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Abstract: Traditional shipping ships abbreviated as Pelra have a different character from conventional ships.
Hypothetically, the application of Safety Management System (SMS) on Pelra is influenced by technical and
non-technical factors. These factors are control variables and determinants of action priorities if SMS is applied
to the safety of traditional shipping, so that it has implications as a basis for formulating and developing safety
policies for traditional shipping transportation in an effort to reduce the risk of accidents. This research uses
Structural Equation Modeling by analyzing expert opinions. The results of the analysis show that technical and
non-technical factors have a direct and interconnected effect on Pelra safety management. The dominant
influences are non-technical factors of authority and responsibility of the company and crew as well as the
feasibility of ship construction as technical and environmental factors..
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1. Introduction

Pelra has been used for centuries for trade and transport needs in Indonesia. The shipping
pattern of the Pelra fleet connecting growth centers on small and remote islands makes it very much
needed until today. Although in recent years the Pelra fleet has developed and experienced a change
in function from transporting goods to Pelra ships for tourism needs. Facts show that the Pelra fleet
has experienced a significant decline in its national role compared to 20-30 years ago. The main
obstacles faced are from the decrease in cargo, limited wood material as the main material for the
construction of the traditional shipping fleet, which has implications for the low level of safety due
to the many accidents in traditional shipping transportation [1].

As a non-convention vessel mandated to fulfil safety standards[2], Pelra is obliged to comply
with and implement safety policies. But until now, the implementation of a safety management
system (SMS) has not been implemented. In fact, the potential for accidents and ship damage is very
large, especially for ships sailing in Eastern Indonesian waters with high wave characteristics. Data
shows that in 2015-2020 there were 880 cases of ship accidents in Indonesia, and 10% of the total was
Pelra ship accidents. Therefore, the application of SMS is expected to reduce safety risks in Pelra ship
operations.

In general, the reference aspects in the application of SMS, especially conventional ships, are
divided into non-technical factors and technical factors. In the non-technical aspect, the human error
factor is an important concern in the operation of the ship due to the lack of awareness and
understanding of the crew of the shipping safety factors. Sometimes ignoring environmental factors,
the ability to understand the situation, accuracy in taking emergency action, not being able to use
safety and communication equipment properly, and lack of understanding in reading the shipping
channel. This is in line with human error theory which states that most accidents occur due to human
error, whether intentional or unintentional. Therefore, vocational schools should be designed to
minimise the possibility of human error[3,4].

Another factor is the responsibility of the company or ship owner in the implementation of ship
safety management. Companies must ensure that they provide adequate resources to fulfil ship
safety management needs and ensure that all crew members understand and can follow established

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202311.0503.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2023 doi:10.20944/preprints202311.0503.v1

safety procedures [5]. Companies should ensure that vessels and equipment used in ship operations
meet the necessary safety standards and undergo regular maintenance and testing. Companies
should also have clear policies on ship safety management and ensure that they are consistently
applied. In addition, companies should ensure that effective data collection, risk analysis and incident
reporting mechanisms are in place to support continuous ship safety management [6].

In the technical aspect, ship construction and stability factors are very important in SMS. Ship
construction must fulfil the standards and regulations set by regulatory bodies and must be done
correctly with materials that meet the right requirements and good ship building construction
processes. Likewise with ship stability, where the ship must be designed and constructed in order to
maintain stability during the voyage under various weather conditions and different loads [7]. It is
necessary to calculate the ship's weight point, centre of buoyancy pressure and metacentre point that
affect ship stability. Loading factors in relation to stability must comply with ship safety regulations
and standards. Therefore, the maintenance and regularity of ship construction and stability
maintenance is very important to ensure that the ship can operate safely and effectively.

SMS for domestic vessels is regulated [8] on ship safety management, covering several functions
such as safety and environmental protection policies, corporate responsibility and authority,
designated persons ashore, resources and personnel, ship operation, emergency preparedness,
reporting and analysis of non-conformities, accidents and dangerous occurrences, maintenance of
ships and equipment, documentation, and company audits, reviews and evaluations. These rules are
the reference in the implementation of SMS for ships in Indonesia. However, these conditions and
aspects cannot be directly adopted in the implementation of Pelra SMS, because it has different ship
characteristics.

Therefore, the output of the Pelra SMS should be to provide an assurance that ships are operated
and in a safe working environment by providing practical SOPs. It is necessary to evaluate all possible
risks to the ship, crew and environment, and establish appropriate countermeasures to address these
risks. Improve vessel safety management skills, including preparation for emergency situations
relating to safety and environmental protection. In this context, this study aims to find out what
factors and how much influence they have on the implementation of SMS in the Pelra fleet. This
research is expected to serve as a guideline in developing SMS concepts and policies for Pelra ships
based on these influencing factors.

2. Research Methods

2.1. Population Type and Sample

This research is a cross sectional study, analyzing the factors of Safety Management System
(SMS) elements if applied to traditional shipping sea transportation, using Structural equation
modeling (SEM) method, a multivariate statistical analysis that integrates regression analysis, factor
analysis, and path analysis. The application of SEM in transportation research has been used, among
others; sea transportation network integration [9], accessibility and connectivity[10], bus public
transportation[11], aviation service quality [12], and quality of goods distribution services[13]. The
data analyzed are the answers to the questionnaire of respondents who are experienced in the field
of marine transportation safety. The questionnaire was distributed online through Google docs,
containing research variable factors, measuring answers using a Likert scale, namely; value 5 =
strongly agree, 4 = agree, 3 = moderately agree, 2 = disagree, and 1 = disagree, and conducted a
reliability test and validity test on all variables. The population sample used was 265 respondents to
fulfill the minimum SEM requirement of 200 people[14]. Informants were selected using purposive
sampling technique, consisting of 90% men and 10% women, 32.4% high school education, 39.7%
Bachelor and Diploma and 27.9% postgraduate, 38.9% of respondents aged 30 to 40 years, 45.3% aged
41 to 50 years and above 51 years as much as 15.8%, respondents with work experience of 5 to 10
years as much as 45.7%, 11 to 15 years of work experience as much as 31% and those with work
experience above 15 years as much as 23.3%, other informant characteristics as in Table 1.
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Table 1. Characteristics of respondents according to Occupation.

Characteristics n %

Jobs

- Academics 30 11.3
- National SAR Agency (Basarnas) 44 16.6
- Indonesian Classification Bureau (ICB) 26
- Ditkapel Ministry of Transport 2.3
- Shipping Court 12 4.5
- Marine inspector 29 10.9
- Entrepreneur/ship owner 78 294
- Syahbandar 59 22.3

2.2. Research Variables

The identification of research variables consists of latent variables and manifest variables,
sourced from literature studies and in-depth interviews with the delphi method that have an influence
on improving the performance of Pelra Vocational Schools as in Table 2.

Table 2. Research variables.

Variable Latent Variable Manifest References Type
11 Establish rules and procedures for ship Minister of
safety and environmental protection Transportation
X190 Regularly monitor crew compliance Regulation No. PM
with vessel safety requirements 45 (2012) [8];
13 Ensure safety rules are implemented by | Malisan, J. (2013)
all crew members [24]; Widarbowo,
iy Ensure the availability of crew D. (2006) [25];
E X1.4 | resources in accordance with manning | Nurwahida. (2013)
§ regulations [27]; Jinca M. Y. %)
:% Prepare operation checklist for vessel (2002) [23]. '%
E‘ X1.5 | operations related to safety and %
% g personnel E
% X16 Consistent implementation of safety ﬁ,‘%
& management system regulations g
"§ Implementation of ongoing safety Z
g& X1.7 | management training for crew
V) members
Consistently conduct regular meetings
X1.8 | to find solutions to safety management
issues
Appoint crew members who
X1.9 | understand the safety aspects of the
vessel (skipper and shore personnel)
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Program and internally evaluate safety

safety management system

X1.10 e
activities
Evaluate the effectiveness of SMS and
X1.11 | review in accordance with established
procedures
Routinely check the completeness Losiewicz,
X2.1 | requirements of safety systems on Zbigniew et. al.,
board (2019) [32];
Understand the duties and Minister of
g X2.2 | responsibilities related to ship safety Transport
'g management system Regulation No. PM g
:?: Obtain precise, clear and easy clarity of 45 (2012) [8]; E
E\ = X2.3 | instruction in the implementation of Malisan, J. (2013) =
E g safety systems [24]; Bowo, L. P., & E
% o4 The skipper motivates the crew to Furusho, M. (2018) ﬁ?
%‘ implement the safety policy [33]; Antao, Pedro £
; 0.5 Routine strengthening of leadership to | et.al., (2019) [34]; z
8 ’ captains Qiao, Weiliang et.
Able to operate navigational al., (2020) [35];
oy equipment Chen, Dejun et: alz,
(2020) [36]; Besikgi,
E. B., (2019) [37]
3.1 Receive regular vessel safety training Minister of g
o ~ (skipper and shore personnel) Transportation E
5 Qé _ X3 Psychological examination of crew Regulation No. PM 5
% g g members before sailing 45 (2012) [8]; Kim, E‘
% g X3.3 Checking the physical condition of the Tae-eun et. al., E
= " | crew before sailing (2017) [38], Besikgi, g
X3.4 | Crew health check before sailing E.B., (2019) [37] Z
_ 4.1 Identify potential emergency situations Minister of
;hj, on board Transport g
é X4.9 Establish procedures for responding to | Regulation No. PM E
‘.g emergency situations 45 (2012) [8]; 73
i The crew must be able to respond Malisan, J. (2013) E
% quickly when conditions occur that [24]; Jinca M. Y. é
o0 X4.3 | jeopardize safety. (2002) [23]; Antio, g
£ Pedroet.al, (2019) | <
[34]; Qiao.{35}
g § . GE) g Establish procedures for controlling Minister of . E
g .g z § :‘:5 X5.1 | documents and data related to the Transport I(ZD f.j
< % A 9 =
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Organizing document and data control | Regulation No. PM
X5.2 | procedures related to the safety 45 (2012) {8].
management system
Establish and document authority,
responsibility, =~ and  coordination
X5.3 | patterns among crew members in the
implementation  of the  safety
management system.
o The ship-owner establishes regular Minister of
> X6.1 o
by ship maintenance procedures Transportation =
é The crew understands maintenance Regulation No. PM E
=
..qé X6.2 | operation manuals and routine 45 (2012) {8}; Tg
'g maintenance systems Malisan, J. (2013) E
o
i_} X6.3 The crew performs routine ship [24]; Jinca M. Y. &
» "~ | maintenance (2002) [23];
S X7.1 | Connection system
>‘:’ X7.2 | Ship body impermeability £
2 X7.3 | Transverse watertight bulkhead ) ) £
5 : - - In dept interview =
B X7.4 | Reinforcement of machine foundation ) @
a (delphi method) E
9] Reinforcement of deck and deck house RS
v X7.5 . %
o construction =
<
o X7.6 | Reinforcement of hatch area
X8.1 | Cargo layout _
> <
§ % ;.2; X8.2 | Type of cargo transported In depth interview E
R B X8.3 | Ship shape and size (delphi method) %
F
X8.4 | Wind, waves, currents and storms
X9.1 Checklist the condition and quantity of
_5 " | safety and navigation equipment "
b — —
.go % X900 Guidelines for the use of safety and £
A~ : S . . . c
g = navigation equipment In depth interview %
g é X9.3 Placement of safety equipment in an (delphi method) E
%\ gr | easily accessible location @
= =
s X4 Crew skills using safety and
" | navigation equipment

2.3. Conceptual Framework and Hypothesis

According to [15] that safety culture is built due to knowledge and frequent safety training.
However, these two things can only be implemented if there is compliance with safety aspects. In
addition, safety performance will improve if supported by good policies and institutions [16].

In this study, the aspects of safety knowledge, safety training, safety policy, and institutions
which are latent variables consist of nine factors and are derived into manifest variables consisting of
technical / environmental factors and non-technical factors. The shape of the structural model (Y) is;
Y =f(X1, X2, X5, X4, X5, X6, X7, X3, Xo), where the measurement model is X1 = f (X1.1, X12, X13, X14, X15,
X16, X17, X18, X19, X110, X1.11); X2 = f (X213, X22, X23, X24, X25, X26); X3 = f (X3.1, X32, X33, X34); Xa = f (X4,
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Xa2, X43); X5 =f (X51, X52, X5.3); X6 =f (Xe.1, Xo2, X63); X7=f(Xr1, X7.2, X73, X74, X75, X7.6); Xs=f (Xs.1, Xs2,
X33, Xs4); dan Xo=f(Xo.1, Xo2, X93, Xo4). The relationship between technical and non-technical variables
based on the structural model and measurement model can be seen in the conceptual framework of

Figure 1.
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Figure 1. SEM conceptual framework.

Based on the relationship between variables in the SEM conceptual framework, the hypotheses
(Hi1 to Ho) have a direct and positive effect on improving Transportation Safety performance (Ho).
Thus, the formulation of the research hypothesis is [(Hi to Ho) = (Ho)]

3. Results and Discussion

3.1. Statistical Test of Data and Measurement Model

The consistency of the questionnaire reliability obtained Cronbach’s alpha (CA) value is in the
range of 0.73 - 0.86, quite good and reliable as a measuring tool. The results of the validity test on 44
indicators with a confidence level of 95% have a value of r count = 0.232, meaning that all indicators
are valid, the data normality test with the critical ratio skewness value criterion is + 1.98 at a
significance level of 0.03, the data is normally distributed, the critical ratio skewness value and the
kurtosis ratio are between -2 to +2 [17]. The outliers test results show a significant value of p<0.001 so
that there are no outlier observations. Furthermore, the multicollinearity test shows the value of the
determinant of sample covariance matrix of 4.438, far from zero so it can be concluded that there are
no multicollinearity and singularity problems in the analyzed data.

To ensure the reliability and validity of the proposed model, a separate Confirmatory Factor
Analysis (CFA) was conducted. The analysis results in table 3 show that the composite reliability
value of each construct reliability (CR) of each manifest variable is above the acceptable threshold of
>0.7 [18], the factor loading value is also above >0.5 [19] and all average variance extracted (AVE)
values are above the acceptable threshold (>0.5) as proposed [20]. Therefore, it can be confirmed that
the proposed CFA model has high reliability. In addition, testing the discriminant validity by
comparing the correlation coefficients between the constructs using the square root of AVE values in
table 3 shows that the discriminant validity of the proposed model is also fulfilled as all the square
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root of AVE values are greater than the corresponding correlation coefficients between the constructs
as suggested [20]. This indicates that all manifest variables have a significant effect on each latent
variable. CFA validation of measurement model analysis can be seen in appendix 1.

3.2. Structural Model Analysis

To evaluate the quality of the model, goodness of fit (GOF) tests were conducted including sig-
probability, RMSEA, GFI, AGFI, CMIN/DF, TLI, and CFI using the standardized cut off criteria values
listed in Table 4. The initial hypothesis of the structural model is that all latent variables (i.e. X1 to
X9) have a significant influence directly on the application of SMS in Pelra sea transportation (see
Figure 1). The results of the initial model test showed that the GOF value did not meet the criteria
(not good) so that modifications to the structural model were made. testing and estimating a new
model by changing the path between latent variables and other latent variables, connecting one latent
variable to another latent variable, or connecting one manifest variable to another manifest variable,
until the most optimal model could be found [21].

From the many modifications, the best structural model is found in Figure 2. The modification
is done by changing the path that initially all latent variables have a direct effect on SMS, to latent
variables that not only have a direct effect but also have an indirect effect. The safety and navigation
equipment variable (X9) is influenced by the company's responsibility and authority variable (X1)
and the crew's responsibility and authority variable (X2) and then affects the implementation of SMS.
Variable X1 directly affects variables X3, X7, and X9, while variable X2 directly affects variables X4,
X5, X6, X8, and X9. Variables X1 and X2 influence each other. Meanwhile, SMK is directly influenced
by all latent variables, namely X1, up to X9. The complete structural model diagram can be seen in
Figure 2, while the GOF value of the model can be seen in Table 3.
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Figure 2. Best Modified Full Structural Model Results.

© ®

The model fit test results in table 3 show that the modified model is quite good as in figure 2,
because all test criteria, including sig-probability, RMSEA, GFI, AGFL, and CMIN/DF, meet the
specified requirements. Although there are two test variables whose values are below the cut off
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value limit, namely TLI and CFI (marginal fit acceptance), this model is still acceptable because the
range of values is still quite close to the cut off limit [22]. According to [17], if two or more test criteria
show that the model fits the existing data, it can be concluded that the model is good.

Table 3. Full structural model test results.

Standardized cut- GOF test
Test Criteria L. Description
off criteria results

Sig-Probability >0,05 0.083 Good fit
RMSEA <0,08 0.047 Good fit
GFI >0,90 1.484 Good fit
AGFI >0,90 0.915 Good fit
CMIN/DF <2,00 1.720 Good fit
TLI >0,95 0.945 Marginal fit
CFI >0,95 0.921 Marginal fit

Description : GOF = goodness of fit; RMSEA= root mean square error of approximation; GFI = goodness of fit
index; AGFI = adjusted goodness of fit index; CMIN/DF = the minimum sample discrepancy function; TLI =
turker lewis index, CFI = goodness of fit index.

3.3. Model Interpretation

The results of testing the suitability of the SEM model show that the significance of the
relationship affects directly or indirectly, and provides an overview of how much influence between
latent variables are on the implementation of Pelra SMS. as the estimated value in Table 4 shows how
much correlation between variables.

Table 4. Results of SEM Model Fit Testing on the Application of Pelra Vocational Schools.

Variables Estimate S.E CR Description Inﬂu.ence
rating
X1 2> X9 0.590 0.187 7.452 significant -
X1 2> X3 0.506 0.023 8.704 significant -
X1 >X7 0.691 0.095 10.450 significant -
X2 >X4 0.703 0.150 8.054 significant -
X2 > X5 0.609 0.034 8.334 significant -
X2 > Xeé 0.534 0.090 3.903 significant -
X2 > X8 0.804 0.056 6.034 significant -
X2 >X9 0.690 0.056 12.434 significant -
X1 - SMS 0.810 0.138 10.034 significant 2
X2 - SMS 0.842 0.084 6.430 significant 1
X3 - SMS 0.585 0.041 4.899 significant 7
X4 -> SMS 0.555 0.039 6.346 significant 8
X5 ->SMS 0.503 0.040 13.441 significant 9
X6 > SMS 0.618 0.042 14.434 significant 6
X7 > SMS 0.803 0.023 8.233 significant 3
X8 > SMS 0.785 0.076 7.034 significant 4
X9 ->SMS 0.704 0.092 8.438 significant 5
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Based on the estimated value that reflects the level of positive and significant influence on the
implementation of SMS on Pelra vessels as in Table 4, it is in the range of 50.3% to 84.2%. Thus, the
hypothesis [(H1 to H9) = (HO)] based on the SEM model fit test indicates that the latent variables (X1
to X9) have a direct effect on the application of SMS. It was found that the crew responsibility and
authority variable (X2) is in the first place, and the second place is the employer responsibility and
authority variable (X1). Construction variables, ship stability, safety and navigation equipment, ship
maintenance, administration and documentation, emergency preparedness, and resources and
personnel variables follow this. Variable X2 with manifest variables explained by indicators X2.1,
X2.2, X2.3, X2.4, X2.5, and X2.6 as much as 84.2%. Administration and documentation variables (X5)
have a positive and significant effect on applying SMK on Pelra vessels (H5 = accepted). Variable X5
can be explained by indicators X5.1, X5.2, and X5.3 as much as 50.3%.

From the estimate values in Table 5, the level of influence of each factor on the application of
SMS is ranked from the highest influence to the lowest, namely the factors of crew responsibility and
authority (X2), company responsibility and authority (X1), ship construction (X7), ship stability (X8),
safety and navigation equipment (X9), ship maintenance (X6), resources and personnel (X3),
emergency preparedness (X4), and administration and documentation (X5), the order of influence is
shown in Figure 3.

100.0% ~

90.0% - 84.2%
81.0% 80.3% 78.5%

80.0% -
70.4%
70.0% - 61.8% 58 5%
60.0% - e
50.3%
30.0% 1 Relatively High influence
40.0% -
30.0% - I I
X2 X1 X7 X8

percentage (%)

Rela’irely Ion inﬂulence
X9 X6 X3 X4 X5

Figure 3. Order of influence of each factor on the implementation of SMS Pelra.

20.0% -
10.0% -
0.0% -

3.4. Implications of Non-Technical and Technical Aspects of SMS Implementation

The non-technical aspect of crew responsibility and authority (X2) is the most significant variable
affecting the implementation of Pelra SMS. This is because the captain's role is very important in
coordinating activities while at sea. Responsible for the safety of the crew and the safety of the ship,
as well as determining technical policies during the voyage including when the ship experiences
emergency conditions[23]. The crew at sea who ensure the ship is in a seaworthy condition by
carrying out regular maintenance, carrying out the loading process of goods that affect the stability
of the ship, and must understand safety aspects and navigational activities. Likewise, land personnel,
whose role is very significant, organize and coordinate safety implementation activities before the
ship sails. Currently, the initial competence of Pelra ships is considered inappropriate and lagging
behind in mastering technology so it has a strong correlation with the occurrence of accidents [24}.
This is also in line with the research of[25] which explains that 54.7% of Pelra crew members have
poor competence.

The second most influential variable on Pelra SMS is the variable of responsibility and authority
of the company or ship owner. Pelra is still managed traditionally (kinship relations) placing the ship
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owner as the owner of the capital ‘punggawa darat’ as the most respected person, responsible for
financing ship operations and ensuring the lives of crew members[23]. The provision of competent
ship personnel resources in accordance with the requirements of the legislation is the responsibility
of the company which until now is still difficult to fulfill. Likewise, the provision of modern safety
and navigation equipment and the certainty of ship construction are in accordance with the standards
of the Indonesian Classification Bureau (ICB).

The company's main problem in organizing Pelra is the cost factor. Pelra’s market share has
decreased significantly, so revenue from ship transportation is not balanced with the number of costs,
both variable costs and fixed costs [26]. On the other hand, the company is responsible for providing
resources and personnel who have educational requirements, and experience at sea so that
understanding of shipping safety increases even though the consequence is the provision of decent
salaries [28]. Likewise, the provision of safety and navigation equipment is quite expensive, and must
carry out regular ship maintenance considering that the Pelra fleet is mostly old.

Theoretically, these findings support the theory of safety levels that can be implemented in Pelra
maritime transport. The variables formed reflect the high influence of human error (crew) and
company management in the implementation of Pelra’s SMS. The ability of the crew must be in line
with the company's ability to manage safety management, especially in relation to attitudes and
behaviors that form a safe culture. However, the fact is that the inclusion of all variables found in the
implementation of Pelra SMS will be faced with obstacles in the field. Especially the seriousness of
the company/ship owner in implementing SMS because it will have cost consequences, amid Pelra’s
inability to compete with conventional ships that take Pelra’s cargo market share [29].

Technical Aspects (Ship Construction and Stability), the results of SEM analysis show that the
construction variable (X7) also has a direct and positive effect on the implementation of SMS, while
it also affects the ship stability variable (X8). These conditions result in ship construction is very
important in realizing SMS, and the feasibility of dynamic stability is related to the shape and size of
the ship. Loading on the Pelra ship construction system greatly affects the longitudinal and transverse
strength of the ship which is critical to the influence of waves. The results of research[24] show that
the transverse and longitudinal strength of ships under the size of 150 GT has complied with the
established regulations and even impressed over scantling 20-50%. Likewise, 360 GT ships are
estimated to be very strong to withstand stresses in ship construction with values in the range of 2-
11 kg /cm2, far below the permissible stresses of wood building materials, and deflection/deflection
in the range of 0.005 - 0.025 mm [23]. Even so, these vessels still do not fulfill the technical
requirements to ensure safety because their construction design still follows the traditional way.
Some parts of the ship that are very risky include the connection system, hull tightness, transverse
watertight bulkheads, reinforcement of the engine foundation, reinforcement of deck and deck house
construction, and reinforcement of the hatch area when receiving hydrostatic loads.

Previous research also found that the transverse bulkhead separating the engine room and hatch
and separating the bow and hatch in the construction system had not been made watertight, so that
this often made the entry of water into the ship which had the potential to sink. In the construction
of reinforcing the engine foundation in several ships, especially <150 GT, it is still found that it is not
strong enough to accept the vibration of the propulsion engine. In addition, the deck house
reinforcement construction that receives external / wind loads and accommodation loads is relatively
smaller than the robustness of the ship's construction. Damage to the deck building construction is
mostly due to collisions, ship and dock collisions when the ship is moored at the dock [23].

From the aspect of stability[24] have conducted stability calculations on Pelra cargo vessels of
104 GT, 136 GT, and 150 GT with the highest percentage of accidents. The results showed that the
ship met the technical seaworthiness criteria based on stability, especially from the aspects of stability
curve area, GZ righting arm, and metacenter height (MG) required by IMO. This is in line with the
results of research[23] on a 360 GT ship where the feasibility of stability is considered good in Beaufort
wind conditions 4, 5, and 6. On the conversion ship from a general cargo pinisi to a live aboard tourist
pinisi, stability is also obtained that meets IMO criteria up to a wave height condition of 3.12 m [30,31].
Likewise, the results of stability calculations on the Ratana Pinisi tourist ship obtained the KG weight


https://doi.org/10.20944/preprints202311.0503.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2023 doi:10.20944/preprints202311.0503.v1

11

point, GM point, and maximum GZ when heeling with 100% full load conditions, and 50%
consumables still meet the stability criteria, wind moments still meet the stability standards on the
Beaufort 4 wind scale, but if the Beaufort 5 wind scale will experience interference/failure.

The findings of the technical aspects of stability will have implications for the implementation
of SMS Pelra, especially on coastal and inter-island shipping in underdeveloped, outermost, frontier,
and border areas ‘3TP’ which are estimated to have natural sea conditions on a wind scale ranging
from Beaufort 4-6. The weather information system is very important so that it becomes the basis for
the implementation of the voyage. In addition, supervision must be carried out on the type of cargo
transported, considering that in some areas the Pelra fleet also transports dangerous goods and
motorized vehicles. Likewise, the supervision of the procedure for the preparation of goods often
does not heed the safety aspects. The crew's lack of understanding of ship hydrodynamics, poor
loading arrangements, and loading too many goods result in the ship being over-drafted and having
a small reversing moment. This results in the ship losing stability during bad weather and then
sinking[24}.

4. Conclusion

Traditional shipping Vessels have an important role in improving connectivity and distribution
of goods to inland areas in Indonesia. Pelra includes non-convention vessels that have not
implemented SMS, so accident cases occur every year, especially vessels <150 GT. Problems from
technical and non-technical aspects have an impact on the application of SMS which affects the
performance of seaworthiness and safety of Pelra ships. Technical factors and non-technical factors
are interconnected and jointly affect the application of Pelra SMS. However, the most dominant
factors are the variables of authority and responsibility of crew and company, and ship construction.
Other variables that influence are stability, safety and navigation equipment, emergency
preparedness, administration and documentation, ship maintenance, and personnel resources.

Theoretically, this finding can be a basis for consideration in the preparation of the concept of
safety management on non-convention wooden ships such as Pelra by adopting all influential
variables, including the concept of policy systems, information and reporting systems, operational
systems, risk management systems, supervision systems, maintenance systems, and crew training
systems. These findings also have implications for the increased burden on ship-owners because they
must provide competent crew, ensure the ship is technically feasible (construction and stability), able
to identify risks to minimize emergencies, able to provide safety and navigation equipment in
accordance with international regulations, and must carry out regular ship maintenance.
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Appendix 1, Overall measurement model convergent validation results

Latent and manifest variables FL SE CR AVE CA
Corporate responsibility and authority (X1) 091 0.69 0.77
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Latent and manifest variables FL SE CR AVE CA
X1.1 0.67 0.033
X1.2 0.76 0.021
X1.3 0.82 0.024
X1.4 0.65 0.019
X1.5 0.85 0.042
X1.6 0.66 0.040
X1.7 0.84 0.032
X1.8 0.70 0.081
X1.9 0.67 0.022
X1.10 0.72 0.041
X1.11 0.78 0.039
Crew responsibilities and authority (X2) 0.89 0.65 0.81
X2.1 0.81 0.018
X2.2 0.89 0.021
X2.3 091 0.023
X2.4 0.71 0.041
X2.5 0.83 0.025
X2.6 0.74 0.038
Resources and personnel (X3) 0.85 0.75 0.73
X3.1 0.69 0.051
X3.2 0.89 0.049
X3.3 0.74 0.043
X3.4 0.65 0.030
Emergency readiness (X4) 0.84 0.77 0.79
X4.1 0.82 0.017
X4.2 0.77 0.029
X4.3 0.67 0.024
Administration and Documentation 0.79 0.68 0.74
(X5)
X5.1 0.61 0.043
X5.2 0.72 0.053
X5.3 0.76 0.033
Ship maintenance (X6) 0.81 0.64 0.75
X6.1 0.68 0.041
X6.2 0.77 0.047
X6.3 0.79 0.028
Ship Construction (X7) 0.70 0.61 0.82
X7.1 0.81 0.021
X7.2 0.59 0.037
X7.3 0.63 0.035
X7.4 0.73 0.019

X7.5 0.80 0.023
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Latent and manifest variables FL SE CR AVE CA
X7.6 0.65 0.042
Ship stability (X8) 0.69 0.70 0.86
X8.1 0.91 0.022
X8.2 0.77 0.049
X8.3 0.82 0.037
X8.4 0.67 0.029
Safety and navigation equipment (X9) 0.73 0.64 0.82
X9.1 0.78 0.021
X9.2 0.89 0.047
X9.3 0.76 0.046
X9.4 0.66 0.033

Description: FL = factor loading; SE = standard error; CR= Construct reability; AVE= Average variance extracted;
CA = Cronbach’s alpha.
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