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A Model for Managing and Controlling the Inventory of Stores 
Items based on ABC Analysis 

By M. Karthick, S. Karthikeyan & M.C. Pravin 
 Thiagarajar College of Engineering, India 

Abstract- Today, the effective inventory management plays an important role in the success of the organizations in 
the new business environment. It is not clearly possible for the organizations that store hundreds of inventory items 
to economically design an inventory management policy for each inventory item separately. To have an efficient 
control of a huge amount of inventory items, traditional approach is to classify the inventory into different groups. 
Different inventory control policies can then applied to different groups. The well-known ABC classification is simple 
to understand and easy to use. Moreover, various inventory items may play quite different roles in the business of 
the organization. Hence, the managers need to classify these items in order to control each inventory category 
properly based on its importance rating. In this thesis we consider a model of college hostel mess stores items 
(grocery and vegetables) for inventory management through ABC analysis. This research is composed of the 
following sections: In the first section, the criteria affecting the evaluation of the inventory control system of the 
studied mess stores and the priority of each one of them will be identified, in the second section, the priority of each 
criterion such as cost of item, annual demand for an each item hence find annual consumption cost in each 
inventory category (A, B, C) is Calculated based on conventional model, in the third section, presents an alternative 
way of classifying the different productive items of accompanies and this ABC model compares with the classic 
Pareto classification, which ranks productive items according to their importance in terms of frequency and costs 
whereas rankings obtained using the classical method are based on information about costs and demand over a 
period in the past "A-items" that result from this new classification. 

Keywords: ABC classification, inventory control, pareto classification. 
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A Model for Managing and Controlling the 
Inventory of Stores Items based on ABC 

Analysis
M. Karthick α, S. Karthikeyan σ & M.C. Pravin ρ

Abstract- Today, the effective inventory management plays an 
important role in the success of the organizations in the new 
business environment. It is not clearly possible for the 
organizations that store hundreds of inventory items to 
economically design an inventory management policy for each 
inventory item separately. To have an efficient control of a 
huge amount of inventory items, traditional approach is to 
classify the inventory into different groups. Different inventory 
control policies can then applied to different groups. The well-
known ABC classification is simple to understand and easy to 
use. Moreover, various inventory items may play quite different 
roles in the business of the organization. Hence, the managers 
need to classify these items in order to control each inventory 
category properly based on its importance rating. In this thesis 
we consider a model of college hostel mess stores items 
(grocery and vegetables) for inventory management through 
ABC analysis. This research is composed of the following 
sections: In the first section, the criteria affecting the evaluation 
of the inventory control system of the studied mess stores and 
the priority of each one of them will be identified, in the second 
section, the priority of each criterion such as cost of item, 
annual demand for an each item hence find annual 
consumption cost in each inventory category (A, B, C) is 
Calculated based on conventional model, in the third section, 
presents an alternative way of classifying the different 
productive items of accompanies and this ABC model 
compares with the classic Pareto classification, which ranks 
productive items according to their importance in terms of 
frequency and costs whereas rankings obtained using the 
classical method are based on information about costs and 
demand over a period in the past "A-items" that result from this 
new classification.   
Keywords: ABC classification, inventory control, pareto 
classification. 

I. Introduction 

iven that at present, all the organizations 
maintain thousands different types of inventory, 
it is likely to lose the effective inventory 

management. Therefore, it is particularly important for all 
the organizations  to establish the appropriate  inventory  

Author α:
 

PG scholar, Department of Mechanical Engineering, 
Thiagarajar

 
College of Engineering Madurai, India. 

 

e-mail: msv.karthiktce@gmail.com
 

Author σ:
 
Assistant Professor, Department of Mechanical Engineering, 

Thiagarajar College of Engineering Madurai, India. 
 

e-mail: skrmech@gmail.com
 

Author
 
ρ:

 
Research scholar, Department of Mechanical Engineering, 

Thiagarajar College of Engineering Madurai, India. 
 

e-mail: mc.pravin@gmail.com
 

control systems or to evaluate and improve the existing 
inventory control systems. Because on the one hand, 
the organization encounters the inventory-related costs, 
including Cost of Holding, Cost of Ordering, Cost of 
Shortage the increase of each one due to the lack of a 
suitable inventory control system will have negative 
effects on the profitability of the organization. On the 
other hand, since the number of inventory items is 
largely increasing due to the increase of the customers’ 
demands for different products, the organizations 
should have a quick and effective response to the 
customers’ demands to survive and maintain their 
competitive advantage. The establishment or 
improvement of an appropriate inventory control system 
can lead the organization in this path. Considering that 
today, the organizations save a large percentage of their 
total investment in the inventories, it has become of a 
special importance to all organizations to properly 
manage the inventory and establish a proper inventory 
control system. According to what was mentioned, all 
the organizations need an appropriate inventory control 
and planning system in order to effectively manage their 
resources and inventories. Therefore, in order to create 
a perfect inventory control system, various inventory 
items should be classified into the significant categories 
based on appropriate criteria and standards. Various 
models and methods have been so far presented to 
classify inventory among which, ABC analysis approach 
is one of the most common methods which is widely 
used for planning and inventory control (Kilgour & et al 
2006). Inventory classification based on ABC analysis 
allows the organization to classify its inventory into the 
significant categories. Generally, the above approach 
has been formed based on the Pareto Principle which is 
also known as “20-80” law. Regarding the organizations’ 
inventory, this principle will be expressed as follows: In 
the manufacturing organizations, there are only a few 
inventories which mostly contribute to the cost of the 
annual consumption of the organization’s inventory 
system and there are only anew inventories which a little 
contribute to the dollar value of the annual consumption 
of the inventory system. Given that the primary purpose 
of the inventory classification based on this approach is 
to create appropriate control levels for each inventory 
category, this question will be raised that whether the 
inventory classification based on single criterion ABC 
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analysis will be able to meet all the needs of the 
organization’s inventory control system. As a result, the 
organizations can apply proper control policies by 
identifying the most effective criteria in their inventory 
classification. This study has also tried to present 
proposed ABC model for the hostel mess stores, in 
order to evaluate the inventory control system of the 
studied in that. For this purpose, first, the criteria 
affecting the evaluation of the inventory control system, 
classification of inventory and the priority of each One of 
the criteria in the studied mess stores and the priority of 
each one of the criteria in each inventory category (A, B, 
C) have been identified and model will be proposed. 

II. Literature Review 

a) In 1987, an article was presented entitled “The 
application of multiple criteria ABC analysis” in 
which the results of the use of multiple criteria ABC 
analysis have been provided to classify the storage 
inventory. The studies conducted in this paper show 
that the managers can use both “cost criteria” and 
“non-cost criteria” in the classification of warehouse 
inventory and formulate specific policies by using 
different criteria to manage warehouse inventory.  

b) In 2008, an article was presented entitled “Particle 
Swarm Optimization “in order to classify the 
inventory in which an optimization approach is 
proposed regarding the inventory classification 
problems at the conditions when inventory items 
should be classified based on a target or multiple 
targets, such as minimizing annual consumption 
costs, maximizing the rate of inventory turnover. 

c) In 2007, an article was presented entitled “A simple 
IJISSM, 2012, 1(1):1-13 classification for multiple 
criteria ABC analysis”. In this paper a simple model 
is proposed for multiple criteria classification of the 
inventory. In fact, this model covers the criteria of all 
the criteria in a single criterion. The study conducted 
in this paper shows that by appropriate conversion 
of the scale model of different criteria of the 
inventory classification, the organizations can reach 
some criteria of the inventory items without need for 
linear optimization. The model presented in this 
paper can be widely used by the organizations with 
minimum experience in the optimization. The criteria 
reviewed in this article include: the dollar value of 
the annual consumption, the average cost of each 
unit, and lead time. 

d) In 2006, an article was presented entitled “the 
inventory classification based on multi criteria ABC 
using weighted linear optimization. 

e) In 2010, an article was presented entitled “The use 
of techniques based on the artificial intelligence for 
multiple criteria ABC analysis” by” Maine-Chun-Yu”. 
In this paper, a study has been conducted to 

compare the classification techniques based on 
artificial intelligence and traditional classification 
techniques (MDA).  

f) In 2010, an article was presented entitled “Fuzzy 
AHP-DEA approach for inventory classification 
based on multiple criteria ABC approach”. In this 
article, two approaches of Data envelopment 
Analysis and fuzzy analytic hierarchy process are 
combined for multiple criteria ABC classification of 
inventory. 

g) In 2008, an article was presented entitled “The 
inventory control by combining ABC approach and 
fuzzy classification”. The purpose of this study is to 
provide a new approach on the inventory control 
called “ABC fuzzy classification”. 

h) In 2004, an article was presented entitled “multi 
criteria classification approach to manage the spare 
parts inventory”. In this article, the best strategy has 
been reviewed to manage inventory in each 
category (A, B, C) (Braglia & et al, 2004).  

III. Problem  Environment 

A study is conducting in TCE men’s hostel for 
my thesis. In TCE mans hostel there are two stores are 
available. One is for variety mess store and another one 
is for value mess store. Totally 550 students are in value 
mess and 650 students in variety mess. Here I identified 
the problem in inventory in both stores. Due to incorrect 
optimal order quantity and insufficient forecasting the 
more inventories held in both mess. In the mess stores 
they used previous experience for order the items. They 
did not use any formulation or techniques such as P 
MODEL, Q MODEL system for find the optimal order 
quantity. So that only inventory problem arises there. So 
here in my thesis I will use both the system and find 
EOQ for all items thereby reduce the inventory level and 
reducing annual consumption cost of mess stores. In 
order to find the EOQ, it is very important to know about 
that are the various items affecting the inventory cost in 
stores. So ABC analysis is requiring knowing about the 
inventory affecting items. Form the ABC analysis we 
have easily know the items which are contribute in 
inventory, only the A types item. So, in this paper 
presents only the ABC classification of stores items 
(grocery & vegetables) of hostel mess stores. 
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IV. Proposed Model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4 :

 

Proposed model for ABC analysis

 
In this proposed methodology the various 

data’s such as unit price of an item, annual demand of 
an item were collected from mess stores and based on 
this data, grocery

 

and vegetables were segregated for 
doing the ABC analysis of an each and individual items.

 V.

 

Results

 

and

 

Discussions 

a)

 

ABC Model

 
Price/unit= P, Unit/year= U

 
Annual consumption cost (A) = P*U

 
Cumulative values of Annual consumption Cost C1= 
A1, C2=A2+A1, C3=A3+A2+A1 etc.

 

 

 

 

 

 

 

 

 

For grocery  

Table 5.1 : ABC analysis for grocery 

Sl.No Description 
Price/unit 

(Rs.) 
Unit/year 

(kg) 

Annual 
consumption 

Rs./year 

Cumulative 
values of Annual 

Consumption(Rs.) Classification 
24 Peanut oil 85.9 15600 134004 1340040 A 
1 Rice(Ponni) 34.6 21600 747360 2087400 A 
2 Idly rice 28 14400 403200 2490600 A 
35 Ghee 370 1080 399600 2890200 A 
8 Black gram 62.9 4800 301920 3192120 A 
28 Wheat flour 34.7 7200 249840 3441960 A 
26 Papadam 100 2400 240000 3681960 A 
54 Garlic 119 1800 214200 3896160 A 
5 Red gram 64.6 3240 209304 4105464 A 
6 Green gram 71.9 2880 207072 4312536 A 
4 Basmati rice 84.75 2440 206790 4519326 A 
21 Fried gram 53.5 3600 192600 4711926 A 
25 Sesame oil 258 720 185760 4897686 A 
41 Boost 334 540 180360 5078046 B 
42 Bounvita 330 540 178200 5256246 B 
37 Prunes 408 360 146880 5403126 B 
48 Vermicelli 54 2440 131760 5534886 B 
20 Asafoetida 600 180 108000 5642886 B 
36 Cardamoms 599 180 107820 5750706 B 
27 Maida flour 35.5 3000 106500 5857206 B 
39 Tea powder 290 360 104400 5961606 B 
51 Ground nut 82 1200 98400 6060006 B 

Data collection 

 

ABC classification 
of grocery 

ABC classification 
of vegetables 

Graphs 

Results   and 
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29 
Rolong 
Semolia 38.5 2400 92400 6152406 B 

44 
Sambar 
powder 154 540 83160 6235566 B 

32 Sago 69 1200 82800 6318366 B 
11 Tamarind 110.9 720 79848 6398214 B 
34 Jaggery 60 1200 72000 6470214 B 
45 Idly powder 170 420 71400 6541614 B 
16 Pepper 569 120 68280 6609894 B 
30 Peanut flour 55 1200 66000 6675894 B 
49 Butter 273 240 65520 6741414 C 
33 Millets 54 1200 64800 6806214 C 
55 Dal powder 165 360 59400 6865614 C 
46 Cowpea 49 300 14700 7353384 C 
38 Raisins 110 120 13200 7366584 C 

47 
White raw rice 

flour 34 360 12240 7378824 C 
56 Flattered rice 39 300 11700 7390524 C 
17 Aniseeds 93 120 11160 7401684 C 
18 Salt 3 3600 10800 7412484 C 

43 Porco roso 30 360 10800 7423284 C 
53 Caraway 880 12 10560 7433844 C 
15 Fenugreek 41 120 4920 7438764 C 

52 Cinnamon 160 12 1920 7440684 C 

    Total 7440684  

   
From this ABC analysis of grocery items A type items have more annual consumption costs. So here 13 

items have classified under A category out of 57 items. 

For Vegetables
 

Table 5.2 :
 
ABC analysis of vegetables

 

Sl.No
 
Description

 Price/unit
 

(Rs.)
 

Unit(kg)/year
 

Annual 
consumption 

Rs./year
 

Cumulative Value 
of Annual 

Consumption(Rs.)
 

Type
 

1
 

Onion
 

19
 

30000
 

570000
 

570000
 

A
 

3
 

Tomato
 

13
 

10800
 

140400
 

710400
 

A
 

4
 

Potato
 

23
 

6000
 

138000
 

848400
 

A
 

20
 

Cauli flower
 

24
 

2600
 

62400
 

910800
 

A
 

25
 

Amaranth
 

19
 

3000
 

57000
 

967800
 

B
 

2
 

Shallot
 

38
 

1200
 

45600
 

1013400
 

B
 

28
 

Drumstick
 

60
 

720
 

43200
 

1056600
 

B
 

8
 Ladies 

finger
 

15
 

2400
 

36000
 

1092600
 

B
 

19
 

Beans
 

19
 

1800
 

34200
 

1126800
 

B
 

7
 

Brinjal
 

13
 

2440
 

31720
 

1158520
 

B
 

10
 

Cabbage
 

10
 

2400
 

24000
 

1182520
 

B
 

9
 

Green chilli
 

20
 

1080
 

21600
 

1204120
 

B
 

17
 

Ginger
 

54
 

360
 

19440
 

1223560
 

B
 

27
 

Panner
 

25
 

720
 

18000
 

1241560
 

C
 

12
 

carrot
 

16
 

960
 

15360
 

1256920
 

C
 

15
 Coriander 

leaves
 

20
 

720
 

14400
 

1271320
 

C
 

26
 

Mushroom
 

20
 

720
 

14400
 

1285720
 

C
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14 curry leaf 30 360 10800 1296520 C 

11 Raw mango 25 360 9000 1305520 C 

22 
Broad 
beans 25 360 9000 1314520 C 

18 Turnip 11 720 7920 1322440 C 

21 Bitter guard 15 480 7200 1329640 C 

24 Capsicum 30 240 7200 1336840 C 

5 Yam 27 240 6480 1343320 C 

23 Radish 11 480 5280 1348600 C 

16 
Peppermint 

leaves 20 180 3600 1352200 C 

13 Beet root 10 240 2400 1354600 C 

   Total 1354600   

   A(70%) 948220   

   B(20%) 1219140   

    
From this ABC analysis of vegetables items A 

type items have more annual consumption costs. So 
here 4 items have classified under A category out of 28 
items. 
 

 

Figure 6.1 : Pie Chart 

From the pie chart we clearly know 13 items 
have classified under A category out of 57 item and of 
grocery items of mess stores. 
 
 
 
 
 
 

6.2. Pie Chart for Vegetables  

Figure

 

6.2 :

 

Pie Chart

 

 

 VI.
 

Conclusion 

In this study, the indices affecting the evaluation 
and control of the inventory control system of TCE 
men’s hostel stores.  the results of ABC classification 
that these criterions of “the required accuracy in 
ordering” in the inventory category A and the criterion of 
“the effect of inventory on the process” in the inventory 
categories B and C have the highest importance.

 
From 

this ABC analysis of grocery items A type items have 
more annual consumption costs so here 13 items have 
classified under A category out of 57 item and of 
groceries. For vegetables here 4 items have classified 
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 items have more annual consumption costs and creates 
more inventory in stores. So Economic Order Quantity 
and re-order level will be calculated for these A type 
items hence reduce inventory and annual consumption 
cost.
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Maritime Tanker Accident on Coastal Areas in 
Nigeria 

Julius Okechukwu Anyanwu 

Abstract- This study though limited due to poor attitude on the 
part of the respondents as regards to releasing some data that 
would have been helpful, was still able to investigate the effect 
of maritime tanker accidents on coastal areas in Nigeria, with a 
case study of Bayelsa and Rivers State. Five hypothesis were 
designed for this study, the study focused on the affect of oil 
tanker accidents around the Nigeria coastal environment 
(Bayelsa and Rivers State). With emphasis on the scope of 
work essentially, data were collected through the 
administration of questionnaires to the selected people 
connected with tanker and environmental industry in Nigeria. 
The analysis of the collected data was carried out with a 
descriptive statistical tool like the simple percentage and pie 
charts which hypothesis specified were tested using chi-
squares test statistical tool. Result obtained shows that the 
major cause of marine tankers accident in Nigeria is as a result 
of human factor errors and this human error has greatly led to 
the negative effects, the tanker accidents have posed in the 
coastal environment (Bayelsa and Rivers State) in Nigeria. The 
safety practical level of the tanker industry in Nigeria had 
lowered drastically which for the need for proper training and 
certification of Nigeria oil tanker operators the level of 
emergence response is relatively poor as compared to other 
nations with massive oil maritime transport activities. Finally, 
the Nigerian government should fully empower and support 
the maritime agencies in checkmating cases of maritime 
pollution and environment depredation and not boycott 
corners process thereby sacrificing the standards for effective 
and efficient maritime operations in Nigeria. Recommendation 
were made towards the elimination of tanker accidents and the 
enhancement of the Nigerian coastal environment, which 
needed government to formulate and promulgate laws which 
have stringent penalties for violators of the Pollution Act. Also 
national authorities through the local authorities should create 
awareness by enlightening and sensitizing the public about 
their responsibility to the environment.            
Keywords: accident, crude oil, maritime tanker, coastal 
water, pollution, safety.  

I. Introduction 

n recent time, looking at accidents without the marine 
industry clearly indicates an alarming increase. 
Severe accidents causing extensive loss of lives and 

pollution have been too frequent during the last 
decades. Some accidents have had high impact on the 
society and public at large and had triggered 
international regulations and conventions as well as 
national requirements which consequences are not 
totally foreseeable. In 1956, Shell British Petroleum (now 

Author:
 

Department of Maritime Management Technology, Federal 
University of Technology, Owerri. e-mail: okey_god2002@yahoo.com

 

Royal Dutch Shell) discovered crude oil at Oloibiri, a 
village in the Niger Delta, and commercial production 
began in 1958. Today, there are 606 oil fields in the 
Niger Delta, of which 360 are on-shore and 246 off-
shore. (Nigeria Country Analysis Brief, 2005). Nigeria is 
now the largest oil producer in Africa and the sixth 
largest in the world, averaging 2.7 million barrels per day 
(bbl/d) in 2006.  

Nigeria’s economy is heavily dependent on 
earnings from the oil sector, which provides 20% of 
GDP, 95% of foreign exchange earnings, and about 65% 
of budgetary revenues (CIA World Fact Book, 2005). 
Nigeria's state-held refineries (Port Harcourt I and II, 
Warri, and Kaduna) have a combined capacity of 
438,750 bbl/d, but problems including sabotage, fire, 
poor management and lack of regular maintenance 
contribute to a low current capacity of around 214,000 
bbl/d, according to World Markets Research Center. 
Plans for several small, independently owned refineries 
are also being developed, with the Nigerian government 
planning for three new refineries to come on stream by 
2008. (Nigeria Country Analysis Brief, 2005). 

II. Problem Statement 

a) Oil Spill in Nigeria  
Oil Spill Incidents in Nigeria have occurred in 

various parts and at different times along our coast. 
Some major spills in the coastal zone are the GOCON’s 
Escravos spill in 1978 of about 300,000 barrels, SPDC’s 
Forcados Terminal tank failure in 1978 of about580,000 
barrels and Texaco Funiwa-5 blow out in 1980 of about 
400,000 barrels. Other oil spill incidents are those of the 
Abudu pipe line in 1982 of about 18,818 barrels, The 
Jesse Fire Incident which claimed about a thousand 
lives and the Idoho Oil Spill of January 1998, of about 
40,000 barrels. The most publicized of all oil spills in 
Nigeria occurred on January 17 1980 when a total of 
37.0 million litres of crude oil got spilled into the 
environment. This spill occurred as a result of a blow out 
at Funiwa 5 offshore station. Nigeria's largest spill was 
an offshore well-blow out in January 1980 when an 
estimated 200,000 barrels of oil (8.4million US gallons) 
spilled into the Atlantic Ocean from an oil industry facility 
and that damaged 340 hectares of mangrove (Nwilo 
and Badejo, 2005). 

According to the Department of Petroleum 
Resources (DPR), between 1976 and 1996 a total of 

I 
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4647 incidents resulted in the spill of approximately 



2,369,470 barrels of oil into the environment. Of this 
quantity, an estimated 1,820,410.5 barrels (77%) were 
lost to the environment. A total of 549,060 barrels of oil 
representing 23.17% of the total oil spilt into the 
environment

 
was recovered. The heaviest recorded spill 

so far occurred in 1979 and 1980 with a net volume of 
694,117.13 barrels and 600,511.02 barrels respectively.

 Available records for the period of 1976 to 1996 
indicate that approximately 6%, 25%, and 69% 
respectively, of total oil spilled in the Niger Delta area, 
were in land, swamp and offshore environments. Also, 
between 1997 and 2001, Nigeria recorded a total 
number of 2,097 oil spill incidents.

 Thousands of barrels of oil have been spilled
 into the environment through our oil pipelines and tanks 

in the country. This spillage is as a result of our lack of 
regular maintenance of the pipelines and storage tanks. 
Some of these facilities have been in use for decades 
without replacement. About 40,000 barrels of oil spilled 
into the environment through the offshore pipeline in 
Idoho. Sabotage is another major cause of oil spillage in 
the country. Some of the citizens of this country in 
collaboration with people from other countries engage in 
oil bunkering. They damage and destroy oil pipelines in 
their effort to steal oil from them. SPDC claimed in 1996 
that sabotage accounted for more than 60 percent of all 
oil spilled at its facilities in Nigeria, stating that the 
percentage has increased over the years both because 
the number of sabotage incidents has increased and 
because spills due to corrosion have decreased with 
programs to replace oil pipelines (SPDC, 1996).  

 Pirates are stealing Nigeria's crude oil at a 
phenomenal rate, funneling nearly 300,000 barrels per

 day from our oil and selling it illegally on the international 
trade market.  Nigeria lost about N7.7 billion in 2002 as 
a result of vandalisation of pipelines carrying petroleum 
products. The amount, according to the PPMC, a 
subsidiary of NNPC, represents the estimated value of 
the products lost in the process.

 Illegal fuel siphoning as a result of the thriving 
black market for fuel products has increased the 
number of oil pipeline explosions in recent years. In July 
2000, a pipeline explosion outside the

 
city of Warri 

caused the death of 250 people. An explosion in Lagos 
in December 2000 killed at least 60 people. The NNPC 
reported 800 cases of pipeline vandalization from 
January through October 2000. In January 2001, Nigeria 
lost about $4 billion in oil revenues in 2000 due to the 
activities of vandals on our oil installations. The 
government estimates that as much as 300,000 bbl/d of 
Nigerian crude is illegally bunkered (freighted) out of the 
country.

 In Nigeria, fifty percent (50%) of oil spills is due 
to corrosion, twenty eight percent (28%) to sabotage 
and twenty one percent (21%) to oil production 
operations. One percent (1%) of oil spills is due to 
engineering drills, inability to effectively control oil wells, 

failure of machines, and inadequate care in loading and 
unloading oil vessels.

 III.

 

Objectives

 

of

 

Study

 The objectives of this study are: - 

a)

 

To find out the causes of oil tanker accidents in the 
Nigerian waters.

 
b)

 

To investigate and examine the impact and 
implications of such tanker accidents on the 
environment. 

 
c)

 

To identify the efforts being made by the 
appropriate authorities to drastically reduce or if 
possible completely put a stop to tanker accidents 
leading to

 

water pollution in Nigeria. 

 
d)

 

To identify the contributory roles of both ship owners 
and the Ship’s Crew to these tanker accidents. 

 
e)

 

To assess the level of safety consciousness and 
preparedness for emergencies among the 
personnel involved coastal sea operations.

 IV.

 

Research

 

Questions

 Below are the research questions for this research work.

 
•

 

What are the causes of

 

oil tanker accidents in 
Nigeria?

 
•

 

What are the impacts of

 

oil tanker accidents on the 
Maritime environment?

 
•

 

What the relevant authorities in the maritime industry 
contributing to the prevention of oil tanker accidents 
and their resultant environmental hazards?

 
•

 

Is the current increase of

 

tanker accidents rate and 
environmental pollution, a management, human or 
technical problem?

 
•

 

What is the current level of emergency 
preparedness relating to the protection of our 
environment in Nigeria?

 a)

 

Hypothesis
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H01: That oil tanker accident does have adverse 
effect around the Nigerian coastal environment. 
H02: That the level of safety practices in the oil tanker 
industry in Nigeria had been lowered.
H03: That the current level of emergency 
preparedness in Nigeria is relatively low. 
H04: That oil tanker accident has adverse effect on 
other section of the national economy. 
H05: That poor national economy is a contributory 
factor to the problem of environment degradation in 
Nigeria. 

b) Review of Related Literature Review
Moffat and Linden (1995) stated that “according 

to the official estimates of the Nigerian National 
Petroleum Corporation (NNPC), a total of approximately 
23,000m3 of oil is spilled in 300 separate incidents 



  annually. However, as the oil and tanker companies 
frequently underestimate quantity of oil spilled and a 
large number of other spills go unreported, the total 
volume of oil spilled may be ten

 

times higher than the 
official figure”. This is pointing to the fact that the actual 
oil being spilled into the Nigerian maritime environment 
is far more than what an individual tanker man can 
estimate, showing that the contributory spills from the 
tankers and oil companies has far more devastating 
effects on the maritime environment that what is 
imagined.

 

Marton (1982), an American author pointed out 
the fact that “some tankers, old and rusty, are relics of 
bygone era, others are so futuristic, so thoroughly 
automated, that their crew members feel more like 
astronauts than tanker men. And in all likelihood, the 
future tanker men will need the training and 
temperament of an astronaut”. This simply reveals the 
importance of maintenance of tanker and the 
specialized training of tanker men, which is of high 
necessity in the tanker industry so as to avoid tanker 
accidents leading to pollution and environmental 
degradation. It also shows the presence of some old, 
rusty and fairly used tankers in the developing nations of 
the world such as Nigeria.

 

Okokon (2000) calls for the need to establish a 
National Transportation Commission charge with the 
responsibility of transport research and policy question. 
Regulatory and control functions should also be part of 
the responsibilities of the so called National Transport 
Commission. 

 

Ajoku (2001) also stated that “ship-owners or 
tanker owners must accept change and changing 
environment of shipping. For Nigeria to effectively take 
advantage of the PSC (Port State Control) certain IMO 
(International Maritime Organization) convention must 
be ratified and fully implemented in Nigeria and other 
West African sub-region. These include MARPOL 73/78 
(International Convention for the Prevention of Pollution 
from ships, 1973, as modified by the protocol of 1978 
relating thereto), the ratification of the convention is an 
important step in the right direction. Nigeria must take 
immediate step to demonstrate this convention along 
with ISM (International Safety Management) code and 
the STCW

 

’95 (Standards of Training, Certification and 
Watch keeping for sea fares 1978 as amended in 
1995)”. The purpose of the ratification and 
implementation of these conventions in Nigeria is to 
enhance maritime safety and environmental protection. 

 

c)

 

Review of Marine Oil Tanker Accidents on the 
Nigerian Coastal Environment

 

The Nigerian coastal environment has suffered 
untold degradation from the activities of tanker men and 
tanker operations in Nigeria; worst among these 
activities is the issue of tanker accidents. The rate of 
tanker accidents is highly determined by the level of 
safety practices in the carriage of oil by sea,

 

as it is 
widely believed in the maritime industry that eighty 
percent of the accidents occurring in the shipping 
industry are caused by human error while the remaining 
twenty percent is attributed to technical or equipment 
failure (Freudendahl 1992).

 

i.

 

Human Error

 

Accidents do not just happen; they are usually 
the results of often many contributing elements of which 
each one certainly is manageable, in other words, they 
are caused. Examining table 1 in sub-section 2.3.4 of 
this chapter, which will show the list of oil tanker 
accidents that, had occurred in Nigeria, it is obvious that 
all the stated accidents are caused by human error one 
way or the other. The tanker accidents caused by 
human error range from poor maintenance and 
carelessness, to negligence and sometimes lack of 
experience in one way or the other both on the part of 
the operators/seafarers on one side and also on the part 
of the shore-based management team on the other 
side. Others include lack of effective safety 
management system between the ship and the shore 
and lack of adequate motivation for the seafarers. 
Looking at the nature of accidents in table 1, it could be 
clearly pointed out that no tanker accident listed was 
caused by an Act of God. However, within the scope of 
human error, the causes of accidents in the carriage of, 
oil in Nigeria could basically be said to be operational 
error or management/managerial negligence. 

 

ii.

 

Equipment/Technical Malfunctions

 

Although these equipments are usually 
operated by human beings, yet, their sudden or 
unexpected failure/malfunction and their consequential 
effects in the tanker industry cannot be underestimated. 
Sometimes, some of the accidents in the tanker industry 
are caused by technical problems which in some cases 
do occur without any prior warnings, such equipment 
failure or technical problem include; the failure of 
navigational equipment, loss of steering system, loss of 
propeller, pipe burst, hose burst, loss of propulsion 
power, blackout

 

and so on. Technical problems such as 
loss of steering system or propeller, pipe burst, hose 

 
 © 2014   Global Journals Inc.  (US)
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Uchegbu (1998) also revealed that oceans are 
ecosystems, quite susceptible to pollution. They are 
fragile environments, which are able to measure the 
detrimental effects of our actions. An ocean is made up 
of the continental shelf and the deep ocean. Incidentally, 
it is the continental shelf that is most productive in terms 
of food supply which also receives the greatest pollution 
load.

Maritime Tanker Accident on Coastal Areas in Nigeria

burst, loss of propulsion power, blackout and so on. 
Technical problems such as loss of steering system or 



 

d)

 

Environmental Degradation in Nigeria

 

Pollution has been defined under S.38 of the 
Federal Environmental Protection Agency Decree (No. 
58 of 1988) as man-made or man-aided alteration of the 
chemical, physical or biological quality of the 
environment to the extent that is detrimental to that 
environment or beyond acceptable limits and pollutant 
shall be constructed accordingly.

 

The increasing pressure on the natural 
environment caused by oil exploitation and 
transportation, exploited population growth, increasing 
human needs and demand for survival, poverty, 
unemployment are the chief causes of environmental 
degradation in the Nigerian coastal environment. 
However, this paper will not deal with all the causes of 
environmental degradation but will focus on 
environmental degradation resulting from 
accidents/incidents occurring onboard coastal oil 
tankers. 

 

e)

 

Oil Companies and the Environment

 

Oil is one of the very few fossil fuels formed 
millions of years ago through the decomposition of 
remains of plant and animal by the anaerobic process. 
Other fossil fuels are natural gas and coal. As a result of 
very long time frame required for their formation, they 
are otherwise classified as non-renewable resources. 
And because of their origin or sources of formation, they 
are known to be made up of complex hydrocarbons. 
The prospecting, exploration, production, transportation 
and utilization of these hydrocarbons pose severe threat 
to the environment.

 

i.

 

Oil Spill in Nigeria

 

According to the official estimates of the 
Nigerian National Petroleum Corporation (NNPC), a total 
of approximately 23,000 cubic meter of oil is spilled in 
300 separate incidents annually. However, as the oil and 
tanker companies frequently underestimate quantity of 
oil spilled and a large number of other spills go 
unreported, the total volume of oil spilled may be ten 
times higher than the official figure. Shell figure indicates 
that, since 1989, there has been 190 oil spills a year in 
the Nigerian coastal environment. Oil spills in Nigeria 
have often given rise to degradation of otherwise fertile 
agricultural lands as well as pollution of sea, streams, 
creeks, and other water bodies. This has resulted in the 
death of valuable plant life, animals, fishes and crabs. 
Each stage of oil production, starting from its exploration 
through storage, refining, transportation and 
consumption has effects and there is hardly any doubt 
that these effects have been devastating especially on 
the environment, anywhere oil operations are prevalent. 
For instance, in an effort to avoid environmental 
degradation, the entire 5000 strong U’wa tribe in 
Colombia vowed to commit mass suicide by leaping 
from a cliff unless Occidental de Colombia, a subsidiary 
of US Company, Occidental Petroleum, abandons its 

plans to drill for oil on their land in the eastern foothills of 
the Andes Mountains (Timbiri, 2001). 

 

f)

 

Oil Tanker Accidents in Nigeria

 

The recent increase in oil tanker accidents in 
Nigeria together with their associated environmental 
implications has called for a course for concern. Even 
though the most worrisome of them all as of now are the 
global environmental ones. Each  particular  problem  
has  a  linkage effect  with  another, which  tends to 
exacerbate the  effects of  others  thus creating  waves 
of anxiety, worry and concern for all lovers of the 
environment. The problems created by oil tanker 
accidents are threats to both aquatic and terrestrial life 
and can lead to their extinction. The major 
environmental problems caused by oil tanker accidents 
range from pollution of air, water and land to biological 
losses and atmospheric contamination, these are as a 
result of accidents such as fire outbreak, collision, 
explosion, grounding, flooding, sink age and so on. Oil 
tanker accidents such as fire outbreak and exposure 
lead to the release of gases such as SO2, NO2, H2S, NH3

 

and CO which produce organic acids resulting in acid 
rain. 

 

g)

 

Environmental Impact of Marine Oil Tanker 
Accidents

 

The impact on the environment of oil tanker 
accidents in Nigeria cannot be overemphasized. The 
issue of environmental hazards resulting from tanker 
accidents in mostly and popularly traced to pollution 
problems caused by accidents such as explosion fire 
outbreak, collision grounding, sinking, flooding and so 
on which subsequently lead to economic losses. The 
pollution phenomenon occurs whenever potentially 
harmful substances are released into the environment 
during these accidents, it is usually classed according 
to the receiving agents of air as emission (e.g. during oil 
spillage, collision and grounding). And land as dumps 
(e.g. undissolved spilled oil and permanent grounding). 
Apart from pollution, wrecked tankers and permanently 
grounded ones constitute nuisance and obstructions

 

to 
navigable waters, anchorages, fishing grounds and 
beaches. 

 

h)

 

Implications of Oil Tanker Accidents and their 
Environmental Impact on the National Economy  

Having examined the various accidents that had 
occurred in the tanker industry together with their 
associated negative impact on the Nigerian coastal 
environment, the following are the implications of these 
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tanker accidents and their environmental impact on the 
national economy. 

i. Pollution from oil spillages spoil beaches and 
recreation areas, which in turn affect the tourism 

Maritime Tanker Accident on Coastal Areas in Nigeria

industry and thereby depriving of the revenue 
earned. 



 

 

 

ii.

 

Pollution from effluent and other discharges 
released during these accidents destroys and limits 
the growth of marine life, which in turn affects the 
marine agricultural industry such as the fishing 
industry. 

 

iii.

 

It creates bad image, default status and reputation 
for Nigeria in the international community as relating 
to the maritime, tourism and environmental

 

sectors 
of the national economy. 

 

iv.

 

It is a potential source of acid rain thereby inducing 
accelerated corrosion and/or degradation of 
materials (e.g. roofing materials, clothing, motor 
vehicle and other metallic structures) around the 
Nigerian coastal environment thereby resulting in 
wastage and the erosion of personal income of the 
Nigerian population and subsequent effect on the 
national economy. 

 

v.

 

The pollution caused during these tanker accidents 
impairs vegetation, crop and soil leading to 
decreased leaf chlorophyll content, decreased 
internodes length in some plants and suppressed 
flowering in others, high percentage loss in crop 
yield has been observed and in some cases, direct 
mortality has been reported, this has a great 
adverse effect on the agricultural industry and 
subsequently the national economy. 

 

vi.

 

It causes damages to life and property from 
accidents such as explosion, fire outbreak, flooding 
and sinking thereby leading to the depletion of the 
national human and economic resources.

 

vii.

 

It ruins wildlife-nesting areas along the Nigerian 
coast, which eventually adversely affects the 
agricultural sub-sector of the national economy.

 

viii.

 

It leads to the destruction of nature and the eroding 
of man’s food and economic base.

 

ix.

 

It contaminates drinking water, which affects the 
society at large and subsequently the national 
economy.

 

x.

 

It leads to the erosion of national funds due to the 
excessive cost of cleaning up branches for tourism 
purposes and high cost of treating water so as to 
make it potable for the society.  

xi.

 

It leads to the disruption of ecological balance, 
which is the primary basis for economic, 
agricultural, technological and scientific researches, 
thereby having a consequential effect on the 
national economy as a whole. 

 

xii.

 

It releases noxious vapour into the atmosphere 
thereby endangering man’s health and other life 
forms, this adversely affect the productivity of the 
labour force in which environment and a 
consequential effect on the national economy. 

 

xiii.

 

All the above stated negative impacts lead to 
general loss of revenue to individuals and the 
community, and the erosion of the national 

economy, which has a resultant effect on the socio-
economic life of every Nigerian.

  

i)

 

Causes of Maritime Tanker Accidents in Nigerian  
Coastal Bodies 

i.

 

Causes of Oil Spillage 
In Nigeria, fifty percent (50%) of oil spills is due to 

corrosion, twenty eight percent (28%) to sabotage and 
twenty one percent (21%) to oil production operations. 
One percent (1%) of oil spills is due to engineering drills, 
inability to effectively control oil wells, failure of machines, 
and in adequate care in loading and unloading oil 
vessels. Thousands of barrel so foil have been let loose in 
to the environment through our oil pipelines and tanks in 
the country. This loss is as a result of our lack of regular 
maintenance of the pipelines and storage tanks. Most 
pipelines from the flow stations are obsolete. By 
international standards, oil pipes ought to be replaced 
after 15 to 20 years, but

 

most pipe lines in use are 20 to 
25 years old, making them subject to corrosion and 
leakage. Some of these pipes are laid above ground 
level without adequate surveillance, exposing them to 
wear and tear and other dangers (Oyem, 2001).About 
4000 barrels of oil spilled into the environment through 
the offshore pipeline in Idoho. Sabotage is another major 
cause of oil spill age in the country. Some of the citizens 
of this country in collaboration with people from other 
countries engage in oil

 

bunkering. They damage and 
destroy oil pipelines in their effort to steal oil from them. 
Pirates are stealing Nigeria's crude oil at a

 

phenomenal 
rate, funneling nearly

 

300,000 barrels per day from our 
oil and selling it illegally on the international trade 
market.

 

Illegal fuel siphoning as a result of the thriving 
black market for fuel products has increased the 
number of oil pipeline explosions in recent years. In July 
2000, a pipeline explosion outside the city of Warri 
caused the death of 250 people .An explosion in Lagos 
in December 2000 killed at least 60 people. The NNPC 
reported 800 cases of pipe line vandalization from 
January through October 2000. In January 2001, The 
Nigeria lost about $4billion in oil revenues in 2000 due to 
the activities of vandals on our oil installations. 

Nigeria lost about N7.7billion in 2002 as a result 
of vandalisation of pipelines carrying petroleum 
products. The amount, according to the PPMC, a 
subsidiary of NNPC, represents the estimated value of 
the products lost in the process. The Nigerian 
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government and oil companies say up to 15 percent of 
the country's two million barrels per day oil production is 
taken illegally taken from pipelines in the NigerDelta and 
smuggled abroad. 

Maritime Tanker Accident on Coastal Areas in Nigeria

j) Review of Oil Spill Incidents in Nigerian
Oil spill incidents have occurred in various parts 

and at different times along our coast. According to the 
Department of Petroleum Resources (DPR), between 
1976 and 1996 a total of 4647 incidents resulted in the 



 

 

  
 

 

k)

 

Impacts of Oil Spillage on the Environment 
Little is known about the effects of petroleum 

pollution on shore line communities (Garrity and 
Levings, 1990; Mc Guiness1990; Burn set al, 1993; 
Gesamp, 1993) Major oil spills heavily contaminate 
marine shore lines, causing severe localised ecological 
damage to the near-shore community. 

Ever since the discovery of

 

oil in Nigeria in the 
1950s, the country has been suffering the negative 
environmental consequences of oil development. The 
growth of the country's oil industry, combined with a 
population explosion and a lack of environmental 
regulations, led to substantial damage to Nigeria's 
environment, especially in the Niger Delta region, the 
center of the country's oil industry. 

 

In the Nigerian Coastal environment large areas 
of the mangrove

 

ecosystem have been destroyed. The 
mangrove was once a source of both fuel woods for the 
indigenous people and a habitat for the area's 
biodiversity, but is now unable to survive the oil toxicity

 

of its habitat. The oil spills also had an adverse effect on 
marine life, which has become contaminated; inturn 
having negative consequences for human health from 
consuming contaminated sea food. Oil spill hasal so

 

destroyed farmlands, polluted ground and drinkable 
water and caused draw backs in fishing off the coastal 
waters.

 

Oil spills in the Niger Delta have been a regular 
occurrence, and the resultant environmental 
degradation of the surrounding environment has caused 
significant tension between the people living in the 
region and the multinational oil companies operating 
there. It is only in the past decade that environmental 
groups, the Nigerian federal government, and the 
foreign oil companies that extract oil in the Niger Delta 
have begun to take steps to mitigate the damage. 
Although the situation is improving with more stringent 
environmental regulations for the oil industry, marine

 

pollution is still a serious problem.

 

V.

 

Research

 

Metodology

 

A sample survey research method was applied 
to this work. The method is appropriate for the 
examination of the topic because the sample survey 
research studies a very small population due to nature 
of the trade by selecting by selecting and studying 
samples chosen from the population to discover the 
relative incidence on the sociological, economical, 
psychological variables

 

Table 1 :

 

Analysis of response to Questions

 

VARIABLES

 

SAMPLE SIZE

 

ACTUAL RESPONSE

 

PERCENTAGE

 

Does oil tanker accidents do have an 
adverse effect on the Nigerian coastal 

environment.

 

Yes

 

No

 

90

 
 
 

 
 
 

71

 

19

 

 
 
 

79%

 

21%

 

That the

 

level of safety practices in the 
tanker industry in Nigeria had been 

lowered.

 

Yes

 

90

  
 

80

 

10

 

 
 
 

89%
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Oil spills pose a

 

major threat to the environment 
in Nigeria. If not checked or effectively managed, they 
could lead to total annihilation of the ecosystem, 

especially in the Niger Delta where oil spills have 
become prevalent.  Life in this region is increasingly 
becoming unbearable due to the ugly effects of oil spills, 
and many communities continue to groan under the 
degrading impact of spills (Oyem, 2001).

 
 

That the current level of emergency 
preparedness in Nigeria is relatively low.

Yes
No

90

78
12

87%
13%

spill of approximately 2,369,470 barrels of oil into the 
environment. Of this quantity, an estimated 1, 820,410.5
barrels (77%) were lost to the environment. Available 
records for the period 1976 to 1996 indicated that 
approximately 6%,25%, and 69% respectively, of total oil 
spilled in the Niger Delta area, were inland, swamp and 
offshore environments. Some major spills in the coastal 
zone are the GOCON’s Escravos spill in 1978 of about 
300,000 barrels, SPDC’s For cados Terminal tank failure 
in1978of about 580,000 barrels and Texaco Funiwa-
5blow out in1980 of about 400,000 barrels. Other oil spill 
incidents are those of the Abudu pipeline in 1982 of 
about 18,818 barrels, The Jesse Fire Incident which 
claimed about a thousand lives and the Idoho Oil Spill of 
January 1998, of about 40,000 barrels The most 
publicized of all oil spills in Nigeria occurred on January 
17 1980 when a total of 37.0 million litres of crude oil got 
spilled into the environment. This spill  occurred as a 
result of ablowout at Funiwa 5 offshore station. The 
heaviest recorded spill so far occurred in 1979 and 1980 
with a net volume of 694,117.13 barrels and 600,511.02 
barrels respectively.



  

 
 
 

  
 
 
 
 

 
 
 

 
 

That oil tanker accident has adverse 
effect on other sectors of the national 

economy

 

Yes

 

No

 

90

  
 
 
 

82

 

8 

 
 
 
 

91%

 

9%

 

That poor national economy is a 
contributory factor to the problem of 

environmental degradation in Nigeria.

 

Yes

 

No

 

90

  
 
 
 

77

 

13

 

 
 
 
 

86

 

14

 

What is the major cause of tanker 
accidents

 

Human error

 

Mechanical error

 

90

  
 

88

 

2

 

 
 

91

 

9

 

       Source: field study response.

 

Test of Hypothesis using the Chi Square Statistics

 

Hypothesis 1

 

NULL HYPOTHESIS (HO)

 

ALTERNATIVE HYPOTHESIS (Hi)

 

That oil tanker accidents do have adverse effect on the 
Nigerian coastal environment

 

That oil tanker accident does not have adverse effect on the 
Nigerian coastal environment.

 
 
 

Using Chi-Square, (X2) =   (𝐹𝐹𝐹𝐹−𝐹𝐹𝐹𝐹)
𝐹𝐹𝐹𝐹

 
 

Where:

 

Fo = observed frequency

 

Fe = expected frequency

 

{   = Summary

 

Fo

 

Fe

 

Fo-Fe

 

(Fo-Fe)2

 

(Fo-Fe)2

 

Fe

 

4

 

2

 

9 
3 
25

 

5

 

33

 

9

 

4.733

 

1.267

 

9.467

 

2.533

 

23.667

 

6.333

 

33.133

 

8.867

 

-0.733

 

0.733

 

-0.467

 

0.467

 

-1.333

 

-1.333

 

1.333

 

0.133

 

0.537

 

0.537

 

0.218

 

0.218

 

1.777

 

1.777

 

0.018

 

0.018

 

0.113

 

0.424

 

0.023

 

0.086

 

0.075

 

0.281

 

0.001

 

0.002

 
    

1.005

 

                 Source: Chi square table

 

Computed value of X2

 

Degree of freedom = (R-1)  (c – 1)

 

= (4-1) (2-1)

 

= (3)  (1) = 3 

Degree of Freedom = 3 

The table of value X2

 

at 0.05 with 3 degree of freedom is 7.815

 

Interpretation: Since the computed value of X2

 

which is 1.005 is less than the table value of X2

 

at 0.05 which is 7.815, 
the hypothesis is within the acceptance region. Therefore, the hypothesis is accepted by the respondents.

 

2
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Hypothesis 2

NULL HYPOTHESIS (HO) ALTERNATIVE HYPOTHESIS (Hi) 
That the level of safety practices in the tanker industry in 

Nigeria has been lowered
That the level of safety practices in the tanker industry in 

Nigeria had not been lowered.



 

  
 

Fo

 

Fe

 

Fo-Fe

 

(Fo-Fe)2

 

(Fo-Fe)2

 

Fe

 

5

 

1

 

9

 

3

 

28

 

2

 

38

 

4

 

5.333

 

0.666

 

10.667

 

1.333

 

26.667

 

3.333

 

37.333

 

4.667

 

-0.333

 

0.333

 

-1.666

 

1.667

 

1.333

 

-1.333

 

0.667

 

-0.667

 

0.111

 

0.111

 

2.779

 

2.779

 

1.777

 

1.777

 

0.445

 

0.445

 

0.021

 

0.166

 

0.261

 

2.085

 

0.067

 

0.533

 

0.012

 

0.095

 
    

3.24

 

Calculated value of X2  = (Fo-Fe)2

 

  =   3.24

 

Fe

 

Degree of freedom = 3

 

The table value of X2

 

at 0.05 with 3 degree of freedom is 7.815

 

Interpretation:

 

Since the computed value of X2

 

(3.24) is less than the table of value of X2

 

(7.815), the hypothesis is 
therefore accepted by the respondents.

 

Hypothesis 3

 

NULL HYPOTHESIS (HO)

 

ALTERNATIVE HYPOTHESIS (Hi)

 

That the level of safety practices in the tanker industry in 
Nigeria has been lowered

 

That the level of safety practices in the tanker industry in 
Nigeria had not been lowered.

 
 

Fo

 

Fe

 

Fo-Fe

 

(Fo-Fe)2

 

(Fo-Fe)2

 

Fe

 

5

 

1 
10

 

2

 

27

 

3 
36

 

6

 

5.2

 

0.8

 

10.4

 

1.6

 

26

 

4 
36.4

 

5.6

 

-0.2

 

0.2

 

0.4

 

0.4

 

1 
-1 

-0.4

 

0.4

 

0.04

 

0.04

 

0.16

 

0.16

 

1 
1 

0.16

 

0.16

 

0.008

 

0.05

 

0.015

 

0.1

 

0.038

 

0.25

 

0.004

 

0.029

 
    

0.494

 

Calculated value of X2

 

= 0.494

 

Degree of freedom = 3

 

The table value of X2

 

at 0.05 with 3 degree of freedom is 7.815

 

Interpretation:

 

The hypothesis is accepted by the respondents because the calculated value of X2

 

which is 0.494 is 
less than the table value of X2

 

which is 7.815.

 

Hypothesis 4

 

NULL HYPOTHESIS (HO)

 

ALTERNATIVE HYPOTHESIS (Hi)

 

That oil tanker accident has adverse effect on other 
sectors of the national economy.

 

That oil tanker accident does not have adverse effect on other 
sectors of the national economy.

 

Fo

 

Fe

 

Fo-Fe

 

(Fo-Fe)2

 

(Fo-Fe)2

 

Fe

 

6

 

0 
11

 

1

 

5.467

 

0.533

 

10.933

 

1.067

 

0.533

 

-0.533

 

0.067

 

-0.067

 

0.284

 

0.284

 

0.004

 

0.004

 

0.052

 

0.533

 

0.0004

 

0.0004
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26
4 
39
3

27.333
2.667
38.267
3.733

-1.333
1.333
0.733
-0.733

1.777
1.777
0.537
0.537

0.065
0.666
0.014
0.143
1.4774



 

 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

     

Calculated value of X2

 

= 0.48

 

Degree of freedom = 3

 

The table value of X2

 

at 0.05 with 3 degree of freedom is 7.815

 

Interpretation:

 

Since the computed value of X2

 

(0.48) is less than the table value of X2

 

(7.815), the hypothesis is 
therefore accepted by the respondents.

 

Hypothesis 5

 

NULL HYPOTHESIS (HO)

 

ALTERNATIVE HYPOTHESIS (Hi)

 

That poor national economy is a contributory factor to the 
problem of environmental degradation in Nigeria.

 

That poor national economy is not a contributory factor to the 
problem of environmental degradation in Nigeria.

 
 

Fo

 

Fe

 

Fo-Fe

 

(Fo-Fe)2

 

(Fo-Fe)2

 

Fe

 

4

 

2 
9 
3

 

27

 

3

 

37

 

5

 

5.133

 

0.867

 

10.267

 

1.733

 

25.667

 

4.333

 

35.933

 

6.067

 

-1.133

 

1.133

 

-1.267

 

1.267

 

1.333

 

-1.333

 

1.067

 

-1.067

 

1.284

 

1.284

 

1.605

 

1.605

 

1.777

 

1.777

 

1.138

 

1.138

 

0.250

 

1.481

 

0.156

 

0.926

 

0.069

 

0.410

 

0.032

 

0.188

 
    

3.512

 

Calculated value of X2

 

= 3.51

 

Degree of freedom = 3

 

The table value of X2

 

at 0.05 with 3 degree of freedom is 7.815

 

Interpretation:

 

The hypothesis is accepted by the respondents because the calculated value of X2

 

which is 3.51 is 
less than the table value of X2

 

which is 7.815.

 

VI.

 

Discussion of

 

Findings

 

Below are the findings from the study carried 
out during the course of the study. 

 

It was discovered that the major cause of   
marine tankers accidents in Nigeria is as a result of 
human factor errors and this human error has greatly led 
to the negative effects, the tanker accidents have posed 
in the coastal environment in Nigeria. Water bodies have 
suffered a great deal of infection that has triggered the 
death of aquatic organisms, widespread of diseases 
and reduced food cultivation. The safety practice level of 
the tanker industry in Nigeria had been lowered 
drastically which for the need for proper training and 
certification of Nigeria oil tanker operators. The level of 
Emergence response is relatively poor as compared to 
other nations with massive oil maritime transport 
activities. Tanker operators and the managers have a 
very important role to play in the safety of their tankers 
and the protection of the marine environment. Finally, 
the Nigerian government should fully empower and 
support the maritime agencies in checkmating cases of 
maritime pollution and environmental degradation and 
not boycott corners process thereby sacrificing the 
standards for effective and efficient maritime operations 
in Nigeria. 

 

VII.

 

Conclusion 

Marine oil tanker accidents in Nigeria had over 
the years contributed immensely to the degradation of 

the Nigerian coastal environment, hence, the need to 
examine and investigate into the causes of

 

these tanker 
accidents together with the practices and problems 
associated with them in Nigeria. The chapter one of this 
research work had so far given a general overview into 
the introduction to this research project, this includes the 
focus of the study, purpose of study, research 
questions, area of study and the significance of study, 
particular emphasis was laid on subjects such as the 
review of the impact of marine oil tanker accidents on 
the Nigerian coastal environment, environmental 
degradation in Nigeria, oil companies and the 
environment, oil spill in Nigeria, tanker accidents in 
Nigeria and their implications on the national economy, 
the assessment of the current level of pollution control in 
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the Nigerian coastal environment and the need for 
improvement on the level of environmental protection in 
Nigeria. Chapter three consists basically of the 
methodology utilized in this research work, which 
includes the systems and techniques engaged in the 
collection of data used for the research project. Chapter 
four deals with the presentation of collected data and 
the statistical analysis of variables, data were also 
subjected to hypothetical testing of which the valid 
results and their interpretations were expressly stated 
and chapter five presents the summary, findings, 
recommendations and conclusion of the study. 



 

VIII.

 

Recommendations 

In view of the many problems, findings and 
conclusion drawn in this research work, the following 
recommendation are made towards the elimination of 
tanker accidents and the enhancement of the protection 
of the Nigerian coastal environment.

 

•

 

The Federal Government should fully establish a 
body such as the coastal guard changed with the 
responsibility of enforcing already existing laws and 
regulations that has to do with the protection of the 
Nigeria coastal environment. Such laws include the 
petroleum regulation  of 1969, oil in Nigeria waters 
act of 1968, criminal code of Nigeria , Federal 
environment protection decree no 58.

 

•

 

There is also for the government to formulate and 
promulgate laws which have more stringent 
penalties for violators of the pollution act. If the 
tanker operator and managers become aware of 
stringent consequences, it will make them to be 
more safety conscious during the normal cause of 
their operation which will in turn enhance the 
protection of the environment.

 

•

 

Knowing that it take time , money and energy to 
combat the menace of pollution the federal 
government and the  local authorities need to put all 
resources  together to ensure adequacy in the 
protection of our environment .

 

•

 

The Nigeria government should also establish a 
central coordinating unit saddled with the 
responsibility of pollution and environmental 
protection in a unified manner so no one aspect of 
the environment will be left without control or 
protection.

 

•

 

The National Authorities through the local authorities 
should create awareness by enlightening and 
sensitizing the public about their responsibility to the 
environment. 

 

•

 

The federal Ministry of Transport should establish an 
efficient Port State

 

Control (PSC) which will see to 
the issue of safety on board ships particularly 
Nigerian Tankers in all the Nigeria ports.

 

•

 

NIMASA in conjunction with the ship owners 
association of Nigeria should ensure that seminars, 
retraining and workshops are organized for both 
ship owners and the shore based management 
team to facilitate success in creating awareness 
about the vital role they can play in the general 
safety of their tankers and the protection of marine 
environment. 
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Abstract- Supply chains have expanded rapidly over the 
decades, with the aim to increase productivity, lower costs 
and fulfil demands in emerging markets. The increasing 
complexity in a supply chain hinders visibility and 
consequently reduces one’s control over the process. Cases 
of disruption such as the ones faced by Ericsson have shown 
that a risk event occurring at one point of the supply chain can 
greatly affect other members, when the disruption is not 
properly controlled. Complexity and disintegration are 
emerging as major challenges in supply-chain risk 
management. It has become more difficult to identify risks as 
supply-chain operations have fallen into the hands of outside 
service providers, and are therefore less visible. The risks, their 
identification and impact depend on the position of the 
companies in the chain, and on the level of analysis they can 
carry out. . Supply chain management thus faces a pressing 
need to maintain the expected yields of the system in risk 
situations. This work provides a review of definitions and 
classifications of types of risk; a holistic view of risk 
assessment and management is taken here. This project aims 
to analyse how supply chain risks could be effectively 
managed. This is done firstly by positioning the research 
agenda in Supply chain Risk Management (SCRM).Then, 
methods for effective management of supply chain risk are 
identified and analysed. 

I. Introduction 

upply Chain Management (SCM) is a principle 
emphasizing the utilization of an efficient 
integrated system of suppliers, producers, 

warehouses, retailers and customers, so that items can 
be produced and distributed system-wide at the right 
quantities, locations, and time to minimize costs and 
maximize services. A supply chain is the linkage of 
series of organizations with facilities, functions, 
processes, and logistics activities that are involved in 
producing and delivering a product or service. In the 
past, when firms manufactured in-house, sourced locally 
and sold direct to the customer, ‘risk’ was less diffused 
and easier to manage. With the advent of increased 
product/service complexity, and outsourcing of supply 
networks across international borders, risk is increasing 
and the location of risk has shifted through                        
complex changing supply networks. Managing risk in                          
supply   chains  is  an  important  topic  in  supply  chain  
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management. The topic’s importance is due to several 
industry trends currently in place: increase in strategic 
outsourcing by firms, globalizations of markets, 
increasing reliance on suppliers for specialized 
capabilities and innovation, reliance on supply networks 
for competitive advantage, and emergence of 
information technologies that make it possible to control 
and coordinate extended supply chains. These trends 
have manifested themselves in an increase in 
outsourcing and off-shoring of manufacturing and R&D 
activities, low cost country (LCC) sourcing, and 
collaboration with international supplier partners. While 
these increase the strategic options for firms, they also 
increase the probability of experiencing adverse events 
in supply chains that significantly threaten normal 
business operations of firms in the supply chains. Along 
with the increase in these initiatives, there has been an 
increase in the potential and magnitude of supply chain 
risks. Many industrial cases have shown different 
outcomes after risk events due to diverse actions (or 
lack of action) taken in facing supply chain disturbances 
and disruptions. One typical example is Ericsson’s crisis 
in 2004. Since Ericsson used a single-sourcing policy, a 
fire accident in its chips’ supplier immediately disrupted 
the material supply. Ericsson’s loss was estimated to 
reach USD 400 million for its T28 model. 

a) Risk 
Risk can be broadly defined as a chance of 

danger, damage, loss, injury or any other undesired 
consequences. A more scientific definition of risk was 
provided by the Royal Society (1992): ‘‘the probability 
that a particular adverse event occurs during a stated 
period of time, or results from a particular challenge”. 

i. Sources of Risk  
a. Supply Risk 

Supply risk relates to potential or actual 
disturbances to the flow of product or information 
emanating within the network, upstream of the focal 
company. Therefore, it is risk associated with a 
company's suppliers, or supplier's suppliers being 
unable to deliver the materials the company needs to 
effectively meet its production requirements/demand 
forecasts. It adversely affects inward flow of any type of 
resource to enable operations to take place; also 
termed as ‘input risk’. It includes. 
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• Dependency on key suppliers 

• Consolidation in supply markets 

• Quality and management issues arising from off-
shore sourcing 

• Potential disruption at 2nd tier level 

• Length and variability of replenishment lead-times  
b. Demand Risk 

Demand risk relates to potential or actual 
disturbances to flow of product, information, and cash, 
emanating from within the network, between the focal 
company and the market. This demand risk can be a 
failure on either the high or low side to accurately 
accommodate the level of demand. It encompasses 
uncertainties in both product volume and mix which 
includes. 

• Loss of major accounts 

• Volatility of demand 

• Concentration of customer base 

• Innovative competitors 
c. Process Risk 

Processes are the sequences of value-adding 
and managerial activities undertaken by the company. 
Process risk relates to disruptions to these processes. It 
affects a firm’s internal ability to produce and supply 
goods/services, which results from the consequences of 
a breakdown in a core operating, manufacturing or 
processing capability. It includes. 

• Manufacturing yield variability 

• Lengthy set-up times and inflexible processes 

• Equipment reliability 

•
 

Limited capacity/bottlenecks
 

•
 

Outsourcing key business processes
  

d.
 
Control Risk

 

Controls are the assumptions, rules, systems 
and procedures that govern how an organization exerts 
control over the processes. In terms of the supply chain 
they may be order quantities, batch sizes, safety stock 
policies etc. Control risk is therefore the risk arising from 
the application or misapplication of these rules.

 
It 

includes. 

•
 

Inappropriate rules that distort demand
 

•
 

Poor visibility along the pipeline
 

•
 

Lack of collaborative planning and forecasts
 

•
 

Bullwhip effects due to multiple echelons  

II.
 

Environmental Risk
 

Environmental risk is the risk associated with 
external and, from the company's perspective; 
uncontrollable events. It consists of any uncertainties 
arising from the supply chain and environmental 

interactions. These may be the result of accidents, man-
made or natural disasters. It includes. 

• Natural disasters 

• Terrorism and war 

• Regulatory changes 

• Strikes 
Following figure shows some of the Risk 

sources and their characteristics. 

Figure
 
1.1 :

 
Risk sources and their characteristics

 

a)
 

Risk Assessment
 

Risk assessment is used to analyze the degree 
of risk associated with each hazard. The goal of risk 
assessment is to indicate which areas and activities in 
the value chain are most susceptible to hazards. It 
balances the probability of demand, the likelihood of 
reliable supply, the most effective allocation of 
resources, and the probability of success of new 
product introductions, market conditions, and the 
opportunity costs of alternative decision paths.  

b)
 

Risk Management
 

It is a process of measuring or assessing risk 
and then developing strategies to manage the risk. Risk 
management is the broad activity of planning and 
decision making designed to deal with the occurrence 
of hazards or risks. Risks include both unlikely but high-
impact disruption risks, as well as more common 
volatility in demand, internal processing, and supply.

 

Some of the factors impacting exposure to 
Risks are also given below:

 

i.
 
Customers reactions.

 

ii.
 
Competitor reactions.

 

iii.
 
Supplier reactions.

 

iv.
 
Government reactions.

 

III.
 

Summary
 
of

 
Literature

 
Review

 

Increasing product/service complexity, 
outsourcing and globalisation have led to complex and 
dynamic supply networks, there

 
by increasing the 

factors impacting exposure to risks. The review shows 
various types of risks and there classifications based on 
different categories which affects the Supply chain 
operations. It also addresses the importance of Supply 
chain Risk Management (SCRM) to make decisions that  
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optimally align organizational processes and decisions 
to exploit opportunities while simultaneously minimizing 
risk. Understanding the types of risks and their 
probability of occurrence as well as the associated 
impacts is a starting point for companies to develop 
effective Risk Management strategies.

IV. Problem Description

To gain cost advantage and market share, 
many firms implemented various initiatives such as 
outsourced manufacturing and product variety. These 
initiatives are effective in a stable environment, but they 
could make a supply chain more vulnerable to various 
types of disruptions caused by uncertain economic 
cycles, consumer demands, and natural and manmade 
disasters. The objective of the problem is to maximize 
productivity by reducing Supply Chain Risks. In this 
work, an effective method for managing ‘Supply chain 
Risk’ in a manufacturing industry involving in Casting is 
proposed with aid of a flow chart and a strategy is 
developed for its Mitigation.

a) Identification of Problem
• Obtaining various sources of risk which impacts on 

Supply chain operations.
• Obtaining an effective method for managing Supply 

chain risk.
• To develop a Flow chart for Supply chain risk 

management.
• To develop a framework strategy for Supply chain 

Risk Mitigation.

i. Definition
a. Supply Chain Risk Management (SCRM)

SCRM is viewed as “the management of supply 
chain risk through coordination or collaboration among 
the supply chain partners so as to ensure profitability 
and continuity”. Risk management is the process of 
measuring or assessing risk and then developing 
strategies to manage the risk. These strategies can 
involve the transference of risk to another party, risk 
avoidance or mitigation, and channel risk sharing. SCM 
risk assessments balance the probability of demand, the 
likelihood of reliable supply, the most effective allocation 
of resources, and the probability of success of new 
product introductions, market conditions, and the 
opportunity costs of alternative decision paths. A 
framework for Supply Chain Risk Management is shown 
below:

Figure 3.1 : Framework for Supply Chain Risk
Management

This figure shows that the continuity of supply 
chain operations can be affected by various risk events. 
A solid risk analysis process could identify the impact of 
disruption on supply chains. This could be established 
by monitoring supply chain performance, for example 
the production or financial performances. With a proper 
implementation of risk control, for instance via risk 
mitigation strategies, the impact of disruption on flows 
could be diminished, or even avoided.

b) Objectives
The main objective is to analyse how supply 

chain risks can be effectively managed. Firstly, this is 
done by positioning the agenda in supply chain risk 
management (SCRM). Then, methods for effective 
management of supply chain risk are identified and 
analysed.

Based on the framework shown above, we can 
classify the objective into two sub-categories

Objective I: Identifying Supply Chain Risk 
Management Agenda.

It is important to identify the current agenda in 
this field. The exploration of various definitions, for both 
terminology and processes involved in this area, helps 
to clarify future scope. To achieve this objective, we 
hereby raise two questions as follows:

Objective II: Identification of Effective 
Management of Supply Chain Risk.

The second objective focuses on finding how 
supply chain risk can be effectively managed. To 
achieve this objective, an investigation of selected 
approaches and methods will be conducted to analyse 
their competency and robustness in sustaining supply 
chain operations. Hence, to achieve the above 
objective, we raised three questions that focuses on risk 
analysis and risk control.

Risk Assessment and Management in Supply Chain

FQ1: What risk issues should be considered in supply 
chain operations?
FQ2: How does a risk event affects supply chain 
operations?

FQ3: How can we analyse supply chain performance
from a risk management viewpoint?
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V. Proposed Methodology

Supply chain Risk Management process can be 
mainly classified into two categories:

• Risk Analysis.

• Risk Control.
Risk Analysis deals with Identification, 

Estimation and Evaluation of risks, whereas Risk Control 
deals with Mitigation and Monitoring of risks. The Risk 
Management process can be developed with the aid of 
a flow chart which is shown below.  

Review Process

Figure 4.1 : Flow chart for Supply Chain Risk 
Management

Risk Management process which is constituted 
of two main elements; Supply chain Risk Analysis and 
Supply chain Risk Control, henceforth referred to risk 
analysis and risk control respectively. The term risk 
assessment is also interchangeably used in referring to 
risk analysis. The first process covers the identification, 
estimation and evaluation of risk. Proper implementation 
of all stages in this process will result in the recognition 
of potential risk events affecting supply chain. However, 
not all risk events fall under the category of disruption 
risk events, and therefore the potential impact caused 
by an individual risk event needs to be carefully 

estimated and evaluated according to the individual 
supply chain operation’s definition.

a) Risk Identification
        A key aspect of supply chain risk management is 
identification. Identification involves creating a list of 
potential events that could harm any aspect of the 
supply chain’s performance. Risk identification allows an 
organization to take steps to create plans to manage 
risks before they occur. This is typically more cost 
effective then waiting to react to adverse events when 
they occur.

i. Methods for Identifying Risk
Geomapping/Supply chain mapping – Visual 

maps of supply chains reveal supply chain structures, 
dependencies, and handoffs that may contain risk. 
Supply Chain Operation Reference (SCOR) mapping 
and Value Stream Mapping are two types of supply 
chain mapping that can be used. Looking at historical 
problems – Historical problems may have a high chance 
of recurring. Those problems may have happened to the 
organization itself or to others. Researching industry 
trends – Other organizations and industry groups may 
have already researched risks that are applicable. 
Group of experts brainstorming – People with 
experience in different areas of your organization and 
supply chain have lots of knowledge of risks. Getting 
them together increases the knowledge sharing. (The
Delphi method is one technique to conduct expert 
interviews.) Assessment surveys – Well designed 
surveys can be an effective way to quickly gather 
information on risks in your supply chain. Site visits –
Site visits to supply chain partners allow you to collect 
detailed and less “filtered” information on risks. 
Information audits – Data system audits can reveal 
issues and trends from the past. It can show areas of 
the supply chain that have had poor performance in the 
past and are thus more likely to perform poorly in the 
future. 

ii. Tools used in risk identification 
Risk checklists – a list of risks that are common 

for our environment. It may come from past experience 
or industry research. Cause-and-effect diagrams – a 
diagram that traces back the causes for events. Gantt 
charts – a bar chart showing the precedence and timing 
of activities. It can help identify the critical path, i.e. the 
most critical organizations and processes that would be 
bottlenecks if they experienced a disruption. (It can also 
be used later during Risk Assessment to determine the 
effect of disruptions at different points in a supply 
chain). 

RISK ANALYSIS

RISK IDENTIFICATION

RISK ESTIMATION

RISK EVALUATION

RISK CONTROL

RISK MITIGATION

RISK MONITORING

Supply Chain Risk assessment provides 
management with an understanding of where the 
greatest risks may exist in order to prioritize resources 
for risk mitigation and management. Performing such 

b) Risk Assessment and Evaluation

Risk Assessment and Management in Supply Chain

FQ4: What kind of mitigation policies should be used for 
managing risk in supply chains?

FQ5: What modelling techniques and approaches are 
possible in this area?
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assessments will involve clarifying the nature of the risk, 
understanding conditions that may lead to the event, 
knowing how frequently such events have happened or 
can be expected to happen, and the potential impact of 
such events. The team can then prioritize addressing 
the risks. Risk assessment is typically made up of two 
measures: Likelihood and Impact. Likelihood– measures 
the probability that the event will occur. The exact 
probability may be difficult to determine unless there is 
historical data that can be used to find the frequency of 
the event occurring. Alternatively an organization can 
use a subjective likelihood, or degree of belief, based on 
the opinions of experts. A time horizon is necessary to 
define the probability in a useful way (e.g., the likelihood 
that an event will occur in the next year or 50 years). 
Impact – measures the consequences on the 
organization if the event occurs. It can be measured 
directly, for example in terms of dollars. It can also be 
measured on a scale, for example from zero to one with 
zero being very little negative consequence and one 
being a very bad consequence. Methods for measuring 
impact include “what-if” simulations, financial models, 
and opinions of teams of experts. Impact may also be 
measured in terms of other SCOR metrics besides 
financials. Summary risk score – A summary risk score 
can be calculated for each risk by multiplying the Impact 
times the Probability to get an expected value of the risk. 
Then risks can be ranked by risk score. Also the risks 
can be shown on a map or graph. An example is shown 
below. 

Qualitative Risk assessment

i. Tool used in Risk Assessment
Failure Mode Effect Analysis (FMEA) – It is used 

to prioritize the risk using Risk Priority Number (RPN), 
which can be calculated from probability of occurrence, 
severity and detection of risk and also using Risk Score 
Values (RSV) in which Severity and Occurrence of risk is 
calculated.

Other methods for assessment include:
• Fault tree analysis – This is a graphical technique 

that provides a systematic description of the 
combinations of possible occurrences in a system, 
which can result in an undesirable outcome. This 

method can combine hardware failures and human 
failures. The most serious outcome is selected as 
the “Top Event”. A fault tree is then constructed by 
relating the sequence of events, which individually 
or in combination, could lead to the top event. FTA 
is both a design and a diagnostic tool. As a design 
tool FTA is used to compare alternative design 
solutions and the resulting Top event probability. As 
a diagnostic tool FTA is used to investigate 
scenarios that may have led to the Top event.

• Event tree analysis – Event tree analysis (ETA) is an 
analysis technique for identifying and evaluating the 
sequence of events in a potential accident scenario 
following the occurrence of an initiating event. ETA 
utilizes a visual logic tree structure known as an 
Event Tree (ET). The objective of ETA is to 
determine whether the initiating event will develop 
into a serious mishap or if the event is sufficiently 
controlled by the safety systems and procedures 
implemented in the system design. An ETA can 
result in many different possible outcomes from a 
single initiating event, and it provides the capability 
to obtain a probability for each outcome.

c) Risk Monitoring and Mitigation 
Once areas of risk have been identified, an 

organization needs to monitor their internal and external 
environment. This helps them to predict when risky 
events are becoming more likely. It also helps to identify 
new risks and is tightly linked to the best practice of 
Supply Chain Risk Identification. Supply Chain 
Operation References focus on supply chain metrics 
enables Supply Chain Risk monitoring. Real time 
metrics and periodic reports give decisions maker’s 
knowledge upcoming risks. Statistical analysis of key 
metrics can reveal trends. Visibility into supplier and 
customer metrics increases the ability to monitor. 
Reports on risk monitoring can be combined with 
existing management reviews and meetings. Monitoring 
can also include monitoring qualitative sources of 
information such as news or weather reports to identify 
events that are precursors to risks. In the Plan step, an 
organization can plan methods for monitoring Source, 
Make, Deliver, and Return risks. These methods may 
include specific metrics to monitor and “watch-out” lists 
of precursor events. It may also include monitoring the 
environment external to the organization’s supply chain. 

Figure 4.2 :

• Deliver risk monitoring can be done with customer 
service metrics. 

• Make risk monitoring can be done automatically 
through an organization’s data systems such as an 
ERP system. 

• Source risk monitoring is enhanced with visibility 
into suppliers’ metrics. 

It is important to monitor indicators that would 
appear early in a risk event or, better, even before it 
occurs by indicating an increasing likelihood. If 
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monitoring only reveals a risk well after its first 
occurrence, it will likely be too late to adequately 
respond to it. Monitoring can also be used to test the 
effectiveness of risk controls. If a plan to mitigate or 
prevent a risk has been implemented, monitoring can 
check to see if the corresponding metrics show no signs 
of the risk occurring. Five operational strategies for 
managing disruption risks are given below:

Table 4.1 : Operational strategy for managing 

                    

disruption risk

Operational 
Strategy

Description

Stockpile Inventory Hold inventory that can be used to 
fill customer demand even if supply 
is interrupted.

Diversify Supply Source product from multiple 
vendors/facilities so that a problem 
at one vendor/facility does not 
affect the entire Supply.

Backup Supply Have an emergency supplier (or 
logistics provider) that is not 
normally used but that can be 
activated in the event of a Supply 
problem.

Manage Demand Influence demand to better match 
the actual supply by, for example, 
adjusting prices or offering 
incentives to encourage Customers 
to purchase products that are less 
supply‐constrained.

Strengthen Supply 
Chain

Work with suppliers to reduce the 
frequency and/or severity of supply 
problems.

i. Risk Mitigation Strategies
• Multiple sources of supply: - having multiple 

sources of supply for a raw material reduces the 
impact of one source failing to deliver materials.

• Strategic agreements or partnerships with suppliers: 
- strategic agreements with suppliers can lead to 
continued service in the event of capacity 
constraints. 

• Collaborative Planning Forecasting and 
Replenishment (CPFR): - by sharing demand and 
fulfilment data with supply chain partners, there is a 
reduced risk of unforeseen demand swings or 
supply shortages. 

• Joint product design and delivery: - designing 
products with suppliers reduces the risk of material 
non-performance or material shortages. 

d) Supply Chain Operation Reference (Scor) Model
Supply Chain Operations Reference (SCOR) 

model provides a unique framework that links 

performance metrics, processes, best practices, and 
people into a unified structure. The framework supports 
communication between supply chain partners and 
enhances the effectiveness of supply chain 
management, technology, and related supply chain 
improvement activities. It features an intentionally broad 
scope and definitions that can be adapted to the 
specific supply chain requirements of any industry or 
application.

SCOR is based on Five Core management process:

Table 4.2 : SCOR process

SCOR 
PROCESS

DEFINITIONS

PLAN
Processes that balance aggregate 
demand and supply to develop a course 
of action which best meets sourcing, 
production and delivery requirements

SOURCE
Processes that procure goods and 
services to meet planned or actual 
demand.

MAKE
Processes that transform product to a 
finished state to meet planned or actual 
demand.

DELIVER
Processes that provide finished goods 
and services to meet planned or actual 
demand, typically including order 
management, transportation 
management and distribution 
management.

RETURN
Processes associated with returning or 
receiving returned products for any 
reason.

i. SCOR Performance
The performance section of SCOR consists of 

two types of elements: Performance Attributes and 
Metrics.

a. Performance Attributes
A performance attribute is a group of metrics 

used to express a strategy. An attribute itself cannot be 
measured; it is used to set strategic direction. SCOR 
identifies five core supply chain performance attributes: 
Reliability, Responsiveness, Agility, Costs, and Asset 
Management. Consideration of these attributes makes it 
possible to compare an organization that strategically 
chooses to be the low-cost provider against an 
organization that chooses to compete on reliability and 
performance.

b. Metrics 
A metric is a standard for measurement of the 

performance of a process. SCOR metrics are diagnostic 
metrics. SCOR recognizes three levels of predefined 
metrics: 

• Level 1 metrics are diagnostics for the overall health 
of the supply chain. These metrics are also known 
as strategic metrics and key performance indicators 
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(KPIs). Benchmarking level 1 metrics helps establish 
realistic targets that support strategic objectives. 

• Level 2 metrics serve as diagnostics for the level 1 
metrics. The diagnostic relationship helps to identify 
the root cause or causes of a performance gap for a 
level 1 metric.

• Level 3 metrics serve as diagnostics for level 2 
metrics.

Table 4.3 : SCOR Level 1 metrics

Perspectives Metrics Measure

Supply chain 
reliability

On-time 
delivery
Order 
fulfillment lead 
time Fill rate
Perfect order 
fulfillment

Percentage
Days
Percentage
Percent
age

Flexibility and 
responsiveness

Supply chain 
response time
Upside 
production 
flexibility

Days
Days

Expenses

Supply chain 
management 
cost
Warranty cost 
as percentage 
of revenue
Value added 
per employee

Percentage
Percentage
Dollars

Assets/utilization

Total inventory 
days of supply
Cash-to-cash 
cycle time
Net asset 
turns

Days
Days
Turns

ii. Benefits of adopting the SCOR model 
• Rapid assessment of supply chain performance 

• Clear identification of performance gaps 

• Efficient supply chain network redesign and 
optimization 

• Enhanced operational control from standard core 
processes 

• Streamlined management reporting and 
organizational structure 

• Alignment of supply chain team skills with strategic 
objectives 

• A detailed game plan for launching new businesses 
and products 

• Systematic supply chain mergers that capture 
projected savings

In this work, a Case study is taken up to 
develop an effective method for managing ‘Supply chain 

Risk’ in a manufacturing industry involving in Casting, by 
collecting the sample data and a strategy is developed 
for its Mitigation. AutoKast Ltd, a Casting industry 
undertaking by Government of Kerala is taken here as 
the case study. The industry is fully equipped to 
manufacture all kinds of Ferrous Castings weighing from 
20 kg to 8000 kg single piece. The present annual 
production capacity is 6000 Metric Tons. AutoKast 
produces and markets different grades of Grey Iron and 
SG Iron Castings for the domestic and international 
markets. 

VI. Case Study: Risk Assessment and
Management in Casting Industry

a) Risk Identification
Sources of risk

i. Demand Risk
It is the occurrence of an undesired event, 

which is mostly caused by fluctuation in customer 
demand. Forecast becomes more inaccurate if the 
fluctuation is really high, and the further result from 
forecast inaccuracy is the bullwhip effect as the most 
undesired outcome from this risk.

ii. Supply Risk
It refers to the increments of purchasing cost 

that is caused by price increase from suppliers, delivery 
delay from suppliers that can increase production cost, 
quality cost because of the low quality of inbound 
materials or even defects.

iii. Operational Risk
It is being the risk that has an effect on a 

company’s internal ability to produce goods or services.

iv. Environmental Risk
Here several factors which were taken into 

consideration are technological, social, political and 
economic circumstances. However, natural phenomena, 
such as geological, metrological, disease and any other 
uncontrollable events have to be taken into 
consideration too.
b) Risk Assessment

To develop the risk mitigation strategies, the risk 
that constitutes the supply chain operations has to be 
identified using an effective tool. The method of 
assessment follows Failure Mode Effect Analysis 
(FMEA) guidelines. The concept of assessing the risk 
basically uses the score for the probability of the risk 
occurrence, the impact from the risk, and the 
identification method that the firm has to reduce the 
impact of the risk. All the values are calculated to obtain 
the risk priority number (RPN) and risk score value (RSV) 
by using the formula below. 

RPN = Occurrence score * Severity score * Detection 
score

RSV = Occurrence score * Severity score
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c) FMEA Analysis
Failure mode effect analysis is used to prioritize 

the risk using Risk Priority Number (RPN), which can be 
calculated from probability of occurrence, severity and 
detection of risk and also using Risk Score Values (RSV) 
in which Severity and Occurrence of risk is calculated.

i. Occurrence Rating Scale
Estimation of likelihood that a failure will occur.

Table 5.1 : Occurrence rating scale

Rating Description Potential Risk Rate

10 Certain probability Risk occurs at least once 
a day or risk occurs 
almost every time

9 Risk is almost 
inevitable

Risk occurs predictably or 
risk occurs every 3 or 4 

days
8
7

Very high 
probability

Risk occurs frequently; or 
risk occurs about once 

per week
6
5

Moderately high 
probability

Risk occurs about once 
per month

4
3

Moderate 
probability

Risk occurs occasionally 
or risk occurs once every 

3 months
2 Low probability Risk occurs rarely or Risk 

occurs about once per 
year

1 Remote probability Risk almost never occurs 
no one remembers last 

risk occurrence.

ii. Severity Rating Scale

Table 5.2 : Severity rating scale

Rating Description Definition
10 Certain probability Risk could cause loss 

of client
9 Risk is almost 

inevitable
Risk could cause major 

or permanent delay

8
7

Very high 
probability

Risk causes minor to 
moderate delay with a 
high degree of  client 

dissatisfaction
6
5

Moderately high 
probability

Risk causes minor 
delay with some client 

dissatisfaction
4
3

Moderate 
probability

Risk causes very minor 
or no delay but annoys 

client
2 Low probability Risk  causes no delay 

and client is unaware
1 Remote probability Risk causes no delay 

and has no impact on 
system

iii. Detection Rating Scale
How likely will the failure be detected?

Table 5.3 : Detection rating scale

Rating Description Definition
10 No chance of 

detection
There is no known 

mechanism for 
detecting the risk

9
8

Very 
Remote/Unreliable

The risk can be 
detected only with 

thorough inspection 
and this is not 

feasible or cannot be 
readily done

7
6

Remote The risk can be 
detected with manual 

inspection but no 
process is in place 
so that detection is 

left to chance
5 Moderate chance of 

detection
There is a process 

for double-checks or 
inspection but it is 

not automated
and/or is applied only 

to a sample and/or 
relies on vigilance

4
3

High There is 100% 
inspection or review 
of the process but it 

is not automated
2 Very High There is 100% 

inspection of the 
process and it is 

automated
1 Almost certain There are automatic 

“shut-offs” or 
constraints that 

prevent risk

d) Sample Data Collection
Risk has to be prioritized before adopting 

effective mitigation strategies. All the inherent risks have 
been identified and the next stage is to assess each risk 
by using the FMEA method. Every risk is assessed by its 
likelihood value, impact value and detection method 
value. Determining those values is based on the 
secondary data and interviews with the experts. By 
having Chief Operating Officer, Procurement Manager 
and Distribution Manager as the key informants, the 
quality of the data and analysis is highly enhanced. All 
the informants enter values for the probability, impact 
and detection methods for each risk, and then they are 
adjusted by using past historical data (sales, volume of 
productions, suppliers performance and the occurrence 
of risks). All the values which informants have given in 
the interviews are shown below:
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i. Tabulated Risk Score Values

Table 5.4 : Risk Score Values

RISKS OCCURENCE SEVERITY DETECTION
COO PRCMGR DISTMGR COO PRCMGR DISTMGR COO PRCMGR DISTMGR

Demand Risks
Demand 

fluctuation
8 8 6 7 7 5 5 5 6

Economic 
condition

6 6 3 4 3 4 5 5 6

Supply Risks
Product arrival 

variability
(delays)

6 6 7 6 7 7 6 5 6

Wooden pattern 
life cycle risk

6 6 6 6 6 5 6 5 5

Uncertainty in 
pattern 

availability

7 7 6 4 5 5 5 5 5

Bottlenecks in 
transportation 

routes

7 7 8 5 5 5 7 7 7

Operation Risks

Lack of skilled 
workers

5 4 4 9 8 8 7 6 7

Breakdown of 
Fractioning 

machine

3 4 4 6 5 5 6 7 6

Breakdown of 
Refining machine

3 4 4 6 5 5 5 6 6

The condition of 
cargo-handling 

equipment

3 4 3 6 5 5 6 7 6

Carelessness 
and lack of 

motivation 
the workforce

3 4 3 6 5 5 6 7 6

Environmental 
Risks

5 4 5 9 8 8 5 4 5

ii. Validated Risks Score and Calculated RPN & RSV

Table 5.5 : RPN and RSV calculation

RISKS Occurrence
(o)

Severity
(s)

Detection
(d)

RPN
(o*s*d)

RSV
(o*s)

(Source: Interviews)
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among 

Demand Risks
Demand fluctuation 8 5 6 240 40
Economic condition 6 5 3 90 30

Supply Risks
Inbound product Quality 6 6 6 216 36

Product arrival 
variability(delays) 6 6 5 180 36

Wooden pattern life cycle 
risk 7 5 5 245 35

Uncertainty in pattern 
availability 7 5 7 245 35

Bottlenecks in transportation 
routes

6 5 7 210 30
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e) Pareto Analysis
The 80:20 rules says that 20% of the work can 

gain 80% of all the benefits that can be obtained.

i. Risk Priority Number's Pareto Chart

Figure 5.1 : Risk Priority Number’s Pareto chart

ii. Risk Score Value's Pareto Chart

Figure 5.2 : Risk Score Value’s Pareto chart

iii. RPN versus Risk Score Scatter Diagram
The two Pareto charts determines the critical 

RPN values for Risk scores. These charts are made 
simply to give guidance for prioritising risk response 

Operation Risks
Lack of skilled workers 4 8 7 224 32
Fractioning machine 

breakdown 4 5 6 120 20

Refining machine 
breakdown 4 5 6 120 20

The condition of cargo-
handling equipment 3 5 6 90 15

Carelessness and a lack of  
motivation among the 

workforce
3 5 6 90 15

Environmental Risks 5 8 5 200 40

planning. Selecting critical values really depends on the 

nature of the business or project, for this reason the 
critical value for this project is based on the Pareto 
chart. From the charts, also the Pareto rule, the critical 
value for RPN is 200 and for risk the score is 35. A 
scatter diagram for the RPN is plotted against the risk 
score values. The aim of doing this is to find the 
intersection of those two critical values to reveal the set 
of risks that have high risk scores which need to be 
responded to and managed first. Identifying the process 
with high risk score helps the management in finding a 
way for its effective mitigation. The scatter diagram is 
shown on the graph below:

Figure 5.3 : RPN versus Risk Score Scatter Diagram

f) Risk Mitigation
Once the supply chain risk has been identified 

and assessed, information about the level of urgency of 
the risk can be obtained. Since the level of risk has been 
revealed, those high scored risks have to be mitigated 
by using specific supply chain strategies.

i. Risk Mitigation Strategies framework for company’s 
Casting Supply chain

The Scatter diagram shows a cluster of risks 
above a particular threshold level that widely affects 
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Supply chain operations in a Casting industry. It shows 
three out of the four highest risks are of the supply type; 
inbound product quality, wooden pattern life cycle risk 
and uncertainty in pattern availability. The other risk is 
categorised as demand risk. The risks which 
categorised under the supply are mostly caused by the 
supplier. The impact of the low quality of the inbound 
products affects the quality of Castings. The key tool for 
mitigating this risk is by making good relationship with 
the supplier. Implementing collaborative relationships 
with the suppliers are extremely desirable to reduce or to 
prevent the occurrence and impact of the risk such as 
uncertainty in pattern availability. It supports the 
improvement of flexibility and ability of firm, thereby 
reducing the risk. Mitigation of supply risk can also be 
done by redundant suppliers (reconfiguring supply 
base). This strategy increases supply flexibility for the 
firms due to having more suppliers, and it automatically 
increases the buyer’s bargaining power. The choice of 
which strategy is the most suitable for the casting 
supply chain entirely depends on the nature of the firm 
and its external parties.The fluctuations in demand are 
inherent in many Supply chain operations. The effect of 
these risks is decreased forecast accuracy, thus it might 
increase the cost of inventory or stock. In order to 
mitigate these risks, the firm can use pool or aggregate 
demand, which is termed as “Risk pooling”. The impact 
of fluctuations in demand can be also be reduced by 
using postponement strategy in which the process 
starts by making a generic or family product that is later 
differentiated into specific end-product. A framework of 
Risk Mitigation Strategies for company’s Casting Supply 
chain is shown below:

Table 5.6 : Risk Mitigation Strategies for company’s 
Casting Supply chain

Category of 
Risk

Risk Level 
of 

Risk

Mitigation 
Strategies

Demand Risk

Fluctuating 
demand

High Collaborative 
forecast 
planning.

Product 
postponement.

Economic 
condition

Low

Supply Risks

Inbound product 
Quality

High Reconfiguring 
supply base 
(add more 
suppliers).

Increase of 
patterns level 
(safety stock 

level).

Product arrival 
variability(delays)

Low

Wooden pattern 
life cycle risk

High

Uncertainty in 
pattern availability

High

Bottlenecks in 
transportation 

routes

Low

Operation
Risk

Lack of skilled 
workers

Low Implementing 
training and 

skill 
development 
programmes.

Implementing 
Quality 

Management.

Implementing 
Human safety 
Management.

Breakdown of 
Fractioning 

machine

Low

Breakdown of 
Refining machine

Low

The condition of 
cargo-handling 

equipment.

Low

Carelessness and 
lack of motivation 

among the 
workforce.

Low

  

Environmental 
Risk

Natural/Man-made 
disasters.

Low Implementing 
Optimum 

Inventory level.
Decentralized 

Inventory 
resources.

VII. Conclusion
The idea behind working on this project was to 

make aware the industries that neglecting the risks 
involved behind the supply chain increase their losses. 
Impacts of these risks and their occurrences can be 
minimized or even nullified. The SCOR model can play a 
substantial role in pursuing the overall objective of a real 
collaborative process within and between companies, 
aiming at maximizing the overall performances of the 
supply chain with reduced risk.

Here the given sample data gives the 
company’s exposure to risk for the daily production 
process. So an effective Supply Chain Risk 
Management (SCRM) needs to be implemented in 
procurement and production process. 

a) Future Work
The Future work of the thesis includes 

developing Risk Mitigation strategies that suits to the 
Industry scenario and also Cost benefit analysis is to be 
carried out by collecting real time data.
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The Causes and Minimization of Maritime 
Disasters on Passenger Vessels 

Julius Okechukwu Anyanwu 

Abstract- The issue of maritime disaster has become very 
worrisome to all stakeholders of the maritime industry, 
particularly the main actors in the industry. The causes and the 
consequent effects of maritime disasters are so numerous 
hence justifies this research work. Research and statistics 
show that human error is to blame in over 70% of marine 
accidents. As a matter of need and concern to the researcher 
and the maritime industry, the researcher was angered to carry 
out this work on minimization of maritime disasters with the 
view of contributing to the way of minimizing this menace. 
Research problems were stated while research questions were 
also formulated in order to help address the problem 
statements of this subject. Statistical data were extracted from 
Mikael E and Oscar E. on Maritime disasters from 1852 to 
2011. The data collected were analysed and findings were 
also made. The finding shows the causes and the effect of 
maritime disasters such as poor education and training, 
inadequate policies and procedures, external factors like bad 
weather, Technical factors like unavailability of advanced 
equipments like GMDSS, human factor and its effects such as 
financial loss to both, the ship owner and the nearby local 
communities is huge, loss of job, collision with an offshore 
structure or a port leads to infrastructure damage and thus 
cause a heavy blow to human efforts among others.  
Recommendations such as proper implementation of the 
latest STCW requirements, master took the proper measures 
(such as reduce speed, change course, go to a safe place, 
send distress signal, putting in place advanced technology 
systems that would reduce the risk of accidents were made at 
the end of the research to help curb this ugly menace. 
Keywords: disaster, maritime, minimization.  

I. Introduction 

ccording to Faulks (1990), the essence of 
maritime transport is to facilitate shipping 
activities by providing avenues through which 

large quantities of goods or freight can be transferred 
from one geographic space to another through water. In 
order to realize the principles objective of maritime 
transport, four important elements are necessary and 
these elements constitute maritime transport systems. 
These four elements are the vessel or vehicle, the way, 
the motive power and the terminal. 
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face emergencies. These particular characteristics 
made maritime trade a risky activity, where a fault in 
navigation or in usual port operations can give rise to 
injuries or lost of life, to damage of property and 
sometimes irreparable damage to maritime 
environment. Environmental and operational risks that 
can give rise to costly demands and complaints, are 
nowadays, in opinion of Palmgren (1999), a significant 
matter to owners, and the evaluation of these and other 
risks is an essential requirement to maritime trade safety 
Although risk, inherent to maritime industry, cannot be 
completely removed (UK P&I Club, 1999; Peek and 
Rawson, 2000), it can be reduced to acceptable levels 
through the use of risk management principles. However 
before putting in practice a risk management plan, the 
owner must identify, evaluate and prioritize the main 
existing risks. 

On the other hand, several researches (UK P&I 
Club, 1999, US Department of Transportation, 1999) 
identify human error as cause of 60 and 80 per cent of 
maritime accidents, giving us an idea of the importance 
on maritime safety of quality living conditions on board –
related to ship condition and maintenance– and quality 
of crews – related to crew competence and qualification. 
Since human factors –trigger of human errors– are the 
main source of risk in maritime activities, it seems 
interesting to develop methodologies that allow 
evaluating quantitatively and qualitatively the real 
incidence of several human factors over maritime 
accidents happening with the aim of taking human 
factors into account in properly developing risk 
management plans. 

a) Statement of the Problem 
Maritime activity is, without any doubt, a risky 

activity, and maritime disasters, that had happened 
through the years and which will happen in an inevitable 
way, are due to the complex environment of ship 
operation. Although maritime transport has a relatively 
low death and injury rate –180 estimated fatalities in 
1995, against 45000 fatalities in road accidents 
happened the same year in the European Union–, the 
consequences of an accident happening are sometimes 
far reaching. The repercussions of oil pollution or large 
loss of life in a passenger carrying vessel, can 
reverberate for many years and take their toll on 
businesses, small economies and even governments 
(European Transport Safety Council, 2001a). 

A 
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Following Garrick B. J (1999) there are several 
basic aspects of maritime activity that make it unique: 
ships are confined and isolated systems, self-sufficient 
on energy supply, they have a limited manpower and 
resources, and they have a limited response capacity to 



On the other hand, and such it is indicated by 
Caridis (1999:11) “despite the significant advances that 
have been achieved in recent years in the field of marine 
technology, the number of maritime accidents that occur 
on a world – wide basis has not reduced significantly”. 
This is due to, without any doubt, and as it has been 
shown in several studies, the high proportion of maritime 
accidents related to human factors– up to 80%. 

So, even nowadays, when navigation 
instruments use new and advanced technologies, 
human error is generally accepted to be the main cause 
of such casualties. In relation to this, it is pointed out 
(Moreton, 1997) the wrong tendency to think that these 
new and improved technologies and rules can 
counteract the human limits increasing safety at sea, 
even when such technologies and rules are frequently 
developed in an isolated way, instead of being 
developed in an integrated way as a component of the 
navigation system. 

In that sense, and following the Report on 
suggestion for the integration of human factors in safety 
and environmental analysis (Thematic Network for 
Safety Assessment of Waterborne Transport, 2003), 
there is a broad agreement that the key means of lessen 
the human element contribution to accidents will be via 
safety management, including inspection and training. 

b) Purpose of Study 
The general purpose of the study is 

minimization of maritime disasters. But specifically, the 
objectives of the study include; 

i. To examine the major causes of maritime disaster. 

ii. To find out the effect of maritime disaster to Nigerian 
economy in particular. 

iii. To examine if the duration of maritime disaster 
influences survival rate. 

iv. To find out casualties rate in Maritime disasters 

v. To identify the various ways of minimizing maritime 
disasters 

c) Research Question 
Based on the specific objectives of the study, 

the following research questions were highlighted; 

i. What are the major causes of maritime disasters? 

ii. What are the various effects of maritime disaster to 
Nigerian economy in particular? 

iii. Does duration of maritime disaster influences 
survival rate? 

iv. What is the rate of casualties in Maritime disasters? 

v. What are the various ways of minimizing maritime 
disasters? 

d) Significance of the Study 
This study is important because it focus on 

transportation. Transportation plays a vital role in the 
economic

 

and socio-cultural development of any nation. 

This study is very significant and important to many 
categories of people, these include to the researcher, 
maritime transport practitioners, students and future 
researchers, administrators and policy makers, the 
government and academicians.

 i.
 
To the researcher

 Although, there are little researches carried out 
in this area, all

 
so this study is different from other 

studies because of its unique focus on maritime 
disaster, hence this research work afforded the 
researcher the opportunity of providing her with fresh 
dimension in understanding how the maritime disaster 
could be minimized.

 ii.
 
To the students

 Students of maritime studies and students of 
allied studies will in no doubt see this material as a 
valuable document.

 iii.
 
To the government and policy makers

 Another significance of this study is that, its 
report will be of great importance to the federal 
government since it equally highlight the negative 
implications associated with maritime disaster, hence 
helping Nigerian maritime sector as a federal agency

 and pivoting measures of curbing inefficiencies in 
Nigerian Shipping in particular and Nigerian Maritime 
sector in general. This research work will in no doubt 
guide policy makers in their policy and decision making. 

 iv.
 
To the stakeholders

 Stakeholders will find this material very valuable 
and as working document.

 v.
 
To future researchers

 Moreover, the contribution of this study to 
knowledge can be seen in the sense that it will serve as 
a framework (both theoretical and empirical) for further 
research into the subject matter thereby filling an 
academic gap in the literature maritime disaster.  

vi.
 
To the general Public

 This will help enlighten the general public about 
the various maritime accidents for over the years.

 Finally, a rigorous research of this nature, 
culminating in concrete conclusions and 
recommendations will no doubt help to provide fresh 
dimensions for understanding the performance of public 
enterprises in Nigeria. 

 
II.

 
Literature

 
Review

 a)
 

Conceptual Framework
 The maritime transport system is a very 

complex and large-scale (Grabowski et al., 2010) socio-
technical environment (STE) system comprising human 
and man-made entities that interact with each other and 
operate in a physical environment (Mullai, 2004). The 
main elements of the system are objects of transport, 
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means of transport, infrastructures, and facilities, which 
are linked by the information system and transport-
related activities. The human is a very important element 
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that designs, develops, builds, operates, manages, 
regulates, and interacts with other elements of the 
system. 

 

i.

 

Accidents, risks and risk analysis

 

In essence, the concept of risk is defined as the 
likelihood of consequences of undesirable events 
(Vanem and Skjong, 2006; Hollnagel, 2008). Accidents 
and incidents

 

are negative outcomes of the systems. 
The terms “marine accident and incident” and “marine 
casualty” denote undesirable events in connection with 
ship operations (IMO, 1996). An accident is an 
undesired event that results in adverse consequences, 
for example injury, loss of life, economic loss, 
environmental damage, and damage to or loss of 
property (Harrald et al., 1998; Grabowski et al., 2010). 
Accidents are due to an unexpected combination of 
conditions or events (Hollnagel et al., 2006).

 

ii.

 

Reason s why 

 

Maritime Accidents Occur

 

Research and statistics show that human error 
is to blame in over 70% of marine accidents.  Maritime 
accident occurs due to;

 

•

 

Trips and falls, 

 

•

 

fire, 

 

•

 

pollution and collisions, 

 

•

 

failure in safe working practices.  

 

Incidents most times result in crew injuries or 
fatalities, also the ship is being consequently delayed or 
damaged.

 

Consequently, when there is a mechanical 
failure, human error can play a role either by way of a 
lack of maintenance, monitoring, inadequate or lack of 
suitable equipment or protective devices, as well as 
breakdown in communication or procedures.

 

iii.

 

Manning Issues

 

Crew fatigue and complacency can often be a 
major factor in incidents.  The prudent ship owner or 
manager will ensure that these are addressed by way of 
additional manning or rotating the ship staff more 
regularly if the ship is employed on a demanding trade 
route.  

 

However, owners and managers who are 
unable to do this could be due to; shortage or 
unavailable trained seafarers as a result of commercial 
or operational considerations. 

 

Therefore good equipment can cost more, but 
safety should be accorded a higher priority, because a 
ship cannot be operated safely without the seafarer.

 

iv.

 

Ship Design

 

Ship design is carried out by man and most 
times could have very little practical knowledge of the 
designing. However, in the modern world of 
shipbuilding, ship design team most times integrates 
the propositions of seafarers who are familiar with or 
may have sailed on the type of ship that is being 
designed.

 

Also proper supervision in ship building process 
ensures that discrepancies and potential problem areas 
are addressed. Highly skilled officers are also able to 
join the ship during the final fitting-out process in order 
to familiarize themselves with the ship.

 

vi.

 

Operating Standards

 

Improved methodology in ship design does not 
completely address the problem, as the seafarer then 
has to decipher the operating manuals that are supplied 
with the equipment. The Confidential Hazardous 
Incident Reporting Programme (CHIRP) has recently 
concluded a study, with the help of the UK’s Marine 
Accident Investigation Board, which shows that a 
substantial number of accidents are caused by 
operating manuals that are hard to understand.

 

Language can often be a major problem.  The 
manual may not be written in the language of the crew 
on board, and is often merely a generic document.  
Given that adequate facilities are available for translation 
of manuals into just about any language, this is 
unacceptable.

 

vii.

 

Lack of Unified Standards

 

Equipment problems are further compounded 
by the lack of a unified standard for essential 
equipment, including oily water separators, voyage data 
recorders and lifeboat launching equipment, and until 
regulatory and industry bodies are able to agree on a

 

common standard, it is the seafarer who will be faced 
with understanding and operating equipment that is 
unfamiliar and unduly complex, often in less than ideal 
conditions.

 

b)

 

The theoretical Framework

 

The key definitions and concepts relevant to 
model design are the maritime transport system, risks, 
risk analysis, and accident modeling.

 

The maritime transport system The maritime 
transport system is a very complex and large-scale 
(Grabowski et al., 2010) socio-technical environment 
(STE) system comprising human and man-made entities 
that interact with each other and operate in a physical 
environment (Mullai, 2004). The main elements of the 
system are objects of transport, means of transport, 
infrastructures, and facilities, which are linked by the 
information system and transport-related activities. The 
human is a very important element that designs, 
develops, builds, operates, manages, regulates, and 
interacts with other elements of the sys-tem. Individuals, 
groups, their relationships, and communication 
constitute organizational systems. These elements are 
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embedded in very complex, interdependent, and 
dynamic relationships.

Accidents, risks and risk analysis In essence, 
the concept of risk is defined as the likelihood of 
consequences of undesirable events (Vanem and 
Skjong, 2006; Hollnagel, 2008). Accidents and incidents 
are negative outcomes of the systems. The terms 
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“marine accident and incident” and “marine casualty” 
denote undesirable events in connection with ship 
operations (IMO, 1996). An accident is an undesired 
even that results in adverse consequences, for example 
injury, loss of life, economic loss, environmental 
damage, and damage to or loss of property (Harrald et 
al., 1998; Grabowski et al., 2010). Accidents are due to 
an unexpected combination of conditions or events 
(Hollnagel et al., 2006). Risk analysis is the systematic 
use of available information to identify hazards and 
estimate the risk to people, the environment, and 
property (Mullai, 2004; Lars Harms-Ringdahl, 2004). In 
order to understand risks, risk analysis attempts to 
provide answers to three fundamental questions: “What 
can go wrong?” “What are the consequences?” and 
“How likely is that to happen?” – known as the “triplet 
definition” of risk (Kaplan et al., 2001). These questions 
can lead to other questions, which, in turn, require 
additional answers and efforts. Risks can also be 
measured as a combination of consequences relative to 
the number of risk receptors exposed to the undesirable 
events. This form of risk estimation has

 

become a legal 
requirement in several countries (OECD, 2004). Thus, 
the risk

 

can be expressed as a function (f) of frequency, 
consequence, and exposure (Eqs.(1) and (2))

 

(Mullai, 
2007).

 

                                 Ri=f(Fi,Ci,Ei)       

 

                   

 

(1)

 

                                 

 

Ri=f(Fi,Ci)    

 

            

 

         (2) 

Where: Ri– individual, societal, and aggregated 
risks. The latter are compounded human risks (fatality, 
injury, and other health risks), environmental risks, 
property risks, and other risks.

 

Fi– frequency– likelihood, probability;

 

Ci– consequences for risk receptors, i.e. 
human, the environment, property, and other, e.g. 
disruption and reputation.

 

Ei– exposure, i.e. the number and categories of 
risk receptors exposed to but not necessarily affected by 
the undesirable events.

 

By definition, the concepts of risk and risk 
analysis have a wider scope than those of accident and 
accident analysis. The accident is a constituent element 
of the risk. Risk analysis encompasses a wider range of 
processes than accident analysis, including exposure 
analysis and risk estimation and presentation Accident

 

models Different terms are used to describe accident 
phenomena as well as analysis tools, for example 
approaches, techniques, frameworks, methodologies, 
methods, and models. The term accident model 
isfrequently used in the literature (Leveson, 2004; 
Grabowski et al.,2000; Nikolaos et al., 2004; Laracy, 
2006).

 

Accident analysis, which always implies an 
accident model (Hollnagel, 2002), is a very important 
process for providing inputto the development of 

proactive and cost-effective regulations (Psarros et al., 
2010). An accident model is an abstract conceptual 
representation of the occurrence and development of an 
accident; it describes the way of viewing and thinking 
about how and why an accident occurs and predicts the 
phenomenon (Huang et al., 2004; Hollnagel, 2002). 
Hollnagel (Hollnagel, 2002; Hollnagel et al., 2006) divide 
accident models into three main types, namely 
Sequential, epidemiological, and systemic and 
functional. Each type consists of a set of assumptions 
on how the reality is viewed and how

 

accident analysis 
should be performed and the theoretical foundation and 
limitations (Hollnagel, 2002; Hollnagel et al., 2006). 
Epidemiological accident models describe an accident 
as the outcome of a combination of factors. Such 
models are rarely strong,

 

as they are difficult to specify 
in great detail. Systemic accident models consider 
accidents as emergent phenomena and are based on 
control theory, chaos models, stochastic resonance, 
and systems approach.

 

In the latter, the system is viewed as a whole 
rather than individual components or functions. 
Systemic models are difficult to represent graphically 
(Hollnagel, 2002; Hollnagel et al., 2006). Most accident 
models are sequential viewing accidents as a sequential 
chain of events that occur in a specific

 

order (Harraldet 
al., 1998; Hollnagel, 2008; Leveson, 2004; Nikolaos et 
al., 2004;

 

Van Drop et al., 2001; Özgecan and Ulusc u, 
2009; Celik et al., 2010). Three typical sequential 
models, namely the Bowtie model, Swiss cheese model, 
and a framework for maritime risk assessment.   

 

c)

 

Empirical Framework 

 

A work on A Maritime Disaster: Reactions and 
Follow-up by Atle Dyregrov and Rolf Gjestad in 2003. In 
1999, 69 people survived a maritime disaster on the 
Norwegian coast, during which 16 others died. Besides 
immediate psychosocial assistance, post-disaster 
intervention included psychological debriefings after one 
week, follow-up debriefing a month later, screening of 
those in need of individual help, and help for those 
returning to the scene of the disaster.

 

The results of the 
psychometric tests showed that a considerable number 
of survivors scored above clinical cut-off points for 
extreme stress reactions. These results were compared 
with results from other studies of maritime disasters. 
Although the life threat and exposure in this disaster 
were extreme, the scores were lower than for the other 
studies, with one exception. The authors concluded the 
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lower distress scores compared to other maritime 
disasters were probably impacted by the structured and 
caring system that was implemented to care for 
survivors. Almost all (93%) considered the debriefing 
meetings as helpful, and they were able to discriminate 
between different functions served by the meetings.

A significant portion of survivors of disasters 
experience symptoms of posttraumatic stress disorder 
(PTSD) (Bolton, O’Ryan, Udwin, Boyle, & Yule, 2000; 
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Briere & Elliot, 2000; Yule, Bolton, Udwin, Boyle, & 
O’Ryan, 2000). In a meta analysis of 52 studies 
examining the mental health consequences of natural 
and

 

technological disasters, Rubonis and Bickman 
(1991) found rates of psychopathology increased by 
17% compared with predisaster or control-group levels. 
Given the diversity of disasters, both manmade and 
natural, no unitary PTSD prevalence would be expected. 
Systematic reports on survivors of shipping disasters 
are rare, although observations and case reports are 
abundant. When the Italian ships Andrea Doria and the 
Swedish ship Stockholm collided outside of 
Massachusetts in 1956, two psychiatrists were on board 
one of the ships that came to the rescue. Friedman and 
Linn (1957) describe how the passengers behaved as if 
they were numb from being injected by medication. The 
psychiatrists viewed their helplessness as an emotional 
regression. They were in shock and any attempt at

 

conversation was impossible before the shock reaction 
lifted. They had a need to tell their story again and 
again, afterwards. Leopold and Dillon (1963) studied 27 
of 35 survivors following a ship collision and explosion 
and found that 72%

 

suffered from emotional 
disturbances following the disaster. When they again 
studied the group four years later, there was a dramatic 
degree of physical, psychological, and social 
aftereffects from the disaster. One of the first maritime 
disasters to be studied in any detail from a 
psychological perspective was the capsizing of the ferry 
Herald of Free Enterprise outside of the Belgian city of 
Zeebrügge in 1987. Joseph, Yule, Williams, and 
Hodgkinson (1993a) studied 73 adult survivors, two to 
three years after the disaster and found the mean 
Impact of Event Scale (IES) score to be 35, while the 
mean score on the General Health Questionnaire (GHQ-
28) was 10. On the GHQ more than 66% scored above 
the cut-off score of > 4 that indicates a risk of a 
psychological disturbance. The same research group 
also documented different forms of guilt feelings among 
survivors (Joseph, Hodgkinson, Yule, & Williams, 1993), 
as well as an increase in the use of alcohol, tobacco, 
sleeping pills, antidepressants, and tranquilizers 
(Joseph, Yule, Williams, & Hodgkinson, 1993b). Joseph, 
Andrews, Williams, and Yule (1992) studied crisis 
support and psychiatric symptomatology in 23 adult 
survivors following the sinking of the cruise ship Jupiter 
off the cost of Athens in October 1988.

 

The survivors’ 

 

Boyle, O‘Ryan, and Nurrish (2000) have shown that 

approximately 50% of adolescent survivors of the Jupiter 
disaster developed PTSD sometime during the follow-up 
period compared with an incidence of 3.4% in a control 
group. Between five and eight years after the disaster,

 

34% of these still suffered from PTSD. In another English 
study, Thompson, Chung, and Rosser (1994) studied 
the reactions of 27 survivors following the collision and 
sinking of the riverboat Marchioness on the Thames. 
Fifty-one persons in a birthday party

 

drowned and 40 
survived. Of the 27 survivors studied, 22 were men with 
a mean age of 28. Their mean IES score was 46 and the 
GHQ-28 mean was 15.5 when they were assessed more 
than one year following the disaster. The survivors knew 
those who were killed, and 25 of the 27 had lost close 
friends. Elklit and Bjerre Andersen (1994) studied 24 of 
31 Danish survivors following the fire on board the ferry 
Scandinavian Star in 1990 where 159 people died. Their 
mean IES score 1½ years after the disaster was 23.0 
and after three years, the score was 21.7. The group 
generally received much crisis support from Danish Red 
Cross in the early period following the disaster. It should 
be mentioned that most survivors escaped safely into 
the lifeboats without being exposed to either fights for 
survival or the sight of the people that were killed. The 
largest maritime disaster in the Northern hemisphere in 
modern times was the sinking of the Estonia in the Baltic 
Sea in 1994 where 852 died and 137 survived. Eriksson 
and Lundin

 

(1996) studied 42 of the 53 Swedish 
survivors three months following the disaster and found 
their IES score to be 28.5. The survivors reported fairly 
high levels of dissociative symptoms in the 

                              

form of reduction of awareness, derealization, 
depersonalization, and dissociative amnesia during the 
disaster. This peritraumatic dissociation was related to 
more post-traumatic symptoms on the IES. There is no 
standardized way of helping survivors in the aftermath of 
disasters. A range of disaster interventions has been 
described by authors such as Hodgkinson and Stewart 
(1991), Dyregrov (1992), and Raphael (1986). In 
Norway, psychosocial disaster intervention has been 
used since the mid- 1980s to assist the bereaved and 
survivors (Dyregrov, 1992). Early intervention is 
emphasized to try to prevent the development of 
adverse reactions. Following several Scandinavian 
disasters, the lack of long-term follow-up to secure good 
help for those who have survived or lost family members 
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mean IES score when assessed 3 to 9 months following 
the disaster was 32.3. After 12 to 14 months, the IES 
score was 29.9. On the GHQ-28, the respective scores 
at the two time points were 12.6 and 8.9. The authors 
also found that perception of greater crisis support was 
related to less symptomatology. The same research 
group also studied adolescent survivors of the same 
disaster. To date, this is one of the few longitudinal 
studies of a maritime disaster. Yule, Bolton, Udwin, 

has been identified (Dyregrov, 2002; SOU, 1999). 
Although early intervention is debated (Shalev, 2000 and 
Advances in Mind Body Medicine, No. 3, 2001), there is 
no alternative to treating survivors with a caring system. 
Proactive post-disaster service delivery, including 
screening those in need of further help, is still at a 
developmental stage. There is also lack of agreement as 
to the optimal type of screening instruments, and only 
rarely (McDermott & Palmer, 1999) have screening 
inventories been used to secure help for those most in 
need of further follow-up. Both demographic and event-
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related factors might influence the choice of screening 
questionnaires. The use of psychological debriefing, or 
group follow-up after critical incident situations, has 
been highly debated over the last decade (Raphael & 
Wilson, 2000). Although the term “debriefing” originally 
referred to Dr. Jeffrey Mitchell’s structured group 
meetings for emergency personnel responding to critical 
events, the term debriefing has been used to describe 
almost any type of intervention initiated after a critical 
incident event. Though individual and group follow-up 
has been in use following disasters for several decades, 
the debate on debriefing is somewhat new. Participants 
of debriefings usually rate the method as useful and 
important for them (Carlier, Voerman, & Gersons, 2000; 
Jenkins, 1996; Robinson & Mitchell, 1993; Turner, 
Thompson, & Rosser, 1993), but the few randomized 
studies undertaken have failed to find that “debriefing” 
makes a difference in the reported symptom level

 

over 
time. However, these studies and the critics of 
debriefing (see Rose & Bisson, 1998) have based their 
criticism mostly upon individual follow-up of patients 
provided with a one-hour intervention following medical 
emergencies (burn victims, traffic accidents, and 
pregnancy loss). There are other flaws in this research 
as well, as cited by Dyregrov (1998) and Mitchell and 
Hopkins (1998). More recent documentation using 
meta-analysis of studies to evaluate group meetings 
that more rigorously follow the “Mitchell Model” has 
shown strong and clinically valid effects of this method 
(Everly & Boyle, 1999). Watchorn (2000 & 2001) has 
presented data showing that those who take an active 
part in the debriefing meetings seem to gain most from 
these meetings and that persons reporting high 
dissociation (feelings of “standing outside oneself” or 
“watching oneself from a distance”) and a low level of 
disclosure are the ones at greater risk to experience 
later problems.

 

III.

 

Methodology

 

•

 

Research Design

 

Adopted for this investigation is ex-post facto 
design. Isan edighi, Josnuwa, Asim and Ekuns 
(2004:15) pointed out that ex-post factor design in 
research is the one in which there is a systematic 
empirical inquiring in which the researcher does not 
have direct control of

 

independent variables because, 
their manifestations have already occurred. The ex-post 
factor design is justified for use in this study because 
the variables it investigates have no direct control by the 
researcher.

 

•

 

Population for the study 

 

Though secondary data from Mickel E and 
Oscar E formed the major base for analysis, the 
population for the study also consists of all the staff of 
NPA traffic dept in Lagos, Nigeria

 

•

 

Instrument 

 

The instrument for data collection was the 
questionnaire. It consists of two sections, A and B. 
Section A deals with demographic or personal 
characteristics of the respondents. B deals with item 
measuring the specific variables used in the research 
questions. The questionnaire is a close ended type 
developed on Linkert Scale to elicit information to the 
respondents on the degree to which the respondents 
possessed the attributes of variables under 
investigation. The section B consists of Sub-Sections 
each handling a particular variable of the study. 

 

a)

 

Data Presentation and Analysis

 

For the purpose of this research, secondary 
data were collected to address the research questions, 
18 maritime disasters over the period 1852–2011 were 
compiled and analyzed. The data cover the fate of over 
15,000 passengers and crew members of more than 30 
different nationalities. 

 

Table 1 : Maritime disasters from 1852 to 2011

 

Name of 
ship

 

Year

 

Cause of 
disaster

 

Water

 

Nationality

 

Duration

 

WCF 
Order

 

Casualties Survivors

 

HMS

 

Birkenhead

 

1852

 

Grounding

 

Indian Ocean, 
RSA

 

British

 

Quick

 

Yes

 

365

 

191

 

SS 

 

Arctic

 
 

1854

 

Collision

 

North Atlantic, 
CAN

 

US

 

Slow

 

Yes

 

227

 

41

 

SS Golden 
Gate

 

1862

 

Fire

 

Pacific Ocean, 
MEX 

US

 

Slow

 

No

 

206

 

172

 

SS 
Northfleet

 

1873

 

Collision

 

English Channel, UK

 

British

 

Quick

 

Yes

 

287

 

80

 

RMS

 

1873

 

Grounding

 

North Atlantic, British

 

Slow

 

No

 

538

 

330
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36

Atlantic CAN
SS Princess 

Alice
1878 Collision River Thames, UK British Quick No 697 140

SS Norge 1904 Grounding North Atlantic, UK Danish Quick No 635 160
RMS

Titanic
1912 Collision North Atlantic, 

CAN
British Slow Yes 1,496 712

RMS
Empress of 

Ireland

1914 Collision St Lawrence 
River, CAN

British Quick No 983 465

The Causes and Minimization of Maritime Disasters on Passenger Vessels



  

 
        

          
 
 

  
 

     

 

 

  
 

     

RMS

 

Lusitania

 

1915

 

Torpedoed

 

North Atlantic, UK

 

British

 

Quick

 

Yes

 

1,190

 

768

 

SS

 

Principessa 
Mafalda

 

1927

 

Technical

 

Atlantic Ocean, 
BRZ

 

Italian

 

Slow

 

No

 

309

 

877

 

SS

 

Vestris

 

1928

 

Weather

 

Atlantic Ocean, 
USA

 

British

 

Slow

 

No

 

125

 

183

 

SS Morro 
Castle

 

1934

 

Fire

 

Atlantic Ocean, 
USA

 

US

 

Slow

 

No

 

130

 

412

 

MVPrincess 
Victoria

 

1953

 

Weather

 

North Channel, 
UK

 

British

 

Slow

 

No

 

135

 

44

 

SSAdmiral 
Nakhimov

 

1986

 

Collision

 

Black Sea, UKR

 

Russian

 

Quick

 

No

 

423

 

820

 

MS

 

Estonia

 

1994

 

Technical

 

Baltic Sea, FIN

 

Estonian

 

Slow

 

No

 

852

 

137

 

MSPrincess 
of the Stars

 

2008

 

Weather

 

Philippine Sea, 
PHI

 

Philippine

 

Slow

 

Unkn
own

 

791

 

59

 

MV

 

Bulgaria

 

2011

 

Weather

 

Volga, RUS

 

Russian

 

Quick

 

Unkn
own

 

110

 

76

 

  Source: Mikael Elinder and Oscar Erixson
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Duration refers to the time period between the 
first indication of distress and the sinking. Quick (Slow) 
implies that the time period was shorter (longer) than 30 

minutes. WCF order indicates if the captain gave the 
WCF (women Children Frist) order.

b) Analysis of Research Questions
Table 2 : What are the major causes of maritime

disasters?

Causes No Percentage
Grounding 3 16.6
Collision 6 33.3

Fire 2 11.1
Torpedoed 1 5.5

Total 18 100

The above table shows that grounding 
represents 16.6% of the causes of marine accidents, 

collision 33.3%, and fire 11.1% while Torpedoed is 5.5%.
From the research questionnaire 

Table 3 : What are the causes Marine accidents

S/N RESPONSES SA   X4 A   X3 D   X2 SD   X1
1 Human factor 8 32 2 6 0 0 0 0
2 Poor education and training 6 24 4 8 0 0 0 0
3 Inadequate policies and procedures 9 36 1 3 0 0 0 0
4 External factors like bad weather 8 32 2 6 0 0 0 0
5 Technical factors like unavailability of 

advanced equipments like GMDSS
8 32 1 3 1 3 0 0

Total 39 156 10 26 1 3 0 0

From the above table, it could be deduced that 
almost all the respondents agreed that the causes of 
maritime accident include human factor 8 strongly agree 
and 2 agree, poor education and training 6 strongly 

agree and 4 agree, inadequate policies and procedures 
9 strongly agree and 1 agree, external factors 8 strongly 
agree and 2 agree and technical factors 8 strongly 
agree, 1 agree and 1 disagree.

Table 4 : What are the various effects of maritime disaster to Nigerian economy in particular?

Name of ship Year Casualties Survivors
HMS Birkenhead 1852 365 191

SS Arctic 1854 227 41
SS Golden Gate 1862 206 172

SS Northfleet 1873 287 80
RMS Atlantic 1873 538 330



 

 

  
 

    
    

    
    

    
    

    
    
    

 
   

    

 
   

    
    

 
   

 
   

    

 
   

    
    

 

 

 
Table 5

 
:
 

What are the various effects of maritime disaster to Nigerian economy in particular

 S/N
 

RESPONSES
 

SA       X4
 

A      X3
 

D       X2
 

SD     X1
 6

 
Collision leads to detrimental environmental effects.

 
8 32

 
2 6 0 0 0 0 

7 Financial loss to both, the ship owner and the 
nearby local communities is huge

 

6 24
 

4 8 0 0 0 0 

8 Ship collision renders substantial threat to human 
life.

 

9 36

 

1 3 0 0 0 0 

9 Collision with an offshore structure or a port leads 
to infrastructure damage and thus cause

 

a heavy 
blow to human efforts.

 

8 32

 

2 6 0 0 0 0 

10

 

Loss of jobs

 

8 32

 

1 3 1 3 0 0 

 

TOTAL

 

39

 

156

 

10

 

26

 

1 3
 

0

 

0

 

      Source: Researchers

 From the above table, it shows that almost all 
the respondents agreed that the

 

effect of maritime 
accident include detrimental environmental effects 8 
strongly agree and 2 agree, financial loss 6 strongly 
agree and 4 agree, threat to human life 9 strongly agree 
and 1 agree, marine structures damage 8 strongly agree 
and 2 agree and loss of job 8 strongly agree, 1 agree 
and 1 disagree.

 Table 6

 

:

 

Does the duration of maritime disaster 
influences survival rate?

 Quick

 

8 Survivors

 

2700

 

Casualties

 

4690

 Slow

 

10

 

Survivors

 

2784

 

Casualties

 

4809

 Total

 

18

 

Total

 

5484

 

Total

 

9499

 
The above table shows that 8 accident/disaster 

cases recorded quick duration while 10 accident cases 
recorded slow duration. The table further show that 2784 
survivors were recorded during slow duration of the 
disaster and 2700 survivors were recorded during quick 
duration of the disaster. Also 4690 casualties were 
recorded during quick duration of the disaster while 

 

4869 were recorded during slow disaster duration.

 

Table 7
 
:

 

What is the rate of casualties in Maritime 
disasters?

 

Name of ship

 

Year

 

Casualties

 

Survivors

 

HMS Birkenhead

 

1852

 

365

 

191

 

SS Arctic

 

1854

 

227

 

41

 

SS Golden Gate

 

1862

 

206

 

172

 

SS Northfleet

 

1873

 

287

 

80

 

RMS Atlantic

 

1873

 

538

 

330

 

SS Princess Alice

 

1878

 

697

 

140

 

SS Norge

 

1904

 

635

 

160

 

RMS Titanic

 

1912

 

1,496

 

712

 

RMS Empress of Ireland

 

1914

 

983

 

465

 

RMS Lusitania

 

1915

 

1,190

 

768

 

SS Principessa Mafalda

 

1927

 

309

 

877

 

SS Vestris

 

1928

 

125

 

183

 

SS Morro Castle

 

1934

 

130

 

412
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38

MV Princess Victoria 1953 135 44
SS

 
Admiral Nakhimov 1986 423 820

MS Estonia 1994 852 137
MS Princess of the 

Stars
2008 791 59

MV Bulgaria 2011 110 76
Total 9499 5484

The Causes and Minimization of Maritime Disasters on Passenger Vessels

SS Princess Alice 1878 697 140
SS Norge 1904 635 160

RMS Titanic 1912 1,496 712
RMS Empress of 

Ireland
1914 983 465

RMS Lusitania 1915 1,190 768
SS Principessa Mafalda 1927 309 877

SS Vestris 1928 125 183
SS Morro Castle 1934 130 412

MVPrincess Victoria 1953 135 44
SS Admiral Nakhimov 1986 423 820

MS Estonia 1994 852 137
MS Princess of the 

Stars
2008 791 59

MV Bulgaria 2011 110 76
Total 9499 5484

                                        Source: Extracted from table 1

From the above table, it can be observed that death/casualties are one of the effects of maritime disasters. 
It can also be deduced that materials and cargoes on board the vessel are liable to loss as well.
From the research question,



    
    

    

 
   

    
    

 

 

 

 

 

 

 

             Source: Researchers

 

 

The above table and figure shows that the 
number of casualties and survivors in percentages 
recorded between the period of 1852

 

to 2011 of 
maritime disasters is 9499 of the total of 14903. This 

figure represents 63.7% of the total passengers and 
crew members on board.

 

This could be further analysed using charts as 
show in fig 1 and 2. 
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Source: Researcher

 

 

Table 6 :

 

What are the various ways of minimizing maritime disasters?

 

S/N

 

RESPONSES

 

SA   X4

 

A   X3

 

D   X2

 

SD   X1

 

1 proper implementation of the latest STCW 
requirements

 

8 32

 

2 6 0 0 0 0 

2 Education and training of personnel

 

6 24

 

4 8 0 0 0 0 
3 Effective compliance to Policies and 

procedures

 

9 36

 

1 3 0 0 0 0 

4 Master took the proper measures (such as 8 32

 

2 6 0 0 0 0 
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40

reduce speed, change course, go to a safe 
place, send distress signal

5 Putting in place advanced technology 
systems that would reduce the risk of 

accidents

8 32 1 3 1 3 0 0 

Total 39 156 10 26 1 3 0 0 

Source: Researchers

From the above table, it could be deduced that 
almost all the respondents agreed that various ways of 
minimizing maritime distress include proper 
implementation of the latest STCW requirements with 8 
strongly agree and 2 agree, education and training 6 
strongly agree and 4 agree, compliance to policies and 
procedures 9 strongly agree and 1 agree, Master took 
the proper measures (such as reduce speed, change 
course, go to a safe place, send distress signal 8 
strongly agree and 2 agree and putting in place 
advanced technology systems that would reduce the 
risk of accidents 8 strongly agree, 1 agree and 1 
disagree.

IV. Conclusions 

This research on minimizing maritime disasters 
has observed that poor crew competence, lack of 
communication, lack of proper maintenance, lack of 

application of safety or other procedures, inadequate 
training, poor judgment of the situation, and so forth has 
contributed to more than 80 percentage of marine 
accidents occasioned by human factor.

It also observed the various consequences of 
maritime disasters such as threat to human life, lose of 
job and finance both to the ship owners and the 
communities, environmental hazards and destruction of
maritime facilities among others. The duration of 
maritime accidents has also been seen as slow in most 
cases, this means that urgent and quick responses 
should be in place to salvage lives and properties in 
case of any mishap at seas.

The study also see education and training of 
ship personnel as very  important which might constitute 
one of the most important risk reduction measures.

It also noted that training programs that ensure 
proper implementation of STCW requirements are some 

The Causes and Minimization of Maritime Disasters on Passenger Vessels



 

 

 

      

  

 

 

 

 

 

 

of the ways towards achieving this goal. Also training 
with

 

marine simulators furthers the enhancement of this 
requirement.

 

The  issue related to technical factors is the 
central question to what extent accidents might have 
been averted if the ship had a higher structural strength, 
a different tank subdivision, or different design 
characteristics. The central premise behind the new 
IMO/IACS requirements for bulk carriers and the new 
IMO/SOLAS requirements for Ro/Ro ferries is that these 
requirements would enhance safety.

 
 

On research question 2 on the effect of 
maritime accident, if the ship involved in a collision is a 
tanker

 

or a chemical vessel then there are high chances 
of the chemical or oil leaking to the sea. Oil spills, both a 
major and a minor, can lead to untoward conditions for 
the marine life and also to the nearby coastal areas.

 

Job loss and financial loss to both, the ship 
owner and the nearby local communities is huge.

 

Ship collision renders substantial threat to 
human life. There has been accidents in past when the 
ship has sank within minutes, giving no chance to the 
people on board to escape.

 

Damage of infrastructures due to collision is a 
heavy blow to human efforts. Past collisions with bridges 
and port structures have resulted in heavy financial and 
efforts loss.

 

V.

 

Recommendations 

This study has been thoughtful considering the 
implication of the subject matter to the maritime industry 
and other concern stakeholders.

 

The following recommendation has been very 
imperative;

 

•

 

Considering  the causes of maritime disaster as 
discussed in this research work, the researcher 
suggest adequate training and full compliance to 
marine rules and regulations in other to minimize the 
rate of accidents. Hence emphasis on the existence 
and establishment of proper policies and 
procedures should be made.

 

•

 

There should be adequate training with marine 
simulators. 

 

•

 

Strict sanctions should be imposed on defaulters. 

 

•

 

The issue with respect to technical factors relates to 
the possible role of advanced technology systems 
that would reduce the risk of accidents if in place. 
This could include highly sophisticated marine 
equipments like VTMIS, ECDIS, and collision 
avoidance systems.
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Investigation of Sigma Level at the Stage of 
Testing Cement after Packing and Improving it 

using FMEA Approach 
Md. Golam Kibria α, Md. Enamul Kabir σ & S. M. Mahbubul Islam Boby ρ 

Abstract- Sophisticated customer demands and advanced 
technology have changed the way of conducting business. 
Financial condition of a manufacturing company largely 
depends on the defect rate of a product. Understanding the 
key features, obstacles, and shortcomings of the six sigma 
method allows organizations to better support their strategic 
directions, and increasing needs for coaching, mentoring, and 
training. The objectives of this paper are to study and evaluate 
processes of the case organization, to find out the current 
sigma level and finally to improve the existing Sigma level 
through decreasing defects. According to objectives, current 
sigma level has been calculated, manufacturing process 
analyzed and suggestions given for improvement. Especially 
in analyzing phase different analysis tools like Production 
Layout, Process Block Diagram, Cause and Effect Diagram, 
Cheek Sheet, Process control chart are used. FMEA is used 
as improvement tool. By using this it has been possible to 
improve productivity by reducing defects rate. This research 
work has been carried out in a cement manufacturing 
company to show how to implement Six- Sigma in this type of 
industry. This research related work does not only apply to 
cement manufacturing company but also in any other types of 
organizations. By implementing Six-Sigma a perfect 
synchronization among cost, quality, production time and 
control time can be achieved. 

  
 

I. Introduction 

ix- Sigma is a statistical measurement of only 3.4 
defects per million. Six-Sigma is a management 
philosophy focused on eliminating mistakes, 

waste and rework. It establishes a measurable status to 
achieve and embodies a strategic problem-solving 
method to increase customer. Satisfaction and 
dramatically reduce cost and increase profits. Six-Sigma 
gives discipline, structure, and a foundation for solid 
decision making based on simple statistics. The real 
power of Six Sigma is simple because it combines 
people power with process power.  
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The Six Sigma is a financial improvement 
strategy for an organization and now a day it is being 
used in many industries. Basically it is a quality 
improving process of final product by reducing the 
defects; minimize the variation and improve capability in 
the manufacturing process. The objective of Six Sigma 
is to increase the profit margin, improve financial 
condition through minimizing the defects rate of 
product. It increases the customer satisfaction, retention 
and produces the best class product from the best 
process performance. If an organization is focused on 
customer satisfaction, then Six Sigma will offer a method 
and some tools for the identification and improvement of 
both internal and external process problems to better 
meet customer needs by identifying the variations in 
organization’s processes that might influence the 
customer’s point of view, negatively. 

II. Literature Review 

Though Fredrick Taylor, Walter Shewhart and 
Henry Ford played a great role in the evolution of six-
sigma in the early twentieth century, it is Bill Smith, Vice 
President of Motorola Corporation, who is considered as 
the Father of Six-sigma. Fredrick Taylor came up with 
the methodology of breaking systems into subsystems 
in order to increase the efficiency of manufacturing 
process. Henry Ford followed his four principles, namely 
continuous flow, interchangeable parts, division of labor 
and reduction of wasted effort, in order to end up in an 
affordable priced automobile. The development of 
control charts by Walter Shewhart laid the base for 
statistical methods to measure the variability and quality 
of various processes. 

Later during the 1950s, the Japanese 
Manufacturing sector revolutionized their quality and 
competitiveness in the world based on the works of Dr. 
W. Edwards Deming, Dr. Armand Feigenbaum, and Dr. 
Joseph M Juran. Dr. W. Edwards Deming developed the 
improvementcycle of ‘Plan-Do- Check-Act’, better 
known as the PDCA cycle. Dr. Joseph M Juran gave to 
the world his ‘Quality Trilogy’ and it was Dr. Armand 
Feigenbaum who initiated the concepts of ‘Total Quality 
Control’ (TQC). Between 1960 and 1980, the Japanese 
understood that everyone in an organization is important 
to maintain quality and so training programs were 

S 
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conducted for almost all employees not considering the 
department they belong to. Any organization that is 
dynamically working to build the theme of six-sigma and 
to put into practice, the concepts of six-sigma, in its 
daily management activities, with noteworthy 
improvements in the process performance and 
customer satisfaction is considered as a six –sigma 
organization [3]. 

M. Sokovićet al. undertook papers to identify 
areas in the process where extra expenses exist, identify 
the biggest impact on production expenses, introduce 
appropriate measurement system, improve process and 
reduce expenses on production times, and implement 
improvements [4]. Gustav Nyren represented the 
variables influencing the chosen characteristics variable 
and then optimized the process in a robust and 
repeatable way [5].John Racine focuses on what six-
sigma is today and what its roots are both in Japan and 
in the west and what six-sigma offers the world today 
[6]. Zenon Chaczkoet al. introduced a process for the 
module level integration of computer based systems 
which is based on the Six-sigma Process Improvement 
Model, where the goal of the process is to improve the 
overall quality of the system under development [7]. 
Philip Stephen highlighted a distinct methodology for 
integrating lean manufacturing and six-sigma 
philosophies in manufacturing facilities [8]. Thomas 
Pyzdek focuses that helps the user identify worthy 
papers and move them steadily to successful 
completion, the user identify poorly conceived papers 
before devoting any time or resources to them, the user 
identify stalled papers and provide them with the 
attention they need to move forward again, the user 
decide when it’s time to pull the plug on dead papers 
before they consume too much time and resources and 
provide a record for the user that helps improve the 
paper selection, management and results tracking 
process. 

III. Methodology 

The preface of implementing Six-sigma is very 
complicated job with several steps, which relates to 
observe carefully, and concentrating deeply in all of the 
processes. Data was collected through interviews, 
discussions and questionnaire. All data were useful here 
for better understanding the production system. The 
collected data then interpreted into suitable format for 
the concerned study. The methodology, which is used in 
this study, enables to collect valid and reliable 
information and to analyze those data to conclude with a 
correct decision. Defects were observed and their root 
causes were investigated. After getting the existing 
scenario of the organization, the current sigma level was 
calculated and then the way to improve this level was 
analyzed. 

IV. Data Analysis and Results 

a) Process Measurement 
In this measurement stage, different variables 

are identified to measure. As it has been trying to 
improve the sigma level of the organization, initially the 
present sigma level has been measured by using an 
Excel based sigma calculator. 

Sigma level is a procedure to know the existing 
condition of a production shop. The calculation of sigma 
level is based on the number of defects per million 
opportunities (DPMO). 

In order to calculate DPMO, three distinct 
pieces of information are required: 

i. The number of units produced. 

ii. The number of defect opportunities per unit. 
iii. The number of defects. 

The actual formula is: 

DPMO= (Number
 

of
 

defects ∗1000000 )
((Number

 
of

 
defects

 
opportunities

 
per

 
unit)∗number

 
of

 
units) 

For this purpose, the relevant data is collected. 
By using collected data, the defect rate of each process 
is calculated and converted into the total defects. 
Moreover, in order to observe the situation better Sigma 
level is calculated in the final stage of testing cement 
after packing. After packing that means the final product 
actually gives the Sigma level of the manufacturing 
company. 
• Sigma level at the stage of testing cement after 

packing: 
No. of defects (D) = 17 total defects 

No. of opportunities for a defect (O) = 7 
opportunities (categories of defect types) [ Compressive 
strength 3 days, Compressive strength 7days, 
Compressive strength 28 days, Initial Setting Time, Final 
Setting Time, Fineness, Residue]  

 
No. of units (U) = 122 

 
Total number of opportunities (TOP) = U * O = 

854 total opportunities
 DPU = D / U = 17/122= .139344262 defects per unit

 DPO = D / TOP = 17/854 = 0.019906323

 DPMO = DPO * 1000000= 
0.019906323*1000000= 19906.323

 Out of a million opportunities, the long term 
performance of the process would create 19906.323 
defects.  
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After plotting the required information into sigma 
level calculator, the calculator shows that the Sigma 
level at the stage of testing cement after packing is 3.6. 
Hence, to improve this level, different quality 
improvement tools have to be employed and the 
organization has to be set a milestone to achieve.

 

b)

 

Process Analysis

 

It is a very important stage to consider because 
lack of proper analysis may lead to the process to a 
wrong way, which will deviate, from the main function of 

improvement. In this stage, different basic tools of 
quality are preferably used to analyze the real condition 
of the processes.

 

i.

 

Process Block Diagram

 

To find out the existing problem of a complete 
production process, it is more preferable to represent 
the operation sequence by process flow diagram. For 
this purpose, the operation sequence is analyzed and 
obtained a chart shown in following figure.

 

 

 

Figure 1 :

 

Process Block Diagram of the Cement Industry
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ii. Cause and Effect Diagram
To analyze a problem cause & effect diagram is 

one of the best tools. After obtaining process flow 

diagram, the next step is to find the root cause and sub-
cause of the existing process. The required cause & 
effect diagram is shown in the Figure 4.2

Figure 2 : Cause and Effect Diagram of Case Organization

© 2014   Global Journals Inc.  (US)
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iii.

 

Cheek Sheet

 

A

 

check sheet is very useful in data collection 
activity. It is more effective to identify defects. Here 

defects are seen in a tabular form in time basis. The 
required Cheek Sheets are given in Table 1, 2, 3 and 4. 
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Check sheet for month August 2013Table 1 :

Check sheet for month September 2013Table 2 :

Check sheet for month October 2013Table 3 :

Check sheet for month November 2013Table 4 :
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iv.

 

Process Control Chart

 

A control chart is a graphical and analytic tool 
for monitoring process variation. The natural variation in 
a process can be quantified using a set of control limits. 
Control limits help distinguish common-cause variation 
from special-cause variation. Typically, action is taken to 
eliminate special-cause variation and bring the process 
back in control.

 

Process has seven constraints 

(Fineness, Residue, Initial setting time, Final setting 
time, Compressive strength 3 days, Compressive 
strength 7 days & Compressive strength 28 days). 
Seven control charts have been drawn by taking each 
constraint.  All control charts have two axis, in X-axis 
days are plotted & Y-axis constrains (each control chart 
has individual constrain) are plotted.

 

 

Figure 3 :

 

Control chart for Fineness
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Figure 4 : Control chart for Residue

Figure 5 : 
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Figure 6 : 
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Control chart for final setting time

Figure 7 : 
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Figure 8 : Control chart for Compressive Strength (7 Days)

Figure 9 : 
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Control chart for Compressive Strength (28 Days)

c) Process Improvement
In this stage, improvement strategies are 

developed for achieving the desired goal. According to 
the analysis, perfect measures should be taken to 
progress the current situation. As the major concern to 
improve sigma level here in the case organization to 
improve the productivity, it is highly needed to diagnose 
the critical issues. For this reason FMEA (Failure Mode 
and Effect Analysis is used to improve the current 
situation of the production shop. 

i. FMEA (Failure Mode and Effect Analysis)
A failure modes and effects analysis (FMEA) is 

a procedure in product development and operations 
management for analysis of potential failure modes 
within a system for classification by the severity and 
likelihood of the failures. A successful FMEA activity 
helps a team to identify potential failure modes based 
on past experience with similar products or processes, 
enabling the team to design those failures out of the 
system with the minimum of effort and resource 
expenditure, thereby reducing development time and 
costs. In FMEA, failures are prioritized according to how 
serious their consequences are, how frequently they 
occur and how easily they can be detected. A FMEA 
also documents current knowledge and actions about 
the risks of failures for use in continuous improvement. 

FMEA is used during the design stage with an aim to 
avoid future failures. Later it is used for process control, 
before and during ongoing operation of the process. 
Ideally, FMEA begins during the earliest conceptual 
stages of design and continues throughout the life of the 
product or service. And for the Case Organization FMEA 
chart (Table-8) is given below according to the following 
three tables- Table 5, 6 and 7. 
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Table 5 : Table for Severity Number  

 
Table 6 : Table for Occurrence Number
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Table 7 : Table for Detection Number
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Table 8 : FMEA (Failure Mode and Effect Analysis) Chart
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R
ow

 N
u m

be
r Process 

Steps
Potential 
Failure 
Mode

Potential 
Effects of 

Failure

Se
ve

rit
y 

(1
-1

0)

Potential 
Cause(s) of 

Failure

O
cc

ur
re

nc
e 

(1
-1

0)

Current 
Controls

D
et

ec
tio

n  
(1

-1
0)

Risk 
Priority 

Number 
(RPN)

Recom ended 
Action

1 Cargo Production 
rate

Production 
rate

7 Low water
level, if 
Mongla

port is busy

5 Use small
cargos, by

road.

7 245 Increase depth 
of water level; 

Raise the 
facilities of

Mongla port.
2 Hopper Suddenly 

block raw 
material 
supply 
path

Raw 
materials 

supply
rate to silo

8 Small size of
outlet

5 By 
decreasing 
supply flow

6 240 Give the 
desired size at

outlet of hopper

3 Conveyer 
Belt

Tear and 
wear

Production 
system 
stops

9 Long time 
running;

Absence of 
proper 

lubrication at 
head and tail 

pulley

5 Repair 6 270 Weekly 
inspection;

Proper 
lubrication

system

4 Raw
Material

Weighing 
Scale

Raw 
materials 

not in 
correct 

proportion

Defective 
cement

8 Problem in 
feed rate

4 Desired 
feed rate 
provides

2 64 Continuous 
inspection to
control the 

proper feed rate

5 Ball Mill Linear and 
grinding
media; 

feed rate

Defective 
cement

8 Long time 
running

8 Repair 
when fine
particles 
are in low 

rate

5 320 Continuous 
inspection and

change 
grinding media 

and
linear when 

needed
6 Bucket 

Elevator
Problem in 
motor or

chain

No cement 
will flow
from ball 

mill

5 Long time 
running and
problem in 
lubrication

5 Repairs 
motor; 
provide 
proper 

lubrication 
system

7 175 Continuous 
inspection of
lubrication; 

replace motor if
running for long 

time
7 Separator Rotor 

speed; air
circulation 

flow

Fine and 
coarse 
cement

not 
separated

5 If anything 
collapse at air

circulation 
path; problem 
in air blower

7 Repairs 5 175 Continuous 
inspection and

if needed 
replace air 

blower
8 Vibrating 

spring
Elasticity 
of spring

decreases

Fine 
particle will 
not flow to 
cement silo

properly

5 Continuous 
running

5 Repairs 6 150 Continuous 
inspection and

if needed 
replace spring

9 Packing 
Machine

Problem in 
sensor

Defective 
packing

7 Long time 
running; and
PLC problem

4 Replace;
Check the

PLC system

2 56 Continuous 
inspection
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If the recommended actions are followed then 
the risk priority number will be decreased at desired 
level as a result defective product will be decreased and 
hence the sigma level will be improved. 

V. Discussions 

There were some uncertainties in the validity 
and reliability of the sampled data that are used in 
previous to analyze and improving sigma level of the 
cement manufacturing process. During the study not all, 
the information has collected instantly, but some 
previous records have also used for better 
understanding. The Sigma Level calculated for the case 
organization at the final stage of finished product is 3.6. 
From the Six-Sigma value chart it can be concluded that 
the case organization is an average industry. Analyzing 
tools is used and it finds out where the maximum and 
serious defects were in different sections. Then the 
Cause and Effect diagram determine the root causes of 
the problems. The check sheet represents defects at 
daily basis, which helps to find out in which day there 
were defects. Seven control charts are drawn to specify 
the process in control or not. The main reason for 
defective cement is then Compressive Strength. In 
addition, according to defects then Fineness, Setting 
time, Residue, Limestone, Slag and Fly ash. By using 
FMEA (Failure Mode and Effect Analysis), Risk Priority 
Number (RPN) at different stages of the manufacturing 
process were determined. From this case study the 
highest RPN was 320 (Ball Mill) and the lowest RPN was 
56 (Packing Machine) in out of 1000. As the RPN 
increases, it indicates more risks and defects.

VI. Recommendations 

There are several approaches to choose from, 
when the goal is to increase the sigma level of a cement 
manufacturing company. The techniques used in this 
paper have been limited due to insufficient time and 
resources. In this paper only Process block diagram, 
Cause and Effect diagram, Cheek sheet, process 
control chart are used for process analysis. FMEA 
isused as process improvement neglecting other 
improvement tool like 5S, Kaizen and Supermarket. An 
important suggestion for future work is to test if the 
findings are applicable to other steps of manufacturing 
and machines within the factory. Moreover, to take 
customers opinion about the product, this will help to 
identify the problems and can be solved easily.
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MCML’S Quality Policy:
Residue-<1.00 %
Blaine-360-370 m2/Kg
IST (Initial setting time) –180-190 min
FST (Final setting time)–380-400 min
Compressive strength (3 days) –15-16.20 MPa
Compressive strength (7 days) –20-22 MPa
Compressive strength (28 days) – 30-33 MPa
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(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater. 

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
by the conventional abbreviation in parentheses. 

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration, 
1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search:                                 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE

 
Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 

6.1 Proof Corrections

 
The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

 
The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 

6.3 Author Services

 
Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 

6.4 Author Material Archive Policy

 
Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 

6.5 Offprint and Extra Copies

 
A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  

18.
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

Submit all work in its final form. 
Write your paper in the form, which is presented in the guidelines using the template. 
Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 
submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 
descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring

© Copyright by Global Journals Inc.(US) | Guidelines Handbook

XXIII



 
 

 
 

 

 

  

 

  

 

  

 

 

 

 

 

 

 

 

 

Index            
  

  

  

  

  

  

  
P

A

Abandons · 16
Abundant · 46
Annihilation · 20

B

Bernetics · 53
Brainstorming · 31
Bunkered · 12

C

Capsizing · 46
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Emanating · 28, 29
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Fatalities · 40, 43
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Prevalence · 46
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