyzbakhsh et al. 2018). The likelihood of encountering
this risk is amplified in linear infrastructure projects due to the high
demand for land areas.

In the Peruvian context, the acquisition of land for construction
is typically facilitated through the purchase and sale agreements or
donations signed by the landowners during the project planning
stage. However, complications often arise during execution, as
the condition of the land may change, i.e., the land may have been
earmarked for other purposes such as the construction of homes, or
the owners may have additional claims to the land when construction
starts, which can occur months or even years after initial agreements
are made. Land acquisition is inherently a complex negotiation pro-
cess that can extend over weeks or months. The process is further
complicated by disagreements over compensation or land prices,
making the process of eminent domain challenging. In Cambodia,
for example, researchers have highlighted that conflicts over land
acquisition for infrastructure projects are rife, with landowners fre-
quently disputing the compensation offered by the administration,
claiming it falls below market value (Santoso and Soeng 2016).

The risk posed by adverse weather conditions emerged as the
second most prevalent concern. Peru typically experiences a rainy
season from November to March, particularly affecting regions
such as the countryside and jungle. Drinking water supply and san-
itation projects involve work in large, open areas, making these
projects more vulnerable to rainfall. Furthermore, even if rainfall
does not occur directly at the construction site, it can limit the trans-
portation of materials and equipment. This risk consistently im-
pacts project timelines, although it rarely affects costs directly.
However, in instances where overhead costs are incurred by the con-
tractor or when infrastructure needs relocation, financial implications
from rainfall may arise. Such findings align with previous research
where adverse weather conditions are identified as a primary cause of
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Table 4. Frequency of risks of delay and cost overruns

Projects Delay  Cost overrun
Category Subcategory N° Risk (%) (%) (%)
Stakeholders ~ Owner R-1  Delay in payment to a contractor 0.6 0.6 0.3
R-2  Land availability problems 10.7 10.7 4.1
R-3  Changes in project scope 8.2 6.0 7.9
R-4  Delay in change order approvals 20.8 20.8 3.1
R-5  Delay in responding to inquiries 4.7 4.7 1.6
R-6  Administrative silence in response to requests from the contractor 53 53 1.6
R-7  Appointment of work supervisor 0.3 0.3 0
Consultant/Designer R-8  Redesign due to changes in the original technical design 9.1 7.2 8.5
R-9  Inaccurate cost estimates at the design stage 11.0 22 10.1
R-10  Inaccurate soil survey 6.0 4.4 5.3
R-11  Errors and discrepancies in design documents 9.4 6.0 8.2
R-12  Inadequate methods for quality control and quality assurance 0.3 0.3 0.3
R-13  Inaccurate site information 12.3 8.5 11.3
R-14  Lack of adequate consultation with the water authority and/or 22 22 0
Ministry of Culture in the design stage
Direct and indirect R-15 Claims from project users 35 3.1 1.3
users of the project
Government agents R-16  Permission from the service provider to carry out work on 2.5 2.5 0.6
and other entities existing building sites
R-17  Availability/authorization of utilities on site (water, electricity) 0.9 0.9 0.3
R-18  Interruption of works from public entities 1.9 1.9 0.6
R-19  Governmental permits 2.5 2.5 0.9
R-20  Regulatory changes 0.9 0.3 0.9
Contract Contractual relationship R-21  Legal disputes between parties 0.3 0.3 0
between the parties
Resources Materials and equipment R-22  Shortage of materials and/or equipment 1.3 1.3 0
Unforeseen Natural causes R-23  Adverse weather conditions 15.7 15.7 2.5
conditions in  Strikes and vandalism R-24  Demonstrations/strikes 0.9 0.9 0
execution Site conditions R-25  Inaccessibility to the worksite 0.3 0.3 0
R-26  Unforeseen worksite conditions 35 22 2.8
COVID R-27  COVID-19 state of emergency 3.8 3.8 3.8

delays in road projects (Santoso and Soeng 2016). Similarly, in
Zambia, this risk contributes significantly to cost overruns in road
projects (Kaliba et al. 2009), while in Jordan, it leads to both de-
lays and cost overruns (Al-Hazim and Abusalem 2015). Moreover,
Santoso and Soeng (2016) point to adverse weather conditions as
one of the most frequently cited risks in construction literature
worldwide. To mitigate the impact of this risk, project planning
should carefully consider potential disruptions caused by adverse
weather. Santoso and Soeng (2016) propose strategies such as
avoiding work during the rainy season or, if unavoidable, meticu-
lously planning construction activities to minimize the impact of
rainfall. To mitigate possible weather-related claims, Awwad and
Thabet (2024), propose to establish sustainability requirements in
the design and implementation stages.

Inaccurate costs estimated at the design stage often result in
underestimations of actual costs and are often due to general errors
or omissions in drawings and quantities by the consultant (Shane
et al. 2009) due to inexperience and lack of responsibility (Liu et al.
2017). Koo and O’Connor (2021) determined that designer inex-
perience increases the likelihood of defects in the design. From
the owner’s perspective, this situation occurs exclusively in projects
executed under a unit price payment strategy since this risk is trans-
ferred to the contractor in lump sum payment strategies. A study in
the United Arab Emirates found this risk to be one of the most im-
portant risks causing cost overruns (Johnson and Babu 2020). More-
over, Shane et al. (2009) showed that cost estimation problems are
not limited to one owner or type of project, but rather a systematic
risk. Along these lines, Flyvbjerg et al. (2002) found that 9 out of 10
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transportation projects underestimate costs, and this may be a result
of the process followed to estimate the economic viability of proj-
ects, especially in developing countries.

Regarding the risk of delay in change order approvals, it is in-
teresting to see how this risk has not been identified in previous
research as a potential reason for delays and cost overruns. In
our study, the risk of delay in change order approvals is the risk
that appears most frequently in the sample and the one that occurs
most often in terms of delays. While it is true that when this risk
occurs, it mostly impacts timelines; sometimes it may produce
higher costs for the contractor due to the extensions of the deadline
granted, which would ultimately increase project costs. This risk is
related to the management of the construction modifications by the
parties involved, i.e., the contractor, the project management, and,
above all, the developer. Also, it should be considered that the Peru-
vian regulatory framework requires that before any modification to
the construction project is approved, the administration must re-
quest a technical assessment from the design team, requiring more
time to deal with these modifications.

The risk of inaccurate site information is the most frequent risk
from the cost perspective. This risk primarily falls within the pur-
view of the consultant during the design phase. The consultant’s
level of responsibility and expertise plays a pivotal role in detecting
potential omissions or defects in a timely manner. However, instan-
ces of oversight or inadequate attention to detail may lead to inac-
curacies in assessing the project’s current status (Liu et al. 2017);
therefore, when this risk arises during the execution, the contractor
is liable for an additional cost. Ahmed and El-adaway (2023)
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Fig. 2. Contribution of subcategories to the occurrence of delays and cost overruns risks.

identified those significant differences between site conditions dur-
ing execution and what is indicated in the contract documents as
one of the main causes of litigation in project construction. This
risk is primarily associated with soil and topography studies, often
subcontracted by the main contractor without direct oversight.
However, this practice is not recommended, particularly in projects
characterized by diverse soil types and terrains. Given the consid-
erable variability in soil composition and terrain features in linear
projects, special attention is needed to anticipate potential chal-
lenges during project execution. Contrary to our findings, this risk
is not mentioned in studies on Turkey’s primary causes of delays
in construction projects (Giindiiz et al. 2013). This discrepancy can
be attributed to the specific nature of drinking water supply and
sanitation projects, which entail extensive field data collection ef-
forts across vast land areas. However, compared to road projects,
this type of project requires greater precision in terms of topo-
graphic studies because the pipelines are commonly buried and re-
quire minimum pressures and slopes to operate correctly. Even in
improvement and/or extension projects, gathering information from
existing underground utilities adds complexity to the data collec-
tion process. Consequently, the inherent challenges associated with
data collection often require assumptions during the design phase,
which may later prove to be inaccurate during project execution.

Fig. 2 shows that the owner is the subcategory that contributes
the most to the occurrence of risks that have an impact on the sched-
ule with 42.1% of the cases, followed by the consultant/designer
with 26.8%. The owner’s contribution is mainly due to (1) delays
in the approval of project modification documents; (2) delays in the
release or delivery of land for the construction of infrastructure; and
(3) changes in the scope during execution, e.g., an increase in the
number of beneficiaries, leading to more scope.

Concerning risks impacting costs, the consultant/designer
emerges as the primary contributor, accounting for 57.4%, followed
by the owner at 24.4%. This indicates that a significant portion of
cost-impacting risks during project execution stem from deficien-
cies in the design phase and fall under the consultant’s responsibil-
ity. This substantial contribution can be attributed to inadequate
field data collection and processing during design. Factors contrib-
uting to this include: (1) inaccurate gathering of project site infor-
mation, particularly regarding topography and geotechnical aspects;
(2) erroneous estimates of costs and/or quantities; and (3) design
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errors requiring redesigns during execution. Conversely, subcategories
such as contractual relationships between parties, materials and equip-
ment, strikes, and vandalism exhibited no significant impacts on costs.

These results somewhat align with findings from other studies
where the owner emerges as the primary contributor to delays in con-
struction projects (Elinwa and Joshua 2001; Odeh and Battaineh
2002). Conversely, Larsen et al. (2016) identified that four of the top
five factors with the greatest effect on cost are attributed to the
consultant. These findings underscore the importance of the own-
er’s management capability in ensuring timely project completion
while emphasizing the consultant’s pivotal role in meeting proj-
ect requirements within budget constraints. However, Rosenfeld
(2014) highlights that consultants themselves have acknowledged
that the allocated budgets for design are often insufficient, thereby
impacting the quality of design.

Influence of Contracting Characteristics on the
Occurrence of Delay and Cost Overruns

Once the risks had been identified, the influence of contracting
characteristics on the occurrence of delay and cost overruns was
analyzed. Two logistic regressions were performed, one consider-
ing delays as the dependent variable and the other one for cost over-
runs (in both cases, the occurrence of delays and cost overruns were
coded as a binary variable, 0: does not occur, 1: occurs). The inde-
pendent variables were award coefficient, payment strategy, owner,
geographical region, area of execution, nature of the intervention,
initial contract amount, and time lag between approval of the proj-
ect and start date of work (see Table 2). To facilitate interpretation,
the tables only show the results associated with variables showing
statistical significance (p-value < 0.05). Within these variables,
those categories that did not show significant differences were
grouped together. The logistic regression models obtained with the
Nagelkerke R? model fit explain 23.4% of the variance when mod-
eling delays as the dependent variable, and 23.3% for the case of
cost overrun.

Table 5 summarizes the results of the logistic regression with
delays as the dependent variable. The contract amount is the var-
iable with the greatest significant influence with a Wald value of
31.159, followed by the award coefficient (Wald = 8.857) and the
owner (Wald = 7.452). With respect to the odds ratios (Exp (B))
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Table 5. Logistic regression results with contract delay as the dependent
variable

Standard Exp
Independent variable B error Wald gl Sig. (B)
Award coefficient: 0-1 —0.796  0.267 8.857 1 0.003 0451
Owner: 0-1 1.043  0.382 7452 1 0.006 2.838
Contract amount — — 31.159 2 0.000 —
Contract amount: 01 0982 0.280 12286 1 0.000 4.621
Contract amount: 0-2  2.521 0470 28.829 1 0.000 31.239

Note: B = regression coefficients; gl =degrees of freedom; Wald = Wald
statistic; Exp (B) = log-odds of success; and Sig. = 2-tailed p-value
(significant if <0.05). Award coefficient: 0 = 0.90 < C < 1.00; 1 = 1.00 <
C < 1.10. Owner: 0 = national or provincial; 1 = regional. Contract amount:
0 = <$250,000; 1 = $250,000-$1 Million; 2 = >$1 Million.

Table 6. Logistic regression results with contract cost overrun as the
dependent variable

Standard Exp
Independent variable B error Wald gl Sig. B)
Payment strategy: 0-1 0.598 0.258 5395 1 0.020 1.819
Owner: 0-1 1.152  0.346 11.079 1 0.001 3.164
Contract amount — — 32.280 2 0.000 —
Contract amount: 0-1  1.039  0.292 12.667 1 0.000 2.827

Contract amount: 02  2.334 0414  31.762 1 0.000 10.322

Note: B = regression coefficients; gl = degrees of freedom; Wald = Wald
statistic; Exp (B) = log-odds of success; and Sig. = 2-tailed p-value
(significant if <0.05). Payment strategy: O = Lump sum; 1: Unit prices.
Owner: 0 = national or provincial; 1 = regional. Contract amount:
0 = <$250,000; 1 = $250,000-$1 Million; 2 = >$1 Million.

for the contract amount, an increasing trend is observed; the higher
the contract amount, the greater the probability that the contract will
be delayed. This probability is 30 times higher when the amount is
greater than $ 1 million compared to a value of less than $ 250,000.
On the other hand, when the contract is awarded with an award co-
efficient greater than or equal to 1, it is 0.5 times less likely to be
delayed than when it is awarded with a coefficient of less than 1. As
for the variable owner, when the owner is a regional administrator,
the probability of the contract ending late is 2.8 times higher than
when the owner is a national or provincial administrator.
Conversely, in relation to the variables influencing the occur-
rence of cost overruns, Table 6 shows the results of the logistic
regression. The contract amount is the variable that most signifi-
cantly influences the occurrence of cost overruns with a Wald value
of 32.289, followed by the owner (Wald = 11.079) and the payment
strategy (Wald = 5.395). With respect to the value of the Odds ra-
tios (Exp (B)), the higher the contract value, the greater the prob-
ability that the contract will end with a cost overrun. This probability
is 10 times higher when the budget is greater than $1 million com-
pared to an amount of less than $250,000. As for the owner variable,
when the owner is a regional administration, the probability of the
contract ending with a cost overrun is 3 times higher than if the
owner is a national or provincial administration. On the other hand,
when the contract’s payment strategy is unit prices, it is 1.8 times
more likely to have a cost overrun than if a lump sum is used.
These results are consistent with previous research by Heravi
and Mohammadian (2017) and Gémez-Cabrera et al. (2020), which
found that smaller projects experience better cost and schedule
performance. Choi et al. (2021) demonstrated a significant nega-
tive correlation between project size and cost performance but
found no significant correlation between project size and schedule
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performance. On the other hand, Flyvbjerg et al. (2004) used a
regression analysis for 258 transport infrastructure projects and
found that cost overruns were highly dependent on project size.

When the contract is awarded with an award coefficient greater
than or equal to 1, it is less likely to be delayed. Similarly, other
authors conclude that awarding the project to the lowest bidder is
one of the most important causes of delay (Mahamid et al. 2012;
Santoso and Soeng 2016); and project cost overruns (Rosenfeld
2014). However, this significance in the occurrence of delay and
not cost overruns may be because the economic factor is more sen-
sitive in public projects in Peru. In Peru, the regulatory framework
stipulates that cost overruns exceeding 15% of the initial contract
amount require express authorization from the Controller General
of the Republic, which is the public body in charge of controlling
the effective, efficient, and transparent use of public resources. The
lowest price is one of Peru’s most frequent criteria for awarding
public projects. The lowest bidders, however, in some cases are
generally low-skilled, under-resourced, and have inadequate expe-
rience, resulting in poor project performance (Santoso and Soeng
2016). Therefore, it is necessary to improve the award policy to
control this problem. In this line, several authors recommend im-
proving the award criteria, giving less importance to price and more
to contractors’ capabilities and track record of past procurement
performance (Odeh and Battaineh 2002; Santoso and Soeng
2016).

The likelihood that the contract will end with delays and cost
overruns increases when it is a regional government. Alaghbari et al.
(2007) found that the owner’s ability to manage the project is an
important factor causing delays in construction projects in Malaysia.
On his part, Khan et al. (2021) revealed that project governance has
a direct positive relationship with the performance of public proj-
ects. Previous studies in Peru (Lozano 2012) characterized regional
governments as having inadequate planning, deficiencies in engi-
neering studies, inability to manage, improvisation and haste in de-
cision making, disorganization, and negligence in execution—all
being aspects that hinder the efficient project execution of public
projects, ultimately affecting deadlines, costs, and quality (Lozano
2012). Therefore, this result suggests that administrations with bet-
ter project management practices achieve better project performance
in terms of cost and time.

Finally, regarding the payment strategy, when the contract is
executed on a unit price basis, there is a greater likelihood that the
contract will end with a cost overrun for the administration. In this
regard, the Peruvian regulatory framework stipulates that in lump
sum contracts, the quantity and quality of the project are clearly
defined in the construction project documents; therefore, it is un-
derstood that the risk of higher costs during execution is transferred
to the contractor, while in unit price contracts the risk of cost in-
creases is assumed by the public administration. Along these lines,
Choi et al. (2021) highlighted that lump sum procurement is an
effective option for delivering projects within budget.

Association between Delay and Cost Overrun

To analyze the degree of association between delay and cost over-
runs caused by each of the identified risks, a Pearson Chi-square
test was carried out. This test assesses whether there is an associ-
ation between the occurrence of impact on time and cost of the
same risk and the degree of association. Table 7 shows the degree
of association between the occurrence of delay and cost overruns
for the 21 risks that showed an association, i.e., they had a signifi-
cance value of less than 0.05, indicating that there is an association
(Field 2009). The degree of association between the different risks
is related to the likelihood that the occurrence of the risk will result
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Table 7. Degree of association between delay and risk cost overruns

Risk Phi Association
R-27 COVID-19 state of emergency 1.000 Perfect
R-12 Inadequate methods for quality control 1.000 Perfect
and quality assurance

R-8 Redesign due to changes in the original 0.830 Very high
technical design

R-3 Changes in project scope 0.814 Very high
R-10 Inaccurate soil survey 0.767 High
R-13 Inaccurate site information 0.746 High
R-1 Delay in payment to a contractor 0.706 High
R-11 Errors and discrepancies in design 0.651 High
documents

R-26 Unforeseen worksite conditions 0.621 High
R-19 Governmental permits 0.607 High
R-2 Land availability problems 0.597 Moderate
R-20 Regulatory changes 0.576 Moderate
R-17 Availability/authorization of utilities on 0.576 Moderate
site (water, electricity)

R-18 Interruption of works from public entities 0.574 Moderate
R-5 Delay in responding to inquiries 0.568 Moderate
R-6 Administrative silence in response to requests ~ 0.532 Moderate
from the contractor

R-4 Delay in change order approvals 0.520 Moderate
R-16 Permission from the service provider 0.495 Moderate
to carry out work on existing building sites

R-15 Claims from project users 0.465 Moderate
R-23 Adverse weather conditions 0.372 Low
R-9 Inaccurate cost estimates at the design stage 0.235 Low

in both project delays and cost overruns. The interpretation of phi
values considers the five categories proposed by Sanz (2015) and
Field (2009): perfect (1.0), very high (0.8-1.0), high (0.6-0.8), mod-
erate (0.4-0.6), and low (0.2-0.4). The results show that, in the case
of risks R-27_COVID state of emergency and R-12_Inadequate
methods, for quality control and quality assurance, there exists a
perfect association. This means that whenever these risks occur, they
will lead to both delays and cost overruns. This perfect association is
probably due to the increased overhead costs to the contractor as a
consequence of delays. Risks R-8_Redesign due to changes in the
original technical design and R-3_Changes in project scope have a
very high association, and six additional risks (detailed in Table 7)
have a high association. Monitoring risks with high levels of asso-
ciation is critical because they would impact the schedule and cost if
they materialize.

Worldwide studies on delay and cost overrun risks in construc-
tion have studied delay and cost overrun risks independently. How-
ever, several authors point out that factors causing delay also lead to
cost overruns (Bhargava et al. 2010; Kaliba et al. 2009; Sambasivan
and Soon 2007). Some authors conclude that the relationship be-
tween delay and cost overrun factors in public projects is moderate
(Alinaitwe et al. 2013). This research shows that the degree of as-
sociation between cost and time depends on the type of risk.

When interpreting these results, it is important to clarify that the
risks not listed in Table 7 are risks that when they materialized only
caused an impact on time.

Conclusions

Findings in this study suggest that the risks for delays and cost over-
runs in Peru are aligned with the ones obtained by other authors
worldwide. The novelty of this study is that, unlike previous studies
that used retrospective opinions of the parties involved, this paper
provides information on risks of delay and cost overruns based
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on empirical data. This study also found that, despite the Peruvian
government having made substantial investments in the last few
years in drinking water supply and sanitation projects, improving
the performance of these projects is significantly hampered by de-
lays and cost overruns.

Delays and cost overruns can be avoided or minimized when
risks are identified early in the process. This research analyzes the
main risks causing delays and cost overruns and determines those
contracting characteristics that significantly influence the occur-
rence of delays and cost overruns in contracts.

Information was collected from 318 project contracts, such as
documents by which extensions of time and cost overruns are
granted to the contractor, as well as completion certificates and the
contracting characteristics of the projects. The research method was
based on content analysis, descriptive statistics, logistic regression
analysis, and Chi-square. The results indicate that 39.9% of the con-
tracts experienced neither delay nor cost overrun, 55.7% had delays,
and 44.7% had cost overruns. Also, the risks associated with the
owner category have the greatest impact on time; however, the risks
associated with the consultant have the greatest impact on cost.

Regarding the main risks, descriptive statistics demonstrate that,
in terms of frequency of occurrence, the most important risks are:
delay in change order approvals; adverse weather conditions; inac-
curate site information; inaccurate cost estimates at the design stage,
and land availability problems. From these risks, delays in change
order approvals; adverse weather conditions, and land availability
problems play an important role in the occurrence of delays, while
inaccurate site information and inaccurate cost estimates at the de-
sign stage influence the occurrence of cost overruns.

Our analysis also found that the contract amount is the variable
that most significantly influences the occurrence of delay and cost
overruns. The higher the contract value, the greater the probability
that the contract will end with delay and cost overruns. The type of
owner is another variable that influences the occurrence of delay
and cost overruns: when the owner is a regional administration, the
probability that the contract will end with delay and cost overruns
increases (when compared to local and national owners). On the
other hand, the low award influences the occurrence of delay, and
when the contract is awarded with a coefficient greater than or equal
to 1, there is less probability of delay. Finally, the payment strategy
influences the occurrence of cost overruns, and when the contract is
executed at unit prices, there is a greater probability that the contract
will end with a cost overrun for the administration when compared
to a lump sum, where this risk is transferred to the contractor.

Results of this study also show that the degree of association
between cost overruns and delays also depends on the type of risk.
The risks COVID-19 state of emergency, inadequate methods for
quality control and quality assurance, redesign due to changes in
the original technical design, changes in project scope, inaccurate
soil survey, inaccurate site information, delay in payment to con-
tractor, errors and discrepancies in design documents, unforeseen
worksite conditions, and government permits showed high to per-
fect levels of association in terms of delay and cost overruns.

The proposed logistic regression models can serve as a tool in
the planning phase to identify contracts most likely to have delays
and cost overruns based on their procurement characteristics.

The findings of this research in Peru offer valuable insights into
the primary risks associated with delays and cost overruns, as well
as the impact of contracting characteristics on project outcomes.
These results serve to enhance the understanding of project man-
agement professionals regarding the key challenges encountered
in the efficient execution of drinking water supply and sanitation
projects in Peru. Such insights are beneficial not only for public
administrations but also for contractors involved in public projects.
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Although these findings cannot be directly extrapolated to other
locations, they provide valuable insights to inform enhancements in
the procurement and construction processes in other countries.

Limitations

The data collection process relied on documents available on the
InfObras website. However, it was observed that many of the proj-
ects lacked essential information, rendering them unsuitable for in-
clusion in the research sample. Consequently, the sample selection
had to prioritize contracts with complete information, leading to a
deviation from a truly random sample. Another limitation arose
from the identification of risks attributed to the contractor. Since
the primary data source was change order documentation, which
typically entails the extension of deadlines or additional costs borne
by the contractor, this study’s scope was confined by the Peruvian
regulatory framework. According to these regulations, contractors
are only eligible for such modifications in cases where they are not
responsible for the underlying risk.

Another limitation is that the linear regression analysis was per-
formed with the variables described in Table 2. However, other
variables such as contractor and project characteristics/scope may
significantly influence the occurrence of delay and cost overruns
in the projects, which may be the reason for analysis in future
research.

Future Research

A future line of research should analyze risks in terms of probability
of occurrence and impact. Additionally, exploring other variables,
such as the characteristics of consulting firms and contractors,
would provide valuable insights into their role delays and cost over-
runs. Extending this research approach to include other critical infra-
structure, such as schools, hospitals, and roads, would contribute
to a broader understanding of project management challenges. It
would also be very important to analyze the main mitigation mea-
sures that can be established to reduce their impact and probability
of occurrence. Another future research would be to analyze those
contracting characteristics that significantly influence the occur-
rence of each of the delay and cost overrun risks identified in this
study.
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