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Abstract The quantification of project time variations is important to project execu-
tion. However, so far, there has been still a lack of studies that focus on specific
project schedules. Using structured and semi-structured interviews with contractors,
this study develops a process in the planning phase of risk responses, which could
help to assess the level of project time variations based on the impact of event chains.
The application of the process is also illustrated using a case study, which is a part
of the pre-validated actual project. The developed process could help to evaluate the
precise impact of risk events with simple handling. The findings of this study could
provide practitioners (e.g., project management teams) with a guideline to quantify
the impact of risks on the dynamic levels of project time based on the analysis of the
sensitivity chart of risk events. Hence, they could not only avoid the phenomena of
excessive optimism and pessimism, but also allocate resources more appropriately
during project implementation processes to reduce the unexpected impacts of risks.

Keywords Time variations - Project time + Event chains * Process - Monte Carlo

1 Introduction

Risk is acommon concern of construction management because of specific distinctive
characteristics [4, 14, 18]. Commonly, in a construction project, risks depend on its
complexity and the strategic nature of its products. Each project is unique with
certain characteristics such as various stakeholders, open production system, long
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time performance, and vulnerable environments by internal and external factors [16].
Risks and uncertainties always appear in any stage from preparation to operation
regardless of size, characteristic, complexity, and place of construction projects [14].
Construction projects will receive detrimental consequences such as increasing costs
and time delay, even project failure, if there exist failures to respond to risks and
uncertainties [14, 18]. Therefore, previous studies have focused on risk management
(e.g., risk identification, risk classification, qualitative risk analysis, and quantitative
risk analysis), of which risk quantification is considered as one of the most complex
issues.

The quantification of project time variations plays an important role in project
execution. Although risks and uncertainties have significant influences on decision-
making, they are vague, subjective, and uncertain [6]. Therefore, many authors
attempted to quantify risks such as assessing the effect on risks [8], predicting
the effect on risks [13], analyzing documents to evaluate risks [1], applying fuzzy
theory to find probability density functions of risk [12], and applying Monte Carlo
on schedule [10]. However, so far, there has been still a lack of studies that focus
on specific project schedules. As such, there is a need to develop a process in the
planning phase of risk responses, which could help to assess the level of project time
variations based on the impact of event chains.

Accordingly, this study aims to help project managers to determine project
completion time and milestones with corresponding probabilities and eliminate the
probability and level of impact of each risk on a specific project. Based on a proposed
process, construction organizations can assess the schedule viability of a project at
distinct stages: biding, pre-construction, construction. This study offers a certain
practical way to evaluate project schedules. Project managers will comprehend worst-
case scenarios, most likely scenarios, and best-case scenarios, especially sensitive to
risks. After that, construction firms use the report from evaluation to respond risks
and uncertainties. In addition, the actual results of a specific project are compared
with the simulation results to prove the reliability of the proposed process. This
study explores the applicability of event chain methodology as a technique that can
simplify the process of modeling risk and uncertainties while minimizing the effects
of cognitive, confirmation, and psychological bias.

2 Literature Review

Many authors have expressed their concerns about quantifying risks on variations of
project time. Most of them identified common risks and investigated their correlation.
Furthermore, some authors have allocated these risks to stakeholders. Little research
has been attempted to predict variations of project time based on quantitation risks.

Many previous studies have focused on risk factors, as well as risk relation-
ships. When identifying and evaluating significant risks to allocate risks for stake-
holders, El-sayegh [4] concluded that contractors were more responsible for risks
than owners in the UAE construction industry. Likewise, with the aim of classifying
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risks according to organization and project levels, Subramanyan et al. [15] indicated
that risk factors could relate to two groups of participants, who were working on
construction sites and at offices, respectively. Such groups’ possibilities of appear-
ance were also compared to predict their occurrence in a project. By allocating each
construction risk based on contracting terms, Hanna et al. [7] concluded that most
severe consequences were usually caused by legal terms. After identifying and clas-
sifying risk factors, some authors also developed models to explore their new rela-
tionships. Qazi et al. [11] used utility theory and Bayesian belief networks to find
the relationship between project complexity and risks to classify risk and mitigate
risk in the initial project phase. Reviewing methods, tools, and techniques relating
to risk identification, Siraj and Fayek [14] indicated that most studies rely on their
risk nature or available risks listed not only to identify but also to classify risks.
More recently, Erol et al. [S] explored the relationship between complexity and risk
in detail based on quantitative findings.

In addition, several authors have attempted to develop general risk management
processes and quantify the risk impact. Del Cano and de la Cruz [2] introduced a
general process to manage construction risks from the views of clients and consul-
tants. This process was appropriate for the requirements of other participants because
it was easy to be adjusted based on a particular situation. Nasir et al. [10] employed
Monte Carlo simulation as well as program evaluation and review technique for
schedule risk analysis based on the activity duration value of a range. As a result,
time performance was quantified by developing risk evaluation in construction-
schedule model. In a research of Jannadi and Almishari [8], a risk assessor model
was designed by using a computer program to assess risks for crucial construction
activities relating to the probability, severity, and exposure of all hazards. Schat-
teman et al. [13] employed uncertainty to investigate the effects of schedules by
integrating them. After predicting project time performance, they also developed
a computer program to manage risks (e.g., identifying, analyzing, and quantifying
risk elements). In another study, Choi and Mahadevan [1] employed project-specific
documents to analyze risks by using relatively traditional ways like surveys. Sachs
and Tiong [12] used fuzzy theory deriving customized probability density functions
to quantify risks. Zeynalian et al. [19] developed a risk analysis and management
model to consider potential risks based on the identification and probabilities of risks
using the Delphi method.

The literature review indicates that the research area on variations of project time
is context-specific. The study could contribute some valuable findings to not only
Vietnam but also global knowledge. Moreover, in Vietnam as well as other similar
developing countries, the quantification of the effects of risks on time variations with
regard to different issues of project time has still received little attention. Thus, this
study will attempt to fill the gap of research by directly quantifying the impact of
risk events. By providing a process of directly quantifying risks on a specific project
schedule, the results of this study could be applied to quantify the effects of risk
events on project schedule in practice.
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3 Research Method

The research framework (Fig. 1) includes three main phases: (1) building a risk list,
(2) proposing a quantitative process, and (3) evaluating the process.

In Phase 1, a risk library was first created by reviewing risks encountered after
bid selection and before project implementation. After synthesizing all major risks,
this study conducted various face-to-face interviews to identify a list of potentially
appropriate risk events. In such interviews, 15 experts (including 11 contractors, two
consultants, one owner, and one governmental management agency), who had high
experience and managerial positions, were invited to participate.

Then, in Phase 2, a quantitative process of risk events that could affect the time
of construction works. Specifically, patterns and processes that quantify the risks
in previous scholar documents or in construction companies were reviewed. For
quantifying risks, a set of criteria were proposed. As a result, a process, which can
quantity the effects of risk events on project time, was developed based on experts’
perspective.

Finally, in Phase 3, a construction package of bored piles was used as a case
study to demonstrate the reliability and appropriateness of the developed process.
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Fig. 2 Proposed process

The simulation results achieved after updated more risk events into this process were
compared with the actual values of the package’s project schedule.

4 Proposing Detailed Process to Quantify Risks

Some important steps in the proposed process are detailed progress, qualitative anal-
ysis of risk events, quantitative risk analysis, and evaluation of results. These steps
all appear in other risk management processes such as PMBOK and ISO31000:2018.
This study extends such processes by building a detailed process (Fig. 2) with clear
decentralized responsibility for each individual in assessment teams of risk events.

4.1 Preparation of Process Development

In this step, the evaluation team should have a detailed schedule with a specific hier-
archy of work breakdown structure level 3 (PMBOK). The proposed process adds
more parameters with regard to the probability of completing construction tasks to
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the project schedule created by the MS Project software. In terms of PERT analysis,
a triangular distribution function is selected to show the probability of completing
construction tasks. If there is adequate information about the project, the Crystal Ball
software can be used to identify appropriate time distribution functions for construc-
tion tasks. Besides this, further considerations should focus on the reserved time,
relationships, constraints, logic, and consistency of construction tasks according
to technical specifications. In addition, project schedules need to be established in
advance to determine project completion time periods.

Figure 3 shows the schedule of bored piles (i.e. case study), which is established
by an anonymous contractor’s bidding department based on similar projects’ bill
of quantities. The construction time for completing 148 piles (from beginning to
handovering of foundation items) is 100 days. The project schedule is developed
using a planned calendar with seven working days per week, including holidays.
Further information about the case study is presented in Table 1.

In Table 2, various probability information of case study’s construction tasks is
presented with three cases: optimistic (10% probability), most likely (50% proba-
bility), and pessimistic (90% probability). It can be seen that most simulated durations
of construction tasks are lower than the planned durations (Fig. 3). For example, the
pessimistic time (longest duration) of the preparation task is just 10.37 days, which
is shorter than its planned time (12 days) in Fig. 3.
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Fig. 3 Schedule of bored piles

Table 1 Characteristics of case study

Characteristic Detail

Location Quy Nhon City, Binh Dinh Province

Type Condotel hotels and apartments

Size 23 floors and a basement

package Bored pile (diameters of D800 and D1000)
Duration 100 days (June 12, 2018 to September 20, 2018)
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Table 2 Results of Monte Carlo simulation

Code | Task Duration (days) Start Finish
Optimistic | Most likely | Pessimistic
(10%) (50%) (90%)
P1 Bored pile package | 88.84 92.26 95.88 12-Jun-18 | 12-Sep-18
T1 Preparation 8.39 9.36 10.37 12-Jun-18 | 21-Jun-18
T2 Pile construction 74.53 76.93 79.38 21-Jun-18 | 6-Sep-18
T2.1 | Reinforcing steel 67.46 69.88 72.44 21-Jun-18 | 30-Aug-18
T2.2 | Construction phasel |33.31 34.14 35.06 21-Jun-18 | 25-Jul-18
T2.3 | Construction phase2 |41.18 42.76 44.32 25-Jul-18 | 6-Sep-18
T3 Clean up 4.96 5.01 5.13 6-Sep-18 | 11-Sep-18
T4 Handover 1 1 1 11-Sep-18 | 12-Sep-18

4.2 Check of Risk Events

This step aims to classify risk events into two groups based on their P (probability)
and I (impact) values (measured on a 5-points Likert scale). Specifically, Group 1
(i.e. list of problematic issues) includes risk events with the calculated PxI values
less than the standard PxI value. In Group 2, risk events will have their PxI values
larger than the standard PxI value. It should also be noted that the PxI value depends
on project to project. For example, if the budget contingency of a project is large, the
PxI value is small, thereby more risk events should be considered and analyzed. If
project managers just wish to focus on risk events with severe impacts, the PxI value
will be larger.

Regarding the above-mentioned case study, the durations of construction tasks
are provided by its site/project managers and senior engineers based on their experi-
ence with previous similar projects. These durations are given based on optimistic,
most likely, and pessimistic conditions. After that, the site management team will
assess risk events based on their probability and impact. Risk events which have
considerable impacts could be grouped into four categories as follows:

e Event 1 (El): Design changes (e.g., pile number and length) by design unit’s
requests,
Event 2 (E2): Impact of weather and other force majeure issues,
Event 3 (E3): Subcontractors’ capability to supply materials and equipment, and
Event 4 (E4): Dealing with problems that may arise during underground
construction processes.
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4.3 Quantitative Analysis

In terms of quantitative analysis, risk events in Group 2 will be considered. Specifi-
cally, they are analyzed quantitatively with regard to their impacts on project schedule
performance. Risks are integrated with project schedule by assigning risk events’
durations (start and finish time) and impacts on construction tasks that are directly
affected. Besides this, the relationships between risk events are also considered in
terms of possibilities of forming risk event chains, which in turns affect a certain
task in the project schedule. After risk event assignment, simulations are performed.
Finally, experts will preliminarily assess the simulation results.

Table 3 presents the results of integrating risk events on the case study’s project
schedule. It can be seen that risk event E1 only affects task T2.1, T2.2, and T2.3.
Commonly, risk event E1 happens at the beginning of construction works (0-60%),
which may have a day delay due to changing old to new designs in terms of pile
number and length. Risk event E2 (e.g., weather) affects all other construction tasks
during the whole package (06/2018-09/2018) with a probability of 15% based on
previous historical data. Risk event E3 only affects construction tasks necessarily
using materials and equipment. Generally, risk event E3 appears at the beginning
of construction works (0-80%). Due to previous relationships with subcontractors,
the site management team proposes a 30% probability of occurring and a two-days
delay for providing more materials and equipment. As risk event E4 cannot be known
in advance, its duration is selected as equal to task duration. According to similar

Table 3 Risk integration with project schedule

Code | Task Risk events
Event 1 Event 2 Event 3 Event 4
P1 Bored pile package
T1 Preparation Probability 15%
Delay 1 day
Time occurs 30%-60%
T2 Pile construction
T2.1 | Reinforcing steel Probability 50% 15% 30%
Delay 1 day 2 days 2 days
Time occurs | 0%-60% | 0%-100% | 0%-80%
T2.2 | Construction phasel | Probability | 50% 15% 30% 30%
Delay 1 day 2 days 2 days 2 days
Time occurs | 0%-60% | 0%-100% | 0%-80% | 0%-100%
T2.3 | Construction phase2 | Probability | 50% 15% 30% 30%
Delay 1 day 2 days 2 days 2 days
Time occurs | 0%-60% | 0%-100% | 0%-80% | 0%-100%
T3 Clean up Probability 15%
Delay 1 day
Time occurs 0%-100%
T4 Handover
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projects, a 30% probability of happening is proposed for risk event E4 and a two-days
duration for troubleshooting.

4.4 Report of Simulation Results

Based on the results of risk integration and simulations, the site management team
will focus on analyzing risk events that significantly affect the project schedule (e.g.,
risks with high sensitivity). Besides this, the site management team also assesses
the project implementation time according to optimistic, most likely, and pessimistic
conditions. Based on such analyses, reports will be made for the site management
team to respond to risks (e.g., avoiding, transferring, mitigating, and ignoring). Such
analyses can also be re-performed at other project stages such as periodic reviews,
new technical/technological assessments, or allocation of responsibilities among
parties.

5 Ilustrative Example

The results of simulation (Fig. 4) indicate a 77% chance for the package completed
on time (September 20, 2018) and a 50% chance completed on September 16, 2018
(mostlikely). In pessimistic situations, the package has a 90% chance to be completed
on December 22, 2018. On the other hand, in optimistic conditions, the chance for
completing the package on September 9, 2018 is 10%. As compared with the initial
schedule, risk events extend project schedule performance for two days. Accordingly,
the site management team re-assesses the results and add restrict construction at night

T7% chance that Finish Time wil be less than Th 2020187 54
Determ

Ls0%
= 80% famni |
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-~ +50% [ean |
= wariens |
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Fig. 4 Planned simulation results
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Fig. 5 Upgraded simulation results

(risk event E5) as a further condition, which was not considered for the previous check
of risk events.

As shown in Fig. 5, the results of simulation have some changes in completion
time milestones: September 9, 2018 (optimistic), September 12, 2018 (most likely),
and September 16, 2018 (pessimistic). Despite the addition of risk event ES, the
project implementation durations are reduced. This is not so surprising because the
simulations use the probability values of risk events without depending on the number
of such events.

A comparison with previous similar projects allows the site management team to
assess the results of simulation being reasonable. The possibility of completing the
package on time is relatively high. Therefore, the site management team considers
to accept risk events and keeps following the initial as-planned schedule.

6 Conclusions

Although many previous studies have attempted to quantify risks, there is still a lack
of research focusing on assessing risks visually. This study proposes a process of
quantifying the impact of risk events on project schedule. The process includes four
steps: preparation, check, analysis, and report. The project schedule is considered as
the input data, on which some risk events are integrated. The result of the process is
a report which includes various important information: project times in optimistic,
most likely, and pessimistic conditions and risk events with sensitivity-based rank-
ings. The proposed process is also applied to a case study, which is a bored pile
package. The results of simulation show that this case study could have 90% and
50% chances to be completed four and eight days earlier than the initial project
schedule, respectively. These results are assessed to be reasonable and, accordingly,
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the site management team suggest accepting risk events as their risk management
strategy.

Despite the above contributions, the limitations of this study should also be noted.
Quantifying risk events independently may be a limitation of this study. The chains
and interrelationships of risk events are not considered. On the other hand, this study
has not attempted to quantify the impact of risk events on project cost due to the
difficulties of collecting full data of real project costs. Future studies should focus
on quantifying risk events at other project stages and/or the effects of risk events on
both project time and cost.
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