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Introduction 
Liquefaction is a phenomenon in which saturated sand loses a large percentage of its shear resistance and flows in a 

manner resembling a liquid until the shear stresses acting on the mass are as low as its reduced shear resistance. 

Liquefaction of mineral ores have resulting cargo shifting in the cargo hold of ships and losing its stability (Biswas & 

Naik, 2010). 

 

ABSTRACT 
The term cargo liquefaction has been rapidly becoming a significant issue in the maritime industry. 

The way of the cargo stockpile has been stored is one of the factors of cargo liquefaction. It isn't 

easy to notice and be aware of the indicator of the cargo liquefaction before loading the cargo. So as 

a step of precautions, some laboratory test methods should be carried out from the very essence of 

the cargo operation. However, the main factor is human error. So, better improvement in the tests 

should be improvised to enhance cargo operation efficiency and effectiveness. For safety, the cargo 

operation needs to be done accurately to minimize the risks and avoid the hazards when the ship 

carries cargo that may liquefy. Based on the previous accidents, crucial lessons should be 

highlighted and learned as experienced. Few cases are studied and recommended to avoid accidents 

as its results in this research. Bulk Jupiter is the latest accident, and the level of data accessibility 

will be higher than in other cases. Hence, the research outcomes will contribute to boosting the 

efficiency of cargo handling management and operation. 
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Liquefaction of cargo often occurs when wet solid bulk cargo is carried in the cargo holds. The cargo will liquefy 

when excessive dynamic loading, induced by the sea and vessel vibrations, is transmitted to the cargo onboard bulk 

carrier in the cargo hold. Those cargoes containing sufficient moisture and fine particles are most likely to undergo 

liquefaction in the cargo holds of bulk carriers. When liquefaction of a solid bulk cargo occurs, it can cause the 

vessel to list and occasionally capsize (Munro & Mohajerani, 2016). The International Maritime Solid Bulk Cargoes 

Code (IMSBC Code), published by the International Maritime Organization (IMO), is an internationally recognized 

code of safe practice for transporting hazardous solid bulk cargoes onboard bulk carriers. In 2011 the IMSBC Code, 

formally the safe practice code for solid bulk cargoes (BC Code), was made mandatory under the SOLAS 

Convention. Appendix 2 of the IMSBC Code tests when cargo is classified as "Group A" or liquefiable (Roger, Holt, 

Ince, House, & Katharine, 2011). These test methods include the flow table, penetration, and Proctor or Fagerberg 

tests, described in related publications. These tests provide the shipper with a safe moisture content to load the cargo 

without being at risk of liquefying (Biswas & Naik, 2010).  

PROBLEM STATEMENTS 

Seven accidents happened due to liquefaction in the year 1999 to 2015 (Authority, 2015). The cargo was kept in 

open space and exposed to the environment and current weather. This condition can lead to water contamination of 

the bauxite. This condition is hazardous to the ship's stability when once loading onboard the cargo hold. During 

rain, bauxite may absorb water, and the volume of the water may be high too. After having some changes inside the 

cargo holds, the cargo may liquefy. Several accidents happened due to cargo liquefaction, for instance, Bulk Jupiter. 

Recently, it may not be safe to carry Malaysian bauxite with the ship. Kuantan Port, Pahang is not fully equipped, 

lame and obsolete structure for bulk cargo handling  (January & Hines, 2015). The main issue here is IMO warns the 

bauxite liquefaction dangers. Acknowledge that bauxite can turn into liquid by 10% of moisture content. This event 

led to research conducted by Dr Muzamir Hassan from University Malaysia Pahang (UMP). The result is that 

bauxite should categorize in group A. There is not even an authority that noticed the bauxite liquefaction (DR. 

MUZAMIR HASAN, 2005). 

MATERIALS AND METHODS 

 

The mixed-method approach was used in answering the research questions. "Mixed methods research helps in 

complementing one method with another even where these methods are derived from different methodological 

positions". The chapter will be examined in four sections firstly, the selection area of research, secondly, the 

experiment, thirdly, the data collection, fourthly, the data analyses. Then, the chapter ends with a summary 

(Cunningham, 2015). 

 

Mixed Method 

The research experiment describes the researcher's particular tool to measure the efficiency specified in the research 

questions. This research has utilized the mixed method approach using both qualitative and quantitative methods. 
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Data Collection 

Referring to research by Hindawi.com, the researcher collected 7 different cases of liquefaction. From these 7 cases, 

I list down all the conclusions from all the case reports (Munro & Mohajerani, 2016). So, as a result, 57 findings 

were observed. So, from these 57 conclusions, I classified them into five different factors. For which all we can get is 

several frequency and percentage. 

 

Quantitative Method 

In seeking samples for the research, several frequencies were made for the matrix index. Additional and 

modifications to the structure were made accordingly to the suitability of my data.  57 conclusions were collected 

from reports representing seven cases. Another group of consequences from the matrix index set up two sets of 

values: people and Property. Those responses were used as the risk matrix. In addition to the previous groups, the 

observations were referred to by the table. Furthermore, the researcher was given a master list of all the reports of the 

seven maritime cases. Other strategies were improved where the tabulated table of patients was also analyzed to find 

the percentage of consequences. The researcher deemed the sample appropriate since all cases happened between 16 

years. All the instances occurred from 1999 to 2015.  Three of the seven points occurred in 2010. 

 

Qualitative Method 

The qualitative method of data collection strategy incorporated making to achieve objective 3 of this research. 

Captain Dr Ismail, a maritime background professional, was contacted for advice in achieving objective 3. Data were 

collected mainly from the literature review. 

Table:1 Data collection and data analysis 

 Primary Secondary 

DATA COLLECTION  Case study 

 Data mining 

 Site survey 

 Expert judgement 

 Experiment 

DATA ANALYSIS  Risk matrix 

 Hazards 

identification 

 

 Logic reasoning 

 Causal analysis 

 Frequency analysis 

 

Quantitative Analyses 

Quantitative analyses of the data from the matrix index were analyzed by examining the risk matrix table. The 

methodology used in this research using the risk assessment matrix as shown in tables. The modified table will result 

in the ranks for those data collected. 
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Table: 2 Risk assessment matrixes 

RISK ASSESSMENT MATRIX: RISK 

CRITERIA 

FREQUENCY 

Level 1 Level 2 Level 3 Level 4 Level 5 

Rare Unlikely Possible Likely Almost 

Certain 

One or 

more 

times 

greater 

than 100 

years 

One or 

more 

times 

greater 

than 10 

years 

One or 

more 

times in 

10 years 

One or 

more 

times per 

year 

Ten or 

more 

times per 

year 

C
o

n
se

q
u

en
ce

 

5 – Loss of vessel or severe damage to the 

vessel. Multiple fatalities International news 

coverage. 

Serious long-term impact on the environment 

and/or permanent damage. 

Moderat

e (5) 

High (10) Extreme 

(15) 

Extreme 

(20) 

Extreme 

(25) 

Single Fatality. 4 – Major damage to the 

vessel. National news coverage. 

Significant impact on the environment with 

medium to long term effects 

Minor (4) Moderat

e (8) 

High (12) Extreme 

(16) 

Extreme 

(20) 

3 – Moderate damage to the vessel. 

Moderate/significant injury Regional news 

coverage. 

Limited impact on the environment with 

short-term or long-term effects 

Minor (3) Moderat

e (6) 

Moderat

e (9) 

High (12) Extreme 

(15) 

2 - Minor or superficial damage to the vessel. 

Minor injuries and local news coverage. 

Minor impact on the environment with no 

lasting effects 

Slight (2) Minor (4) Moderat

e (6) 

Moderat

e (8) 

High (10) 

1 - Insignificant or no damage to 

vessel/equipment. No injuries. 

Insignificant impact on environment 

Slight (1) Slight (2) Minor (3) Minor (4) Moderat

e (5) 

 Slight (1 – 

2) 

No Action is 

required 

      

Minor (3 – 

4) 

No additional controls are required; monitoring is required to ensure no changes in 

circumstances 

Moderate (5 

– 9) 

Efforts should be made to reduce risk to 'As low as reasonably practicable (ALARP), but 

activity may be undertaken 

High (10 – 

14) 

Efforts should be made to reduce risk to 'As low as reasonably practicable (ALARP). The 

activity can only be undertaken with further additional controls. 

Extreme (15 

– 25) 

Intolerable risk. Activity not authorized     

 

Referring to the table, I classified the factors of liquefaction from the seven cases. 

Qualitative Analyses 

Following the data from quantitative analyses, qualitative analyses will be review before expert judgment and logical 

reasoning. Research objectives and research questions will guide the result. 
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RESULTS AND DISCUSSION 

 

Quantitative Analysis 

For this section, the second objective can be achieved using quantitative analysis. Logical reasoning and literature 

review from the professional maritime-related website. Other than that, the informal and oral interview had been 

done directly with the correspondent mentioned. 

 

Most Crucial Factors 

According to the previous subtopic, all the factors of liquefaction have been identified. Next, all the factors were 

tabulated in the table with an additional column. The first column is where the factors relevantly happened. The 

second column is the factors category, and lastly, is the year occurred. These data were constructed by self-

evaluation and endorsed by Captain Ismail. The data then tabulated and evaluated the frequencies in the table. From 

these results, the frequencies to be used in the matrix index could be found out. 

 

Table: 3 Factors by frequency 

Factors Frequency 
Year 

1999 2005 2010 2013 2015 

Careless and human error 16 1 2 6 3 5 

Weather 5 1  2 1 2 

Document 9 3  4 1 2 

Storage 12 1 1 8  2 

TML 11 4 1 5 1  
 

 

Possible frequency is documented. It can be concluded from the table; the most frequent factors are carelessness. The likely 

regular is TML. Next, the unlikely frequent is storage, and finally, the rare error that happened is the weather. 
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Figure: 1 Bar chart on frequency 

 

In ranking according to the most frequent to the less frequent: 

 

1. Careless and human error 

2. Storage 

3. TML 

4. Document 

5. Weather 

Table: 4 Error done according to shore-based 

Shore 54 out of 57 data 

On 39 

Off 15 
 

From the table, most of the factors and errors are committed onshore. 15 factors and errors happened only offshore which to 

be précised before the voyage. To complete the matrix index, the consequences of the accident also need to be examined and 

analyzed. From the table, the outcomes towards people and Property could be analyzed. 

Table: 5 Liquefaction incidents of minerals cargoes 

Ship’s Name Date of Accident Dead Vessel Lost Cargoes Volume 

Padang Hawk  26 JULY 1999 0/20 NO NICKEL NA 

Hui Long 20 MAY 2005 0/23 YES FLUORSPAR 5 185 

Jian Fu Star 27 OCTOBER 2010 13/25 YES NICKEL 43 000 

Nasco Diamond 9 NOVEMBER 2010 22/25 YES NICKEL 55 150 

Hong Wei 3 DISEMBER 2010 10/24 YES NICKEL 40 000 

Trans Summer 

Bulk Jupiter 

14 AUGUST 2013 

2 FEBRUARY 2015 

0/21 

18/19 

YES 

YES 

NICKEL 

BAUXITE 

54 067 

46 400 
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Consequence 

By referring to the table, it is found out that, People = 157 involved. 63 dead and 93 people were found to survive. 

By referring to the table, it is found out that, Property = 6 out of 7 ships lost. 

Cargo volume losses = more than 243 802m3  

Analyzing the data from the table, it was found out the percentage of people dead. 

63/157 x 100%= 41% 

 

As a result, to be included in the matrix index, 41% to be rank and included in the consequences table. 

Analyzing the data from the table, it was found out that the percentage of ships lost. 

6/7 x 100%=86% 

 

As a result, to be included in the matrix index, 86% to be rank and included in the consequences table. 

Table: 6 Frequencies 

Label Frequency Factors 

F1 Rare Weather 

F2 Unlikely Storage 

F3 Possible Document 

F4 Likely TML 

F5 Frequent Careless and Human Error 

Table: 7 Consequences 

Scale People Property By Percentage (%) 

C1 Insignificant Insignificant 0-20 

C2 Minor Minor 21-40 

C3 Moderate Moderate 41-60 

C4 Major Major 61-80 

C5 Catastrophic Catastrophic 81-100 

Table: 8 Results in the risk assessment matrix 

RISK ASSESSMENT MATRIX: 

RISK CRITERIA 

FREQUENCY 

Level 1 Level 2 Level 3 Level 4 Level 5 

Rare Unlikely Possible Likely Almost Certain 

Weather Storage document TML Careless or 

Human Error 

C
o

n
se

q
u

en
ce

 

5 – Catastrophic Moderate (5) High (10) Extreme (15) Extreme (20) Extreme (25) 

4 – Major 

 

Minor (4) Moderate (8) High (12) Extreme (16) Extreme (20) 

3 – Moderate 

 

Minor (3) Moderate (6) Moderate (9) High (12) Extreme (15) 

2 - Minor 

 

Slight (2) Minor (4) Moderate (6) Moderate (8) High (10) 

1 - Insignificant 

 

Slight (1) Slight (2) Minor (3) Minor (4) Moderate (5) 

 Slight (1 – 2) No Action is required 

Minor (3 – 4) No additional controls are required; monitoring is required to ensure no changes in 

circumstances 

Moderate (5 – 9) Efforts should be made to reduce risk to 'As low as reasonably practicable (ALARP), 

but activity may be undertaken 

High (10 – 14) Efforts should be made to reduce risk to 'As low as reasonably practicable (ALARP). 

The activity can only be undertaken with further additional controls. 

Extreme (15 – 25) Intolerable risk. Activity not authorized 
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Table: 9 Result in the risk assessment matrix 

RISK ASSESSMENT 

MATRIX: RISK 

CRITERIA 

FREQUENCY 

Level 1 Level 2 Level 3 Level 4 Level 5 

Rare Unlikely Possible Likely Frequent 

Weather Storage document TML Careless or 

Human Error 

4 – Major 

 

Minor (4) Moderate (8) High (12) Extreme (16) Extreme (20) 

3 – Moderate 

 

Minor (3) Moderate (6) Moderate (9) High (12) Extreme (15) 

Table: 10 classified risk assessment matrix 

Minor (3 – 4) No additional controls are required; monitoring is required to ensure no changes in 

circumstances 

Moderate (5 – 9) Efforts should be made to reduce risk to 'As low as reasonably practicable (ALARP), but 

activity may be undertaken 

High (10 – 14) Efforts should be made to reduce risk to 'As low as reasonably practicable (ALARP). The 

activity can only be undertaken with further additional controls. 

Extreme (15 – 25) Intolerable risk. Activity not authorized 

 

From the result, it was found out that: 

1. The weather is the slightest reason for the accident liquefaction happened. As known, the weather is beyond human 

control. However, from the matrix index, monitoring is required to ensure no changes in circumstances in future. It is 

approving that weather can be disastrous and a significant failure for humans to control nature's capability. Extra 

precautions need to be taken if ever confronted with heavy weather.  

2. As the conclusion can be made in all the cases that happened, the ways we stored the cargo is partly crucial compared 

to other factors. Storage needs to be more effective and efficient. Some authority kept the cargoes either in port or in 

bulkheads, or cargo holds must be in the right place and safe placement. For cargo shifting to happen, liquefaction is 

the essential thing to happen in the first place. Without proper cargo management and cargo handling standards of 

procedure, the accident might not be easy to avoid from happening. 

3. Mistakes in the documentation of cargo should be avoided. In some cases, the cargo details that have been provided 

to the ship's master is accurate. The document is an important declaration to the cargo either it is safe to be carried 

onboard the ship or dangerous to be taken on board ship.  

4. Determining the Transportable Moisture Limit (TML) is the most likely frequent among those factors to happen. Port 

facilities should be complete and enough to ensure the accuracy of the lab test to determine the TML. 

5. The most frequent factor that happens is carelessness from human mistakes. The error that the ship's personnel has 

made affect the environment and back to self (Bin Naim, 2018) 
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Control Options by Factors 

 

Table:11 Risk matrix classified by factors 

Weather Minor (3 – 4) No additional controls are required; monitoring is 

required to ensure no changes in circumstances 

Storage Moderate (5 – 9) Efforts should be made to reduce risk to 'As low as 

reasonably practicable (ALARP), but activity may be 

undertaken 

Document High (10 – 14) Efforts should be made to reduce risk to 'As low as 

reasonably practicable (ALARP). The activity can 

only be undertaken with further additional controls. 

1. TML 

2. Careless and Human Error 

Extreme (15 – 25) Intolerable risk. Activity not authorized 

In the matrix index, the result for weather factors is minor. Next, the result for the storage factor is moderate, while the result 

for the document is high.  

 

Weather 

No additional controls are required for the weather. However, monitoring of temperature is required to ensure there are no 

changes in circumstances. For instance, in Bulk Jupiter capsize in 2015; the vessel is going through bad weather. In both 

during loading at Kuantan Port and during the voyage. The table showed the rainfall amount when the loading cargo operation 

at Kuantan Port was still ongoing. 

 

 

Figure: 2 December rainfall in Kuantan Port 

 

The table showed there was heavy rain in 15 days at Kuantan Port. The vessel Bulk Jupiter that carrying bauxite was still an 

ongoing cargo loading operation. The cargo, bauxite, was suspected of being contaminated by the water and being extra 

moisture more than TML. Logically, the weather is really out of control. It is beyond a human's capability to control and 

sometimes to avoid. In short, the weather is a factor that we need to monitor with extra precautions. 
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Storage 

Efforts should be made to reduce risk to 'As low as reasonably practicable (ALARP), but activity may be undertaken. The 

storage factor is moderate. This research and this section include storage at the port, pile stock, and storage in bulkheads and 

cargo holds. In this storage,the term is included cargo shifting. The liquefaction happened,and the cargo shifting led to the 

ship's mass disaster and capsized.  

 

Figure: 3 Cargo loading operation onboard Bulk Jupiter 

 

 

                                            Figure: 4 Cargo loading operation onboard Bulk Jupiter 
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Document 

 

The error in how the document is presented to the master is high, referring to the matrix index result. Efforts should be made 

to reduce risk to 'As low as reasonably practicable (ALARP). The activity can only be undertaken with further additional 

controls. 

Transportable Moisture Limit (TML) 

The major problem is the accuracy of the TML. Intolerable risk. Activity not authorized. Some serious efforts should be taken 

to make a revolution in the TML. Increasing the precision in defining TML should be a goal. 

 

Careless or Human Error 

Mistakes that masters and authorized personnel have made are severe and mainly commit factors among those seven cases. 

Some decisions made by the master and authorized personnel are wrong judgement. as per results, the involved personnel need 

an assistant to keep the decision accurate and endorsement by many professionals as the permission to continue with the 

voyage. When the masters doubt the cargo, the loading operation shall be stopped for moments to allow the master to review 

the cargo declaration (ORGANIZATION, 2015). 

 

 

Conclusion 

In previous section, the results were presented and analyzed. In accordance with that, some recommendations should be 

suggested based on this research. All consideration in objectives and questions of this research will be taken into account. 

Achieved objectives will be guided to answer the research questions. The research questions are to achieve the research 

objectives and make sure that the study does not exceed the requirement of the objectives. These are the research questions 

that need to be answered after the survey is completed.  

i. What are the current safety measures in handling the cargoes? 

ii. What would be the crucial criteria for measuring the operational reliability level of cargo transportation? 

iii. Can the officers on duty be ready for any unwanted or unexpected scenario when sailing with cargoes, 

especially high-risk ones, based on the IMSBC code? 

Storage 

A new procedure should be set up to address this issue. Initial precautions and early actions should be taken before the 

situation is going to be out of control. It is recommended to pump out the slurry in the cargo holds during the voyage and if 

liquefaction happens on board. Other than that, a mobile cargo holds separator should be used when carrying the cargo with 

high TML. Stockpiles in port or warehouse should be securely stored and monitored frequently. The goal is to prevent the 

cargo from changing its state and original condition and moisture. All the efforts should be taken towards refining the purpose. 
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Document 

Masters should acquire endorsement from at least 5 personnel. The person in charge to prepare the document should be extra 

professional in judgment and honest in drafting the manuscript. Transparency in every detail stated in the documents should be 

implemented so that the judgment and decision making by the masters would be wise. The standard procedure should be 

obeyed. 

 

Figure: 5 Cargo loading operation flowchart ( Lloyd's Register, UK P&I CLUB, & Intercargo, 2013) 

 

The existed guideline in the flowchart form enhances the safety and awareness of cargo handling. This procedure should be 

practiced by all of the masters, crews and port authorities. 

 

Transportable Moisture Limit (TML) 

Defining the TML of certain cargoes required laboratory tests. The facility that is needed in determining TML should be all-

time maintained. The Port Authority that provided the TML services needs to be professional. The sample taken from the 

stockpile must be present when the cargo is on the loading process onboard the bulk carrier.  
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Careless and Human Error 

Masters should be aware of all odds that might arise. COLREGS should also practices when handling the cargo either at the 

port or on the voyage. Monitoring the cargoes all the times 24/7 is recommended. Masters and crews should always ever 

ready. Fatigue can be avoided when the shift, schedule and rosters management are well at the helm.  
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