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1.                   INTRODUCTION 

Construction industry is a major source of a coun-

try's economy.  It is one of the largest sources of provid-

ing job opportunities in both the developing and devel-

oped countries.  However, most of the construction pro-

jects take considerably longer time for completion than 

the planned and estimated durations. This happens in 

both the developed and developing countries. As a re-

sult productivity in construction industry has seen a 

decline or remained stagnant (Harrison 2007; Nasir       

et al., 2014). One significant reason for these delays in 

project schedules is that proper risk management is not 

followed during the life cycle of the project, particularly 

in the planning, design, and execution phases (Serpell   

et al., 2017).  

 

Risk management techniques have not been ap-

plied vigorously on construction projects. Little atten-

tion has been paid to the risk management using qualita-

tive risk analysis techniques. The qualitative risk analy-

sis techniques can help the project stakeholders in iden-

tifying and prioritizing the potential risks which can 

have a negative impact on a project schedule (Akintoye 

and MacLeod1997; Boateng et al., 2015).  

 

However, these qualitative risk analyses do not 

provide information on delays related to project sched-

ule.  In order to measure the impact of risks in terms of 

actual project completion times and additional days 

added to the project plan, quantitative risk analyses are 

required. Monte Carlo simulation technique is widely 

regarded as a best approach to assess the risks impact 

(Kwak and Ingall 2007).This technique was used for 

assigning uncertainties in the project schedule in the 

research presented in this article. 

 

This research considers a small infrastructure con-

struction project involving 24 activities. The project 

duration was initially assessed using a single point de-

terministic duration.  Then uncertainty in project activi-

ties durations was estimated using PERT and Triangular 

distributions, two widely used distributions for deter-

mining activity distributions in construction projects 

based on probabilistic scheduling. Further, the impacts 

of certain risk events were integrated with the project 

schedule using Risk Register. A commercially available 

software known as @Risk (Palisade 2016) was used to 

model and simulate the risk impacts on project sched-

ule. The results confirm that uncertainties associated 

with activities durations and the likelihood of certain 

risk events occurring and their impacts can be estimated 

with certain degree of confidence. These analyses will 

help in determining realistic project schedules consider-

ing risks, which are unavoidable.  

 

Background 
The topic of risk management in construction pro-

jects is gaining more and more attention these days be-

cause most of the projects go beyond their planned 

schedule and cost. One possible reason is that proper 

risk identification, assessment, and control techniques 

are not applied on construction projects. As a result of 
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improper risk management the projects tend to go be-

yond cost and schedule. 
 

When we speak about risk, we mean deviation of 

system results from the expected outcomes. In terms of 

construction projects, risk deals with uncertainties that 

can influence a project's budget, schedule, quality, scope 

and other dimensions. 
 

Risk management is generally considered the pro-

cess of identification, assessment and prioritization of 

risks, followed by the necessary actions to monitor, con-

trol and reduce the negative aspects of risks (Boehm 

1991; Fairley 1994). The Project Management Body of 

Knowledge (PMBOK) defines Project Risk manage-

ment as “the systematic process of identifying, analyz-

ing, and responding to project risk.” (PMI 2013).  

 

Generally, the following six processes are imple-

mented for project risk management (PMI 2013): (1) 

Risk Management Planning; (2) Risk Identification; 

(3)Qualitative Risk Analysis; (4)Quantitative Risk 

Analysis; (5) Risk Response Planning; and (6) Risk 

Monitoring and Control. 
 

The project schedule is traditionally calculated us-

ing the Critical Path Method (CPM). This method is a 

very useful for planning purposes as it gives necessary 

information about the estimated project completion 

time, start and finishes time of activities, critical activi-

ties and floats available for each activity (Hegazy 2002). 

The CPM method is based on the assumption that all 

resources required for carrying out tasks are available at 

all times. Further, the CPM schedule is based on the 

deterministic approach, meaning the activity duration is 

fixed using a single point estimate or sometimes three 

point estimates. It doesn't consider the probabilities of 

some risk events happening, which can cause delays and 

eventually delaying project completion. Risk manage-

ment has been recommended to answer some of these 

discrepancies (Zhi 1995; Zavadskas et al., 2010; 

Shahtaheri et al., 2015). 
 

Monte Carlo Simulation  

The uncertainties in projects' activities durations 

can be assigned and modeled using Monte Carlo simula-

tion method (Kwak and Ingall 2007; PMI 2013).Monte 

Carlo simulation is a computerized mathematical tech-

nique that allows people to account for risk in quantita-

tive analysis and decision making. It has been used by 

professionals in fields such as finance, project manage-

ment, energy, manufacturing, engineering, research and 

development, insurance, oil and gas, transportation, and 

the environment. 
 

Monte Carlo simulation gives the decision-maker a 

range of possible outcomes  and   the   probabilities they  

will occur for any choice of action.It performs risk 

analysis by building models of possible results by sub-

stituting a range of values a probability distribution for 

any factor that has inherent uncertainty. It then calcu-

lates results over and over, each time using a different 

set of random values from the probability functions 

(Hegazy 2002; Kwak and Ingall 2007). Depending upon 

the number of uncertainties and the ranges specified for 

them, a Monte Carlo simulation could involve thou-

sands or tens of thousands of recalculations before it is 

complete. Monte Carlo simulation produces distribu-

tions of possible outcome values. 

 

In this way, it provides a much more comprehen-

sive view of what may happen. It tells us not only what 

could happen, but how likely it is to happen. In terms of 

construction project scheduling, the method basically 

uses randomly generated numbers to determine possible 

activity durations. The technique essentially generates 

various scenarios associated with the project; each in-

volves a random set of durations for the project activi-

ties. Each of these scenarios is then used to produce a 

CPM-type deterministic schedule. At the end, we can 

analyze the results of all these scenarios to understand 

the resulting range of variability in project duration 

(Hegazy 2002).To generate the random project scenari-

os, the Monte Carlo simulation technique requires in-

formation about the duration of activities and their dis-

tributions. The outcome of the technique is basically an 

estimate of expected time and variance of project com-

pletion time. Accordingly, the probability of meeting a 

particular completion date is determined and also the 

probability that a particular activity could become criti-

cal. 

 

2.               RESEARCH METHODOLOGY 

The research studied the impact of uncertainties in 

activities duration and risk events considering a small 

infrastructure construction project. There are a total of 

24 activities in the project. The following steps explain 

the methodology used in this research: 

 

1. The initial project duration was estimated using a 

single point deterministic duration for each activity. The 

project network was drawn using these deterministic 

durations in MS Project software and the critical path is 

determined. 

 

2. Then uncertainties in activities durations were added. 

PERT and Triangular, two commonly used distributions 

were used for this purpose. @Risk (Palisade 2016) was 

used for this purpose. Each activity duration was esti-

mated using these two distributions.  Based on these 

probabilistic activities durations, project completion 

time was determined. 
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3. Risk events were integrated with the project schedule 

using Risk Register. Probabilities of risks events hap-

pening were estimated and their impacts were deter-

mined using three point estimates (Minimum, Most 

Likely, Maximum) using @Risk. 

 

4.A model was developed with inputs from steps 2 and 

3 above. The model outputs were project completion 

times and days added to the original plan because of 

risks events.  

 

5.Simulations were carried out in @Risk.  Sensitivity 

analyses were performed and the results were analyzed. 
 

Model Development 

Models were developed in @RISK and analyses 

were performed as explained in the research methodol-

ogy. Table 1 provides the information about activities of 

the construction project. The initial project network was 

calculated in MS Project using these deterministic activ-

ities' durations. The project activities, durations, rela-

tionships, start dates and finish date are shown in     

(Table 1). It gives initial project completion duration of 

88 days and a project completion date of 03/27/2018. 

This 88 days completion is the critical path duration 

considering the deterministic activity durations and 

without occurrence of any risk events.  

Table 1: Project information with activities' durations, relationships, start and finish times. 

 

ID Task Name Duration Start Finish Predecessors 

1 
Project Completion Duration 88 days 11/24/2017 3/27/2018 

 
2 Clear Site  

9 days 11/24/2017 12/6/2017 
 

3 Survey and Layout  
8 days 12/7/2017 12/18/2017 2 

4 Rough grade  
4 days 12/19/2017 12/22/2017 3 

5 Excavate for sewer  
15 days 1/4/2018 1/24/2018 25 

6 Excavate elec. Manholes  
5 days 12/25/2017 12/29/2017 4 

7 Drill well  
20 days 1/4/2018 1/31/2018 25 

8 Water tank foundations  
4 days 1/4/2018 1/9/2018 25 

9 Tank fabrication and erection  
14 days 1/10/2018 1/29/2018 8 

     10 Install manholes  
6 days 1/1/2018 1/8/2018 6 

11 Install electric duct  
8 days 1/9/2018 1/18/2018 10 

12 Erect overhead poles  
6 days 12/25/2017 1/1/2018 4 

13 Overhead poles wiring  
8 days 1/2/2018 1/11/2018 12 

14 Duct wiring work  
10 days 1/19/2018 2/1/2018 15,11,16 

15 Transformer erection  
3 days 1/9/2018 1/11/2018 10 

16 Bus bar erection  
4 days 1/9/2018 1/12/2018 10 

17 Electric safety inspection  
3 days 2/2/2018 2/6/2018 13,14 

18 Connect piping  
10 days 3/8/2018 3/21/2018 19,21 

19 Tank piping and valves  
4 days 1/30/2018 2/2/2018 9 

20 Install well pump  
15 days 2/1/2018 2/21/2018 7 

21 Under ground water piping  
10 days 2/22/2018 3/7/2018 20 

22 Install sewer and back fill  
10 days 1/25/2018 2/7/2018 5 

23 Sewer inspection, test  
2 days 2/8/2018 2/9/2018 22 

24 Sanitary inspection, test  
4 days 3/22/2018 3/27/2018 18 

25 Obtain permit  
8 days 12/25/2017 1/3/2018 4 
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In the second step, uncertainties in activities' dura-

tions were added using @Risk. Two commonly used 

techniques, PERT and Triangular distributions were 

used for this purpose. Each activity duration was esti-

mated using these two distributions.  Based on these 

probabilistic activities durations, project completion 

time was determined. (Fig 1) shows some examples of 

activity durations using PERT distribution and Triangu-

lar distribution.  

 

Fig. 1: Examples of activity duration using PERT and Triangular 

distribution 

 

The parameters for PERT distributions were as-

signed based on minimum, mean, and maximum dura-

tion. The minimum and maximum values were assigned 

as -10% and 50% below and above the normal duration. 

The parameters for Triangular distribution were consid-

ered as minimum, most likely, and maximum. The min-

imum and maximum values were again assigned as -

10% and 50% below and above the normal duration. 

 

Using these values of min. /max, the distributions 

are skewed to the right as can be seen in Figure 1, giv-

ing more likelihood of activity being completed in long-

er duration than the mean duration. This is considered 

better for assigning uncertainties. All the activities' du-

rations were calculated using these distributions in the 

software.  

 

2.        RESULTS AND DISCUSSION 

Using the two distributions mentioned above, mod-

els were built in @RISK. The inputs to the models were 

activity duration distributions using PERT and Triangu-

lar distributions. The models output were Project Com-

pletion Duration/Finish Date. Simulations were per-

formed on the models for both the distributions using 

5,000 iterations. In addition, a model was built with an 

output for additional days added to the plan if certain 

risk events occurred using their impacts and probabili-

ties. The results are presented below. 

 

Project Finish Time 

The original project duration using a single point 

deterministic duration for activities was 88 days and the 

project finish date was 3/27/2018.Figure 2 shows the 

simulation results for project using PERT distribution. It 

shows that the mean finish date is 4/4/2018. Further, the 

earliest completion date is 3/20/2018 and the maximum 

completion date is 4/26/2018. However, there are only 

less than 1% chances that the project will finish on these 

minimum and maximum dates. The probability of the 

project to finish on the mean completion date of 

4/4/2018 is 50%.  

 

 
 
Fig. 2: Simulation results for project completion date using PERT 

distribution 

 

Summary Statistics for Project Completion Duration / Finish 

Statistics   Percentile   

Minimum 3/20/2018 1.0% 3/26/2018 

Maximum 4/26/2018 2.5% 3/27/2018 

Mean 4/4/2018 5.0% 3/28/2018 

Std Dev 4.911030339 10.0% 3/29/2018 

Variance 24.11821899 20.0% 3/30/2018 

Skewness 0.213450992 25.0% 4/2/2018 

Kurtosis 3.000997147 50.0% 4/4/2018 

Median 4/4/2018 75.0% 4/9/2018 

Mode 4/3/2018 80.0% 4/9/2018 

Left X 3/28/2018 90.0% 4/11/2018 

Left P 5% 95.0% 4/12/2018 

Right X 4/12/2018 97.5% 4/13/2018 

Right P 95% 99.0% 4/17/2018 

#Errors 0     
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Fig. 3 shows the simulation results for project using 

Triangular distribution. It shows that the mean finish 

date is 4/13/2018. Further, the earliest completion date 

is 3/23/2018  and  the maximum completion date is 
 

5/7/2018. However, there are only less than 1% chances 

that the project will finish on these minimum and max-

imum dates. The probability of the project to finish on 

the mean completion date of 4/13/2018 is 50%

 
 

Fig. 3: Simulation results for project completion date using Trinagular distribution 

 

Risk Events' Impacts on Project Schedule 

In order to assess the impact of risk events on the 

project schedule, certain risks were added to the project 

using risk register. Table 2 provides information about 

the risks events added to the risk register, including their 

probabilities of occurring and their impact on project 

schedule in terms of days added to the plan. The  

 

 

 

probabilities are assigned to risk events based on their 

likelihood of happening or historical information. A 

three point estimate of minimum, most likely, and max-

imum was used to calculate the impact in terms of days 

if risk evert occurs. A simulated schedule impact was 

calculated from these three estimates.  

 
Table 2: Risk register showing risk events and their probabilities and impacts 

 

     

Schedule Impacts (days) 

Risk 
ID 

Risk Probability 
Simulated 
Occurrence 

Occurs? Min 
Most 
Likely  

Max Mean 
Simulated 
Schedule 
Impact 

 Days 
added 
to plan  

R1 Material Delay 50% 0 No 10 20 40 10.83 21.67 0 

R2 Labour Delays 40% 0 No 15 25 50 11 27.50 0 

R3 Weather 25% 0 No 10 25 50 6.66 26.67 0 

R4 
Natural Ca-

lamity 2% 0 No 20 30 60 0.666 33.33 0 

R5 
Government 
Permissions 15% 0 No 10 20 40 3.25 21.67 0 

 

The risk events considered for this research were 

material delay, labour delay, weather problems, natural 

calamity, and government permissions. These risks most 

commonly have a negative impact on projects, especial-

ly infrastructure projects. The RiskDiscrete function 

was used to simulate the impact of risk occurrence or 

not. @RISK calculates the days added to the original 

plan if risk event occurs based on the simulated sched-

ule impact. 5000 iterations were performed and the re-

sults are provided below in Fig. 4.  
 

Summary Statistics for Project Completion Duration / Finish 

Statistics   Percentile   

Minimum 3/23/2018 1.0% 3/30/2018 

Maximum 5/7/2018 2.5% 4/2/2018 

Mean 4/13/2018 5.0% 4/3/2018 

Std Dev 6.015777913 10.0% 4/5/2018 

Variance 36.1895839 20.0% 4/6/2018 

Skewness 0.215387539 25.0% 4/9/2018 

Kurtosis 2.879488484 50.0% 4/12/2018 

Median 4/12/2018 75.0% 4/17/2018 

Mode 4/10/2018 80.0% 4/18/2018 

Left X 4/3/2018 90.0% 4/20/2018 

Left P 5% 95.0% 4/24/2018 

Right X 4/24/2018 97.5% 4/25/2018 

Right P 95% 99.0% 4/26/2018 

#Errors 0     
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Fig. 4: Simulation results for risk events showing days added to the plan 
 

The minimum days added to the plan are zero, 

meaning that no risk event occurs and therefore, no days 

added to the original schedule. The mean of the days 

added to the plan are 32 and the maximum days added 

are 139. This shows that if the risk events occur there 

could be a possible delay if mitigation measures are not 

put in place. The mean/average days that could be added 

to the plan are 32, whereas in worst-case scenario, up to 

132 days can be added.   

 

A sensitivity analysis was also performed to find 

which risk event has the highest impact. Figure 5 below 

provides the results of sensitivity analysis. It shows the 

impact of the risk events arranged by rank or from high 

impact to low impact on the days added to the original 

schedule. Labour delays have the highest contribution to 

the days added and natural calamity has the lowest im-

pact. Weather and material related risks have contribut-

ed moderately to the schedule delays.  

 
 

Fig.: 5: Sensitivity analysis showing ranking of risk events 
 

3.                  CONCLUSION 

This research introduced a method to manage risks 

by measuring their impact on activities' durations and 

risk events. Models were built in @RISK to perform 

quantitative risk analyses and determine the impact of 

uncertainties using Monte Carlo simulations. Two type 

of distributions were used for assigning uncertainty in 

activities' durations, PERT and Triangular. Without 

assigning the uncertainties in activity durations, the pro-

ject finish date was 3/27/2018.  With PERT distribution, 

the mean finish date is 4/4/2018 with a 50% probability 

of finishing project on this date. Using Triangular dis-

tribution, the mean finish date is 4/13/2018 with a prob-

ability of 50%. The Triangular distribution gives a de-

layed project finish time than the PERT distribution. 

Therefore, we can conclude that Triangular distribution 

is better suited for situations where high degrees of un-

certainty are involved. Further, analyses were performed 

for risk events using their probabilities and impacts. It 

was found that the mean of the days added to the plan 

are 32 and the maximum days added are 139. This 

shows that if the risk events occur there could be a pos-

sible delay if mitigation measures are not put in place. 

This research provides the project managers a tool to 

perform quantitative risk analyses and determine the 

project schedules based on uncertainties. It can be con-

cluded that risks associated with project schedules can 

be managed if properly accounted for. 
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