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Abstract. One factor driving accident that Human error. To minimize the occurrence of traffic accidents
on the toll Suramadu necessary to analyze the driving safety engineering. There are nine drive-based HTA
activities include Deselerate, Adding Speed, Stable, check behind the vehicle, check the vehicle in front,
view mirrors, Lit beacon lights, Precede, yet precedes. Method SHERPA and HEART methods approach
that aims to find great value HEP so that the most dominant factor in traffic accidents due to the driver can
be determined, based on such things can be done in driving safety engineering. Based on the identification
and analysis of the results obtained HEP value is 1,488, or 149%, for the types of errors in point 2.3.3 which
precedes activity with limited time item, the risk does not fit that predicted, and requires a decision that
depends on the ability of the rider so that needs to be done improvement in the behavior of motorists to pay

attention to safety driving such as traffic warning symbol.
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1 Introduction

Is the longest toll Surabaya Madura (Suramadu)
National Bridge connecting the island of Java
(Surabaya) and Madura Island in (Bangkalan) with a
length of 5,438 m. Is one of the longest toll freeway
traffic at high risk such as traffic accidents. Traffic
accidents occur due to various factors, such as nature
and the environment, infrastructure, and human error.
Human error is an error or failure committed by
motorists who deviate from predetermined rules,
irregularities committed by the driver that causes
frequent traffic accidents occur. Some of the factors that
affect human error include fatigue, age, health, the
environment noisy or messy, and so forth [1]. One
approach is to identify the human error that caused a
traffic accident on the longest toll Suramadu Sytematic
method is to approach Reductionand Prediction Human
Error Approach (SHERPA) and methods Human Error
Assessment and Reduction Technique (HEART).

1.1 Human Error and Accident

Human error is often defined as the natural thing to
happen to humans, but has a detrimental impact on
productivity. Human errors often occur in the
production process as well as other parts of the
company, such as typing errors when human letter using
a typewriter, an error reading information on when the
body is tired. Human error can be minimized using good
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management and structured work, maintain body
condition in order to stay focused while doing the job
[1]. Accident is a condition involving the victim, both
life and property by accident. According to Pasal 93 in
Peraturan Pemerintah No. 43 Tahun 1993 that the
accident is an event in the unexpected and unexpectedly
and unintentionally involving road users and result in
loss of property. Accidents often occur due to
negligence of humans in terms of both road users and
facility providers. Accidents can be caused by several
sources that lack of awareness of the man of regulations
on the highway, the lack of adequate facilities, the lack
of police fleets, and the condition of the road it self [7].

1.2 Human Reliability Assessment

Human reliability is an ability possessed by individuals
in completing a job or a duty charged in a system with a
predetermined time. Human reliability in a working
system, can be judged from the least errors that occur
due to the fault of the individuals themselves. Criteria
for a reliable man in a working system is when all of the
functions that have been set, done well under the
conditions stated previously [3]. Human reliability
assessment was done to help the system designer,
manager, or operator in finding ways to improve the
reliability of work, job security, and profitability of a
technology system. The conduct an assessment of the
reliability of a human, it is expected to be able to see a
hazard that may arise during work operations as well as



E3S Web of Conferences 328, 05001 (2021)

ICST 2021

https://doi.org/10.1051/e3sconf/202132805001

help determine the most appropriate way to reduce the
risk will occur and affect the reliability of the human
[12].

1.3 SHERPA Method

SHERPA method is a qualitative method for analyzing
human reliability in a system. SHERPA method can be
used to analyze the potential for human error associated
with the ability or behavior of the operator. SHERPA is
the basic input method outlined taks basic level using
Hirarchical Task Analysis (HTA). The advantage of
using SHERPA method is that it helps the system
designer, manager, or operator in finding ways to
improve the reliability of work, job security, and
profitability of a technology system [6]. Here are the
steps for analyzing human reliability using SHERPA.

1. Make Hirarchical Task Analysis
Manufacture Hirarchical Task Analysis (HTA) is
made to describe the tasks and sub-tasks performed
in the production process.

2. Identify Human error
Human error identification process is to determine
the error mode each task performed.

3. Analysis of the consequences of errors and ordinal
probability of error.
Consequences of error is the result obtained when
the error occurs in a process. Error probability
ordinal analysis is the process of assessment of the
error that occurred, the error that has a high
possibility of error is high and which has a low
possibility is low.

4. Analysis Improvement Strategies.
Analysis of the improvement strategy is a solution
that can be used to prevent human error which may
occur in a system

1.4 HEART Method

HEART method is an error quantification method for
human error mengientifikasi to see the most dominant
factor in creating an error. The occurrence of error is
influenced not only by one factor alone, such as operator
kedaan weary and heavy workloads. HEART method
will mengeyampingkan error factor whose value is
smaller than other factors, determining the most
dominant factor is to look at the factors that have a value
of HEP (Human Error Probability) is the highest [6].
Here are the steps for analyzing human reliability using
methods HEART.

1. Grouping in the Generic Task Type
Each task in the production process compared to the
category of taks to determine the value of human
unreability.

2. Identification of Producing Error Value Condition
(EPC).
Great determination condition producing error
values grounded by determining factors that
resulted in the error.

3. Determine Proportion of Effect

Value of the proportion of effect diapatkan from
interviews with specialists who understand the
process as a whole. Assessment is done on each task
performed.
4. Calculating the Effect Assessed

Effect Assessed calculations performed to calculate
the value of Human Error Probability, following
formula is used to calculate Assessed Effect

AE\ (EPC-1). (POE) +1 (1)

5. Calculating the Value of Human Error Probability
Human error probability value will determine the
tasks that have incidence highest human error. Here
is the formula used to calculate the value of HEP.

HEP=Assessed Effect x Human Unreability )

2 Research Approach

This research was conducted at the toll Surabaya
Madura (Suramadu). Components of toll items
examined are motorists on human error when going past
the cross, while stale rigorous environment is a warning
sign that appears along the highway Surabaya Madura.
Identification of human error begins by describing the
task of motorists using the HTA which is about the
behavior of motorists while crossing the highway. The
next step identifies human error that occurs at every
level by using SHERPA and HEART. Based on the error
that had been predicted, made the representation of
human error by using a fault tree diagram. As for the
human error that is represented is the toll of traffic
accidents in Surabaya Madura, which is divided into 3
include:
1. A motor vehicle that is picking up speed vehicle
speed suddenly.
2. A motor vehicle that reduces the speed of the
vehicle suddenly.
3. The existence of a motor vehicle which is still not
reduce or increase the speed while driving.
4. The presence of vehicles that do not turn on when
the sign will precede.

The results of the identification of the fault tree
diagram of human error resulting from motorists who
can cause an accident on the highway traffic.
Furthermore, the methods HEART calculated value of
the probability of occurrence of each such human.

3 Result And Analysis

Hirarchical task analysis (HTA) is used to describe and
analyze how a driver interacts with the system or with
other personnel who are in the system. HTA is done to
simplify the process of identifying human error that
occurred in the longest toll Suramadu. There is a major
task which will then be at the breakdown in sub-tasks or
the basic tasks of an activity, as illustrated in Figure 1.
Based on the obtained HTA there are nine activity in
driving activity. Of the nine subsequent drive activity in
human error identification based on table 1 is the
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category of error SHERPA [9]. This is to determine the
error mode of each activity or task being performed.
Following the identification of human error as listed in
Table 1.

After the error mode on each activity is identified,
then the consequences of error analysis and probability
of error. This is done to know the result obtained from
the error while driving, such as on the activity of error
decelerate have consequences that do not know if there
are other vehicles that will precede Potentially that could
cause an accident with a probability of error is the
medium category. Based on the identification of human
error, error mode and consequence analysis error and
error probability is needed repair strategy to minimize
and even prevent the occurrence of human error which
may occur in driving as set out in Table 2. Sample
strategy 1.1.1 improvement in activity that sets the speed
stably while Motorists driving and saw a maximum limit
signs every km/h.
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Fig 1. Hirarchical Task Analysis

Table 1. Identification of human error.

Activity Error mode Description of
No
the error
1.1.1 | Decelerate | Activity Not Does not reduce
done the speed of the
vehicle
1.1.2 Adding Activity Not | Do not add to the
speed done vehicle's speed
1.1.3 Steady Activity Not | Does not increase
pace done or decrease the
speed
2.1 Check the | Activity Not | Do not check the
vehicle done conditions behind
behind the vehicle
2.2 Check the | Activity Not | Do not check the
vehicle in done conditions behind
front the vehicle
2.3.1 See Activity Not | Do not check the
. done rear view mirror
rearview . S
while driving
232 Action carried Sign lights
Turn on ;
the lights out too fast or turning on and
. slow off too fast or
sign
slow
2.3.3. Precede Activity Not NOF prec.e(.les
done while driving
2.4 Still not Activity Not Still not precede
Precede done while driving

HEART analysis was conducted to determine the
probability of human error value of each task on a basic
level when driving on the Toll Road. Based on the
comparison drive activity into the category of tasks [6],
do the grouping in order to obtain the Generic Task Type
unreability human value of 0:02 in activity 1.1.1, while
activity 2.3.2 and 2.3.3 of 0.0004 and 0:16 as described
in the table 3.

Based on the activities undertaken in the process of
driving on the largest Toll Suramadu the main activity
that regulates the speed and maintain distance from
other people. Next will be at the breakdown in sub-tasks
or task basis of an activity [17], in order to obtain
nominal EPCs, Proportion of Effect, and Effect
Assessed highest on items limited time on each activity
at 10, 0.5 or 0.3, and 5.5, so that the value of the
contribution on items limited time by 53% to 81% as
shown in table 4.

Table 2. Analysis of the consequences of error, error

probability ordinal and Improvement Strategies.

Consequences Error Improvement
No probability Strategies
1.1.1 | Do not know if Medium Set the speed
there are other stably while
vehicles that driving and saw
will precede motorists
that could maximum limit
potentially signs every km/h
cause an
accident

1.1.2 | Do not know if High
there are other
vehicles that

Arranging a safe
distance when
driving with a

will stop that minimum
could interval of one
potentially rider around the
cause an vehicle in front
accident
1.1.3 Resulting in High Increase
the vehicle awareness brake
approximately arrangement
participate with both when
braked driving
suddenly and

the potential
occurrence of

accidents
between
vehicles
2.1 Do not pay High Set the speed
attention to the stably when
conditions mendahulungi
around the other riders and

motorists see the
maximum limit

vehicle when
preceded that

could signs every km/h
potentially
cause an
accident
2.2 Do not pay Medium Checking the
attention to the rearview well

condition of

the vehicle in
the rear so that
driving at will

when driving
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and could
potentially lead
to accidents

2.3.1 Do not pay Medium Raising
attention when awareness of the
the rearview use of rear view
mirror will mirror to detect
precede other the condition
vehicles and around
automatically
does not know
the conditions
surrounding
that could
potentially
cause an
accident
2.3.2 | Other vehicles High Arranging a safe
not know if distance when
there are riders driving with the
who will driver about
precede that overtaking
could
potentially
cause an
accident
2.3.3. Resulting in High Increase
another vehicle awareness brake
that exists arrangement
around an with both when
abrupt halt drivingDo not
when there is a add to the
rider that vehicle's speed
would precede
that could
potentially
cause an
accident
2.4 Not preempt High Increase
another vehicle awareness brake
so as to keep arrangement
order on the with both when
road driving

Table 3. Effect Assested and Contributions

2.33. Precede C 0.16
2.4 Still not D 0.02
precede
Table 4. Activity EPC Description
No Activity EPC Description
1.1.1 Decelerate 2 Limited time
12 Risk does not fit that
24 predicted
Requires decision making
that relies on the experience
and ability of the rider
1.1.2 Adding 2 Limited time
speed 12 Risk does not fit that
24 predicted
Requires decision making
that relies on the experience
and ability of the rider
1.1.3 Steady 2 Limited time
pace 12 Risk does not fit that
24 predicted
Requires decision making
that relies on the experience
and ability of the rider
2.1 Check the 2 Limited time
vehicle 17 Cheking less intensive
behind 24 Requires decision making
that relies on the experience
and ability of the rider
2.2 Check the 2 Limited time
vehicle in 17 Cheking less intensive
front 24 Requires decision making
that relies on the experience
and ability of the rider
2.3.1 See 2 Limited time
rearview 15 Motorists are not
accustomed to seeing the
24 rearview
Requires a decision that
depends on the rider's ability
232 Turn on 2 Limited time
the lights 23 The non-functioning lights
sign sign
23.3. Precede 2 Limited time
12 Risk does not fit that
24 predicted
Requires decision making
that relies on the experience
and ability of the rider
24 Still not 2 Limited time
precede 12 Risk does not fit that
24 predicted

Requires decision making
that relies on the experience
and ability of the rider

No Activity Nominal Proportion of
EPCs Effect
1.1.1 Decelerate E 0.02
1.1.2 Adding speed E 0.02
1.1.3 Steady pace D 0.02
2.1 Check the E 0.02
vehicle behind
2.2 Check the E 0.02
vehicle in front
2.3.1 See rearview E 0.02
2.3.2 Turn on the G 0.0004

lights sign
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Table 5. Effect Assested and Contributions 2.4 Still not precede 0.1824
No Activity | Nominal | Propor | Effect | Con
EPCs tion of | Assess | trib
Effect ed utio Table 6 obtained by The HEP value is 1,488, or
1 149%, the HEP value for this type of error with 2.3.3
111 Decelerate ! f 82 ;g gng] numbers that precede activity with limited time item, the
16 02 112 120/2 risk does not fit that predicted, and requires a decision
that depends on the rider's ability. While the smallest
112 Adding 10 0.5 55 60% adalahnilai HEP value for this kind of error with 2.3.2
speed 4 0.5 2.5 27% numbers sign that activity turn on the lights with a
1.6 0.2 112 | 12% limited time items and non-functioning lights sign that
has a value of 0.00272 or 0.272%.
1.1.3 Steady 10 0.5 5.5 60%
pace 4 0.5 2.5 27%
1.6 0.2 L12 | 12% 4 Conclusion
2.1 Check the 10 0.3 3.7 53% Identify the cause of the accident on the largest toll
vehicle 3 0.5 2 29% Suramadu method approach SHERPA and methods
behind 1.6 0.4 1.24 | 18% HEART obtained there are nine activity in the activities
of driving, among others Decelerate, Adding speed,
2.2 Check the 10 03 371 53% Steady pace, checked the vehicle behind, checked the
vehicle in 3 0.5 2 ZQZA’ vehicle in front, See rearview, Turn on the lights sign ,
front 1.6 04 124 ) 18% Precede, Still not precede by HTA. From the results of
231 See 10 05 55 68% the identification and analysis using .method aqd
rearview 3 0.2 14 17% HEART SHERPA earned value method biggest HEP is
1,488 or 149%, the HEP value for this type of error with
1.6 0.3 1.18 | 15% 2.3.3 numbers that precede activity with limited time
item, the risk does not fit that predicted, and requires a
232 Turn on 10 0.5 5.5 81% decision that depends on the ability of the rider so that
the lights L6 0.5 L3 | 19% the necessary improvement in the behavior of motorists
sign to pay attention to safety as a warning to the traffic
23.3. | Precede 10 0.5 33 | 39% symbol. While the smallest HEP value is the value for
4 05 25 27% he t f error with 2.3.2 numbers sign that activit
1.6 0.5 13| 14% the type of et ) <32 DUIDCTS SIE Y
turn on the lights with a limited time items and non-
24 Still not 10 05 55 60% functioning lights sign that has a value of 0.00272 or
precede 4 0.5 25 | 27% 0.272%.
1.6 0.2 1.12 12%
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