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1 INTRODUCTION

There is always a potential hazard that can cause losses to project
constructions. Risk management is a way to accommodate risks that may
occur during the construction period. The purpose of this study is to
identify the dominant risk in construction activities and to recommend
risk control measures. This study uses the Failure Mode and Effect
Analysis method. The focus of risk identification was carried out during
the construction phase and involved a total of 56 respondents. The
research results showed that there were eight risk variables identified as
dominant risks. The dominant risks were: (i) shortage of material
landfills, (ii) labour negligence, (iii) lack of awareness of workers using
PPE, (iv) heavy equipment accident, (v) unstable soil condition, (vi)
groundwater level condition, (vii) unclean project environment, and
(viii) noisy project environment. The risk that occurs in implementing
construction projects have an impact on the project’s productivity,
directly or indirectly. Although there are different risks, some risks are
recommended with the same handling method, especially consistency in
doing work with SOPs, monitoring employee discipline and using
appropriate work methods.

Projects are dynamic and risky fields. Risk can affect the productivity, performance, quality and cost
limitations of the project?. Risk is interpreted as a result that may occur unexpectedly. Even though a course
of action has been planned as meticulously as possible, it still contains uncertainty that later can pull down
the work that has been planned® 2. Based on various experiences, risks in construction projects cannot be
eliminated; however, they can be reduced or transferred from one party to another®. To reduce and prevent
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the risks, good risk management is needed. Risk management is a structured and systematic process of
identifying, measuring, mapping, developing alternative risk management, monitoring, and controlling risk
management*.

Indonesia has many rivers, but some areas face problems with water availability when dry season
comes. During the dry season, the surrounding area will encounter water shortage. To overcome this
problem, the government has built 3462 small dams in 20215, which are expected to accommodate water
reserves during the rainy season and be used during the dry season. For that, 90 of these water reserves
were built in West Sumatra®, and some of them in Lima Puluh area. The small dams were built to address
the problems of local community agriculture, water supply storage, raw water reserves, and new tourist
attractions that became a new economic source for the surrounding community®. Similar to dams, small
dam construction is also considered a high-risk construction’. Due to that, strict supervision is required in
order not to cause risks that have a bad impact during and after construction. Risks arising from the
construction of small dams include force majeure risks, implementation risks and management risks, risks
due to materials and equipment, labour risks, contractual risks, as well as design and technology risks®.
Meanwhile, the risks that can arise after construction is completed, i.e., overtopping, external erosion, mass
movement (slope instability)” ®, piping®, erosion, cracking and seepage on the walls of buildings'®. These
risks can occur due to human or non-human actions.

This study used the Failure Mode and Effect Analysis (FMEA) method. Failure Mode and Effect
Analysis (FMEA) is a structured procedure to identify and prevent as many potential failure modes as
possible for each system/activity'-13, FMEA is a broad subject with a wide variety of standards, procedures
and applications. There is no shortage of opinions and ideas from practitioners, both new and experienced.
It is impossible to fully satisfy everyone!l. The failure mode is the manner in which the activities or
operation potentially fails to meet or deliver the intended function and associated requirements®? 12,

Previously studies related to risk management have been conducted for Leuwigoong dam*4, Tugu
dam?® and Gerak Kanal dam project in Semarang and its impact on the environment'®. On many occasions,
this project is considered a high-risk project. In this research, a risk analysis needs to be carried out on each
job to determine the potential risk in small dam construction, especially in Lima Puluh area - West Sumatra
Province. This province has an agenda to build quite a lot of small dam construction ahead'’. So, control
measures can be recommended as part of risk management in order to reduce the possibility of risk at the
small dam project. This study aims to identify risks in construction project activities, determine the most
dominant risks, and establish its risk control measures for small dam construction, especially in West
Sumatra.

2 METHODOLOGY

The research focused on risk identification during the construction phase and involved 56
respondents from small dam projects. This research is conducted using the Failure Mode and Effect
Analysis (FMEA) method. To collect the data from respondents, risk variables from several previous
research are provided. The potential risk variables used are force majeure, materials and equipment, labour,
occupational safety and health (K3), implementation, and designi+1® 18 1° There are several steps to be
taken in this research:

1. Create a potential impact of failure (risks) in each work item.
2. Assess the severity of the risks.

3. Assess the occurrence of the risks.

4. Assess the detection of the risks.

5. Calculate the Risk Priority Number (RPN) values.
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6. Determining the risk and recommendations of its control.

The FMEA failure process is carried out using three criteria, namely severity (S), occurrence (O),
and detection (D). These three criteria are rated using a numerical scale, varying from 1 to 5. This 5-point
scale format has a good average score and is more accessible for the respondent to understand?’, and has a
better index of reliability, validity and strength of discrimination compared to 2, 3 or 4-point scale?! 22,
Related to this research, the definition of each scale depends on the definition of the FMEA criteria used.
Generally, a high value represents a poor score for all standards?. The severity, occurrence and detection
scales and criteria are shown in Table 1.

Table 1. Severity, occurrence and detection scale for FMEA

Severity Occurrence Detection

Scale Criteria Scale Criteria Scale Criteria

5 Catastrophic Hight severe 5 Very high/ often  Inevitable failures 5 Very Low undetected/ almost
effects of failure impossible to detect
(lethal) failure earlier

4 Major Severe effects 4 High Failures often occur 4 Low low chance to detect
of failure repeatedly (frequent failure earlier

occurrences)

3 Moderate Rarely severe 3 Moderate The usual failures/ 3 Moderate Moderate chance to
effects of failure commonplace detect failure earlier

2 Minor Slightly severe 2 Low/ rare Failures occur only a 2 High High chance to detect
effects of failure few times (rare) failure earlier

1 Insignificant/  not give severe 1 Very Low Very rare failures 1 Very high Very high chance to

no effect

effect of failure

detect failure earlier

The Severity Index (SI) of each criterion (S, O, D) is then calculated using Equation 1. The severity
index (SI) is the percentage value of the impact and severity caused by risk factors.

> ax
SI:+100% Q)
4Zi20 %
In Equation 1, a is defined as constant (0 to 4), x; as probability, and i as number 0, 1, 2, 3,4, ..., n.
The score of Sl result is then determined by its scale (Table 2). The scale values of these three criteria (S,
0 and D) are finally multiplied using Equation 2 to get the Risk Priority Number (RPN) %,

Table 2. The category of Severity Index valug*

Category Severity index (SI) Scale
Very low/ Rare 0.00<SI<125 1
Low 12.5<SI<375 2
Medium 37.5<SI<62.5 3
High 62.5<SI<875 4
Very high 87.5<81<100 5

The Sl value will affect the RPN score. The risk priority number (RPN) is a function of the three
parameters: the severity of the effect of failure, the probability of occurrence, and the ease of detection for
each failure mode?® as given by Equation 2. The RPN becomes the basis for determining the focus of the
risk priority and its handling. It means a failure mode with a high RPN number should be given the highest
priority in the analysis and corrective action.

RPN = Occurrence x Severity x Detection 2
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3 RESULTS AND DISCUSSION

The result showed that all respondents agreed that 6 (six) variables with 29 risk factors had been
identified throughout the construction phase of the small dam. The dominant risks were identified by
calculating the Risk Priority Number (RPN) value using Equation 1. The risk factors, failure mode, effect,

and the value of each risk RPN can be seen in Table 3 and described in Fig. 1.

Table 3. Risk priority number

Risk variable Code  Failure mode Effect RPN
Force majeure
Workers' health problems, disrupting work schedules
Errat_lc_ weather R1 difficulty of project I(_Jcatlon to lowering productivity, 12
conditions work on (example, with heavy
- more cost
equipment)
Natural
disasters R2 Landslide gh_sru_ptmg work, serious 12
(earthquakes, injuries, more expenses
floods, etc.)
Materials and equipment
Damage or loss . - L
of material R3 insufficient of materials inventory ~ Work becomes late/ delay 8
Inflation Material prices become inaccurate
affecting R4 or difficult to predict material Need more cost 8
material prices prices
Disadvantages Storage is full, placement of Damaged the material,
of material R5 material in an inappropriate/ effecting the quality of 12
storage improper place material
Equipment R6 Incomplete or insufficient of Work becomes late/ 8
damage or loss equipment inventory delay/needs more costs
Imprecise
amount/ R7 insufficient of materials inventory ~ Work becomes late/ delay 8
volume of
material sent
Dirty environment, air
Shortqge of material waste scattered at the pollution, and soil
material R8 - . . . 27
. project site pollution, workers' health
landfills
problems
Workforce
Labor Slipped down from a height, hitby ~ Minor and severe injuries,
- R9 . . L 24
negligence equipment and materials die, interferes the works
Work becomes late,
Labor shortage R10 Slow job progress disbursement of funds is 8
hampered
Labor strike R11 Interfere the work, labor shortages Work becomes late/ delay 8
Communication Hamper the work process,
problems . — . -
R12 miscommunication misunderstandings, and 8
between disnutes
workers P
late, need more costs, The
Low labor R13 Project not completed on time, results of the work do not 12
productivity error at work meet the quality control
standards
Lack awareness Slipped down from height,
of workers to - -
Workers do not use Personal hit by equipment and
use Personal R14 - . . . 16
Protective Protective Equipment materials, minor and
Equipment severe injuries
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Misunderstandings, and

control and R15 miscommunication - 12
- disputes, delay
coordination
Occupational health and safety (OHS) risk
The . accidents, clash between heavy . S
machine/heavy - - . minor and severe injuries,
- R16 equipment during operations, 18
equipment does - late
falling tools
not work well
Workers not
equipped with Workers do not use Personal hit by'eqmpr'nent and
Personal R17 - . materials, minor and 12
- Protective Equipment P
Protective severe injuries
Equipment
Poorly Workers do not use Personal . . .
. - . . Slipped, hit by equipment
implemented Protective Equipment/ not using - -
R18 - . and materials, minor and 12
safety the Personal Protective Equipment severe iniuries
regulations perfectly |
Health
problems due to Labor shortage, work
general R19 Many workers fall ill (covid 19) becomes late, workers are 12
working exhausted
conditions
Implementation risks
Difficulties in
transporting
heavy R20 Work schedule becomes late Late project progress 8
equipment to
the project site
Unstable soil R21  Landslide excavations mired; minor and seriously 16
conditions injuries
Groundwater . cannot work or work
level conditions R22 Flood location hampered 16
Unclean/ less
clean the . ,
project R23 Material waste and dust workers' health problems 3 3 3 27

environment
Noisy project
environment

R24 Workers do not focus on work minorinuries

machine not Hamper the work process

checked before R25 Machine overturned or mired late P P ' 3 2 2 12
operation

Lack of to_ols R26 Workers cannot work optimally Work becomes late/ delay 3 2 2 12
and materials

Lack of quality R27 The results of_ the work do not Rework, more costs, late 3 9 9 12
work meet the quality control standards

Design

Incomplete R28 Affects the physical failure of the redesign, reworks, more 3 9 9 12

design data building costs, late
Inaccuracy and
incompatibility
of design
specifications

Average RPN 13.2
Note: S = severity, O = occurrence, D = detection, RPN = risk priority number

The results of the work do not
R29 meet the specified specifications
and designs

redesign, reworks, more
costs, late

Table 3 showed that the highest RPN reached 27 points, and the lowest RPS was at point 8. Materials
and equipment, workforce, occupational health and safety (OHS), and implementation risks were the
variables that consisted of risks with the RPN more than the average, and no risk factor with RPN more
than the average in force majeure and design variables. It indicated that during the construction, design and
force majeure did not significantly influence, even though all RPNs almost reached the average.
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Risk Ranking Based on Risk Probability Number
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Fig. 1. The value of risk probability number for each risk variable.

Fig. 1 showed that among the 29 risk factors, there were 8 (eight) risks which have points more than
the average of RPN, 13.2 and are considered as dominant risks. They are, i.e. (i) shortage of material
landfills, (ii) labour negligence, (iii) lack of awareness of workers to use personal protective equipment,
(iv) the machine/heavy equipment does not work well, (v) unstable soil conditions, (vi) groundwater level
conditions, (vii) unclean/ less clean the project environment, and (viii) noisy project environment. These
eight dominant risks are in the medium category, where the Sl value of severity, occurrence and detection
of each of them is between 37.5 and 62.5. The most dominant risk variable was the risk of implementation,
where unclean/ less clean the project had the highest RPN. It was connected to the shortage of material
landfills and had an impact on material waste scattered at the project site. These wastes were not only found
at one time but almost throughout the implementation of the project. The implementation issues of further
concern were unstable soil conditions, groundwater level conditions, and a noisy project environment.
These three issues can have a direct impact on the worker. For example, unstable soil conditions can cause
landslide excavations, and the impact is mired; minor and serious injuries (minor or major), hampered, late
work progress, etc. All the dominant risks that have been identified require control measures to propose.
Recommendations against the dominant risks are seen in Table 4.

Risks in Table 4 showed that there are several risks that have the same control recommendations,
such as action to clean up material waste regularly, add more landfills, and ensure that the construction
material is managed well in storage are the control in order to provide appropriate work. Besides area
cleaning matter, the other risk was related to implementation, for example, the site/ area condition, material
and the workforce. It was essential to manage the area because unstable area conditions could give several
impacts on the construction process, especially when heavy equipment is used. The unset and unmanaged
well of heavy equipment also could give influence the schedule and cost. The workforce risks such as
negligence and lack of awareness to use Personal Protective Equipment could cause minor/major injuries,
and if they occur, it will influence the productivity of the project (be delayed and late). Generally, the
control for these risks also comes from supervision. The supervisor should ensure that the SOP or rules
well implemented are important, so the supervisor's function is should maximal.
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Table 4. Risk control

Risk variable Failure mode

Effect

Control

Materials and equipment

material waste scattered at
the project site

Shortage of
material landfills

Dirty environment,
air pollution, and soil
pollution, workers'
health problems

provide more landfill/trash bin, disposing
(material waste) consistently and supervise its
implementation

Workforce

Labor negligence  Slipped down from a height,
hit by equipment and
materials

Workers do not use Personal

Protective Equipment

Lack awareness
of workers to use
Personal
Protective
Equipment

Minor and severe
injuries, die,
interferes the works
Slipped down from
height, hit by
equipment and
materials, minor and
severe injuries

conducting briefings before starting work and
warnings always to be alert and careful

strict supervision to ensure PPE is properly
installed, prohibited the workers from working if
not carried out according to SOP, provide
punishment for those who violate, prepare PPE
for the workers

Occupational health and safety (OHS) risk

The accidents, clash between
machine/heavy heavy equipment during
equipment does operations, falling tools

not work well

minor and severe
injuries, late

periodic checks on the heavy equipment and make
sure to fix it immediately before using it

Implementation risks

Unstable soil Landslide excavations
conditions
Groundwater Flood location

level conditions
Unclean/ less
clean the project
environment
Noisy project
environment

Material waste and dust

Workers do not focus on
work

mired; minor and
serve injuries

cannot work/ work
hampered
workers' health
problems

minor injuries

stabilizing the soil either mechanically or with
additional materials, vacuum consolidation or
maintaining soil slope with additional retaining
structures/constructions

dewatering to reduce the high of the water level

regular and consistent cleaning of the work area
and gives warnings to workers

set the machine/ heavy equipment operation
schedule and ensure the workers use hearing
protection equipment.

4 CONCLUSIONS

Risk will always have the potential to occur in project construction, including the small dam project.
These risks will have an impact not only in the construction phase but also after the construction is
completed. The unwell-built small dam could cause disaster when the small dam is operating. The dominant
risk occurred mostly in implementation and will influence productivity, time, and cost. Although there are
different risks, some risks can be recommended with the same handling method, for example, consistency
in doing work with SOPs and monitoring employee discipline and using appropriate work methods.
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