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Abstract: Delays in the execution stage of road construction projects are one of the significant
challenges. The incapability of finishing projects according to schedule has attracted many researchers’
attention to this issue. This study has been formed to investigate delays in road construction projects
from a risk management perspective. In this study, risks have been identified by structured interviews
with experts. Qualitative risk analysis by a survey of experts and quantitative risk analysis by
analytical hierarchy process (AHP) technique have been performed. Research results show that
financial and credit problems, lands’ funding, management problems, technical problems, and natural
disasters have the highest risk among the main criteria. Among the subcriteria of the risk, incomplete
funding with a weight of 0.188, gardens and land price with 0.114 are the most critical risk, and
ground operations with 0.017, asphalt problems with 0.009, and accident insurance with a weight of
0.006 are the least essential risk. In the following, critical criteria analysis has been performed, and
solutions to reduce or eliminate these delays in road construction projects are presented.

Keywords: risk management; road construction projects; delay; analytical hierarchy process (AHP);
execution stage

1. Introduction

The delay issue exists in most road construction projects [1]. The Oxford English
Dictionary defines delay as “a period of time when someone or something has to wait
because of a problem that makes something slow or late” [2]. Increasing the time beyond
the planned amount has adverse effects on the project’s success in terms of cost, quality,
and time [3–7]. Delays can occur in any construction project, but their magnitude varies
from project to project [8]. When the project schedule is based on a reasonable time,
project uncertainties that affect success will be based on two hypotheses of probability and
possibility [9]. To overcome this problem, evaluation of the delay risks is inevitable.

The present study has focused on delay factors in the execution stage of road construc-
tion projects. The project’s lifecycle has five stages. These steps include the initial stage, the
planning stage, the design stage, the execution stage, and the final stage [10]. However,
this study has only focused on the execution stage.

The execution stage is the longest and the costliest stage of the project’s lifecycle.
Moreover, it is the riskiest part of project management [10]. In particular, this is the case
if the project management team is not correctly formed or risk management practices
are not implemented at all stages of the project lifecycle [11]. Since construction projects
are very complex, delay problems occur for a variety of reasons. It is essential to control
factors for the successful completion of the project. Although the delay cannot be avoided,
recognizing its reasons and the necessary precautions can reduce the effects.
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Rivera et al. [1] have conducted a study to investigate causes of delay in road con-
struction projects across 25 developing countries. From their view, a weak construction
manager, incorrect planning/scheduling, influence on people’s land alongside the road
construction project, poor communication between construction groups, frequent changes
in design, shortage of equipment, force majeure, contract modification, delays in execution
of progress billing, lack of construction materials, delayed payment to contractors, and
poor labor productivity are the most important causes of delay.

Ragunath and Hamed [12] identify the ten principal reasons for delay in construction
projects. They are: shortage of building material in the market, material cost increment,
delay in material delivery, profitability decrement derived from the financial problem, lack
of workforce, the delay in fulfilling the work by the owner, change in material quality, weak
presenting of the work and workforce efficiency, banking limitation, and impermissible
workforce.

Venkateswaran and Murugasan [13] identify the five principal reasons for delay as
land acquisition, many stakeholders, displacement of network, legal requirements, and
claims and disputes.

Awari et al. [14] consider weak management, the employer’s financial payment to the
contractor, inefficient planning and timing of the construction project, the disagreement
between the various sides, the shortage of material, and the shortage of workforce as the
important reasons for delay.

Pourrostam and Ismail [15] have identified the reasons for delay in the construction
projects of Iran by the questionnaire and consider the weak management of the site, con-
tractor financial problems, and the change order by the employer during the construction
period the most important reasons for delay. They have evaluated the prioritization of
reasons for delay based on the relative importance index.

According to the literature review, it can be expressed that:

• The considered factors in the literature only consider one level of the delay reasons,
whereas these factors are related to other factors;

• Although researchers have highlighted many factors of increased time, a large number
of them have not suggested possible control measures for these factors.

Therefore, identifying the root causes of delays, qualitative prioritizing, quantitative
prioritizing, and providing solutions to reduce their impact on road construction projects
from a risk management perspective, are the objectives of this research. Although re-
searchers have highlighted many factors of increased time, a large number of them have
not suggested possible control measures for these factors [16,17].

2. Materials and Methods
2.1. Research Methodology

Risk management is a method to minimize the threat factors and maximize the oppor-
tunity factors that have a direct impact on the project objectives, and project management
body of knowledge (PMBOK) guide is one of the best risk management models. Because it
has public familiarity, ease of access, ease of use, and available support resources, this guide
consists of the subprocesses of risk management planning, risk identification, qualitative
risk analysis, quantitative risk analysis, risk response planning, risk implementation, and
risk monitoring [10]. Risk management planning determines how to deal with threats.
In this study, the delays’ identification of the execution stage in the road construction
projects has been considered by expert opinion and in the form of structured interviews,
and the cause and effect (Ishikawa) chart has been used to show qualitative prioritiza-
tion. The information has been collected by the questionnaire to quantitatively prioritize
the delays; the AHP method is used for the data analysis. Then, critical criteria analysis
was performed, and solutions were proposed to reduce the effect of these delays in road
construction projects.
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2.2. The Case Study

The studied project is 18.5 kilometers in the Semnan province range in IRAN (Figure 1).
This road is a part of the north-south corridor of IRAN. Characteristics of this road are
10 km of plains, 2 km of hills, and 6.5 km of mountains [18]. This project is facing delays in
the execution stage and is suitable for a case study.
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Figure 1. Road project location.

2.3. Data Collection

Data Collection has been based on the questionnaire. The validity justifiability for the
questionnaire was confirmed by a group of experts in the road construction projects’ field,
mentioned below to ensure clarity, accuracy, and being meaningful.

• A professor of civil engineering, construction engineering, and management;
• A professor of civil engineering, road, and transportation;
• Two project managers on behalf of the employer;
• A project manager on behalf of the contractor;
• Two project managers on behalf of the consultant.

The reliability justifiability for the questionnaire was confirmed by calculating inconsis-
tency rates. If the inconsistency rate for a pairwise comparison matrix is less than 0.1, then
the pairwise comparison matrix and the corresponding questionnaire are reliable [19–25];
otherwise, pairwise comparisons are made again.

The number of experts that can comment about the importance of the risk scales
in the studied road construction project was low. Therefore, all the experts who could
comment about the scales’ matter have been used. The number of mentioned experts was
20 people, and all their opinions have been used to perform this research. Whereas there
was no significant difference between experts for education, experience, and organizational
position, the weight of expert opinion has been considered the same.

2.4. The AHP Method in Theoretical Foundations

The analytical hierarchical process is one of the most precisely designed systems for
multicriteria decision-making [19–22]. Saaty has presented the AHP method for decision-
making at the risk of unreliability conditions. The selecting reasons for this method for this
research are as follows:

1. It provides the possibility of formulating the issue as hierarchical;
2. It can consider the various quantitative and qualitative scales in the issue;
3. It applies the various options in the decision-making and has the possibility of sensi-

tivity analysis on the criteria and subcriteria;
4. It has been created based on the pairwise comparison that facilitates judgment and

calculations;
5. It shows decision consistency and inconsistency;
6. It provides group decision-making through group agreement using the geometric

mean of individual judgments, which reduces bias in individual decision-making;
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7. It is capable of modeling situations that lack support, such as risk and uncertainty
modeling.

Calculate Inconsistency Rates

To calculate the inconsistency rate:

• Create a pairwise comparison matrix (A);

When professional judgments are created, in Table 1, the matrix A (1) arrives in the
comparison by geometrical mean (2).

Table 1. Professional judgments.

Decision Makers 1 2 ... N

Judgments a12
1 a12

2 ... a12
N

where 1, 2 and N is decision makers.

A =


a11 a12 · · · a1n
a21 a22 · · · a2n
...

...
...

an1 an2 · · · ann

 (1)

a12 = [a12
1 × a12

2 × . . . × a12
N ] 1/N (2)

• Create a special vector (W);

First, each column of the matrix normalizes, and then the row mean of the elements
calculates until the special vector is obtained.

• Calculate the maximum special value of the matrix (λ max);

λ max = (A ×W)/W (3)

where A is the pairwise comparison matrix, W is the weighted vector, and λ max is
the maximum special value of the matrix [25].

• Calculate the average of the maximum special value of the matrix;
• Calculate the inconsistency index (I.I.);

I.I. =
λmax− n

n− 1
(4)

where λ max is an average of the maximum special value of the matrix, and n is the
size of the reciprocal matrix.

• Calculate the inconsistency rate (I.R.).

I.R. =
I.I

I.I.R.
(5)

Inconsistency index has been calculated based on inconsistency index at random for
each matrix. Inconsistency index at random (I.I.R.) can be obtained from Table 2 [25].

Table 2. Inconsistency index at random.

N 1 2 3 4 5 6 7 8 9 10

I.I.R. 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49
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3. Data Analysis

Library resources and the experts’ opinion finalized a list of the main criteria and
subcriteria of the risks. The qualitative prioritization of delay risks is shown by the cause
and effect (Ishikawa) chart (Figure 2). The parameters effective on delay in the road
construction projects are divided into two main groups of internal and external factors by
the experts’ opinion. For internal factors, their origin is of the project itself, and the external
factors apply to the project through the environment.
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3.1. The Lands’ Funding

To build a road, the lands’ funding must be complete. According to the ownership
and various uses of the road environment lands, the lands’ funding will increase the
construction time. Therefore, the delay due to lands’ funding has been categorized into
subsections such as land price, gardens, residential, commercial, and industrial property,
such that each of them has their problems.

3.2. Management Problems

This part of delay was derived from the project studies phase and includes an incorrect
timing schedule, a low initial estimate, and incomplete feasibility studies. If presenting the
management analyses of the plan is performed correctly, this problem will arise less in the
execution stage.

3.3. Technical Problems

This type of problem is related to the used material for the execution stage of the road
construction projects that includes asphalt problems, problems related to the ground opera-
tions, issues related to environment organization, and issues related to natural resources
organization.

3.4. Financial and Credit Problems

The financial problems are more related to allocation and credits. The credits section
can be divided into the national credits and provincial credits, and the allocation section
problems include incomplete funding and no money deposit. The financial issues weaken
the contractor’s economic power, and the execution time will increase.
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3.5. Natural Disasters

Natural disasters are a part of the out-of-project factors that apply to the project
from the environment. These factors include unfavorable weather conditions, flood, and
accident insurance.

By collecting expert opinions in the form of linguistic statements, a pairwise matrix
was obtained to quantitatively prioritize the risks. Then, the pairwise comparisons’ matrix
about the main criteria and subcriteria has been accumulated. Six pairwise comparison
matrixes have been made to collect the experts’ opinions in performing the pairwise
comparison between the hierarchical elements. The first pairwise comparison has been
made between the main criteria effective on the hierarchical first row. The various risks are
compared with each other to specify their effect on the execution stage of the road projects.
In the following, the impact of subcriteria on the delay and the level of their impact on the
main criteria have been compared. Tables 3–8 show the pairwise comparisons matrix for
the main criteria and subcriteria.

For ensuring opinions’ consistency in all the pairwise comparison matrixes, the incon-
sistency rate was calculated. The inconsistency rate for the main criteria is equal to

λmax = 5.033→
{

I.I. = 0.0083
I.R. = 0.0074 < 0.1

(6)

The financial and credit risk identified as the most critical risk and lands’ funding,
management problems, technical problems, and natural disasters are in the next stage.

λmax = 4.823→
{

I.I. = −0.044
I.R. = −0.049 < 0.1

(7)

In the lands’ funding group, the land price and gardens have the most important
value, and the residential, commercial, and industrial areas are in the subsequent steps.

λmax = 3→
{

I.I. = 0
I.R. = 0 < 0.1

(8)

Incomplete feasibility studies, incorrect timing schedule, and low initial estimate have
risks, respectively, in the management problems group.

λmax = 4.0076 →
{

I.I. = 0.0025
I.R. = 0.0028 < 0.1

(9)

Issues related to the natural resources, issues related to environment, the ground
operations, and the asphalt problems have the most risk in the technical problems group.

λmax = 4.0076 →
{

I.I. = 0.0025
I.R. = 0.0069 < 0.1

(10)

In the financial and credit group, the incomplete funding, the provincial credits, no
money deposit, and the national credits have the most amount of risk.

λmax = 3.0246 →
{

I.I. = 0.0123
I.R. = 0.021 < 0.1

(11)

In the natural disasters group, the flood, the unfavorable weather conditions, and the
accident insurance have importance, respectively.
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Table 3. The pairwise comparisons matrix for main criteria.

Main Criteria Lands’
Funding

Management
Problems

Technical
Problems

Financial
and

Credit
Problems

Natural
Disas-

ters
Main Criteria Lands’

Funding
Management

Problems
Technical
Problems

Financial
and

Credit
Problems

Natural
Disasters Average

Lands’ funding 1 2 3 4 1/2
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Table 5. The pairwise comparisons matrix for management problems.

Technical
Problems

Asphalt
Problems

Ground
Opera-
tions

Issues
Related to

Natural
Resources

Issues
Related
to Envi-
ronment

Technical
Problems

Asphalt
Problems

Ground
Operations

Issues
Related to

Natural
Resources

Issues
Related to
Environ-

ment

Average

Asphalt problems 1 1/2 1/3 1/4
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Table 6. The pairwise comparisons matrix for technical problems.
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Table 7. The pairwise comparisons matrix for financial and credit problems.

Financial and
Credit Problems

National
Credits

Provincial
Credits

Incomplete
Funding

No
Money
Deposit

Financial and
Credit Problems

National
Credits

Provincial
Credits

Incomplete
Funding

No Money
Deposit Average

National credits 1 1/2 1/5 1/2
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Issues related to natural 
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Issues related to 
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No money deposit 1 No money
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Table 8. The pairwise comparisons matrix for natural disasters.

Natural Disasters
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Weather
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Flood Accident
Insurance Natural Disasters
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Weather
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Issues related to natural 
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Issues related to natural 
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Issues related to 
environment 

   1 
Issues related to 
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Unfavorable weather
conditions 0.308 0.294 0.4 0.334

Flood 1 5 Flood 0.615 0.588 0.5 0.565
Accident insurance 1 Accident insurance 0.077 0.118 0.1 0.098
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The inconsistency rate of the main criteria and subcriteria was less than 0.1. Therefore,
the questionnaires are reliable and Saaty opinion is confirmed [21]. Quantitative assessment
of risks indicates that financial and credit problems with a weight of 0.434 are the most
important, and in the next ranks are lands’ funding with the weight of 0.263, management
problems with the weight of 0.146, technical problems with a weight of 0.080, and natural
disasters with an overall weight of 0.076.

The normalized weight has been calculated for each of the existing elements in the
hierarchy by the Expert Choice software (Figure 3). In general, the prioritizing shows
that the incomplete funding with 0.188 weight is specified as the most critical risk. Land
price and gardens with 0.114 weight are in the second rank, and the incomplete feasibility
studies and incorrect timing schedule with 0.064 are in the third rank. In the following,
provincial credits with 0.061, no money deposit with 0.057, residential areas with 0.052,
commercial areas with 0.045, issues related to the natural resources with 0.035, issues
related to environment with 0.033, flood with 0.033, low initial estimate with 0.032, national
credits with 0.032, industrial property with 0.026, unfavorable weather conditions with
0.019, ground operations with 0.017, asphalt problems with 0.009, and accident insurance
with 0.006 have the subsequent ranks.
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4. Discussion
4.1. Critical Criteria Analysis
4.1.1. Lack of Sufficient Funding

One of the most important factors influencing the delays of road construction projects
is the lack of funding for the project. Lack of planning to provide funding before the tender
and the lack of allocation of the required annual budget regularly have a great impact on
increasing the time of projects.

4.1.2. Acquisition of Lands around the Road

Most road construction projects require the widening of the way and the acquisition
of lands around the road. According to the real estate issue, land should be bought
from individuals. Reaching an agreement on land prices and carrying out administrative
follow-ups such as obtaining ownership of individuals, preparing a roadmap will increase
project time.
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4.1.3. Lack of Experienced and Knowledgeable People

Lack of experienced and specialized people on the management staff causes problems
in the initial studies phase. In the design phase, a low estimate of costs and activities is
provided, and an incorrect schedule is presented in the work process. These mistakes will
eventually increase the project time.

4.1.4. Lack of Machinery

The financial capacity of the contractor as an executor has a significant impact on the
progress of the project. Contractors who have fewer financial capacities and do not provide
sufficient machinery to the project increase the project time by prolonging the execution
process in the ground operations and asphalt operations.

4.1.5. Issues Related to the Environment and Natural Resources

When the road passes through protected areas, issues related to the environment and
doing administrative follow-up will increase project time. Withdrawal of materials for the
implementation of pavement layers from mines and riverbeds requires agreement with
natural resources, which increases the time.

4.1.6. Natural Disasters

The climatic condition of the region’s road construction, especially rainfall and air
temperature, is of particular importance. This is because they affect the road construction
process and maybe delay or stop road construction operations. Rain saturates the soil
and disrupts road construction operations. Implementation of concrete bridges is difficult
in cold weather, especially in mountainous areas. Asphalt is impossible in cold seasons.
Heavy rains cause floods, causing damage and the need for repairs for routes under
construction.

4.2. Solutions

According to the results obtained from this study, solutions and suggestions to reduce
the impact of these criteria are present:

1. Perform careful and realistic planning before implementation;
2. Ensure the existence of funding required for the project;
3. Choose a strong management team;
4. Select a qualified contractor to implement the project;
5. Introduce natural disasters in the implementation of activities.

5. Conclusions

Due to the importance of delays, it is necessary to investigate and analyze their factors.
Although the delay cannot be avoided, it can be reduced with the required precautions. In
this study, we investigate delays from a risk management perspective that offers a robust
framework for delay control. This framework prioritizes risks, analyzes critical criteria,
provides solutions to reduce delays, and helps improve the construction process.

In this research, a framework has been presented to identify and prioritize the risks of
delay for the road construction projects with the AHP method. The framework discusses
delays from a system management perspective and the group AHP method serves as a
tool for studying and decreasing the inconsistencies rate determined by the experts. The
Ishikawa chart has provided a powerful tool for identifying and prioritizing qualitative
risks, and the AHP method has provided a powerful method for quantitative risks. The
offered framework for a road construction project in the execution stage shows how the
framework can help the decision-makers by implementing all risk management processes.

Research results show that financial and credit problems with a weight of 0.434, lands’
funding with a weight of 0.263, management problems with a weight of 0.146, technical
problems with a weight of 0.080, and natural disasters with an overall weight of 0.076 are
the most important, respectively. We determine the relative weight of incomplete funding



Infrastructures 2021, 6, 135 12 of 13

with a weight of 0.188 in the first place, gardens and land price with 0.114 in the second
place, and incorrect timing schedule and incomplete feasibility studies with 0.064 in the
third place; provincial credits with 0.061, no money deposit with 0.057, residential areas
with 0.052, commercial areas with 0.045, issues related to natural resources with 0.035, and
issues related to environment and flood with 0.033, respectively. Low initial estimate and
national credits with 0.032, industrial property with 0.026, unfavorable weather conditions
with 0.091, ground operations with 0.017, asphalt problems with 0.009, and accident
insurance with 0.006 relative weight with relative ratings next are the quantitative risk
assessments.

We investigated delays from a risk management perspective and showed that it is a
powerful method for prioritizing delays because it provides a plan to respond to the critical
criteria, and this plan does not exist in other methods. However, in the prioritization, the
risks that are of high importance may be low cost in the project. Whereas the risks that are
of low importance may be very costly to the project. Therefore, further research is needed
to develop a method to quantify the cost-effectiveness of risks.
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