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metal with the help of the operating mode selection of the cavitating stream. 
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Introducation- The uniquely designed and patented Cavimax  Technology And Equipment is 
developed to clean underwater surfaces: 
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Cleaning of Underwater Objects Technology 
Doktor Rodionov Viktor 

 I.
 

Introducation
 he uniquely designed and patented Cavimax  

Technology And Equipment
 
is developed to clean 

underwater surfaces: 
 •

 
Sea-craft, ships and freshwater vessels of different 
g1ass (tankers, dry cargo ships, yachts, cutters) ;

 •

 
Stationary hydro-technical structures (piers, moles, 
moorages); 

 •

 
Sea platforms for various purposes (oil, gas 
extraction); 

 •

 
Pipelines and other stationary submarine objects.

 Underwater cleaning CAVIMAX   TECHNOLOGY 
is based on the cavitation effect and is used for 
qualitative and high-speed destruction and removing of 
marine growth of any thickness (seaweed, shells, 
corals)', rust and peeling paint without damaging the hull 
and a protective coating. The surface can be cleaned 
Passive voice to bare metal with the help of the 
operating mode selection of the cavitating stream. 

 The CAVIMAX   EQUIPMENT

 

uses outboard sea 
or river water creating a speed cavitation max with  
microscopic  Unusual word pair steam Possibly 
confused word of bubbles under 150-

 

250 Bar with a 
capacity of 200 I/min (standard pumping plants). Upon 
contact with the surface being cleaned Passive voice, 
these bubbles implode. The result of the microscopic 
bubbles imploding is the destruction of marine growth, 
rust and, its removal from the work area. During this 
process, the working pressure reaches up to 10,000 Bar 
at the cleaned area. 

 The newest CAVIMAX-technology uses the 
SPECIAL CAVIMAX   CLEANING SYSTEMS: 

 •

 

Hand-held diving  climax  pistols for cleaning curved 
and hard-to-get surfaces with a cleaning rate up to 
250-350 m2/hour (equipped with or the  jet nozzle 
for compensating recoil and power level control); 

 •

 

Semi-automatic self-propelled climax heads of 
various types for cleaning flat surfaces for different 
thicknesses of marine growth and a cleaning rate up 
to 1200-

 

1500 m2/hour (equipped with adjustable 
climax  automatic propulsion, or the hydrodynamic 
suction system to clean objects and remove waste 
from the work area, speed adjustment, and power 
level control); 

 •

 

Remote-controlled programmable climax cleaning 
devices with improved productivity (pilot designs);

 •

 

Unique  Repetitive word:  devices for post-cleaning 

polishing of the underwater hull (for curved and flat 
surfaces);  

• Underwater telemetry and video control of the 
process;  

• Remote above-water control of operating devices is 
available. 

The complete equipment package - self-
sufficient, modular, mobile - is formed depending on 
production requirements and user's needs.  

EFFECTIVENESS AND INNOVATION of 
underwater hull cleaning climax  equipment:  

 
 

 

 
  
  

 
 

 
  
 

 
 

 
 

 
 

 
  

 
 

The newest UNDERWATER CLEANING CAVIMAX   
TECHNOLOGY AND EQUIPMENT drastically enhances 
labor productivity and quality. Cavimax technology 
makes cleaning services highly cost-effective in today's 
market.  

 

 
The proposed newest Possibly miswritten world  

technology developed and patented Viktor Rodionov 
(Russia) [ 3,4] exceeds the currently used technology, 
based on the implementation of hydraulic disc 
mechanical brushes, in many characteristics.       
Depending on the required productivity, devices with 
one, two, and three- disc brushes may be used Passive 

T 

Author: e-mail: vik-rodio@yandex.ru
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Highly efficient and qualitative cleaning (up to 2500 
m2/hour) of vessels without docking; 
Rapid cleaning (up to 1000 m2/hour) of curved and 
hard-to-get surfaces (propellers, rudders, Kingston, 
supports of hydro-technical structures, pipelines); 
Safety for divers;
No damage to paint and varnish coatings of 
surfaces cleaned;
No need for periodic replacement of tools and 
consumables during operation;
Uninterrupted round-the-clock running; 
Cleans any surfaces (metal, aluminum, plastic, 
wood, concrete, etc.); 
High maintainability and reliability during the long-
term; 
Choice of level, speed and cleaning modes (the hull 
can Repetitive word:  cleaned Passive voice to bare 
metal) ;
Application of standard above-water pumping 
utilities (150-200 I/min, 150-250 bar); 
Remote above-water control (including 
programmable control).

1. Of the underwater accretion elimination 
technologies using the mechanic brushes (like “Sea 
Brush”) and the Possibly miswritten world   
instrument series CAVIMAX.



voice. Out of the production of the PHOSMARINE 
company, being most wide-spread in the sphere of 
underwater cleansing, the  Overused word “Sea Brush” 
mechanism with one disc brush weighs about 30 kg and 
has the productivity of 200-300m2/h  while the Overused 
word mechanism with three-disc brushes “Brush Cart” 
weighs 170 kg and has the productivity of 1800 m2/h.  

The Possibly miswritten word instrument of 
likewise productivity weighs 3 kg, correspondingly, 
whereas “Sea Brush” weighs 30 kg.  

Divers, who cleanse the surfaces of the ships 
from accretion underwater, perform hard physical work, 
which requires oxygen consumption of 2. 5 – 3. 0 
liters/minute, the heart rate is 140-160 b/m. Such 
activities may be performed Passive voice in daylight 
only.  

On the other hand, due to the low weight and 
safety of the Possibly miswritten word instrument, divers 

may perform their work with less physical effort at any 
time of the day.  

It will take just one run of the instrument to 
cleanse the surface efficiently, unlike the brush devices, 
which require several Repetitive word for the same 
purpose. 

One of the Overused word drawbacks of the 
brush devices is that they fail to function and shut down 
because of the water-plants rolled over the brush 
mechanism. Possibly miswritten word   instruments 
Overused word cut all sorts of water-plants. 

In  Table 1 below you can see the comparative 
productivity indexes of the two cleansing methods for 
the tanker with the capacity of 50 000 tons and the 
under-water area of 10 000 m2 (the comparison is 
between the one-brush mechanism “Sea Brush” with the 
productivity of 300 m2/h and the one cavitation 
instrument).  

Table 1:  Comparative data for the cleansing methods 

INDEXES OF CLEANSING METHODS OF CLEANSING  

 “Sea Brush”                  Supercavitation  device
 

Rated productivity, m2/h 300  250  
Actual productivity, m2/h 100  250  
Tanker cleansing time, h 100  40  

 

  
Possibly miswritten word  instrument CaviMax. 

 The cavitation driver –
 
“cavitator” is designed in 

such a way, that it is not damaged during work, as the 
supercavitation

 
cavern is the working organ and 

consists of many steam-gas bubbles, which are formed 
Passive voice

 
outside the cavitation cut.

 The brushes require periodical Unusual word 
pair replacement due to wear

 

ability. The cost of the 
brush depends on the construction and is in USD, as is 
shown in  Table 2. 
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Table 2:  The cost of the “Sea Brush” brushes, USD: 

Nylon 45 for soft accretion 
Steel 52 for soft accretion 

Steel enhanced 95 for hard accretion 
Steel stainless 130 for hard accretion 

Special 770 for very hard accretion 

 

  

Brush kart 
Table 3: Comparative capacity and limitations of the given technologies 

Work, abilities, effects
 Mechanical “Sea Brush” 

technologies
 Possibly miswritten word device

 

Cleansing the ship frame to the “white 
metal”

 Impossible
 

Possible, time of cleansing extended
 

Cleansing of the king
 
stone grates

 
Limited

 
Simultaneous cleansing of all sides

 

Cleansing of the vint and helm group
 

Limited
 

Without loss of productivity
 

Cleansing of the underwater parts of 
the sea-platforms and installations

 Impossible
 

Cleansing of all types
 

Cleansing yachts and boats
 

Limited
 Efficient, the frame surface is not 

damaged
 

Cleansing small-size objects (devices) 
and objects with complicated surface

 Impossible
 

Without loss of productivity
 

Number of runs for the instrument to 
perform the cleansing required

 Several (depending on the type and 
rate of accretion)

 One
 

Automation of the cleansing process
 

Very complicated technically
 

Realized by PTA installation
 

Cleansing pipes, internal surfaces of 
the overland industrial surfaces

 Impossible
 

Possible
 

Damage of the protective covers
 

Inevitable
 

Absent
 

Environment pollution
 Inevitable (toxic elements of ship 

paint, hydrogear oil)
 Absent

 

Waste of materials and instrument 
wearability

 Present (depending on the type and 
rate of accretion)

 Absent
 

 
The comparative properties and productivity of various instruments are given Passive voice in Table 4. 

  Table 4:
 
Comparative productivity data for various instruments

Category of 
accretion 

Surfaces processed Old technology m2/h  New technology m2/h  

  Scraber  
Sea Brush”       Hydro 

head        pistol 
I. Side, bottom 25  800  1000  200  
II. Side, bottom 25  200  1000  200  
III. Side, bottom 10  100  800  150  

Cleaning of Underwater Objects Technology
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The abilities and limitations in the application of the old and new technology for the cleansing of various 
surfaces underwater are given Passive voice in Table 3:



 
Vint, helm

 
2

 
25

 
-

 
150

 
 

Kingstone grating
 

1
 

-
 

-
 

150
 

IV.
 

Side, bottom
 

4
 

-
 

600
 

100
 

 
Vint, helm

 
0.5

 
-

 
-

 
100

 
 

Kingstone grating
 

0.3
 

-
 

-
 

100
 

 

Table 5:  Comparative data on the quality of the jobs performed 

Cost of the job 10-15 $/m2
 

“Sea Brush”
 Cost of the job 1-5 $/m2

 

Possibly miswritten word instrument
 

Damages costly protective paint-and-varnish, 
anticorrosion and antiaccretion coverings (on the 

weld seams) due to the contact of the instrument and 
the surface being cleansed.

 

Due to the selection of the
 
cavitation

 
flow parameters the

 

accretion cleansing
 
takes place without

 
damaging the protective

 

covering (In some cases
 
cleansing may

 
reach metal).

 

Requires periodical replacement of the mechanical 
cleansing elements (costly brushes and scrabers), 

which makes the cleansing process slower and 
costlier.

 

Does not require replacement
 

of the
 

working elements
 

quant nozzles),
 

cleansing may be
 

performed in non-stop
 

duration regimen.
 

Non-productive for thick accretion and some types of 
accretion (like major balanus and long water-plants).

 
Universal for accretion

 
of any type and

 
thickness.

 

Application in hard-to-reach spots is limited (vint and 
helm group, kingstone valves, grates, boxes etc.).

 The instrument set allows
 

efficient cleansing
 

of all surfaces and
 

hard-to-reach spots.
 

The use of hydrogears may cause leakage of oils and 
result in the environment contamination.

 The technology is
 
environment-friendly,

 
as the overboard water

 
is 

the single
 

working material.
 

 
    

   

Possibly miswritten word  instrument CaviMax.
 

     

     Efficient, the frame surface is not damaged.
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2.

 

Research and Development Enterprise BUSINESS 
PROPOSAL

 

Our company has been operating in the service 
market for four years already. We design, test, and

 

manufacture plants that are used to clean parts of 
submerged centrifugal pumps. Our equipment is 
unparalleled in Russia [1, 2]

 

and

 

the entire world. (The 
company has an industrial patent “Parts Cleaning 
Method and the Device Used for Such Cleaning”; the 
engineering documents and test certificates compliant 
with the All-Union Standards are also available).

 

        The unit is designed based on the newest 
environmentally friendly

 

technology unparalleled in the 
world with a special Overused word emphasis on 
today's efficiency and quality requirements. 

 

          The technology used in the proposed unit is 
hugely advantageous if compared to the more 
commonly known one that is often applied at repair 
facilities in Russia and in other countries of the world. 
The

 

disadvantages of the conventional technology 
Possibly confused word include the following:

 

First of all, a commonly known technology 
Repetitive word  involves

 

corrosive and erosive wear of 
the parts' surface and its undesirable deformation. The 
parts cleaned in this way are, as a result, quickly 
discarded. Secondly, the amount of power consumed 
increases immensely when the parts are cleaned 
Passive voice. And thirdly, the cleaning efficiency with 
the technology is rather low. 

 

The proposed Unusual word pair technology 
eliminates all of the listed drawbacks because the 
working substance here is water and supercavitation 
steam-and-gas air bubbles. The cleaning efficiency 
offered by this technology lies within the range of 50-60 
thousand parts per month, provided that the plant is 
operated Passive voice in two shifts. The plant is a 
universal semiautomatic device that helps clean pump  
irrespective of their configuration. The cleaning is 
performed to 100% at both the inner and outer surface 
of the Repetitive word with no further cleaning required. 
The flow diagram of the plant is shown Passive voise in 
Figure 1.

 
 

 
 

 
Устройство

 

чистки

 

Cleaning device

 

Блок

 

очистки

 

воды

 

с

 

первым

 

ГЦ

 

Water treatment unit with the first cyclone

 

Емкость

 

оборотной

 

воды

 

со

 

вторым

 

ГЦ

 

Recycled water reservoir with the second cyclone

 

Насос

 

подпитки

 

Delivery pump

 

Установка

 

насосная

 

УНГ-1 75/40

 

Pumping plant UNG-1 75/40

 

мм

 

Mm

 

Слив

 

твердых

 

частиц

 

грязи

 

Dump of solid impurities

 

Приемная

 

емкость

 

для

 

масляной

 

воды

 

Oily water receiving tank

 

кВт

 

kW

 

В

 

V

 

Слив

 

воды

 

в

 

канализацию

 

Water dump into sewage

 

Слив масляного пятна из кармана емкости Oil patch dump from the tank’s pool
Подача воды из системы водоснабжения Water feed from the water supply system
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  Труба

 

Pipe

 Перелив
 

воды
 

Water overflow

 Масляная
 

пленка
 

Oil film

 Вода
 

высокого
 

давления
 

High-pressure water

 Возврат
 

излишков
 

воды
 

от
 

насоса
 

Return of extra water from the pump

 
Parts are cleaned using the developed and 

patented environmentally friendly technology with the 
help of supercavitation flows that originate from the 
system of patented Repetitive  word cavitation agents. 

The Plant is unique in the way its environmental 
friendliness is achieved Passive voice. The whole 
principle is based on the recycled water that acts as a 

working cleaning agent, which, after it is used Passive 
voice, passes through the multi-stage filtration system 
specially designed for this plant, is then freed from solid 
impurities, oily additives and paraffin that are collected 
Passive voice in Overused word tanks, and finally 
recycled.  

 
Figure 2: General Plant View.        Figure 3: Water Treatment System. 

                

                               

 
 

 

Figure 5: Control Unit.
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Figure 4: Control Boar.



  

Figure 6: 
 
High-Lift Pump.                                   Figure 7: 

 
Cavitation Agents Unit.

             

                 
     

Figure 8:
 
Control over Operation of the Plant s Systems.

 
 

     

Figure 9:

 

Loading of Contaminated Parts for Cleaning and Unloading the Cleaned Parts.
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Figure 10: Recycled Water in a Tank after the Parts Have Been Cleaned

 

Figure 11: 

 

Recycled Water in a Tank after Cleaning in the Filtration System

 

 

Figure 12: Solid Impurities Collection Tank
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Figure 13:
 
Pump Parts in the Plant Before and After Cleaning

 

 

1.

 
A.

 

S.1829431. USSR, MKI. C23G1/00. Cleaning  
method  of  steel  products / V.

 

P. Rodionov, 

 

2.

 
Patent No.1614241, Russia MKI, In 0F /00, In 08 B 
03/12. Hydrocavitation Generator Rodionov V.P. 

 

3.

 
Patent for invention No. 2376193 RU, Hydrodynamic 
cleaning of surfaces of objects under water and 
device for its implementation/Rodionov V.
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4.

 
Patent for Invention No. 2568467 RU, Kavitator 
Rodionova V.
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Abstract-

 

In this research, attempts were made to study the 
effects of cow dung and cow bone char mixture for 
bioremediation of crude oil-polluted soil. This process of 
remediation was conducted ex-situ using an optimization 
technique termed three-level design with two factors -

 

𝟑𝟑𝟐𝟐

 

design factorial. The first-order kinetics was also employed in 
studying the kinetics of degradation with the observed 
correlation of determination (𝐑𝐑𝟐𝟐)

 

between (0.726 -

 

0.969).The 
optimization technique shows also that the optimal mix range 
between 20 –

 

38% for cow dung and 35 -50%

 

for bone char.

 

In 
terms of mass, this translates to

 

an optimal mix of 30-57g of 
cow dung and 52.5 –

 

75gof bone char for every 2kg of soil

 

having a 4% crude oil contamination relative to the total mass 
of the mixture. 

 

Keywords: cow dung; cow bone char, optimization; 
bioremediation; crude oil polluted soil.

 

I.

 

Introduction

 

ioremediation is a treatment process that uses 
microorganisms (yeast, fungi, or bacteria) to 
degrade or break down hazardous substances 

into less toxic or nontoxic substances. (Walter et al, 
1997) also defined soil bioremediation as the process in 
which most of the organic pollutants are decomposed 
by soil microorganisms and converted to harmless end 
products such as carbon dioxide (CO2), methane (CH4)

 

and water(H2O).  Soil microorganisms play a major role 
in soil bioremediation as biogeochemical agents to 
transform complex organic compounds into their 
constituent elements or into simple inorganic 
compounds. This process is termed mineralization. The 
microorganisms are adsorbed to the soil particles by the 
mechanism of ionic exchange. Generally, soil particles 
have a negative charge, and soil and bacteria can be 
held together by an ionic bond involving polyvalent 
cations (Killham, 1994).The question of the best method 
that should be used in oil-polluted lands depends on the 
biological, chemical and physical properties of both 
contaminants and soil.

 

A variety of techniques had been 
successfully used for the cleanup of soil and 
groundwater contaminated with petroleum 
hydrocarbons, they include pump and treat of 
groundwater, excavation of shallow contaminated soils, 

and vapor extraction, etc. Efforts to remediate the 
negative impact of hydrocarbon pollution on the soil 
have resulted in several devices such as Remediation 
by Enhanced Natural Attenuation (RENA) which is a 
Land farming technique, bio-stimulation and bio-
augmentation of soil biota with commercially available 
micro flora. RENA is a soil treatment technique 
commonly used, it is a full-scale bioremediation 
technology in which contaminated soils, sediments, and 
sludges are periodically tilled or turned over into the soil 
to aerate the waste. Soil conditions are often controlled 
to increase the degradation rate of the contaminant 
(Odu, 1978, Gradi, 1985; EPA, 1994). RENA has 
limitations which include the inability to properly degrade 
crude oil that had spilled deeply down the soil strata. 

II. Materials and Methods 

a) Sample collection 
A polluted soil sample was collected using a 

shovel at a sample depth of 0-15cm and from three 
different points. The three soil samples were mixed and 
transported to Plant Anatomy and Physiology Research 
Laboratory of the University of Port-Harcourt for 
bioremediation. The cow dung was collected from the 
cowshed in the faculty of Agriculture farm site, the 
University of Port Harcourt and the cow bone was 
collected at Mgbuoba from a cow meat seller.  The 
cow bone was taken to the University of Port Harcourt 
where it was crushed and burnt in a furnace. The cow 
dung was sun-dried for five days to drive off moisture. 
The soil sample was taken ex-situ from Bodo city, 
Gokana local government Area of Rivers State.  

b) Ex-situ bioremediation procedure  
The soil in the environment of the study has a 

previous history of crude oil contamination but in 
negligible concentration. 4% of crude oil (100ml) relative 
to the total mass of the mixture was added to each of 
the soil samples. The cow dung and bone char was 
sun-dried for the duration of 2 weeks and thereafter 
grounded using a mortar, pestle and a manual grinding 
machine. Thereafter they were sieved using a 2mm 
standard mesh sieve and were measured with an 
electronic weighing balance. The following are the 
design pattern for the ex-situ bioremediation procedure 
(1) Each sample design consists of 4% crude oil 

B
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contamination and 2000g of soil (2) The amendments 
(nutrients) differ according to the proportional 
optimization rates.  The amendments were added to the 
sample designs except for the control (3) the individual 

cells were moistened and mixed with a stirrer these 
stirring were conducted on an interval of four days for 
effective aeration.

 
 
 
 
 

 
Table 1:

 

The design pattern for cow dung and cow bone char used as amendments in each sample

 Control

 

2000g of soil + 100 ml of crude oil + 0g of cow dung

 
+ 0g cow bone char

 S1

 

2000g of soil + 100 ml of crude oil + 37.5g of cow dung+ 0g cow bone char

 S2

 

2000g of soil  + 100 ml of crude oil + 75g of cow dung

 

+ 0g cow bone char

 S3

 

2000g of soil + 100 ml of crude oil  + 0g of cow dung+ 37.5g cow bone char

 S4

 

2000g of soil+ 100 ml of crude oil+ 37.5g of cow dung + 37.5g cow bone char

 S5

 

2000g of soil+ 100 ml of crude oil  + 75g of cow dung+ 37.5g cow bone char

 S6

 

2000g of soil+ 100 ml of crude oil  + 0g of cow dung+ 75g cow bone char

 S7

 

2000g of soil+ 100 ml of crude oil  + 37.5g of cow dung+ 75g cow bone char

 S8

 

2000g of soil+ 100 ml of crude oil  + 75g of cow dung+ 75g cow bone char

 

 

c)

 

Optimization using the design of the experiment

 

The three-level design is written as a 3k

 

factorial 
design. It means that k

 

factors are considered and each 
at 3 levels. These are referred to as low, intermediate 
and high levels. These levels are numerically expressed 

as 0, 1, and 2.This is the simplest three-level design. It 
has two factors, each at three levels. The 9 treatment 
combinations for this type of design can be shown as 
follows:

 Table 2: Optimization rates for the bio-stimulants for bioremediation of crude oil-polluted soil

 Observation

 

Cow dung [%]

 

Bone char [%]

 

Levels

 
 

1

 

0

 

0

 
 

Low

 

2

 

25

 

0

 
3

 

50

 

0

 
4

 

0

 

25

 
 

Intermediate

 

5

 

25

 

25

 
6

 

50

 

25

 
7

 

0

 

50

 
 

High

 

8

 

25

 

50

 
9

 

50

 

50

 

 

The three-level designs were proposed to 
model possible curvature in the response function and 
to handle the case of nominal factors at 3 levels. The 
third level for a continuous factor facilitates the 
investigation of a quadratic relationship between the 
response and each of the factors.

 
d)

 

Data analysis

 

Mathematical modeling was used to analyze 
the degradation data gotten

 

from the experiment by 
applying the first-order kinetic model. Also, calculations 
on the bio-stimulation efficiency and percentage of 
degradation were conducted.  
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δC
δt

= −k1C

 

                                                                                                                                                    [1]

 

C = concentration of degraded compound at time t,
 

and k1= first-order rate constant

 

δC
δt

=
−0.6933

t1
2�

C

 

                                                                                                                                          [2]

 

InCt = −k1t + InCo

 

                                                                                                                                   [3]

 

 

t1
2�

=
0.6933

k1
=

In2
k1

 

                                                                                                                                  [4]

 

Wheret1
2�

 

is the half-life

 

However, Eq. 3 can also be written as follows,

 

Ct = CO exp(−k1t)

 

                                                                                                                                    [5]

 

However, the fractional efficiency of bio-degradation can be expressed as,

 

C0 − Ct

C0
= F. E

                                                                                                                                               
[6]

 

Which can be written as, 

 

Ct = CO (1− F. E)
                                                                                                                                       

[7]

 

Thus, substituting Eq. 7 into Eq 5 one obtains,

 

t = −
1
k1

In(1 − F. E)

                                                                                                                                  

[8]

 

which can be re-written as:

 

ln⁡(
1

1− F. E
) = k1t

 

                                                                                                                                   

[9]

 
 

The percentage degradation (%) was calculated using the formula:

 

 

%

 

Degradation

 

=
THCo − THCi

THC0

 

                                                                                                        

[10]

 

where,

 

THC0

 

=

 

Initial THC concentration and THCi= Residual THC concentration

 
 

ii.

 

Bio-stimulation efficiency 

 

The effectiveness of any remediation is 
controlled by some factors which are biotic and a

 

biotic. 
It is certain that no remediation exercise can attain 
complete remediation, but rather the mitigation level 

could be high to encourage the thriving of life. The 
efficiency of bio-stimulation (B.E) gives insight into the 
treatability options offered

 

by the various proportional 
optimization rates of the bio-stimulants.

 

B. E

 

=
%THCT −

 

%THCU

%THCT
                                                                                                                             

                        

                           

[11]

 

where %THCT

 

= percentage removal of crude oil in the 
bio-stimulated or amended soil, and %THCU

 

= The 
percentage removal of crude oil in the non-bio-
stimulated soil.

 

III.

 

Results and Discussion

 

The analysis of the proportional optimization of 
amendments for bio-remediating the crude oil polluted 

soil was observed for a period of 6 weeks. The results 
were tabulated and illustrated in graphical patterns 
which shows the remediation process been carried out. 
These graphical representations give various insights 
into the optimization process.

 

The amendments used are cow dung and bone 
char. The following is the proportional optimization of the 
amendments.

 
 

 
 

i. Mathematical model
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Table 3: A table showing the optimization rates and mass of amendments of the samples 

Sample
 

Optimization rate
 

Mass of biomass
 

1
 

0% Cow Dung 0% Bone Char
 

Cow Dung = 0g; Bone Char = 0g
 

2
 

0% Cow Dung 25% Bone Char
 

Cow Dung = 37.5g; Bone Char = 0g
 

3
 

0% Cow Dung 50% Bone Char
 

Cow Dung = 75.0g; Bone Char = 0g
 

4
 

25% Cow Dung 0% Bone Char
 

Cow Dung = 0g; Bone Char = 37.5g
 

5
 

25% Cow Dung 25% Bone Char
 

Cow Dung = 37.5g; Bone Char = 37.5g
 

6
 

25% Cow Dung 50% Bone Char
 

Cow Dung = 75.0g; Bone Char = 37.5g
 

7
 

50% Cow Dung 0% Bone Char
 

Cow Dung = 0g; Bone Char = 75.0g
 

8
 

50% Cow Dung 25% Bone Char
 

Cow Dung = 37.5g; Bone Char = 75.0g
 

9
 

50% Cow Dung 50% Bone Char
 

Cow Dung = 75.0g; Bone Char =75.0g
 

 

a) Physiochemical analysis of cow dung and bone char  
The physicochemical analysis was gotten from the 

amendments stating the carbon %, ash content %, volatile 

matter %, Nitrogen %, and Phosphorus contents as shown 
below: 

Table

 

4:

 

Result showing the Physiochemical Analysis of Cow dung and Bone Char

 

Sample 
Identity

 

% Carbon

 

% Ash 
content

 
Volatile 
Matter

 
Phosphorus 

(mg/kg)

 

% Nitrogen

 

C/P ratio

 

C/N ratio

 

Cow Dung

 

2.91

 

79.4

 

20.6

 

1.304

 

0.045

 

2.231595

 

64.66667

 

Bone Char

 

2.4

 

60.7

 

39.3

 

1.712

 

0.007

 

1.401869

 

342.8571

 
 

Table 5: Analysis of THC

 

 

CD= Cow Dung
 

BC= Bone Char
 

b) Statistical analysis of THC 

The biodegradation of THC in the soil of 4% crude oil 
contamination was analyzed for the various optimization rates 
using the statistical t-test by the following conditional 
statements below: If P> 0.05 we should accept the null 

hypothesis (𝐻𝐻𝑜𝑜); of no significant effect on remediation 
process and reject the alternative hypothesis (𝐻𝐻𝑖𝑖); of a 
significant effect on remediation.

 If P<0.05 we reject the null hypothesis(𝐻𝐻𝑜𝑜 ); of no 
significant effect on the remediation process and we accept 
the alternative hypothesis (𝐻𝐻𝑖𝑖); of a significant effect on the 
remediation process.

 
From the data gathered, the table 

shows the various P-value and remarks of the sample.
 

Table 7: Summary of t-test table for THC

 

degradation

 

Samples

 

Rate

 

Mass

 

P-Value

 

Remark

 

1

 

Control

 

CD=0g; BC=0g

 

-

 

-

 

2

 

0%CD 25% BC

 

CD=37.5g;BC=0g

 

4.97 E-03

 

Significant Difference

 

     

     

Sample Identity

 
 
 

Week 1

 

THC 
(Mg/Kg)

 
Week 2

 

THC 
(Mg/Kg)

 
Week 3

 

THC 
(Mg/Kg)

 
Week 4

 

THC 
(Mg/Kg)

 Week 5

 

THC (Mg/Kg)

 Week 6

 

THC (Mg/Kg)

 

Control

 

0%CD 0% BC

 
7500

 

5850

 

5750

 

4450

 

4000

 

3400

 

0%CD 25% BC

 

7350

 

4500

 

3750

 

3300

 

2850

 

2250

 

0%CD 50% BC

 

4500

 

3000

 

2850

 

2700

 

2250

 

1800

 

25% CD 0% BC

 

7200

 

3600

 

3300

 

3000

 

2700

 

1650

 

25%CD 25% BC

 

4500

 

3900

 

3150

 

2400

 

2100

 

1200

 

25%CD 50% BC

 

4500

 

4350

 

3000

 

2550

 

2250

 

1350

 

50%CD 0% BC

 

4650

 

3300

 

2700

 

2250

 

1800

 

1200

 

50%CD 25% BC

 

6000

 

3750

 

2850

 

2325

 

1875

 

1650

 

50%CD 50% BC

 

7500

 

3300

 

2700

 

2400

 

1950

 

1650
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5

 

25%CD 25% BC

 

CD=37.5g; BC=37.5g

 

4.90E-05

 

Significant Difference

 

6

 

25%CD 50% BC

 

CD=75.0g; BC=37.5g

 

2.87E-04

 

Significant Difference

 

7

 

50%CD 0% BC

 

CD=0g; BC=75.0g

 

1.51E-05

 

Significant Difference

 

8

 

50%CD 25% BC

 

CD=37.5g; BC=75.0g

 

1.20E-04

 

Significant Difference

 

9

 

50%CD 50% BC

 

CD=75.0g; BC=75.0g

 

6.46E-03

 

Significant Difference

 

CD = Cow dung; BC = Bone Char

 

Further analysis of the various proportional 
optimization rates for bioremediation was also 
ascertained using the student’s t-test.

 

From the 
student’s t-test results shown, a significant level 
(P<0.05) was observed for treatment using the various 
optimization rates of amendments in Samples 2, 3, 4, 5, 
6, 7, 8, 9 as compared with control (Sample 1). Thus, 
there was a significant difference in all the samples.

 

So, 
we accept the alternative hypothesis (𝐻𝐻𝑖𝑖); which 
indicates a significant reduction in crude oil 

contamination for the various optimization rates of 
amendments in the samples.

 

c)

 

Percentage of Degradation 

 

The percentage degradation for the various 
sample blocks is shown in the bar chart below. From the 
chart, it can be deduced that sample 9 has the greatest 
degradation of Total hydrocarbon Content (THC). Thus, 
in all samples the percentage of degradation was above 
50%, showing effective bioremediation.

 

 

 

Figure1: Bar Chart Showing the Percentage Degradation of the Nine (9) Samples

 
 

%degradation=75.30540+0.34274×CD+6.77319×BC-2.74977×CD2-5.34756×BC2-0.38172×CD× BC

 

where BC = Bone char rate [%]; CD = Cow dung rate [%] 

 

d)

 

Optimal mix of cow dung and bone char using

 

response surface methodology (RSM)

 

Response surface methodology

 

(RSM) is a 
collection of statistical and mathematical techniques for 
building an empirical model. The objective is to optimize 
a response

 

(output variable) which is influenced by 
several independent variables (input variables i.e. cow 
dung and bone char rates).

 

Using the response surface methodology 
(RMS), the optimal THC degradation Efficiency is 

between 76.50 –
 
80.00%. The optimal mix of the cow 

dung is between 20 –
 
38% and the bone char is 35 -

50%. 
 

0 20 40 60 80

1

2

3

4

5
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7
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9

Percentage Degradation (% )

Sa
m

pl
e

3 0%CD 50% BC CD=75.0g; BC=0g 3.84E-04 Significant Difference

4 25% CD 0% BC CD=0g; BC=37.5g 3.99E-03 Significant Difference
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 Figure
 
2:

 
Contour plot (3D view) showing the THC degradation efficiency of the Bio-Stimulants in the amended soil

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure

 

3:

 

A plot of Efficiency at various optimization rates of Cow Dung
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 Figure 4: A plot of
 

Efficiency at various optimization rates of Bio char
 Table 8:  Experimental design table for various samples observation
 

Sort 
Order

 

Run
 Order

 

Repetition

 

Cow
 Dung

 

Cow Bone Biochar

 

 % Degradation
 

 
 

1

 

1

 

1

 

0

 

0

 

54.67

 
2

 

2

 

1

 

25

 

0

 

69.39

 
3

 

3

 

1

 

50

 

0

 

60

 
4

 

4

 

1

 

0

 

25

 

77.08

 
5

 

5

 

1

 

25

 

25

 

73.33

 
6

 

6

 

1

 

50

 

25

 

70

 
7

 

7

 

1

 

0

 

50

 

74.19

 
8

 

8

 

1

 

25

 

50

 

72.5

 
9

 

9

 

1

 

50

 

50

 

78

 

 

46

51

56

61

66

71

76

81

86

91

96

0 10 20 30 40 50

Ef
fic

en
cy

  %

Cow Bone Biochar[%]

Trace Cow Bone Biochar
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Figure 5: A Contour plot showing the Efficiency from the various optimization rates of the Bio-Stimulants. 

e)
 

Kinetics of total hydrocarbon (THC) degradation
 

The kinetics of THC degradation was studied 
using first-order kinetics, which proposes that the rate of 
change of substrate is directly proportional to the 

concentration of the substrate. High K value implies high 
degradation rate. The fractional efficiency was plotted 
against time for each of the samples. 
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From the above graphs in figure 6, it was 
observed that the coefficient

 

of determination(R2)

 

indicates a positive correlation for the reduction in Total 
Hydrocarbon Content (THC) with respect to time with a 
biodegradation rate constant of 0.02Day−1, 0.031Day−1, 
0.023Day−1, 0.036Day−1, 0.028Day−1, 0.025Day−1, 
0.032Day−1, 0.036Day−1

 

and 0.043Day−1

 

for the 
Samples 1-9.The biodegradation rate constant differs for 
each of the samples, it can be noted that the higher the 
rate constant the smaller the half-life in the sample. 
Sample 9 has the highest biodegradation rate constant 
of 0.043Day−1

 

and a half-life of 16 days followed by 
sample 8 with a rate constant of 0.036Day−1

 

and a half-
life of 19 days, Followed by sample 4 with a rate 

constant of 0.036Day−1

 

and a half-life of 19 days, 
followed by sample 7 with a rate constant of 0.032Day−1

 

and a half-life of 22 days, followed by sample 2 with a 
rate constant of 0.031Day−1

 

and a half-life of 22 days, 
followed by sample 5 with a rate constant of 0.028Day−1

 

and a half-life of 25 days, followed by sample 6 with a 
rate constant of 0.025Day−1

 

and a half-life of 28 days, 
followed by sample 3 with a rate constant of 0.023Day−1

 

and a half-life of 30 days,  followed by control with a rate 
constant of 0.02Day−1  and a half life of 35 days. The 
remediation rate in descending order for hydrocarbon 
degradation is given as: Sample 9> sample 8 >sample 
4> sample7 >sample 2 > sample 5 > sample 6> 
sample 3> control.

 
 

Table 9:

 

First order decay equation, biodegradation rate constant, half-life

 
 

CD = Cow dung; BC = Bone Char; % D = Percentage degradation;

 
 

B.E = Bio-stimulation efficiency; 𝑅𝑅2= Correlation coefficient.

Samples

 

Rate

 

Mass

 

Kinetics 
Equation

 

K 
(𝐝𝐝𝐝𝐝𝐝𝐝−𝟏𝟏)

 

Half-
Life 

𝐭𝐭
𝟏𝟏
𝟐𝟐(days)

 

𝐑𝐑𝟐𝟐

 

% D

 

B.E 
(%)

 

1

 

Control

 

CD=0g; 
BC=0g

 

y = 0.02x

 

0.02

 

35

 

0.969

 

54.67

 
 

2

 

0%CD 
25%CBC

 

CD=37.5g; 
BC=0g

 

y = 0.031x

 

0.031

 

22

 

0.884

 

69.39

 

21.21

 

3

 

0%CD 
50%CBC

 

CD=75.0g;  
BC=0g

 

y = 0.023x

 

0.023

 

30

 

0.872

 

60

 

8.89

 

4

 

25% CD  
0%CBC

 

CD=0g; 
BC=37.5g

 

y = 0.036x

 

0.036

 

19

 

0.795

 

77.08

 

29.08

 

5

 

25%CD  
25%CBC

 

CD=37.5g; 
BC=37.5g

 

y = 0.028x

 

0.028

 

25

 

0.934

 

73.33

 

25.45

 

6

 

25%CD  
50%CBC

 

CD=75.0g; 
BC=37.5g

 

y = 0.025x

 

0.025

 

28

 

0.921

 

70

 

21.90

 

7

 

50%CD  
0%CBC

 

CD=0g; 
BC=75.0g

 

y = 0.032x

 

0.032

 

22

 

0.981

 

74.19

 

26.32

 

8

 

50%CD  
25%CBC

 

CD=37.5g; 
BC=75.0g

 

y = 0.036x

 

0.036

 

19

 

0.92

 

72.5

 

24.60

 

9

 

50%CD  
50%CBC

 

CD=75.0g; 
BC=75.0g

 

y = 0.043x

 

0.043

 

16

 

0.726

 

78

 

29.91

 

Figure 6: (A) First Order Kinetic pattern of THC reduction for Control (B) Sample 2 (C) Sample 3 (D) Sample 4 (E) 
Sample 5 (F) Sample 6 (G) Sample 7 (H) Sample 8 (I) Sample 9

y = 0.043x
R² = 0.726

0
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1
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2
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ln

(1
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Time (days)
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50% CD and 50% BC

I
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IV.

 
Conclusion

 The percentage degradation for the various 
sample blocks shows that sample 9 has the greatest 
degradation of Total hydrocarbon Content (THC). Also, 
in all samples the percentage of degradation was above 
50%, showing effective bioremediation.Using the 
response surface methodology (RSM), the optimal THC 
degradation Efficiency is between 76.50 –

 

80.00%.The 
optimal mix proportion for cow dung is between 20 –

 38% and for bone char, it is between 35 -50%.  In terms 
of mass, the proportional optimal mix for the cow dung 
is between 30 –

 

57g and bone char is 52.5 –

 

75g for 
every 2kg of soil with a 4% crude oil contamination 
relative to the total mass of the mixture.
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Abstract-

 

Securing the modern lifestyle and embedding with 
the amenity and composure requires intelligent safety 
systems, that will be cognizant enough to sense and act on 
the anomaly of ambiance. Fire, undoubtedly, holds the most 
life-threatening risk when dispersing in an uncontrolled 
manner. This work represents the design and test of an 
intelligent fire control system for securing building or home, 
also fire control linkage system design, at the same time, it 
describes the following: the idea of the system designing, the 
system components, selecting equipment, the linkage of 
sensor and water extinguishing. This system uses different 
types of sensors and micro controlling devices that use the 
reservoir tank, pump, and piping system to deliver water and 
alarm systems to alert people. The result was taken at different 
temperatures, smoke levels, and flame existence levels. This 
will inspire the designing of intelligent systems with little 
investments and humanoid firefighters capable of 
extinguishing large fires. 

 

 
I.

 
Introduction

 he responsibility of preserving and protecting an 
institution's collections, buildings occupants and 
operations requires certain attention to minimize 

adverse impact due to climate, pollution, theft, insects, 
and fire. Because of the speed of

 
the destroying forces 

of fire, it is one of the most serious threats. Automatic 
fire control systems extinguish fires without human 
intervention. Some examples of automatic systems 
include fire sprinkler system and gaseous fire 
suppression. When fires are

 
extinguished in the early 

stages, loss of life is minimal since 93% of all fire-related 
deaths occur once the fire has progressed beyond the 
early stages. [1] With this information, the role and 
interaction of these supplemental fire safety systems in 
the

 
protection process can then be better realized. 

 The heat from oxidation raises the temperature 
of surrounding materials, which increases the rate of 
oxidation and begins a chemical chain reaction of heat 
release and burning. A fire can progress from the 
smoldering phase immediately or slowly, depending 
upon the fuel, nearby combustibles, and the availability 
of oxygen in the surrounding air. [2] 

 In the modern era, fire departments constitute a 
comparatively recent development. Their personnel are 

either volunteer (no salaried) or career (salaried). There 
is a different type of firefighter like volunteer firefighters 
are found mainly in smaller communities, career 
firefighters in cities. The modern department with 
salaried personnel and standardized equipment 
became an integral part of municipal administration only 
late in the 19th century. [3]  

This model presents an overview of fire 
detection, alarm and sprinkler systems including system 
types, components, and operations. The smoke sensor 
is highly sensitive and gas flammable and has the ability 
to quick-fire detection. It has a long life and low cost and 
compatible with the Arduino Uno board based on 
ATMEGE328 microcontroller. Smoke alarm attached 
with a detector can warn people when they are sleeping 
or busy or in a different part of the house but when they 
are not at home automatic controlling systems will 
control the fire.  

II. Literature Review 

Different methods exist to provide estimates of 
smoke detector response based on optical density, gas 
velocity thresholds, and temperature rise. The objective 
of those types of the study was to assess the 
uncertainty associated with these estimation methods. 
Experimental data were used to evaluate recommended 
alarm thresholds and to quantify the associated error. 
[4] According to the survey, 96-97% of US households 
have at least one smoke alarm, yet in 2007-2011, smoke 
alarms were present in only three-quarters (73%) of all 
reported home fires and operated in half (52%) of all 
reported home fires. (“Homes” include one- and two-
family homes, apartments, and manufactured housing.) 
More than one-third (37%) of all home fire deaths 
resulted from fires in homes with no smoke alarms, 
while almost one-quarter (23%) resulted from fires in 
homes in which smoke alarms were present but did not 
operate. These lists are based on data from the U.S. 
Fire Administration’s (USFA’s) National Fire Incident 
Reporting System (NFIRS) and the National Fire 
Protection Association’s (NFPA’s). [6] New advanced 
fire suppression systems in recent years. Some of the 
newly developed fire controlling systems include 
halocarbon and inert gaseous agents, compressed air 
foam systems, and aerosol, water mist systems and gas 
generators. This paper describes the newly developed 
fire controlling systems and provides pragmatic 
information on the fire suppression performance of each 
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system as well as the limitations or concerns related to 
using the new suppression systems. [7] The automatic 
fire alarm system provides real-time surveillance, 
monitoring, and automatic alarm. The early alarm sends 
when the fire occurs and helps to reduce the fire 
damage. Nowadays, wireless sensor network has 
become the most important technology in environmental 
monitoring and home or factory automation in recent 
years. An automatic fire alarm system based on wireless 
sensor networks is developed, which is designed for 
high-rise buildings are discussed in this paper. [8] A 
method of monitoring the condition of the battery of a 
smoke or heat alarm so as to provide a warning of an 
impending low battery condition, the said condition 
being that of a battery which has depleted to an energy 
level at and below which it is recommended that the 
battery be replaced to maintain the full ‘functionality of 
the alarm device. [9] An apparatus for and method of 
detecting fires comprising detecting (With one or more 
detectors) levels of carbon monoxide, carbon dioxide, 
and smoke in an ambient environment, computing 
(using a processor) overtime rates of increase of each of 
the levels’ and generating an alarm if one or more of the 
rates of increase exceeds predetermined threshold rates 
of increase. [10] An upright fire protection sprinkler 
having an input orifice at an input end of the sprinkler for 
receiving fluid and an output orifice at an output end of 
the sprinkler for outputting fluid. The sprinkler has a 
connection portion at the input end of the sprinkler and 
a body extending between the connection portion and 
the output end. A pair of frame arms extends from the 
output end and meets at a hub positioned in axial 
alignment with the output orifice. A detector is 
positioned on the hub and is configured to direct fluid 
output from the output orifice substantially in a direction 
back toward the output end. [11] Analyze the safety of 
the process. Multistate of the fire protection system is 
mainly expressed in the unit versatility and impact of 
external interference signals. Moreover, in a fire system, 
water supply system, power supply system, and an 
automatic alarm system achieve operation of the system 

through triggering and flowing of water signal and 
current signal. [12] 

 

X. Liao et al. [13] have provided an automatic 
fire extinguishing strategy with real-time monitoring, 
exploration and programmed fire alarm. The paper 
proposed an algorithm that sends an early alarm when 
the fire occurs. This system consists of a smoke 
detector and a temperature sensor whose outputs are 
connected to the control. The paper demonstrated their 
results by showing temperature and area in table format. 
The cost was calculated in Bangladesh Taka (BDT) 
currency. 

 

A. ŁEBKOWSKI [14] has proposed a system 
which comprises a smoke detector and a temperature 
sensor and outputs are controlled by a controller. The 
density of smoke takes into account and thus the 
probability of false alarms can be avoided. It consists of 
ATMEGA328, Ultrasonic sensor, Gas sensor, IR module, 
Motor, Water pump, Servo motor, Power supply. Flame 
and gas intensity were detected by the IR Sensor and 
gas sensor respectively and the signal was given to the 
ATMEGA328.If the flame is detected, the robot starts 
moving towards the flame. It is done by a motor. After 
detecting the location of the flame, the robot comes 
close to the location and the pump is turned ON till the 
flame is extinguished. A. Ahmed et al. [15] have 
developed a system with main purpose of controlling 
fires by using a sprinkler system. The system consists of 
smoke and temperature sensor which send a signal to 
the microcontroller. If temperature and smoke cross the 
safety level, a buzzer will be buzzing and spraying water 
by using pump via the sprinkler system. The paper 
showed prototype design for a home also. Justin Aaron 
Geiman et al. [4] has provided a self-control smart 
sprinkler system. Multiple sensors have controlled 
through microcontroller unit. A flame sensor detects the 
intensity of the flame. The paper proposed solenoid 
valve has been opened when flame intensity crossed 
the danger level and water passes through an open 
sprinkler. Some mathematical calculation has shown for 
pressure intensity of water. 

 

III.

 

System Model

 

 

a)  Block Diagra
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Figure 1: Block diagram for automatic fire controlling system



 
 
 

 

Fig. 1 shows the block diagram of three sensors 
such as a temperature sensor, a smoke sensor and a 
flame sensor which are connected with the 

microcontroller system. When the system will be on the 
buzzer is automatically buzzing and water will be 
spraying in the indicated area by using ac pump.

 

b)

 

Schematic

 

 

 

 

 

 

 

 

 

 

 

  

In this circuit diagram (Fig. 2) Arduino

 

Uno was 
used as a micro-controller platform. The smoke sensor 
MQ2 was attached with pin A0, the flame sensor was 
connected pin A1, the temperature sensor was attached 
at digital pin 3. Buzzer and LED was attached 12 and 8 
pins respectively. The relay was attached by a pin 10. 
Dc and Ac power supply was provided for the total 
electrical system and ac pump respectively. 

 

c)

 

Construction

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

From Fig. 3 it can be shown that Reservoir tank 
dimension is: 
Length = 0.43m 
Width = 0.20 m 
Height = 0.15 m 

So that, its volume is (0.43*0.20*0.15) = 0.0135 
3. It contains 13-liter water.

Design, Construction and Performance Test of an Automatic Fire Fighting System

      

© 2019   Global Journals

      

G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

IxX
  

Is
su

e 
 V

  
V
er
si
on

 I
  

  
  
 

  

 25

Y
e
a
r

20
19

J

Figure 2: Circuit Diagram

Figure 3: Isometric view of designed automatic fire controlling system



Fig. 4 shows the real view of the project after 
construction. 

 

d)

 

Micro controller programming 

 

Microcontroller programming for Arduino uno 
was done by using software Arduino 1.8.1. Software 
programming are given below. 

 

#include <dht.h> 

 

#define DHT11_PIN 3 

 
 

// lowest and highest sensor readings: 

 
 

constintsensorMin = 0; // sensor minimum 

 

constintsensorMax = 1024; // sensor maximum 

 

int pump = 10; 

 

int buzzer = 12; 

 

int led = 8; 

 

dht DHT; 

 

constintgasPin = A0; 

 

void setup () 

 

{ 

 

pinMode (pump, OUTPUT); 

 

pinMode (buzzer, OUTPUT); 

 

pinMode (led, OUTPUT); 

 

Serial.begin

 

(9600); 

 

Serial.printIn ("Fire safety: Bashar, Nazmul"); 

 

} 

 

void loop (

 

) 

 

{ 

 

// read the sensor on analog A0: 

 

intflameReading = analogRead (A1); 

 

intgasReading = analogRead (gasPin); 

 

int temp = DHT.temperature; 

 

intchk = DHT.read11(DHT11_PIN); 

 

int range = map (flameReading, sensorMin, sensorMax, 
0, 3);

 

//range value: 

 

switch (range) 

 

{ 

 

case 0: //A fire is closer than 1.5ft 

 

Serial.printIn("**Close Fire **"); 

 

break; 

 

case 2: // No fire detected. 

 

Serial.printIn("No Fire"); 

 

break;

 

  

} 

 

if (temp>42 || range ==0 || gasReading > 300) 

 

{ 

 
 

Serial.printIn (" I am ON"); 

 

digitalWrite (pump, HIGH); 

 

digitalWrite (buzzer, HIGH); 

 

digitalWrite (led, HIGH); 

 

} 

 

else 

 

{ 

 

digitalWrite (pump, LOW); 

 

digitalWrite (buzzer, LOW); 

 

digitalWrite (led, LOW); 

 

} 

 

Serial.print("Gas reading: "); 

 

Serial.printIn(gasReading); 

 

// Serial.print(" Humidity "); 

 

// Serial.printIn(DHT.humidity,1); 

 

Serial.print("Temperature "); 

 

Serial.printIn(DHT.Temperature); 

 

delay(1500); 

 

//delay(1000); 

 

} 

 

In above, the Arduino Code has been shown 
that was used for this project. The codes were perfectly 
operated by the user and the output has been given in 
the result section.
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Figure 4: Actual Model



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Flowchart
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If (Flame == Yes)
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Figure 5: 
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Table 2:

  

Verification Test Data for Smoke using Smoke Sensor

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3: Verification Test Data for Flame using Sensor

 
 

   
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The performance of a fire fighting system 
greatly depends on the sensing capability of the smoke, 
temperature and flame sensor. When microcontroller 
gets signal alarm will operate otherwise it will wait for 1s. 
Microcontroller produced a satisfactory result which was 
shown in Table I, Table II and Table III. 

Temperature Sensor Verification has been 
shown in table 1. In this method, it is designed to verify 
different temperature and if the temperature is more 
than our desire level then the pump will automatically on 
and the buzzer will be buzzing for different temperature 
such as 30, 40, 50 and 60 degree was considering 
individually. The different data table is given below in 
Table I. 

Smoke Sensor Verification can be found by 
observing table 2. It is designed to verify different 
temperature and if the flame is more than our desire 
level then the pump will automatically on and the buzzer 
will make a sound for different temperature. Such as 
300,400,500 and 600 ppm were considered individually. 
The data are given below in Table II. Flame Sensor 
Verification is shown in Table III. For verifying different 
temperature and if the flame is more than the desired 
level, the pump will automatically on and the buzzer will 
also make the sound for different temperature. If flame 
occurs within 0-1. 5 feet than it will “close fire” .If flame 
occurs in the range of 1. 5-3 feet, it will “distance fire” 
and rest there will no fire. 

Table 1: Verification Test Data for Temperature using Temperature Sensor

Experiment 
no.

Temperature 
(degree) Verified Command

Sent Feedback

1. 0-59 degree Yes
Not to start buzzer 
and pump, Green 

light on.
Responded

2.
60 or 60 plus

 degree No

Start buzzer and 
pump, red light on till
temperature below 

30 degree.

Responded

Experiment 
no. Smoke (ppm) Verified Command Sent Feedback

1. 0-559 ppm Yes Not to start buzzer and 
pump, Green light on.

Responded

2.
600 or 600 plus 

ppm No
Start buzzer and pump, 
red light on till smoke 
level below 300 ppm.

Responded

Experiment no.
Flame

distance 
(inch)

Command
received Verified Command

Sent Feedback

1. 2-18 inch Close fire No
Start buzzer and 
pump, red light 

on.
Responded

2. 19-34 inch Distance 
fire Yes

Start buzzer,
pump is off, 

yellow light on.
Responded

3. 34-
infinity inch

No fire Yes
Not to start buzzer 
and pump, Green 

light on.
Responded
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V. Results and Discussion

a) Result 



From the above project the following results 
were found: 

 

Temperature Sensor 

 

1.

 

Everything went good in performance test. 

 

2.

 

Different temperature was coded and it worked 
perfectly, sometimes made small error for high 
temperature. 

 
 

Smoke Sensor 

 

1.

 

Everything went good in performance test. 

 

2.

 

Some disturbance was observed for power supply. 

 
 

Flame Sensor 

 

1.

 

Everything went good in performance test. 

 

2.

 

Small error was observed for poor component 

 

Some other component such as relay and ac 
pump, rotating sprinkler worked perfectly. There was a 
small leakage problem because pipe line was not 
perfectly constructed. 

 

Future

 

Prospects

 

Fire Eliminator Robot -

 

A mobile robot with 
features like: -

  

1.

 

Thermocouple detection system. 

 

2.

 

Water reservoir tank. 

 

3.

 

Fire extinguisher system. 

 

Automatic SONIC FIRE EXTINGUISHERS 
SYSTEM 

 

1.

 

Using sound wave to control fire by automat

 

2.

 

Design of a Fire Alarm App: 

 

3.

 

Contains "How to Prevent Fire" manual.

 

  

No. Component 
Name

Number of 
equipment

Cost
(BDT)

1.

Temperature 
sensor 2+2+2=6 200

Smoke sensor
Flame sensor

2. Microcontroller 
(arduino uno)

1 500

3. Pump (12.5 hp) 1 1200
4. Relay 1 30
5. led 3 4.5
6. Ic regulator 1 12
7. Resistance 5 5
8. Capacitor 2 3
9. Diode 1 1.5
10. Bread board 1 100
11. Sprinkler 1 200
12. buzzer 2 40
13. Pipe 3ft 50

total 2346 taka

Table 4: Estimated Cost

4. Uses GPS to send emergency message about fire. 

1. Remotely controlled aerial camera 
2. Detecting fire 
3. Automatically taking an action 

Automatic fire controlling system has become a 
great issue in this modern era. Every section of 
apartment building, bank, office, restaurant, market, 
parking place, police station, hospital, industry each and 
every portion of building its necessary to control the fire. 
Every scope of daily life now wants a promising and 
smooth fire-fighting system for a building. It would be 
one step ahead advantage if we can control fire 
automatically. 

Temperature sensor, smoke sensor, and the 
flame sensor will detect fire automatically and spraying 
water in controlling the area immediately so that fire 
cannot explode quickly and we control fire easily. 
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b) Discussions 
The total cost of project has been shown in Table IV. 

VI. Conclusion
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Rafael Rodrigues Dias α, Iaci Miranda Pereira σ & Bluma Guenther Soares ρ 

Abstract- This article presents a review of the split Hopkinson 
pressure bar uses on evaluation of polymer composites 
ballistic material’s dynamic mechanical properties A small 
introduction concerning the equipment is given, followed by a 
summarization of the most recent published studies relating to 
dynamic compressive tests used to study dynamic properties 
of ballistic polymeric composites such as Young's modulus, 
maximum stress, strain at maximum stress, tenacity and 
maximum strain, as well as the sensitivity of these properties 
to changes in the applied strain rate. 
Keywords: hopkinson bar, high strain rate, ballistic 
composites, failure mechanisms. 

I. Introduction 

esearches on materials applicable to individual 
ballistic shielding (ballistic helmet and vest), 
ballistic vehicles and facilities have the great 

challenge of increasing the resistance to impact and 
reducing the product weight, being, therefore, an area of 
great domain of the polymeric composites1. The 
evaluations of the performance of these materials for 
ballistic armor purposes do not follow the usual 
standards of characterization of composites, since they 
are subjected to high strain rates, close to 104 s-1, when 
they are hit by ammunition of small guns (revolver and 
pistol), as well as fragments of grenades. The drilling 
power of such weapons is one of the main threats to 
individual shielding apparatuses (ballistic helmet and 
vest) and vehicles4. Thus, the mechanical assay to be 
chosen in order to study the dynamic behavior of a 
polymeric composite for ballistic protection purposes 
must be capable of imposing near-to-ballistic impact 
deformation rates10. 1

From this perspective, the dynamic 
compression test in a split Hopkinson pressure bar has 
been considered one of the best and most indicated 
methods for a more detailed evaluation of the dynamic 
response of polymeric composites for ballistic 
protection, since it is robust and has a great capacity to 
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achieve uniaxial compression strengths in steady 
regime of strain rates11. 

The objective of the present work is to 
emphasize the importance of the use of the Hopkinson 
Bar in the evaluation of polymeric composites for 
ballistic applications. Initially, a brief review of the 
technical aspects associated with the use of the 
Hopkinson Bar in dynamic compression tests is 
presented. Subsequently, the paper presents a review of 
some recent scientific articles which used this 
equipment to study dynamic properties of ballistic 
polymeric composites such as Young's modulus (E), 
maximum stress (σmax), strain at maximum stress (εσ), 
tenacity (J) and maximum strain (εmax), as well as the 
sensitivity of these properties to changes in the applied 
strain rate (dε

dt
).  

II. Split Hopkinson Pressure Bar 

The Split Hopkinson Pressure Bar, or simply 
Hopkinson Bar, is a mechanical characterization 
equipment used for dynamic compression tests aiming 
to investigate the response of a material when subjected 
to high strain rates (102 − 104𝑠𝑠−1)11–13. The equipment 
was named after the work of Bertram Hopkinson in 
1914, who used a cylindrical bar to experimentally 
estimate the pressure reached by explosive detonations 
and ammunition shots14.  The structure currently in use, 
however, was conceived by Kolsky in 194915, with some 
variations, mainly in the propulsion system and in the 
electronic signal receiving apparatus. In a broad way, it 
is composed of a gas chamber, an impact or, an 
incident bar and a transmitter bar. Figure 1 shows a 
schematic drawing of the equipment, with the names of 
its main components. In a basic description of its 
operation, the striker reaches the end of the incident bar 
driven forward by a large volume of gas suddenly 
released within the propulsion system.  
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Figure 1: Isometric view of the Hopkinson Bar, with the nomenclature of the main components16. 

As a consequence of the impact of the striker 
on the incident bar, a compressive stress wave begins 
its propagation. This wave, upon reaching the interface 
between the incident bar and the sample, has part of it 
reflected (voltage pulse) and the remainder is 
transmitted through the sample as a compression 
wave17. Strain-gauges are installed at half the length of 
each of the two bars of the equipment, capturing the 
vibration coming from the propagation of mechanical 
waves. An oscilloscope receives the signals captured, 
passing them on to an amplification system, which 
generates charts of Voltage (mV) vs. Time (ms).  
 

 
Figure 2: Typical Voltage (mV) vs. Time (ms) chart, in 
which the incident, reflected and transmitted pulses are 
identified 

Figure2 shows a characteristic example of 
incident, reflected, and transmitted pulses. The incident 
and reflected pulses (in blue) are captured by the strain-
gauge installed in the incident bar; while the pulse 
transmitted (in red) by the one installed in the transmitter 
bar. 

The voltage values as a function of time 
obtained by the strain-gauges are converted into elastic 
strain values of the bars. We have, then, εi(t), ε r(t) and εt 
(t) as the elastic strains generated, respectively, by the 

incident, reflected and transmitted pulse. These values, 
in turn, are used in a mathematical model to calculate 
the tension (σ), strain (ε) and strain rate (𝑑𝑑ε

𝑑𝑑𝑑𝑑
) values 

which act in the sample; all as a function of time. 
The formulations are presented in  (1) to (3): 

12,13,15,18,19 

𝜎𝜎(𝑡𝑡) = 𝐸𝐸𝑏𝑏𝐴𝐴𝑏𝑏
𝐴𝐴𝑎𝑎

(ε𝑖𝑖  + ε𝑟𝑟  + ε𝑡𝑡) (1) 

𝜀𝜀 = −2𝐶𝐶𝑏𝑏
𝐿𝐿𝑎𝑎

∫ (ε𝑖𝑖  + ε𝑟𝑟  +  ε𝑡𝑡)𝑡𝑡
0 (2) 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −2𝐶𝐶𝑏𝑏
𝐿𝐿𝑎𝑎

(ε𝑖𝑖
 
+

 
ε𝑟𝑟

 
+

 
ε𝑡𝑡) (3)

 

 
where 𝐶𝐶𝑏𝑏  is the speed of propagation of mechanical 
waves in the bar,  𝐴𝐴𝑏𝑏  and 𝐴𝐴𝑎𝑎  are the cross-sectional 
areas of the bar and sample, and 𝐸𝐸𝑏𝑏  is the modulus of 
elasticity of the bar material. These equations are known 
as the three-wave model. 

These three equations, however, were 
developed considering some boundary conditions 
which must be verified so that the values adequately 
represent the properties of the material. The conditions 
are the following11,13,17,20,21: 
  1.

 
The incident, transmitter

 
and the striker bars must 

have the same diameter and be of the same 
material, being it homogeneous and isotropic. The 
incident and transmitter bars must have the same 
length. During the impacts, they must remain in the 
elastic regime.

 2.
 

The propagation of mechanical waves in the 
incident and transmitter bars is considered one-
dimensional.

 
The one-dimensional wave 

propagation model in bars was developed 
considering a semi-infinite solid medium. Since this 
is not in practice possible, the equipment must have 
sufficiently long incident and transmitter bars to 
ensure the predominantly one-dimensional 
propagation of waves. This is achieved by ensuring 
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that the length/diameter ratio of the bars is at least 
equal to 20.



  
3.

 

The incident bar/sample and sample/transmitter bar 
interfaces shall be perfectly flat, with full contact 
between the sample and the bars.

 
4.

 

The materials of the sample and bars must have 
close mechanical impedance. This, in turn, is the 
product between density and the speed of 
propagation of the material,(4):

 𝑍𝑍 = 𝜌𝜌𝜌𝜌                            (4)

 1.

 
The material of the sample cannot be compressible, 
i.e., the density of the material must not vary with the 
impact.

 2.

 
The test shall take place at stress equilibrium, that 
is, the stress applied at the incident bar/sample

 interface shall be convergent with the one generated 
at the sample/transmitter bar interface.

 3.

 
The strain rate to which each sample is subjected 
must be constant, that is, it cannot vary with the 
strain of the sample.

 4.

 
The sample must have a geometry that minimizes 
the interfacial friction and inertia effects, since these 
phenomena generate propagation of bi and/or 
three-dimensional waves.

 
 

Following the conditions outlined above, the 
mathematical model commonly used presents coherent 
and reliable results, but there is a natural and 
acceptable lag between the result obtained by pure 
application of the theoretical model of one-dimensional 
wave propagation and the practical result of a dynamic 
compression test. In the first case, the result would be a 
pulse of rectangular shape and without oscillations, 
while the pulse of a test has a trapezoidal profile and 
oscillations in its plateau (Figure 2).  This is due to the 
propagation of mechanical waves in cylindrical bars 
being three-dimensional in nature, which implicates the 
existence of multiple wave frequencies 19,22,23. 

 III.

 

Application of Hopkinson Bar at 
Armor Materials

 In polymeric composites to be used in ballistic 
protection, the main fibers used as reinforcements are: 
glass, aramid and ultra-high molecular weight 
polyethylene (UHMWPE)2,3. 

 
Glass fibers are usually employed in structural 

polymer composites, whose applications in defense 
systems are in transportation and constructions 
susceptible to ballistic impacts and/or wave 
propagations from explosions, such as bunkers, 
aircrafts and military vehicles1,4,5. Aramid fibers were 
developed in 1965 and are routinely used in individual 
ballistic shielding apparatuses (helmets and ballistic 
vests), and can also be used in collective shielding 
apparatuses (military vehicles, utilitarian vehicles and 

facilities), with DuPont (Kevlar®) and Teijin (Twaron®) as 

its main producers6–8. Ultra high molecular weight 
polyethylene (UHMWPE) fibers, in turn,

 
were developed 

in the late 1980s and began to excel in the area of 
individual ballistic vests during the 1990s9. Currently, the 
prepregs of UHMWPE fibers already dominate individual 
shielding markets that once were dominated by the 
aramid fibers, given that they also have high modulus of 
elasticity and tenacity, but a considerably lower 
density3,5. Its most known producers are DSM 
(Dyneema®)

 
and Honeywell (SpectraShield®).

 Table 1
 
compiles the articles addressed in this 

work, listing the authors of the articles, the composites 
studied, the processing used and the strain rates 
imposed to the material.

 Govender et al.37

 
tested, in a Hopkinson Bar, 

glass fiber/vinyl ester resin composites, comparing the 
results of σmax with those of the quasi-static compression 
test, identifying an increase of 10%. Failure analysis of 
the samples under optical microscopy indicated 
delamination,

 
fracture of fibers and fracture plane at 45o 

in relation to the longitudinal axis.
 Tasdemirci et al.38

 
impacted samples of glass 

fiber/PS composites, evaluating E and σmax
 
to compare 

the dynamic and quasi-static behaviors, in longitudinal, 
transverse and across thickness directions. In all of 
these, the properties cited increased significantly under 
dynamic assay.

 
 

Zainnudin et al.39

 
exposed glass fiber/epoxy 

(pure and nanostructured) composites to interspersed 
UV radiation/condensation treatments with different 
durations. The dynamic properties, E and σmax, 
decreased as the UV/condensation treatment time 
increased. Compared with equivalent treatment 
conditions, the nanostructured matrix samples had 
superior properties than pure matrix composites, under 
all conditions, which was attributed to better interfacial 
adhesion, and therefore less delamination in 
comparison with the other compositions.

 Kim et al.40

 
produced glass fiber/polyester (pure 

and CNT) and glass fiber/polyurethane (pure and CNT) 
composites. Dynamic compression tests were used to 
compare the impact absorption capacity of each 
composite, with and without the treated fiber layers, and 
found that the greatest εmax

 
and J were obtained by the 

glass fiber/polyurethane/CNT composite.
 

 Arbaoui et al.41

 studied the compressive 
properties in the plane (fiber-weft direction), E, σmax and 
εσ, of glass fiber woven fabric/vinyl ester resin 
composites, of bi- or three- dimensional woven fabrics. 
The 3D woven fabric composites showed superior 
properties at all rates employed, especially for σmax, in 
which the 2D woven fabric showed a decline in the 
highest rates employed. 

Tarfaoi et al.42
 processed glass fiber/epoxy 

composites, presenting in a dynamic test a reasonable 

      

© 2019   Global Journals

      

G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
   

  
(

)
V
ol
um

e 
 X

IxX
  

Is
su

e 
 V

  
V
er
si
on

 I
  

  
  
 

  
Y
e
a
r

20
19

J
  

  
 

  

 33

Use of the Split Hopkinson Pressure Bar on performance evaluation of polymer composites for ballistic 
protection purposes



sensitivity to the increase of dε
dt

, when displaying greater 

εmax and J whilst receiving greater impact pressures. 
Using high-speed infrared camera, the authors verified 
that the impact energy was dissipated through matrix 
rupture, delamination and fiber breakage; mechanisms 
which became more present as dε

dt
 increased.  

Researchers Woo and Kim43 processed 
aramid/phenolic resin prepregs, which presented, in 
tests of dynamic compression, sensitivity to small 
variations of dε

dt
, with linear growth of σmax (233%) and J 

(211%). The variable εσ of the composite, on the other 
hand, presented a slight reduction (16%) with the 
increase of dε

dt
. SEM images and acoustic emission 

signals indicated matrix rupture, delamination, fiber 
tearing and rupture as the main failure mechanisms. The 
researchers concluded that with the increase of the 
impact energy, the samples presented fragile fractures 
in greater volume and faster, reducing its strain 
capacity, justifying the reduction of εσ. In the 
subsequent work by the same authors44, a hybrid woven 
fabric composed of carbon fibers (weft) and para-
aramid (warp) was used, with the same resin and same 
fiber/matrix ratio as Woo and Kim43. The properties 

showed sensitivity to variations of dε
dt

, but more discreet. 

The σmax, however, were 1.6x higher than those 
obtained in the previous study43. In addition to all failure 
mechanisms present in the aramid fiber composite, 
there was a fragile fracture of the carbon fibers, which 
contributed to increase the impact resistance of the 
material, expressed in the increase of σmax.

 

Chouhan et al.46 worked with aramid/PP-co-AM 
(10%) composites, testing samples with different 
amounts of fabric layers (16, 24 and

 
30) and therefore 

different e/d ratios, in order to study the quality of the 
results obtained in each geometry, observing the best 
dynamic properties in the 24-layer composite. Kapoor et 
al.45, in turn, tested, at 6 different strain rates, the 
composite that presented the best conditions in 
Chouhan et al.46, developed equations for the dynamic 
properties as a function of  dε

dt

 
and compared the results 

with those of Woo and Kim43. The composite presented 
second-order growth of J and linear growth of εσ, 
therefore greater than the aramid/phenolic resin tested 
in 43. The higher impact absorption capacity of the 
material was associated with the ductility of the 
thermoplastic matrix and the higher fiber/matrix 
adhesion ensured by the presence of maleic anhydride.

 

Bandaru et al.47
 
manufactured aramid/PP and 

aramid/basalt/PP composites, testing all of them on a 
Hopkinson Bar. The composite of hybrid woven fabric 
obtained superior results of E and σmax

 
due to higher 

fiber/matrix adhesion of the basalt/PP composite. The 
fragility of the basalt, however, made the hybrid 

composites present a decrease in εσ with the increase 

of dε
dt

, whereas the homogeneous aramid/PP composite 

showed  growth in this value in the same situation, 
corroborating the results obtained with two-dimensional 
fabrics45,46. 
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Qian et al.48 tested samples of aramid/PA6

composite plates, with different fiber/matrix ratios, 
analyzing the response of each material to the increase 
in the impact energy, as well as the influence of the 
variation in the thickness/diameter ratio on the dynamic 
properties of the material. They concluded that, 
regardless of the composition, all of them presented 
sensitivity to dε

dt
and compositions with higher fiber 

volume presented higher E and σmax; and smaller εmax.
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Cao et al.49 studied mechanical and energy 
absorption properties of aramid/non-Newtonian fluid by 
subjecting composites of different fiber/matrix ratios to 
the same impact energy.  Higher percentages of non-
Newtonian fluid ensured an increase of E and J, which 
was attributed to the ability of the matrix to, once it 
adhered to the fibers, hinder the interlaminar shear and 
delamination of the composite. Noting this result, He et 
al.50 modified the research material using as a matrix a 
stiffening gel soaked with a non-Newtonian fluid. In 
comparison to 49, the values of E did not present 
significant variations and there was a 10% decrease  in 
J. 

Pagnocelli et al.16 used the dynamic 
compression test on samples taken from 5 different 
regions of aramid/vynil-ester ballistic plates in order to 
verify if the distribution of the matrix through the fabrics 
occurred homogeneously during processing. The 
authors used σmax and J in this comparison, verifying 
that the peripheral regions obtained statistically equal 
properties, while the central region obtained mechanical 
property values 20% lower, an event associated to the 
fact that this region accumulated a larger volume of 
resin, making it fragile.  

Rabbi et al.51 used the tests in a Hopkinson 
Bar to compare two aramid/epoxy composites: one flat 
and one auxetic woven fabric. In both cases, the epoxy 
resin was impregnated with short Nylon fibers®, to 
study the dynamic responses of composites with or 
without short fibers in the matrix. The authors observed 
that all composites showed an increase in the values of 

εmax and σmax as a function of  dε
dt

, and this sensitivity was 
higher for plane aramid/pure epoxy resin fabric 
composites. For the composite of auxetic fabric, 
however, the nanostructured resin was more efficient 
than the pure one. This was due to the greater spacing 
in the auxetic fabric, with the short fibers being able to 
penetrate through the fabric and remain oriented along 
the direction of impact, increasing the strength of the 
composite. 

Shaker et al.52 tested homogeneous and hybrid 
composites of several aramid and UHMWPE fibers, all 
processed with LDPE matrix. The stress-strain and J 
behaviors were studied by the researchers, who verified 
that, in all dε

dt
, the unidirectional/LDPE homogeneous 

composite CT736® showed the highest σmax  values, 

while the hybrid composite CT736® 
fabric + Artec® 

fabric/LDPE presented the best results of J. 
   

Shi et al.53 investigated the energy absorption 
variation of UHMWPE/LDPE composites by modifying 
the fiber angulation by rotating the prepreg lamina in 
relation

 
to the adjacent one. The researchers observed a 

significant increase in J in multi-oriented fiber 
composites.

 

 

 
 Zhu et al,55 subjected to dynamic 
compression tests samples of UHMWPE/polyurethane 
which underwent hydrothermal treatment. The σmax of 

samples treated for 12 days increased with dε
dt

; the 

opposite occurred with samples that underwent 24 days 
of treatment. Effects of matrix plastifying dominated the 
dynamic compression properties for the first 12 days, 
while the degradation of the fiber/matrix interface and 
the expansion of the internal gaps played more 
important roles in samples that underwent 24-hour 
treatment. 
 Asija et al.56 tested ballistic prepreg Golden 
Shield® composites, treated for 4 hours in non-
Newtonian fluid, comparing it with the untreated 
composite. Both had sensitivity to dε

dt
; and the treated 

composite presented steep growth of σmax and J, while 
the pure composite presented softer growths. The silica 
nanoparticles present in the fluid, when lodging between 
the fibers require greater efforts for the occurrence of 
failure mechanisms such as interlaminar and interfiber 
shear. The same group57, in a subsequent work, used a 
PP-co-AM polymeric foam film to absorb the non-
Newtonian fluid, with further co-processing with 
GoldShield® ballistic prepregs. The results in the 
dynamic compression test of these composites were 
much lower than in the previous work, since there was 
no efficient interaction of the non-Newtonian fluid with 
the UHMWPE fibers, only with the PP-co-AM foam film. 

Fin et al. co-processed Tensylon® and 
aramid/EVA prepregs in 3 different compositions, in 
addition to their respective homogeneous composites. 
Subject to dynamic compression tests, all at the same 
rate, the composites showed linear growth of σmax and 
J as a function of the increase of the percentage of 
Tenylon® 

layers; and the homogeneous composite of 
this material presented, therefore, the most expressive 
results. 

IV. Conclusion 

It can be understood from this review that the 
dynamic compression test in split Hopkinson pressure 
bar is an efficient method for evaluating the efficiency of 
ballistic polymeric composites, although there is still 
limited literature on the subject. Whether comparing it to 
the quasi-static regime or using several dynamic tests, 
the authors investigated the effect of an increase in the 
strain rate (dε

dt
)  in compression properties. The ballistic 

composites are sensitive to this parameter, presenting 
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Parker and Ramesh54 used the Hopkinson Bar 
in UHMWPE/polyurethane composites, Dyneema 
HB80®, processed via compression at different 
pressures, 1 ksi and 5 ksi. The composite submitted to 
processing at higher pressure presented higher 
stiffness, E, and also larger J. 



an increase in Maximum Stress (σmax) and Tenacity (J). 
The comparison between articles indicates that 
composites with thermoplastic matrices tend to have 
growing properties related to strain (εσ and εmax), while 
the thermo rigid composites have decreasing properties 
as higher rates are applied. The authors also sought to 
observe and understand the several failure mechanisms 
during impact, and matrix rupture, delamination and 
fiber rupture were highlighted.  
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Changes in Authorship 
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manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication 
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Copyright 

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which 
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copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after 
acceptance to choose your copyright policy. You may follow this form for copyright transfers. 

Appealing Decisions 
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Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is 
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Manuscript Style Instruction (Optional) 

• Microsoft Word Document Setting Instructions. 
• Font type of all text should be Swis721 Lt BT. 
• Page size: 8.27" x 11'”, left margin: 0.65, right margin: 0.65, bottom margin: 0.75. 
• Paper title should be in one column of font size 24. 
• Author name in font size of 11 in one column. 
• Abstract: font size 9 with the word “Abstract” in bold italics. 
• Main text: font size 10 with two justified columns. 
• Two columns with equal column width of 3.38 and spacing of 0.2. 
• First character must be three lines drop-capped. 
• The paragraph before spacing of 1 pt and after of 0 pt. 
• Line spacing of 1 pt. 
• Large images must be in one column. 
• The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10. 
• The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10. 

Structure and Format of Manuscript 

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words. 
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers 
are reports of significant research (typically less than 7,000 words, including tables, figures, and references) 

A research paper must include: 

a) A title which should be relevant to the theme of the paper. 
b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.  
c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus. 
d) An introduction, giving fundamental background objectives. 
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. 
f) Results which should be presented concisely by well-designed tables and figures. 
g) Suitable statistical data should also be given. 
h) All data must have been gathered with attention to numerical detail in the planning stage. 

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any 
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed. 

i) Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also 
be summarized. 

j) There should be brief acknowledgments. 
k) There ought to be references in the conventional format. Global Journals recommends APA format. 

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much 
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow 
instructions. They will also be published with much fewer delays than those that require much technical and editorial 
correction. 

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity. 
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Format Structure 

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

All manuscripts submitted to Global Journals should include: 

Title 

The title page must carry an informative 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) where the work was carried out. 

Author details 

The full postal address of any related author(s) must be specified. 

Abstract 

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the 
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon. 

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing 
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be 
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper. 

Keywords 

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find 
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval, 
mining, and indexing. 

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

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search 
should be as strategic as possible. 

One should start brainstorming lists of potential keywords before even beginning 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 a 
research paper?” Then consider synonyms for the important words. 

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

Numerical Methods 

Numerical methods used should be transparent and, where appropriate, supported by references. 

Abbreviations 

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them. 

Formulas and equations 

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality 
image. 
 
Tables, Figures, and Figure Legends 

Tables: Tables should be 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. Authors must submit tables in an editable 
format and not as images. References to these tables (if any) must be mentioned accurately. 
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Figures 

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic 
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it. 

Preparation of Eletronic Figures for Publication 

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent 
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only. 
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF 
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). 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. 

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that 
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and 
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the 
color fee after acceptance of the paper. 

Tips for writing A Good Quality Engineering Research Paper 

Techniques for writing a good quality engineering research paper: 

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the 
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking 
several questions of yourself, like "Will I be able to carry out a search in this area? Will I find all necessary resources to 
accomplish the search? Will I be able to find all information in this field area?" If the answer to this type of question is 
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also, 
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed 
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that 
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So 
present your best aspect. 

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the 
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your 
research paper, and you will automatically have your answer. 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. 

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

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite 
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software, 
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can 
get through the internet. 

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 
strictly follow here. 
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit 
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will 
make your search easier. 

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it. 

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a 
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your 
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any 
important thing like making a research paper, you should always have backup copies of it either on your computer or on 
paper. This protects you from losing any portion of your important data. 

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. 
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to 
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do 
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant 
to science, use of quotes is not preferable. 

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have 
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in 
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete. 

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying. 

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and 
unable to achieve your target. 

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of 
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment 
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice. 

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish 
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly) 
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward. 
Put together a neat summary. 

14. 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 for your topic. You may also maintain 
your arguments with records. 

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will 
degrade your paper and spoil your work. 

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

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere, 
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you 
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and 
food. 

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

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This 
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you 
acquire colleagues, they can give you ideas which will be helpful to your research. 

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think 
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their 
descriptions, and page sequence is maintained. 
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs." 
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never 
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove 
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never 
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies. 
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands, 
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or 
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review. 
22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies 
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical 
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot 
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include 
examples. 
23. Upon 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 for 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 of your research. 

Informal Guidelines of Research Paper Writing 

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 criteria peer reviewers will use for grading the final paper. 

Final points: 

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the 
following sections, submitted in the order listed, with each section starting on a new page: 

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that 
directed you to make a study. As you carry out the process of study, the method and process section will be constructed 
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar 
intellectual paths throughout the data that you gathered to carry out your study. 

The discussion section: 

This will provide understanding of the data and projections as to the implications of the results. The use of good quality 
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings. 

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 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. 
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Mistakes to avoid:

• Insertion of a title at the foot of a page with subsequent text on the next page.
• Separating a table, chart, or figure—confine each to a single page.
• Submitting a manuscript with pages out of sequence.
• In every section of your document, use standard writing style, including articles ("a" and "the").
• Keep paying attention to the topic of the paper.



 

  
  
  
  
  

•

 

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

 

•

 

Align the primary line of each section.

 

•

 

Present your points in sound order.

 

•

 

Use present tense to report well-accepted matters.

 

•

 

Use past tense to describe specific results.

 

•

 

Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.

 

•

 

Avoid use of extra pictures—include only those figures essential to presenting results.

 

Title page:

 

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

 

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported 
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in 
itself. Do not cite 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 approaches 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. Use comprehensive sentences, and do not sacrifice readability 
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The 
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any 
summary. Try to limit the initial two items to no more than one line each.

 

Reason for writing the article—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 for this; results of 
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

 

Approach:

 

o

 

Single section and succinct.

 

o

 

An outline of the job done is always written in past tense.

 

o

 

Concentrate on shortening results—limit background information to a verdict or two.

 

o

 

Exact spelling, clarity 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 of comprehending and calculating the purpose of your study without having to refer to other 
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive 
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the 
reviewer will give no attention

 

to your results. Speak in common terms about techniques used to explain the problem, if 
needed, but do not present any particulars about the protocols here.

 

 

 

 

The following approach can create a valuable beginning:

o Explain the value (significance) of the study.
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

them.
o Briefly explain the study's tentative purpose and how it meets the declared objectives.
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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 for every section. If you make the four points listed above, you 
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The 
reviewer does not desire to read everything you know about a topic. Shape the theory 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 soundly written procedures segment allows a 
capable scientist to replicate 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 to give the least amount of information that would permit 
another capable scientist to replicate 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 section, mention the specific item describing the way, 
but draw the basic principle while stating the situation. The purpose is to show 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:

 

Materials may be reported in part of a section or else they may be recognized along with your measures.

 

Methods:

 

o

 

Report the method and not the particulars of each process that engaged the same methodology.

 

o

 

Describe the method entirely.

 

o

 

To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

 

o

 

Simplify—detail how procedures were completed, not how they were performed on a particular day.

 

o

 

If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.

 

Approach:

 

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the 
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third 
person passive voice.

 

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.

 

What to keep away from:

 

o

 

Resources and methods are not a set of information.

 

o

 

Skip all descriptive information and surroundings—save it for the argument.

 

o

 

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 as 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. Use statistics and tables, if suitable, to 
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor.
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Content:

 

o

 

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

 

o

 

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

 

o

 

Present a background, such as by describing the question that was addressed by creation of an exacting study.

 

o

 

Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if 
appropriate.

 

o

 

Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 
manuscript.

 

What to stay away from:

 

o

 

Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

 

o

 

Do not include raw data or intermediate calculations in a research manuscript.

 

o

 

Do not present similar data more than once.

 

o

 

A manuscript should complement any figures or tables, not duplicate information.

 

o

 

Never confuse figures with tables—there is a difference. 

 

Approach:

 

As always, use past tense when you submit 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 section.

 

Figures and tables:

 

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text.

 

Discussion:

 

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an 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 implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully 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 the prospect, and let it drop at that. Make a decision as to whether each premise is supported or 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.

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.
o Give details of all of your remarks as much as possible, focusing on mechanisms.
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives.
o One piece of 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?
o Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

 

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense.

 

Describe generally acknowledged facts and

 

main beliefs in present tense.

 

The Administration Rules

 

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

 

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection.

 

Segment draft and final research paper:

 

You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

 

Written material:

 

You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file.
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS 

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.

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
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