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Abstract 

 

Value steam mapping, a major enabler of Lean manufacturing, is a preferred approach adopted by most of 

manufacturing industries to improve their manufacturing performance and reducing all types of wastes in a 

systematic way. In value stream mapping whole value stream is mapped in terms of flow of information and 

material throughout the value stream. Basic information about the flow and process are recorded, analysed, 

presented and implemented in improved manner hence making VSM a powerful tool for process 

improvement. This paper demonstrates the effect of VSM implementation on cost of poor quality, in-process 

rejections, percentage value addition, lead time, work in process inventory, distance travelled by components 

and percentage scrap through a case study of VSM implementation in an Indian ferrite core industry.   

 

Key words: Value Steam Mapping, Lean Manufacturing, Case Study; India; Manufacturing Industry. 

 

1. Introduction: 

VSM is a LEAN technique used to analyze 

workflow and identify process performance 

metrics. It identifies steps leading to inventory 

buildup (pending work awaiting value addition) 

and provides baseline performance metrics. In the 

21st century, lean manufacturing is the best tool 

for the manufacturing industries to improve the 

production by eliminating the non-value-added 

activities. Lean manufacturing is basically a 

Toyota Production System (TPS) that evolved in 

Japan to improve the manufacturing of automobile 

sector after the second World War [1].Value-

adding process is necessary to attain the ability to 

systematically and continuously respond to 

changes for improving the product value. Lean 

manufacturing is based on the removable of 

activities that don‘t add value to the production 

systems like transport, excess inventory, waiting 

time, over processes, over production, defects [2]. 

Lean manufacturing is a set of tools that assist in 

the identification and elimination of waste that 

might improve production and profit [3]. The 

organizations which want to operate on a global 

competitive market, they must implement the lean 

manufacturing [4]. The manufacturer can build 

quality products faster and more efficiently by 

properly applying the lean manufacturing 

techniques. Lean manufacturing is a highly 

versatile tool adopted over a diverse range of work 

environments as seen in earlier works of research 

[5-8]. Single minute exchange of die (SMED), 

Kanban, Kaizen; Value Stream Mapping (VSM), 

Hei-junka etc are the tools in the lean 

manufacturing used to streamline or control the 

production with zero defects in industries. Lean 

techniques affect production through different 

mechanisms, some methods focus on reducing 

flow time, some increase the flexibility of the 

production. The Toyota Automobile company 

introduced Value Stream Mapping (VSM) in the 

second third of the twentieth century and after the 

huge success, it became the fundamental tool of 

lean management [9]. VSM study is useful to find 

the inventory, lead time, process time, waiting 

time, material flow etc. which are helpful to find 

out bottleneck cycle time against Takt time [10]. 

VSM includes three steps, first step, an actual 

diagram of material and information flow. Second 

step, a future state map to detect the root causes of 

waste. By eliminating these root causes, a lean 

process flow will be attained which gives great 

financial impact to the process through process 

improvement. Third step is the implementation 

mailto:abhilashpathania@shooliniuniversity.com
mailto:mahto123@rediffmail.com
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plan of these improvements as part and partial 

details and action needed to gain the project 

objectives in process Kaizen (continuous 

improvement) and Poka-yoke [11, 12]. Various 

researchers have applied VSM tool in various 

sectors like construction, healthcare, transport, 

product development, industrial product–service 

systems, and reduction in food loses and 

maintenance service etc. [13-19]. Lean 

manufacturing is considered high effective tool for 

manufacturing industries. Small and medium 

enterprises (SMEs) are the core of economies 

worldwide that accounted for the 65% of 

employment in the manufacturing sector [20]. 

Therefore, the Indian SMEs need to adopted latest 

technology and lean tools to synchronize the 

manufacturing and market demand to remain 

profitable[21]. 

In this paper, an attempt has been made to develop 

a lean route map for the organization   to 

implement the lean manufacturing system. 

Analyses of the exploratory survey results are 

summarized to illustrate the implementation 

sequence of lean elements in a volatile business 

environment and the finding of this review was 

synthesized to develop a unified theory for the 

implementation of lean elements [22-31]. 

 

2.  Literature Reviews: 

In 1990 a book appeared by the title, The Machine 

that Changed the World, often referred to as the 

"MIT study", describes the principles of LP and 

opens new areas for leanness. Womack J.P et al. 

(1990). The concept of lean manufacturing was 

introduced in the Toyota production system and it 

was the first to use lean practices. Lean 

manufacturing enhances production processes and 

boosts the employee‗s job satisfaction Singh, 

Garg, Sharma,& Grewal (2010). Lean 

manufacturing believes the simple fact that 

customers will pay for the value of services they 

receive, but will not pay for mistakes Rawabdeh 

(2005). lean principles are capable of improving 

sustainability of an industry. Lean principles are 

aimed at waste reduction hence results in capital 

gain. In addition to this, sustainable benefits are 

also achieved the various tools and principles of 

lean. Some of the sustainable benefits from lean 

principles are reduction in material usage, energy 

consumption, hazardous waste, water usage, etc. 

(Fliedner 2008). 

Saurin and Ferreira (2009) have presented 

guidelines for assessing lean production impacts 

on working conditions either at a plant or a 

departmental level, which were tested on a 

harvester assembly line in Brazil. Narahari et al 

(1999) explored how the lead times can be reduced 

using scheduling, input control, load balancing and 

variability reduction. McDonald et al (2000) 

explained wasteful steps that have to be eliminated 

and flow can be introduced in the remaining value-

added processes. The concept of flow is to make 

parts ideally one piece at a time from raw 

materials to finished goods and to move them one 

by one to the next workstation with no waiting 

time in between. Pull is the notion of producing at 

the rate of the demand of the customer. Perfection 

is achieved when people within the organization 

realize that the continuous improvement process of 

eliminating waste and reducing mistakes while 

offering what the customer actually wants 

becomes possible. Khaswala et al (2001) 

explained the basic concepts of Value stream 

mapping and how to implement them in case of 

multiple flow value stream mapping that merge in 

case of a complex product. Abdulmalek and 

Rajagopal (2006) presented lean manufacturing 

principles being applied to a steel mill. The lean 

manufacturing tool of value stream mapping has 

been used to map the scenarios. The paper also 

described simulation models which were 

developed using lean manufacturing principles and 

also analyzed the possible benefits. Ward (2007) 

addressed the confusion and inconsistency 

associated with ―lean manufacturing‖ concept to 

clarify the semantic confusion surrounding lean 

production by conducting an extensive literature 

review using a historical evolutionary perspective 

in tracing its main components.  

Rother (1990) described how Toyota manages 

continuous improvement, human ingenuity, 

through its improvement kata and coaching kata. 

He also explains why typical companies fail to 

understand the core of lean and make limited 

progress. The two metrics are the lead time and 

Percentage value added work. William et al (2011) 
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presented the use of value stream mapping tool in 

identifying, quantifying and minimizing major 

wastes in a bread manufacturing set-up. The case 

study shows how the VSM tool was used to 

identify and reduce defects, unnecessary 

inventory, and motion. Tapping et al (2000) wrote 

a book on value stream management system and 

how it simplifies the planning process for lean 

implementation, ensuring quick deployment and 

greater success. Ron Moore (2002) wrote a book 

on selecting the right manufacturing improvement 

tools and showed how these tools can be 

implemented and supported. It also relates to one 

another and compares their strengths and 

weaknesses. It also provides an excellent review of 

the most popular improvement tools and strategies 

- Lean Manufacturing, Kaizen etc.  

Salomon et al. (2007) used multiple decision 

making for supplier selection of assembly line 

equipments in an automotive industry. Kull and 

Tallurai (2008) proposed a combination of 

analytical hierarchical process and goal 

programming as a decision tool for supplier in the 

presence of risk measures and product life cycle 

considerations. Value stream mapping is an 

enterprise improvement tool to help in visualizing 

the entire production process, representing both 

material and information flow. Defined value 

stream as collection of all activities value added as 

well as non-value added that are required to bring 

a product or a group of products that use the same 

resources through the main flows, from raw 

material to the end customers. Avery important 

part of the value stream mapping process is 

documenting the relationships between the 

manufacturing processes and the controls used to 

manage these processes, such as production 

scheduling and production information. Unlike 

most process mapping techniques that often, only 

document the basic product flow, value stream 

mapping also documents the flow of information 

within the system, where the materials are stored 

(raw materials and work in process, WIP) and 

what triggers the movement of material from one 

process to the next are key pieces of information. 

Value stream maps for determining the beliefs, 

behaviours, and competencies possessed by 

business leaders were described and with the help 

of current and future states map, the 

ineffectiveness of most senior managers as well as 

traditional leadership development programs were 

highlighted It follows that value stream mapping 

has proven effective in many manufacturing 

organisations.  

Pavnaskar et al. (2003) argue that:  In the use of 

VSM, the analysis of the initial situation is based 

on the acquisition and treatment of numerical 

data, and uses a graphical interface that makes it 

easier to see the relationship between material and 

information flows.  The systemic vision provided 

for each product family reflects manufacturing 

system inefficiencies. This is also highlighted by 

Jones and Womack (2003).  

A common language can be provided for the team 

to unify lean concepts and techniques in a single 

body. This is also highlighted by Baker (2003).  

There is the possibility of VSM being the starting 

point of strategic plan improvement (Gregory 

2003). A number of researchers have provided an 

insight on this aspect of manufacturing process 

engineering. They have reported that some of the 

limitations of VSM include the following:  

Because most VSMs are ‗paper-and-pencil-

based‗, the accuracy level is limited, and the 

number of versions that can be handled is low 

(Braglia et al. 2006, Lian and Van Landeghem 

2007).  In complex manufacturing environments 

with multi-product flows, it is extremely difficult 

to map all theprocess routes (Duggan 2003, 

Braglia et al. 2006, Agyapong-Kodua et al. 2009).  

It is also not suitable for dynamic analysis 

(McDonald et al. 2002, Agyapong-Kodua et al. 

2009). Based on a review of existing literature on 

methodologies and tools for the redesign of 

manufacturing systems, Serrano et al. (2008), after 

evaluating the performance of VSM in 

manufacturing systems design, indicated that 

inroad terms, ‗flow diagram charts‗, ‗structured 

systems‗, ‗architectural systems‗, ‗modelling and 

simulation software ‗are the four main tools 

currently deployed for manufacturing systems 

redesign and engineering.  

 

Value Stream Mapping (VSM) is used to define 

and analyze the current state for a product value 

stream and design a future state focused on 
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reducing waste, improving lead-time, and 

improving workflow. A value stream map 

provides a blueprint for implementing lean 

manufacturing concepts by illustrating how the 

flow of information and materials should operate. 

VSM is divided into two components: big picture 

mapping and detailed mapping. Rajenthirakumar 

and R.G. Shankar reported a noticeable reduction 

in cycle time and increase in cycle efficiency with 

an application of value stream mapping (VSM). 

The production flow was optimized thus 

minimizing several non-value added 

activities/times such as bottleneck time, waiting 

time, material handling time, etc. K. P. 

Paranitharan provide useful platform for research 

in implementation of lean tools in any 

manufacturing unit. Their results show a 

significant improvement in productivity, reduction 

of Production Lead Time and reduction in 

inventory. These can be achieved by creating flow 

by layout modification and balance to TAKT time 

 

3. Case Study 

3.1 Company background 

The firm under study is in the foothills of 

Himalaya Solan, Himachal Pradesh and deals with 

the manufacturing of various types of soft ferrites 

cores used for electrical and electronics 

applications. The company has 314 employees. 

The company equipped with best German, 

Holland, Taiwan made equipment‘s. The company 

has maintained the Quality leadership in both the 

Domestic and Export segments. The production 

capacity is about3600 MT to 5000 MT and ranked 

#1in India in terms of capacity. The company 

operates 365 days 24 hours of a day in 3 shifts of 8 

hours. Each shift consists of 30-minute lunch 

break and 15-minute tea break. 

3.2 Process information 

EE-shaped soft ferrite core was selected for the 

case study. The raw material is Mn-Zn powder and 

production about 60,00,000 pieces/day. The raw 

material is mixed in Rh mixture machine by 

adding distilled water. The mixed powder is 

converted into spherical pellets and then pre-

sintered at a temperature of 800 ℃  for 3 hours. 

Finally, these pellets are crushed in the form of 

powder to make the desired geometry. The 

complete manufacturing processes are as follows. 

 
Figure:1 Sequence of operation for 

manufacturing Cores. 

3.3 Problem formulation 

In the powder preparation, the company mix all 

the ferrites in a proper ratio. They add 20% of 

scrap material (after crushing) in the raw material 

powder to manufacture ferrite cores. Sometime 

due to improper crushing, the particle size is not 

uniform. Non-uniform particles form the pores 

variation or blow holes in the geometry of the 

cores.  During the inspection, the complete lot was 

rejected due to blow holes inside the cores. This 

lot is further processed for grinding and 

inspection. This leads to wastage of time and 

resources.  About 5 to 8% material is scrap in 

every month. As the order is rescheduled for the 

next week, this causes the delay in delivery of the 

Finished goods. It increases the scrap as well as 

delivery time.  

4. Methodology 

ValueStream Mapping is a pencil and paper tool 

that helps to visualize the flow of information and 

material [22]. One of the well-known methods 

proposed in the lean manufacturing to identify 

waste and improve performance [23]. The VSM is 

a pull type improvement system starts from end 

process. The VSM is having following stages as 

discussed below: 

i. Product family selection:A group family is 

selected for the mapping which undergo similar 

operation by a same set of machinery. 

ii. Current state Map:To draw the current state 

map the following information‘s noted like;  

 Sequence of operation,  

 Customer request andSupply schedule,  

 Cycle time and changeover time,  

 Number of workers in each operation,  

 Number of working hours, shifts and breaks,  

 Inventory (raw material, WIP and finished 

goods). 
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iii. Analysis of Current state Map:Current state 

map is analysed to find the seven types of 

wastages as listed in TPS: Transportation, over 

inventory, Motion, waiting time, over process, 

over production and defects [24]. During the 

analysis, the wastages are rectified, and action is 

taken to eliminate these wastages  

iv. Future state Map: All the wastages are 

removed as per the priorities and the future state 

map is drawn. 

v. Implementation: The future state map is 

then presented to the top management for 

implementation. 

VSM helps to reduce cycle times, leadtimes, 

TAKT times, and extra inventory in the small 

medium enterprises (SMEs). The terminologies 

used in VSM is provided below: 

 Cycle time: The time between two products 

coming off a machine is termed as cycle time.   

 Changeover time: Time required loading and 

unloading machine components and restart cycle 

again is known as changeover time.   

 Lead time: Time required to complete the 

manufacturing process of an order is known as 

lead time. It contains value adding and non-value 

adding time.   

 Inventory: Inventory is termed as raw 

material, work in process (WIP) and finished 

goods. 

 TAKT time: The rate at which products must 

be made to meet existing customer demand is 

known as TAKT time. Calculated by dividing 

available working time to demand per day [2]. 

4.1 Current State VSM 

The current state  shows the process flow, WIP, 

cycle time, lead time, men power and delivery 

schedule. The problem was identfied and aneffort 

was made to eliminate the problem.It was 

observed that the complete lot of the material was 

rejected due to the blow holes in the geometory. 

These blow holes are due to the non-uniform 

partical size of the powder. To complete the order, 

rescheduling of the material was made for the 

production which leads to delay in the delivery.   

 
Figure 2 Current State Value Steam Map 

4.2 Future State VSM 

To resolve this problem, two sugessions were 

given to the indusry as follows 

i. After sintering process, the simple & cheap 

process was sugested to find the blow holes in the 

workpiece. The weight of the single workpiece 

was meassured from the lot and then dipped in the 

kerosene oil for 5 min. These workpieces are dried 

for 15-20 mints and then again the weight was 

measured. The same processs is repeated for 10 to 

20 samples. If there is increase in weight, it 

indicates the presence of blowhole in the 

geometery of the workpiece and the complete lot 

will be rejected. 

ii. Earlier, they were mixing 20 % of scrap after 

crushing for 2 hours. The crushing time was 

increased fron 2 to 2:30 hrs and the persentage of 

the scrap for mixing is reduced from 20 % to 15%. 

Figure 3 shows the fiture state map after 

improvement.  
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Figure 3: Future State Value Steam Map 

 

Fact sheet / Data sheet table to be included here 

as TABLE 1 

After the improvement, it was observed that the 

rejection rate was reduced from 8% to 2% only. 

The delivery performance increased as shown in 

the Figure 4  

 

Figure 4: Delivery schedule before and after the 

improvement. 

5. Conclusion 

The manufacturing sector has historically led in 

the implementation of lean principles. As a case 

study, the VSM was successfully implemented in 

the ferrites core manufacturing company by 

identifying the existing problems. After Value 

stream map is used to identify the problem. The 

results obtained from the research indicate that 

VSM is a useful, efficient and applicable tool for 

tackling the redesign of production systems based 

on disconnected flow lines. This is apparent from 

redesign results and in the satisfaction expressed 

by implementation teams.  

The best way of summing up the conclusions is to 

organise them into two groups.  

 First, we can present the main aspects that 

practitioners must know, and the literature does 

not comment on well enough, before starting to 

put into practice VSM.  

 Second, some VSM theory refinement advice 

is provided to complete, enrich and convert the 

technique into one of the most important 

references for manufacturing system redesign. 

Based upon the literature reviewed in this paper on 

VSM, few areas need further scrutiny:  

 There is a need to discuss cost–benefit 

analysis of proposed changes made in future state 

map while applying value stream mapping 

technique for any specific application.  

 Little work has been done with the help of 

this technique in the area of vendor management. 

 Effect of changes done in current state during 

VSM implementation has not seen adequately yet 

on human factor  

 Comparison of this technique with other 

waste reduction techniques can also be possible. 

So further research can be taken up in the area of 

comparative analysis. 
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Abstract: 

 At low concentrations, iron plays an important role in metabolic and fermentation processes, as an 

enzymes activator, stabilizer and func-tional component of proteins. Above trace levels, however, iron 

has other roles. Iron and its compounds have widespread industrial applications (constructional 

material for drinking-water pipes, food, colors, coagulants in water treatment ,pigments in paints and 

plastics); hence, large quantities of iron content of natural water is very desirable .So, the toxicity of 

this element demands a fast and accurate method for its determination in water. The 

spectrophotometric method was applied to the determination of Fe in different water samples from 

different areas in Jaipur city. The accuracy of the developed method was sufficient .This method is 

not expensive, easy to perform and take a very less time to do. The obtained result demonstrat-ed that 

the procedure could be successfully applied for the analysis of wa-ter sample with satisfactory 

accuracy. 

 

Keywords: spectrophotometer, toxicity, fermentation, pollution, metabolic process. 

 

 

Introduction 

Iron is the second most abundant metal in the 

earth's crust, of which it ac-counts for about 

5%. Elemental iron is rarely found in nature, 

as the iron ions F2+and 3+ readily combine 

with oxygen- and sulfur containing 

compounds to form oxides, hydroxides, 

carbonates, and sulphides. Iron is most 

commonly found in nature in the form of its 

oxides (1, 2). Iron (as Fe+ ) concentrations of 

40 μg/litre can be detected by taste in distilled 

water. In mineralized spring water with a total 

dissolved solid content of 500 mg/litre, the 

taste threshold value was 0.12 mg/litre. In 

well-water, iron concentrations below 0.3 

mg/litre were characterized as unnoticeable, 

whereas levels of 0.3–3 mg/litre were found 

acceptable (3). In drinking-water supplies, 

iron(II) salts are unstable and are precipitated 

as insoluble iron(III) hydroxide, which settles 

out as a rust-colored silt. Anaerobic 

groundwater may contain iron(II) at 

concentrations of up to several milli-grams per 

litre without discoloration or turbidity in the 

water when directly pumped from a well, 

although turbidity and color may develop in 

piped systems at iron levels above 0.05–0.1 

mg/litre. Staining of laundry and plumbing 

may occur at concentrations above 0.3 mg/litre 

(4).Aeration of iron-containing layers in the 

soil can affect the quality of both groundwater 

and surface water if the groundwater table is 

lowered or nitrate leaching takes place. 

Dissolution of iron can occur as a result of 

oxidation and de-crease in pH. Iron in water 

can be determined by atomic absorption spec-

trometry (detection limit 1 μg/litre) or by 

colorimetric methods (detection limit 5 

μg/litre) (5). 

Colorimetric method represents the simplest 

form of absorption analysis. An increase in 

sensitivity and accuracy result when a 

spectrophotometer is used to measure the color 

intensity. Basically, it measures the fraction of 

an incident beam of light which is transmitted 

by a sample at a particular wavelength (6), (7). 

There are two ways to measure the difference 

in in-tensity of the light beam. One is the 

percent transmittance, %T, which is defined 

as: 

For any given compound, the amount of light 

absorbed depends upon (a) the concentration, 

(b) the path length, (c) the wavelength and (d) 

the sol-vent. Absorbance is related to the 

concentration according to the Beer-Lambert 

law: 

A= εbc, where ε is the extinction coefficient 

(M -1 ), b is the solution path length (cm) 

and c is the concentration (moles litre ). Not 
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all substances obey the linear Beer-Lambert 

law over all concentration ranges. Therefore 

we will construct a calibration curve that will 

provide the relationship between concentration 

and absorbance under the conditions used for 

the analysis. In this experiment, we will 

analyze for iron by reacting iron +II with o-

phenanthroline to form an orange-red complex 

ion according to the fol-lowing equation: 

Because we are starting with3Fe solution and 

in order to be quantitative, all of the iron must 

be reduced from Fe to Fe by the use of an 

excess of hydroxylamine hydrochloride. 

objective : 

The objective of this work was to become 

familiar with the principles of colorimetric 

analysis and to determine the iron content of 

different water samples from Jaipur city. 

Methodology 

Five places were selected for sampling of 

water and these are:- Bapu Na-gar, Mahesh 

Nagar, Durgapura, Janta Colony, Imli 

Phatak.Samples were collected in clean 

polyethylene one litre cans and selected for 

analysis. Spectrophotometric analysis was 

carried out to determine the concentra-tion of 

Fe in different water samples. 

Preparation of Solution 

1. Hydroxylamine hydrochloride solution: 

Dissolved 10g of hy-droxylamine 

hydrochloride in distilled water to make 100 

ml of solution. 

2. Ammonium acetate buffer solution: 

Dissolved 100 g of ammonium acetate in 60 

ml of distilled water and added 280 ml glacial 

acetic acid. 

3. Phenonthrolein solution: Dissolved 50 mg 

of 1,10- phenonthrolein monohydrate in 50 ml 

of distilled water by shaking and heating upto 

80°C in a water bath. 

4. Standard iron solutions: Diluted 20 ml of 

concentrate sulphuric acid with 50 ml of 

distilled water, and dissolved in it 1.404 g of 

ferrous ammonium sulphate. Add 0.1N 

potassium permanganate solution slowly until 

a stable faint pink color contains 200 mg 

iron/l. Diluted the stock solution further to 

prepare a series of standard iron solu-tions, 

preferably in the range of 0 to 5 mg iron/l. 

 

Procedure 

1. Took 50 ml of sample in a conical flask and 

added 2 ml of hydro-chloride acid and 1 ml of 

hydroxylamine hydrochloride solution. 

2. Boiled till the contents are reduced to about 

half the original vol-ume. Cooled and added 

10 ml of ammonium acetate buffer solu-tion 

and 2 ml of phenonthroline solution. Added 

distilled water to make the volume 100 ml. 

3. Let stand for 10 minutes and then recorded 

the absorbance (s) on spectrophotometer at 

510 nm using distilled water as blank. 

4. Process the standard iron solutions of 

different concentration in similar way and 

recorded the absorbance for each. 

5. A standard graph was plotted from these 

values and deduced the total content of the 

sample in mg\l by comparing the absorbance 

of sample(s) with standard curve. 

Result 

The observation is presented in Table A and 

Table B respectively 

TABLE A 

S. 

No.  

Iron standard 

solution 

Absorbance 

1 1mg/litre 0.384 

2 2mg/litre 0.484 

3 3mg/litre 0.584 

4 4mg/litre 0.648 

5 5mg/litre 0.672 

TABLE B 

S. 

No.  

Iron standard 

solution 

Absorbance 

1 Imli Phatak 0.392 

2 Janta Colony 0.485 

3 Mahesh Nagar 0.522 

4 Durgapura 0.582 

5 Bapu Nagar 0.619 

Conclusion 

This method is best suited for small amounts 

iron in water. Iron(III) iron must be reduced to 

the iron(II) state using hydroxylamine 

hydrochloride. The determination depends 

upon the intense red complex which the 

iron(II) ion forms with 1,10-phenanthroline. 

This method is not expensive, simple and very 

easy to perform. 

Acknowledgement 

S. 

No.  

Iron standard 

solution 

Concentrations 

1 Imli Phatak 1.2 mg 

2 Janta Colony 1.9 mg 

3 Mahesh Nagar 2.4 mg 

4 Durgapura 3.0 mg 

5 Bapu Nagar 3.5 mg 



 

International Journal of Applied Sciences and Technology 
ISSN No2347-6281, Vol.9, Issue No:2, : Mar-Apr, 2021 

 

 

 

 

12 

Authors are highly thankful to the Dr. Seema 

Agrawal, Principal, Kanoria P.G Mahila 

Mahavidyalaya, Jaipur for providing necessary 

support and to the Head, Department of 

Chemistry, University of Rajasthan, Jaipur for 

providing library facility. 

References 
1. Elinder C-G. Iron. In: Friberg L, Nordberg GF, 

Vouk VB, eds. Handbook on the toxicology of 

metals, Vol. II. Amsterdam, Elsevier 1986:276-

297. 

2. Knepper WA. Iron. In: Kirk-Othmer 

encyclopedia of chemical tech-nology, Vol. 13. 

New York, NY, Wiley Interscience, 1981:735-753. 

3. Budavari S, O'Neill M, Smith A, eds. The Merck 

index, 11th ed. Rahway, NJ, Merck, 1989. 

4. Department of National Health and Welfare 

(Canada). Nutrition rec-ommendations. The report 

of the Scientific Review Committee. Ot-tawa, 

1990. 

5. International Organization for Standardization. 

Water quality— determination of iron. Geneva, 

1988 (ISO 6332:1988). 

6. Skoog and West, Fundamentals of Analytical 

Chemistry, 2nd Ed., Chapter 29. 

7. Vogel, A Textbook of Quantitative Inorganic 

Analysis, 3rd Ed., p. 294, 310 and 787. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

International Journal of Applied Sciences and Technology 
ISSN No2347-6281, Vol.9, Issue No:2, : Mar-Apr, 2021 

 

 

 

 

13 

 

DRILLING SYSTEM DESIGN AND OPERATIONS INTEGRATING ARTIFICIAL 

INTELLIGENCE METHODS: A REVIEW OF   

STATE OF THE ART TECHNOLOGY 
 

Authors 

Raman Kumar
1
, Dalgobind Mahto

2
, Abhilash Pathania

3
 

1
GHEC Solan, Himachal Pradesh 

2
JEC Group of Colleges, Jaipur, India 

3
Shoolini University, Solan, Himachal Pradesh 

Emails: 

raman.kumar@gmail.com, mahto123@rediffmail.com, 

abhilash.pathania@shooliniuniversity.ac.in 
 

Abstract 

 

Artificial Intelligence (AI) can be defined as the application of science and engineering with the intent 

of intelligent machine composition. It involves using tool based on intelli-gent behavior of humans in 

solving complex issues, designed in a way to make computers execute tasks that were earlier thought 

of human intelligence involvement. In comparison to other computational automations, AI facilitates 

and enables time reduction based on personnel needs and most importantly, the operational expenses. 

It is an area of great interest and significance in petroleum exploration and production. It has been 

advocated in solving many problems in the oil and gas industry which includes, seismic pattern 

recognition, reservoir characterisation, permeability and porosity prediction, prediction of PVT 

properties, drill bits diagnosis, estimating pressure drop in pipes and wells, optimization of well 

production, well performance, portfolio management and general decision making operations and 

many more. This paper reviews and analyzes the successful application of artificial intelligence 

techniques of the oil and gas industry, drilling cap-turing the level of application and trend in the 

industry.  

 

Keywords: Artificial Intelligence, Drilling System Design 

 

Introduction 

 

Artificial Intelligence, otherwise known as 

ma-chine learning or computational 

intelligence is the science and engineering in 

creating intelligent ma-chines. It has been 

applied in solving complex prac-tical related 

complications in various field applications 

becoming more popular and acceptable. AI 

techniques characteristic include ability to 

learn from examples; fault tolerant managing 

noisy and deficient data; ability to deal with 

non-linear problems; and for prediction 

purpose and general-ization at high speed once 

trained. AI techniques are developed and 

deployed worldwide in a myr-iad of 

applications as a result of its symbolic rea-

soning, explanation capabilities potential and 

flexibility. According to Shahab (2011), the 

technol-ogy had the ability to learn and deal 

with a new situations by processing one or 

more attributes of reason that facilitate solving 

problems which were previously difficult or 

impossible to solve. Most of the artificial 

intelligence techniques or tools have shown 

tremendous potential for generating accurate 

analysis and results from large historical 

databases, the kind of data an individual or 

engineers may not consider valuable in 

conventional modelling and analysis processes 

(Shahab 2000). AI has been used in many 

areas of applications in solving classification, 

diagnosis, selection and prediction problems. 

The techniques models cap-ture the 

uncertainty between real-life cause and ef-fect 

scenarios hence incorporating available epis-

teme with probabilities and probability 

inference computations. (Jianhong et al., 2003; 

Patterson 1990).  
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The most widely used techniques include 

artifi-cial neural networks, fuzzy logic, expert 

systems, and generic algorithms with 

interesting develop-ments in hybrid. Other 

existing techniques include support vector 

machines, functional network, cased based 

reasonining and expert systems. Most of the 

artificial intelligence techniques have shown 

great potential in generating accurate analysis 

and results in different area of applications 

such as engineer-ing, banking, medicine, 

economics, military, ma-rine, etc. They have 

also been applied for identifi-cation, selection, 

optimization, prediction, forecast-ing, and 

control of complex systems (Mellit et.al, 

2008). 

 

In recent years, there has been a rapid increase 

in the number of artificial intelligence tools 

applica-tions in petroleum industry due to 

greater availabil-ity of human expert and 

numerous publications of successful 

application case studies (Gharbi et. al. 2005). 

Artificial neural networks, fuzzy logic and 

evolutionary algorithms are the most 

commonly used AI techniques today in 

various petroleum en-gineering applications; 

oil and gas reservoir sim-ulation, production, 

drilling and completion opti-mization, drilling 

automation and process control (Braswell 

2013). 

 

With the recent successful result of AI as intel-

ligent systems tools in E & P industry, it is 

becom-ing explicit that our industry has 

realized the im-portance applicability of the 

intelligent model solv-ing several disciplinary 

related problems. There is a great potential for 

these tools in exploration, pro-duction and 

management of hydrocarbons.Drilling 

operation activities on artificial intelli-gence 

have evolved over the years giving flexibil-ity 

in selection, monitoring, diagnosing, 

predicting, and optimizing, thus impact in 

overall efficiency and profitability cannot be 

overemphasized. 

 

Literature Review 

2.1 AI Techniques 

Artificial intelligence (AI) is a branch of com-

puter science that in its broadest sense would 

mean the ability of a machine to perform or in 

an at-tempt to mimic the operations of human 

brains or human thought, understand and apply 

thinking methodologies (Kalogirou, 2003). It 

is an approach of solving engineering 

difficulties with the abil-ity to consider all 

effective parameters simultane-ously. The 

central principles of AI include reason-ing, 

knowledge, planning, learning, communica-

tion, perception and the ability manipulate 

objects (Bhattacharyya, 2011). Furthermore, it 

has gener-alization and potential learning 

directly from field data. 

 

Currently, AI algorithms have drawn the atten-

tion of researchers and applied successfully 

solv-ing problems at different area of fields 

and that is why much relevant research has 

been conducted. This includes medical system, 

educational field, oil and gas industry, 

telecommunications, law, remote sensing, 

scientific discovery and gaming. Other 

applications include; banking sector, 

petrochem-ical industry, and military activity 

controls, nu-clear management, shipping 

industry, public sec-tor (employee 

performance evaluation) and many more. 

According to Artificial Intelligence Appli-

cations Institute (AIAI), AI technologies 

transfer‘s areas of application are as follows: 

case-based reasoning:  a methodology adapta-

tion based on past evidences and existing 

corporate resources such as databases to pilot 

diag-nosis and fault finding; 

genetic algorithms: a search technique 

adaption with very broad applicability in 

scheduling, op-timization, and model 

adaptation; 

planning and workflow: the modelling, task 

set-ting, planning, execution, monitoring and 

coor-dination of different endeavours; 

Intelligent systems: an approach of building 

knowledge-based systems. 

 

2.2 Benefits and Limitations of AI Tech-

niques 

2.2.1 Benefits of Artificial Intelligence 

Tech-niques 

The main goal of seeking smart machine meth-

ods is to predict the occurrence of some 

problems based on previous experience with 

reasonable cost and time. The reliability of the 

method depends on the accuracy of prediction 

and the error between the actual and the 

predicted class labels of the problem. 
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According to Kecman (2001), many scientific 

and engineering fields have recently applied 

artificial in-telligence to predict common and 

serious problems. They seek AI methods due 

to the complications of most today problems 

which are hard to be solved through the 

traditional methods or what is called hard 

computing. 

The benefits of AI techniques are highlighted 

as follows (after Mellit 2008; Medsker 1996; 

Medsker 1996; Tu 1996. and Benghanem 

2012): 

The leverage AI techniques has over other 

mod-elling techniques is their ability to model 

com-plex, non-linear processes without any 

form of relationship assumption between input 

and out-put variables. s a developing and 

promising technology, AI has become 

extremely popular for different fields. are 

more accurate than other models and em-

pirical models for predictions using linear or 

non-linear multiple regression or graphical 

tech-niques.  

AI has a great potential for generating accu-

rate analysis and results from large historical 

databases. The kind of data that most 

engineers may not consider valuable or 

relevant in conven-tional modelling and 

analysis processes. 

AI tools have the ability to analyze large 

quanti-ties of data to establish patterns and 

characteris-tics in situations where rules are 

not known and sometimes in many cases make 

sense of incom-plete or noisy data 

AI tools are cost effective. ANN as example 

has the advantage of execution speed, once the 

net-work has been trained. The ability to train 

the system with data sets, rather than having to 

write programs, may be more cost effective 

and may be more convenient when changes 

become vital. 

 

AI tools can implicitly detect complex nonlin-

ear relationships between independent and de-

pendent variables. 

 

AI tools can be developed using multiple 

differ-ent training algorithms 

 

Tackle boring tasks and can complete task 

faster than a human with less errors and 

defects 

 

2.2.2 Limitations of Artificial Intelligence 

Techniques 

 

Like any other tool, AI techniques have their 

own limitations. An example is ANN which is 

often tagged as black boxes that merely 

attempt to map a relationship between output 

and input variables based on a training data 

set. This raises some con-cerns regarding the 

ability of the tool to generalize to situations 

that were not well represented in the data set 

(Lint et al., 2002). However one proposed 

solution in addressing the black box problem 

is the combination of multiple AI paradigms 

into a hy-brid solution (e.g., combining neural 

networks and fuzzy sets into neuro-fuzzy 

systems) or integrating AI tools with more 

traditional solution techniques. 

 

Another limitation of using AI such as genetic 

algorithm (GA) is the lack of ability in 

reaching the ―optimal‖ solution. Also when 

using AI-based search methods to solve a 

problem, it is often hard to gain true insight 

into the problem and the nature of the solution, 

as is possible for example when us-ing 

mathematical programming methods. The in-

ability to quickly do sensitivity analyses is an 

im-portant example of this limitation. The 

counter ar-gument for the inability to 

guarantee optimality is that for hard 

optimization problems that defy solu-tion 

using traditional optimization and mathemati-

cal programming methods, a ―solution‖ is still 

bet-ter than ―no solution‖ at all. However, 

there is sig-nificant empirical proof to suggest 

that AI-based search methods do yield ―good‖ 

solutions in most cases. For gaining insight 

into the problem, the model may have to be 

rerun multiple times to as-sess the sensitivity 

of the solution to the various assumptions and 

parameters of the problem, which may be 

somewhat demanding from a computational 

resources or runtime standpoint. 

Other known disadvantages include lack of 

hu-man touch, high processing time for larger 

of neu-ral networks, the system requires 

greater computa-tional re-sources and 

sometimes prone to over fit-ting. The limit of 

applicability of AI as related to oil and gas is 

the imagination of the professionals using 

them. 
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2.3 Branches of Artificial Intelligence 

Techniques 

2.3.1 Artificial Neural Networks (ANN) 

An artificial neural network is the most widely 

used, and fast growing AI techniques used 

both in educational institutions and industries 

during recent years. ANN have the ability that 

mimics human at-tributes of problem solving 

that are complex to im-itate using the logical, 

analytical techniques of ex-pert system. 

 

An ANN is a compilation of minor 

individually interconnected processing units 

that has certain per-formance characteristics in 

common with biologi-cal neural networks. 

Information is passed through these processing 

units along interconnections. The incoming 

connection is associated with two values, an 

input value and a weight. The output of the 

unit is a function of the summed value; input 

and the weight. Once ANN is implemented on 

comput-ers, they are trained with respect to 

data sets until they learn the patterns used as 

inputs. And once trained, new patterns may be 

presented for predic-tion or classification. This 

technique has the abil-ity to handle many 

inputs and produce suitable out-come results 

(Medsker, 1996). The main idea be-hind 

creating an ANN is to prove a simple model of 

human brain in order to solve complex 

scientific and industrial problems. 

 

ANN can be categorised as high value and low 

cost tools in modelling, simulation, control, 

condi-tion monitoring, sensor validation and 

fault diag-nosis of different systems. One of 

the greatest ad-vantages of ANNs over other 

modelling techniques is their capability to 

model complex, non-linear processes without 

any relationship assumption be-tween the 

input and output variables. They learn from 

the data obtained from a system instead of 

learning from a specific program. ANNs can 

solve a variety of problems in optimization, 

pattern recog-nition, clustering, function 

approximation, time se-ries analysis, 

prediction and validation. There are several 

ANN architectures used in literature such as 

multilayer perception (MLP), Back-

Propagation (BP), radial basis function 

network (RBF) and re-current neural network 

(RNN) (Haykin, 1994). 

ANN as AI tool has been used to solve many 

problems in petroleum industry. For instance, 

ANN are used in reservoir characterization, 

optimal de-sign of stimulation treatments, 

virtual measure-ments, drill bit selection, 

optimization of field op-erations and many 

more (Saputelli et al., 2002). 

 

2.3.2 Fuzzy Logic 

According to Zadeh (1965) statement, fuzzy 

logic provides a logic perspectives in AI 

techniques used for uncertain reasoning to 

mimicking aspect of human cognition. Fuzzy 

system as one of the branches of AI is more 

like our everyday expe-rience as related to 

human decision making. It‘s usable in 

regulating and managing incomplete in-

formation or unreliable. Fuzzy logic made up 

of a relative simplification of a control 

methodology description which allows the 

application of a ‗hu-man language‘ to describe 

the problems and their fuzzy solutions. In 

many engineering control ap-plications, the 

model of the system is unknown or the input 

parameters are highly variable and unsta-ble. 

In such cases, fuzzy controllers can be applied. 

They are more robust and cheaper than 

conventional PID controllers. It is also easier 

to understand and modify fuzzy controller 

rules, which not only use human operator‘s 

strategy but, are expressed in nat-ural 

linguistic terms (Kalogirou, 2003, 2007). 

Fuzzy system has been used in several 

petroleum engineering related applications. 

These applications include petrophysics, 

reservoir charac-terization, enhanced recovery, 

infill drilling, deci-sion making analysis, and 

well stimulation. 

 

2.3.3 Genetic Algorithm 

Genetic algorithm is a subset of AI techniques 

implemented as a computerized search and 

opti-mization process that uses principles of 

natural ge-netics and natural selection. This 

technique en-codes a potential resolution to a 

specific problem on a simple chromosome-like 

data structure. Ge-netic algorithms are 

sometimes viewed as function optimizers, 

even though the range of problems to which 

genetic algorithms have been applied is quite 

broad (Tate and Smith, 1995). Generic 

algorithm utilizes three fundamental genetic 

operations of se-lection (by selecting two 
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chromosomes according to their fitness. The 

two selected chromosomes are called parents), 

crossover (take a copy of the se-lected parents 

and apply a crossover operation on them, with 

a certain probability, to produce two new 

children), and mutation (after the crossover 

opera-tion, the two children are produced and 

later mu-tated with a certain probability to 

produce two new children) (Shokir et al., 

2004). These operations are used to adjust the 

chosen solutions and select the most suitable 

offspring to pass on to succeeding generations. 

 

Genetic algorithm applications has proven suc-

cess hence appearing as alternatives to 

conventional approaches and in some cases are 

useful where other techniques have been 

completely unsuccess-ful. It has proved to be a 

promising tool solving many petroleum 

optimization problems, intelligent automation 

and real-time optimization of the entire oil and 

gas production process. 

Genetic algorithms are also used in 

combination with other intelligent 

technologies as a hybrid sys-tem such as 

neural networks, expert systems, and case-

based reasoning. GA shows promise but suffer 

from the problem of excessive complexity if 

applied on problems that are too large (Lakhmi 

and Martin 1998). 

 

2.3.4 Support Vector Machines (SVM) 

 

The SVM approach was developed in 1992 by 

Vanpik and collaboration at Bell Laboratories. 

SVM model is a set of related supervised 

learn-ing methods used for classification and 

regression. SVM principle is based on 

statistical learning the-ory and structural 

minimization, which has shown to deliver 

higher performance than conventional 

empirical risk minimization used by many of 

the machine learning techniques (James Lara 

2008). 

SVM model constructs a hyper-plane or set of 

hyper-planes in a high dimensional space, 

called a feature space, which can be used for 

classifica-tion or regression. It advantages 

over other machine learning techniques 

include which include greater generalization 

capability; strong interference ca-pacity and 

less learning time (Vapnik V. 1995; Ani-

fowose and Abdulraheem 2011). 

 

2.3.5 Cased Based Reasoning (CBR) 

Case-based reasoning (CBR) as a subset of 

arti-ficial intelligence (AI) solves problems by 

reuse of past experiences. CBR is an approach 

to problem solving and decision making where 

new problems are solved by finding one or 

more similar previ-ously solved problems, 

called cases, and re-using them in the new 

problem situation (Aamodt and Plaza, 1994). 

CBR can be used on its own, or in-tegrated 

with other reasoning modalities to provide 

more accurate outcome results by 

compensating the shortcomings of one 

approach through use of the strengths of 

another. CBR enables utilization of specific 

knowledge of previously experienced, con-

crete problem situations. A CBR system 

requires a good supply of cases in its case 

database. The re-trieval task starts with a 

problem description, and ends when a best 

matching previous case has been found. A new 

problem is solved by finding a simi-lar past 

case, and reusing it in the new problem sit-

uation. Sometimes a modification of the 

problem solution is done so as to adapt the 

previous solution to the unsolved case 

(Shokouhi et al., 2009). 

There is a growing trend to employ new ap-

proaches in drilling practice to reduce 

operational costs in oil well by using previous 

experiences gained from either previously 

drilled wells or on wells being currently 

drilled. Literature revealed that Case-based 

reasoning has shown to provide effective 

support for several tasks related to drilling. 

Optimization and execution of drilling process 

of drilling plans can be achieved through 

CBR. The CBR method can also used for 

solving operational problems which require a 

good description of prob-lematic situations. 

 

2.3.6 Hybrid systems 

The increased popularity of hybrid intelligent 

systems (HIS) in recent years can be attributed 

to the extensive success of these systems in 

many real-world complex problems. The main 

reason for this positive result seems to be the 

synergy derived by the computational 

intelligent components, such as machine 

learning, fuzzy logic, neural networks, support 

vector machines, and genetic algorithms. Each 

of these methodologies provides hybrid sys-
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tems with complementary reasoning and 

searching methods that allow the use of 

domain knowledge and empirical data to solve 

complex problems (Sha-balov et al., 2012). A 

hybrid system which com-bines fuzzy logic, 

neural networks, genetic algo-rithms and 

expert systems are proving their effec-tiveness 

in a wide variety of real-world problems at 

different applications. 

 

AI Application in Oil and Gas Industry 

Oil and Gas industry is one of the biggest in-

dustries in the world with a very significant 

impact on the world economy. Over the years, 

AI has been applied and proven as a powerful 

and useful tool for solving practical problems 

in several areas of petroleum industry. 

 

Literatures show that ANN, fuzzy logic and 

GA are the most popular and widely used AI 

tools in petroleum industry. Other includes 

support vector machines, functional network 

and cased based rea-sonining. Figure 1shows 

the early application of AI techniques between 

the period of 1989 till 2004, and number of 

research works being carried using AI tools in 

oil and gas industry. Some of the early 

applications include: 

1.  Interface development for simulators 

2  Well log interpretation 

3  Drill bit diagnosis 

4  Pump operation diagnosis 

5  Well test model selection and 

interpretation 

6  Hydraulic fracturing analysis 

7  Gas-lift optimization 

8  Reservoir Characterization 

9  PVT correlations 

 

EOR project risk analysis 

 Fluid Flow in Pipes 

 Formation damage analysis 

 Reservoir characterization 

 Hydraulic fracture design and 

optimization 

 Oil production optimization 

 Enhance recovery management 

 Well test analysis 

 Drilling operation optimization 

 Best practices identification 

 Optimal well design using genetic 

algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Early application of AI techniques 

tools and scientific research work carried out 

(Shokir, 2001) 

 

AI Applications in Drilling Sys-tem Design 

and Operations 

 

One of the major aspects of the oil and gas 

industry is drilling operational section. The 

drilling industry is a technology dependent 

industry. It is considered to be the most 

expensive operations in the world as they 

require huge expenses to be spent daily. 

Therefore, any sorts of tools that can improve 

the drilling operation at a minimal cost are 

essential and demanded during pre and post 

planning pro-cess of any activity. The number 

of publications on the application of AI in 

drilling operations in-dicates that this is a 

potential methodology to re-duce drilling cost, 

increase drilling operation safety, by using 

previous experiences hidden in reports or 

known by experts. 

The core objective of AI in the drilling 

dynamics field so far has been to accurately 

predict the likely performance of variant 

factors contributing to real-time drilling 

success in terms of time, safety and the 

adopted drilling practice. Estimation of pre-

drilling settings (rig, logistics and associated 
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drilling risks), presumptions on probable 

formation response while drilling (gradients, 

abnormal behav-iors and bit conduct), 

‘experienced‘ pattern recog-nition and 

selection of specific procedural equip-ment 

(drilling, casing and tubing pipes, drilling mud 

and cement material) and real-time monitoring 

and downhole control of bit and BHA 

behavior (vibra-tions, torque limits and 

incident-management) have been some of the 

focuses of industry consultants and oil and gas 

experts during the recent years. For this 

reason, the development and up-gradation of 

precise generic models and efficient data 

process-ing methods is required to prescribe a 

near-accurate impression of drilling operations 

when direct and real-time data is not available. 

 

The complexity of the drilling operations and 

the unpredictable operating conditions 

(uncertain-ties regarding tool/sensor response, 

device calibration and material degradation in 

extreme down hole pressure, temperature and 

corrosive conditions) may sometimes result in 

non-accurate drilling data, hereby misleading 

the driller about the actual down-hole 

situation. The indulgence of smart decision-

making models and optimized real-time 

controllers in the drilling system can also, 

therefore, provide the driller with a number of 

quick and intelligent propositions on key 

drilling parameters and on suit-able preventive 

or corrective measures intended to bring the 

conditions back to an optimum drilling stage 

(Dashevskiy et. al, 1999). 

The on-field success of AI in hydrocarbon 

drilling and the subsequent added interest of 

industry experts is a direct result of the unique 

systematic behavior of the AI techniques to 

‖adapt and improvise‖ in drilling situations 

with complex, non-linear and uncertain control 

parameters. This behavior of AI methods is 

primarily due to their traits of: 

 continuous training with experience 

(capability comparable with human 

brain sensors). 

 distribution and alongside processing 

of oncom-ing data (for large dynamic 

systems). 

 handling and filtering of noise signals 

from data. 

 generalizing the data as necessary for 

efficient pattern recognition and 

problem solving. 

 classification use as well as function 

modelling. 

 data encoding by regression or 

iterative super-vised learning. 

Drilling success, depending on prevalent 

conditions, is a function of several general 

factors. These include the selection of best 

technologies and tools, procedural 

optimization, concrete problem-solving, 

accurate prediction and rapid decision-making. 

Figure 2 shows sub-categories based on the 

applicability of AI in drilling operations The 

specific applications have been narrowed 

down to the presented general categories and 

will be explained in the next sections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Application of AI in the drilling 

sector 

 

results. AI has been tested in different well 

plan-ning phases by experts all over the world. 

Figure 3 shows some potential prospects as 

related to well planning. 
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Figure 3. Potential applications of AI in well 

planning sector 

 

Selection of drill bits as per formation 

characteristics has been one of the most 

prospective sec-tors benefiting by the 

application of AI (figure 4). Trained artificial 

neural networks (ANNs) have been an 

important tool for decoding data, categorizing 

the empirical relationships and optimized bit 

se-lection based on user defined information 

database. The database may include IADC bit 

codes for typical rock formations, rock 

strength data, geology, compaction 

characteristics and conventional ROP values 

corresponding to the rocks. Hence after the 

user input on the data, the ANNs have the 

ability to correctly learn the codes and 

numerical values and select the suitable bit for 

a particular drilling environment, whether it‘s 

a PDC, roller cone, diamond insert or a hybrid. 

 

 

 

 

 

 

 

 

 

 

Well Planning 

Designing a well for safer and faster 

operations and economic budget requires 

complex and experience-based decision 

making. Chief input information sources for an 

efficient well plan are normally offset well 

data, reservoir models and drilling simulation  

Figure 4. Base layout for drill bit selection by 

ANNs (National Oilwell Varco, 2013) 

 

Mud and fracture gradient prediction by neural 

network system (preferably GRNNs) has 

yielded quite accurate results over the last 

decade, potentially in oil fields of Mid-eastern 

regions with adjacent oil and water Bearing 

formations and very selective production and 

injection. In fact, some experts regard GRNNs 

more accurate and reliable than the 

conventional methods (D-exponent, Comb, 

Ben Eaton etc.). In most cases, the GRNNs are 

trained to predict the approximate gradients as 

a function of depth, overburden gradient and 

Poisson ratio. The neural network model takes 

all this data as input (can be actual field data 

or approximations by other techniques) and 

plots the predicted mud and/ or fracture 

gradient for the data set. However, care has to 

be taken to use the prediction only for the 

specified range of data. Being strongly 

dependent upon the range of input data, any 

extrapola-tions for greater depths may lead to 

serious errors and inaccuracies (Sadiq and 

Nashwi 2000). 

 

Casing collapse occurrence and depth 

determination can also take neural network 

approach using a simple spreadsheet program 

with BPNN basis. As previously used in 

Middle-east and Asian countries, a back-

propagating network of user-defined number 

of internal (hidden) layers can be connected to 

in-put and output layers to provide an 

‘experienced‘ estimate on casing collapse 

depth for the wells to be drilled. The data layer 

can have a number of inputs such as location, 

depth, pore pressure, corrosion rate, casing 

strength etc. to analyze and pro-vide feed on 

expected collapse depth and probability of 

casing collapse (e.g. in years). A basic layout 

of the method is provided in figure 5. 

However, the approach is relatively new and 

still needs further up gradation on its result 

accuracy and generalization of input data. 

 

 

 

 

 

 

 

 

 

 

Figure 5. Base layout for casing collapse and 

depth prediction by BPNNs 

 

Quality and performance of oilfield cements 

slurries can also be estimated in terms of 

composition, particle size distribution and 

thickening time(neat and retarded) using the 

Diffuse Reflectance Infrared Fourier 

Transform (DRIFT) spectrum of cement 

powders. The method uses artificial neural 

networks (ANNs) for prediction on slurry 
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performance. The base idea is to have a 

database that establishes an infrared spectrum 

of the cement pow-der as a signature of its 

behavior. The spectrum can then provide very 

specific and refined information about the 

nature and state of the cement that is not 

provided in API tables (presence of 

contaminants, particle size distribution, 

cement ageing, presence of non-API cements 

etc.). 

 

The first database based on this approach 

created by Schlumberger in 1994 contained 

detailed information from 158 cements 

worldwide (mainly on classes A, G and H) and 

included empirical data on their general 

composition, oxide composition, lime content, 

loss on ignition (LOI), insoluble residue 

content, surface area, particle size distribution 

and diameters, thickening time curves for neat 

and retarded slurries and diffuse reflectance 

spectra. Models were later constructed to 

predict specific cement properties and quality 

with the entire diffuse spectra as the input 

(Fletcher et al., 1994). 

 

Selection of offshore platform requires skilled 

decision making based on many diverse 

factors such as location, water and well depth, 

expected production rates, cost, operator 

experience and anticipated weather and tidal 

conditions. Wang et al. (2011) developed a 

model based on BP artificial neural networks 

for deepwater floating platform selection. An 

approach for case-specific selection of best 

suited offshore units (SPAR, TLP, FPSO or 

semi-submersible) using non-linear BPNNs 

with multi-ple (nine) input nodes and one 

processing (hidden) layer encompassing five 

model functions (technology maturity, field 

development time, cost, operator experience 

and risk involved). A simple layout of the 

network is shown in figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Base layout for offshore platform 

selection by BPNNs (Wang et al., 2011) 

 

To improve the data convergence and 

processing speed, Levenberg-Marquardt (L-

M) algorithms were later used to improve the 

BP network. The im-proved BP model yielded 

an accuracy of over 70% for 10 initial sample 

datasets with very limited errors. The results 

retrieved from the model for plat-form 

selection for the West African field of Egina 

were in accordance with expected results. The 

method, thus, provided a quantitative approach 

for selection of deepwater floating platforms 

all over the world. Further up gradation and 

optimization of the model is in progress. 

 

Trajectory and directional planning has also 

benefited by the development of generic 

algorithms and application of fuzzy theory 

(case based reasoning), especially for offshore 

well design. For example, Mendes, Guilherme 

and Morooka (2001) created a dataset of 

specific offshore drilling information using 

fuzzy reasoning. They later implemented a 

generic algorithm to predict feasible 

trajectories for wells and relevant directional 

details using the re-trieved similar cases from 

the dataset. However, for accuracy purposes, 

the predictions need to be validated via 

software simulations for further assurance. 

 

5.1 Real Time Drilling Optimization 

 

The pre-drilling processes of well planning are 

in a close and partially inter-convertible 

relation with real-time optimization 

procedures. Many such methods fall into well 

planning or real-time optimization category 

depending upon whether they are carried out 

prior to drilling (with offset or model data) or 

while drilling (using actual data feed from the 

well). 

 

Optimization of drilling process is primarily 

related with improved monitoring of downhole 

parameters (ROP, BHA response, DS 
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vibrations, bit performance etc.) for reduced 

drilling uncertainty and enhanced confidence. 

Where the application of intelligent networks, 

algorithms and case-based reasoning has 

profited well planning phases, it has been 

equally valuable in optimizing the drilling 

performance and diagnosing the barriers 

hindering efficient drilling in real-time. Some 

important uses have been mentioned in figure 

7. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Important applications of AI in 

drilling optimization 

 

The presence of frictional drag is a phenomena 

hindering the forward motion of drill bit, 

especially in horizontal, ERD and slanted 

wells, despite the use of sophisticated BHAs 

including motors, circulation subs and 

lubrication components in mud. The induction 

of extensive friction torque if not precisely 

estimated and counteracted upon, can lead to 

grave issues such as unscrewed joints, broken 

or damaged BHA sections or even helical 

buckling of the DS which might be 

complicated to unbuckle. Estimation of 

frictional drag in horizontal sections during 

well planning phase or even in real time before 

reaching the target section can help evade ex-

pensive trips to replace BHA tools or to rectify 

a locked-up drill string. This is where the 

application of ANNs has proved to be helpful 

for accurate pre-diction of frictional drag and 

DS contact force during slack-off load 

transmission. A two-hidden-layer BPNN with 

adequate training is able to determine the 

bottom contact force and frictional drag as a 

function of radial clearance (between the 

string and hole wall), slack-off load, bending 

stiffness of DS and other elasticity parameters. 

The error percent-age in output parameters 

(between model and actual field results), after 

repeated simulations in training phase, has 

been minimum from 0-4% (Sadiq and Gharbi, 

1998). 

 

Hole-cleaning predictions in underbalanced 

drilling techniques (air drilling, foam drilling 

etc.) are aimed to minimize formation damage, 

bit and stabilizer issues and other drilling 

problems. Estimation of hole cleaning 

efficiency in terms of cutting concentration (in 

%) in the wellbore annulus can be made using 

BPNNs or Multiple Linear Regression (MLR) 

methods as a function of parameters 

highlighted in Table 1. 

 

A comparison of the results obtained from 

BPNNs and MLR depicts pronounced error 

reduction using BPNNs, showing improved 

ability of ANNs in prediction compared to 

other computational techniques (Rooki et al., 

2014). 

Table 1. Input parameters for hole cleaning 

evaluation using BPNNs or MLR 
Input Parameters Output Parameter 

Wellbore Size & geometry  

Drilling RPMs  

Annular velocity  

Quality (for foam drilling) Cutting 

Wellbore eccentricity Concentration 

Temperature (in %) in the 

Bottom Hole Pressure well bore 

Cutting Size  

ROP (average & Max.)  

Mud density & viscosity  

Pump rate  

 

Drill string vibrations (axial, lateral, and 

torsional) are a frequent problem hindering 

smooth and optimum drilling conditions. The 

interaction of drill bit and BHA with the 

borehole walls results in bit bounce, backward 

/ forward whirl and overtorqued joints, causing 

damaged BHA parts, in-creased non-

productive time and significant decline in the 

drilling rate. However, monitoring of drilling 

parameters influencing the growth of 

vibrations can help the driller to improvise on 

base control parameters (RPM, WOB, TOB 

etc.) as necessary to avoid vibration 

conditions, optimize the drilling procedure and 

maintain the ROP. An understanding of the 

interaction of various drilling parameters 

generating DS vibrations and the case-specific 

influence of different parameters in their 

intensification requires means of recognizing 

complex behaviors, patterns and relationships 
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between control parameters. This is where 

ANNs have been successful in ROP modelling 

and predicting the behavior of control 

parameters towards the possible accumulation 

of vibrations. Introduction of control 

parameter (Surface and downhole RPMs, 

WOB, DS formulation, TOB, static and 

dynamic downhole friction components, 

formation UCS, Poisson ratio and elastic 

modulus) values in a system trained to identify 

complex pat-terns in order to determine the 

probability of DS vibrations can not only be 

used to model the vibrations in well planning 

phase but also to man-age them in real-time 

and maximizing the ROP. The system can be 

trained either by analyzing vibration data from 

historical cases or by running simulations on 

an experimental setup (Esmaeili et al., 2012). 

 

ANNs, with their continuous learning and re-

fined predicting capabilities, are also the next 

step forward in the development and up-

gradation of DS behavior modelling devices 

and real-time BHA monitoring tools. Selection 

of appropriate operating parameters is, of 

course, a complicated task for modelling a 

non-linear, multi-output, dynamic drilling 

system. However, real-time historical DS 

dynamics data from MWD and LWD tools 

(MWD LWD reports) and downhole sensor 

data for dynamic state of BHA during field 

tests in various drilling scenarios can be of 

vital importance in the assortment of control 

parameters and in developing the database for 

the tool. The selected input-output parameters 

(DS, borehole, drill-mud and formation 

characteristics), along with the generated 

datasets, can be used for training of the ANN 

tool. Experiments and tests based on the 

approach have depicted encouraging results 

due to the general agreement between the 

modeled response and actual measured BHA 

response. Furthermore, repeated tests and 

research has also laid down general-purpose 

criteria for selection of critical input-output 

parameters and for representative data for 

database building & for training of the tool 

(Dashevskiy et al., 1999). ROP improvement 

is essentially related to keeping the drill bit 

parameters compatible with the forma-tion 

geology and the borehole conditions. To 

enhance downhole bit hours and improve the 

overall ROP efficiency, it is crucial for the rig-

site drilling engineers to make well-informed 

decisions based on a combination of both live 

well feed and offset well data. To achieve this, 

an ANN bit usage opti-mization system can be 

developed to check bit compatibility with the 

formation and to manage control parameters 

based on real-time data to ascertain the 

maximum possible bit running length at the 

high-est feasible drilling rate. Such a tool can 

help attain extended bit and BHA tool life and 

lesser NPT by reducing the number of trips. 

The input rock, DS and bit parameters for the 

tool development can be chosen based on the 

well feed and offset log information on 

downhole lithology and conditions, and the 

tool can be trained for the current bits‘ (chosen 

during the planning phase) specific structure, 

ma-terial, geometry and wear rate. 

Improvisations can then be made to maximize 

the bit life by manag-ing its dull condition and 

the drilling efficiency by increased ROP (Gidh 

et al., 2012). 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Figure 8: Basic workflow of the tool 

and data transfer mechanism (Gidh et al., 

2012) 

 

5.2 Well Integrity 

The focus of artificial intelligence has not 

evaded the difficulties faced in maintaining a 

stable well-bore while drilling due to complex 

lithology and abnormal pore pressure values. 

In many instances, these discontinuities and 

stressed conditions lead to many wellbore 

issues such as lost circulation, downhole kicks, 

wellbore leakages (drillstring or casing) and 

even stuck-pipe situations. To assist in 

sustaining the well integrity, AI tools such as 

ANNs and fuzzy reasoning can be employed 

to analyze the stability of the designed / being-

drilled wellbore in a particular in-situ stressed 

environment having a specific geological order 

and rock strengths, a definite hydrostatic and 
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fracture gradient, assigned drilling fluid 

properties and distinct configuration of drill. 

The stability results achieved as the output for 

historical test cases are compared with actual 

field results to deter-mine the level of 

agreement between them, impart-ing increased 

reliability and confidence in the applicability 

of the tool. Further up-gradation in the tool by 

considering additional failure mechanisms A 

visual clarification on how well stability 

prediction technique may work using an ANN 

is shown in figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Predicting wellbore instability by 

ANNs (Jahanbakhshi and Keshavarzi 2012) 

5.3 Operational Troubleshooting 

Despite proper well-planning, use of downhole 

data sensors, optimized procedures and expert 

rig crew, drilling issues occur when drilling 

deep, or directional. Most of the minor 

problems occurring while drilling an interval 

are resolved through technical referral of real-

time data documents, such as the daily drilling 

reports (DDRs), end of interval reports 

(EOIRs) and end of well report (EOWR). 

These data documents, in later instances, are 

the basis for formulation of large databases 

and infor-mation portals that serve as the basis 

for applicability of AI tools such as ANNs and 

fuzzy reason-ing devices. In the recent years, a 

frequently en-countered drilling hitch that has 

been significantly reduced with the aid of AI 

tools is the differential sticking of the drill 

pipe. The research work to accurately predict 

stuck pipe before reaching the region of 

concern has considerably increased after 2006 

and a lot of reference datasets have been 

developed for pre-estimation of stuck pipe as 

well as for quantifying the force for freeing the 

stuck pipe. Furthermore, AI methodologies for 

determination of the free point on the string 

for fishing of the stuck section are being built 

and upgraded over the last three years.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Real-time data feed, processing and 

log-plot output from network (Siruvuri et al., 

2006) 

As derived by experts, the most feasible 

approach for prediction of differentially (or 

mechan-ically) stuck pipe is, yet again, 

through the use of ANNs. The ANN or BPNN 

tools developed af-ter 2011 are able to 

accurately forecast the risk of stuck pipe at a 

depth region not only during well planning but 

also in real-time. Analyzing the input through 

a database with DDR, EOIR and EOWR data 

from hundreds or thousands of wells and using 

a network of 2-3 fully interconnected feed 

forward hidden layers (with back propagation 

learning rule), convolutional models based on 

constraints of several drilling variables have 

been developed and have been observed to 

automatically detect the control parameters of 

concern. These parameters can then be altered 

as per expert opinion to avoid the prob-lem in 

real-time. In order to test the accuracy and 

error percentage, a series of test trails or 

simulations on already drilled cases can be run 

(Shadizadeh et al., 2010). 
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For illustrative and explanatory purposes, the 

output can also be shown in a well-log form 

along with the variation in several input 

parameters (Siruvuri et al., 2006). A simplified 

layout summarizing the technique is presented 

in figure 10. Sample in-put parameters such as 

differential pressure; mud plastic viscosity, 

pH, chloride content, gel strength, yield point, 

drilling ROP, mud annular velocity, RPMs and 

geometric factor have been plotted with the 

probability of stuck pipe in the last log table. 

This provides an opportunity of real-time 

monitoring of probable stuck pipe conditions, 

understand-ing its source and prevention 

measures and, if successfully prevented, 

saving a lot of cost capital on fishing 

procedures. In case of fishing operations, a 

similar approach using ANNs can also be 

utilized to estimate the free point on the stuck 

pipe. Similar to the above method, the model 

will require mud properties, RPM, ROP and 

some base control data to analyze it through 

fishing operations report data from numerous 

wells with acceptable accuracy. The system 

can also benefit wireline logging time 

reduction during drilling (Nejad and Shahbazi 

2013). 

 

5.4 Pattern Recognition 

In systematically intelligent tools, irrespective 

of the approach (ANNs, CBR or generic algo-

rithms), the basis for evaluation of parameters 

is a vast dataset consisting of relevant 

information on hundreds or thousands of 

historical cases. This implies that whenever a 

new problem in a specific drilling sector 

emerges, a formatted case-study is built and 

added to the database along with the previous 

events. A sequential feed of such data (or-

derly arranged by well depths, dates, area, 

costs or adopted procedures) provides a smart 

system that can compare an input feed to a 

particular range of data and leave out the rest 

of database to reduce er-ror risk and increase 

decision accuracy. For exam-ple, an input feed 

for a well 900m deep will only be evaluated by 

the data in the range shallow wells and will not 

process it through the data on mid-range and 

deep wells. Such prediction methodology has 

been further developed and upgraded to 

intellectually recognize input feeds and 

evaluate them for specific datasets. Over the 

years, based on this technique, modelling 

systems and inspection methods have been 

developed and utilized in the drilling industry, 

some of which are mentioned below (figure 

11). 

 

 

 

 

 

Figure 11. Application of AI in case-based 

pattern recognition and improvisation 

 

Real time drilling risk indication is a key 

factor in pre-estimating possible drilling 

incidents, determining their root causes, 

evaluating the level of risk as-associated, 

suggesting prevention or control measures and 

modifying control parameters as necessary to 

evade the situation. For real time detection, it 

is critical for the AI tool system to be able to 

detect major fluctuations from the real-time 

feed of data that is being transmitted from the 

storage computer (or directly from field 

sensors). Lian, Zhou and Huo (2010) labelled 

this advanced recognition technique as the 

signal changing tendency rate automatic ex-

traction technology. Based on fuzzy (or case-

based) reasoning method, a base comparison 

of live-feed with the database reference sets 

and prompt indication on deflection between 

the actual and reference function values can 

estimate drilling risk in early time and can 

even be applied for live downhole monitoring 

of control parameters. Even a base comparison 

with such a reasoning system having a vast 

database with a wide range of incident-prone 

values of control parameters (hook load, 

WOB, downhole torque, RPMs) can provide 

continuous average risk values with occasional 

peaks and compare it with maximum and 

minimum base references for accu-rate and 

reliable drilling risk detection. One simple 

example for application of such a system 

would be an early indication of downhole kick 

by prompt detection of rapid and intense 

fluctuations in the feed from flow-rate sensors 

and then later from gas level (in mud) 

surveying sensors (Lian et al., 2010). 

 

The developed drilling equipment condition 

recognition tool is primarily based on a ANN 

sys-tem that determines the state of the drilling 
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system by evaluating the condition of the 

drilling compo-nents (drillstring, drill bit, 

surface equipment, mud etc.) with respect to 

the formation being drilled and control 

parameters (WOB, RPMs and mud flow rate) 

in place (either real-time or modeled) to opti-

mize the drilling efficiency. Like other 

systems, the technique is based on the 

comparison and intelli-gent detection of the 

input data from a wide range of datasets and 

comparisons between the fed data and the 

information from previous case histories. Af-

ter initial training of the network system, it 

takes in the above mentioned control data in a 

digital for-mat (can also be directly from field 

sensors via stor-age computer) and, based on 

the selected equipment (bit, MWD tool, motor, 

pumps, RSS etc.) estimat-ing the downhole 

condition in real-time (Yamaliev et al., 2009). 

For example, the application for con-dition 

evaluation of an insert bit in a hard environ-

ment is visually elaborated in figure 12. 

Similar predictions can be obtained for other 

drilling equip-ment with the AI tool. 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Detection of bit condition based on 

drilling environment and control parameters 

using intelligent AI tool 

 

5.5 Procedural Decision-Taking 

The selection of feasible drilling procedures 

(underbalanced, overbalanced, jet drilling etc.) 

and sub-methods in terms of improved 

production, re-duced costs, time saving and 

technical compati-bility is always critical to 

the final well condition and requires in depth 

consideration of many drilling parameters 

beforehand. One of such decisions is the 

choice of drilling in unconsolidated sandstone 

reservoirs (foam, air or wash-back) to avoid 

the un-desirable flow of loose sand particles 

into the well and cause jamming of pump. 

Popa, Malamma and Hicks (2008) applied 

case-based reasoning (CBR) to aid in the 

selection of the optimum hole-cleaning 

procedure in shallow unconsolidated sands. 

For reasoning evaluation, a database 

containing detailed information on production 

operations and well in-terventions from nearly 

5000 wells was built over a period of almost 

three years. To improve the de-cision 

reliability and provide factual evidence for 

reasoning on the proposed solution, a small 

data-set of renown case-studies (on adopted 

procedures in loose sands) was collected. 

Initial test runs on a ran-dom set of case-

studies yielded 80% similarity be-tween the 

methods proposed by the AI tool and the ones 

actually implemented on the field by experts. 

However, the tool is under further up-

gradation and revision before being actually 

employed by the op-erators for aid in crucial 

decision-making. 

 

Current Technology Gaps of AI 

Applications in Drilling System Design and 

Operations 

 

With the recent successful implementation and 

result of AI as intelligent systems tools in E & 

P industry, it is becoming explicit that our 

industry has realized the importance 

applicability of the in-telligent model solving 

several disciplinary related problems. 

 

The technique has been successfully used in 

areas of drilling for prediction, monitoring, 

fore-casting and many other area but has not 

been utilized the decision making of drilling 

equip-ments/machineries. There is a need for 

further research for development of AI 

applications in drilling equipments or 

materials method selection. To date, there 

exist no literature or research works done or 

adopted to drilling equipments/machineries 

used during the drilling process of a well. 

 

As the drilling industry is a technology depen-

dent industry. Therefore, any sorts of tools that 

can improve the drilling operation, most 

especially for candidates selection of 

equipment are essential and are demanded 

during planning and during plan ex-ecution. 

With various drilling equipments and ma-

terials available in the market and 

advancement in technology being integrated in 
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many rig system for safety, better performance 

and cost effective, care must be taken in 

choosing the right material or equipments 

meeting the needs. 

 

As every decision-making process provides a 

fi-nal option and requires identifying options 

before-hand. The application can add value to 

operations and serve as guide on which 

equipments or ma-chineries to use as related to 

drilling system design and operations. A good 

implementation of artificial intelligence 

techniques will inevitably lead to facil-itating 

solution of repetitive problems and improves 

the reasoning in making the right choice and 

solv-ing the long standing problems in the 

selection of drilling materials or equipments. 

7 Conclusions 

 

Through this review work, it has been pointed 

out that the AI methodology in the oil and gas 

in-dustry has been employed by different 

segments in petroleum industry. Its techniques 

and applications have makes huge impact at 

different applications leading to time saving, 

minimizing risk, saving cost, improving 

efficiency and solving many optimiza-tion 

problems. 

 

The oil and gas industry today has made 

exten-sive progress in improving the drilling 

performance by adding high-tech downhole 

tools and sensors, modifying classical drilling 

procedures and using state-of-the-art surface 

rig systems. However, little 

Table 2. Timeline AI techniques application in 
drilling practices 

Drillin
g 
Sector 

Application AI 
Appr
oach 
Ap- 

Researcher(s) Year 

Well 
Plan 
ning 

Bit selection ANN National Oilwell 
Varco 

2013 

Gradient 
prediction 

GRN
N 

Sadiq and Nashwi 2000 

Casing 
collapse 
prediction 

BPN
N 

Salehi, Hareland, 
Ganji, Keivana and 
Abdol- lahi 

2007 

Cement 
Quality 
performance 
estimation 

ANN Fletcher, Coveney 
and Methven 

1994 

Offshore 
platform 

Hybri
d(BP

Wang, Duan, Liu 
and Dong 

2011 

selection NN- 
GA) 

Directional 
ping 

map- 
CBR 

Mendes, 
Guilherme and 
Morooka 

2011 

Proce
dural 

BHA 
monitoring 

ANN Dashevskiy, 
Dubinsky and 
Macpherson 

1999 

Optimi
zation 

    

Bit wear 
control 

ANN Gidh, Purwanto 
and Ibrahim 

2012 

Drag and 
slack-off 

ANN Sadiq and Gharbi 1998 

load 
prediction 

   

DS 
vibration con 
trol 

ANN Esmaili, Elahifar, 
Thonhauser and 
Fruhwirth 

2012 

Hole cleaning 
effi- ciency 
estimation 

BPN
N/M
LR 

Rooki, Ardejani and 
Moradzadeh 

2014 

Well  
Sta 
bility 

Kick, loss, 
leakage 
monitoring 

ANN Jahanbakhshi and 
Keshavarzi 

2012 

Proble
m 
Solvin
g  

Stuck-pipe 
control and 
corrective 
mea sures 

BPN
N 
/(AN
N-
GA) 
Hybri
d 

Shadizadeh, Karimi 
&  Zoveidavianpoor 

2010 

Siruvuri,  
Nagarakanti & 
Samuel  
Nejad and Shahbazi 

2006 
 
 
2013 

Patter
n 
Recog
nition 

Real-time 
drilling 

FR / 
CBR 

Lian, Zhou, Zhao 
and Hou  

2010 

Drilling 
equipment  

ANN Yamaliev, Imaeva 
and Salakhov  

2009 

Determinatio
n of Critical 
condition 

CBR Popa, Malma and 
Hicks 

2008 

Decision 
Making 
feasible 
drilling 

    

procedure 
as per drilling 
conditions 

   

 

progress has been made on optimizing the 

adopted drilling processes based on the ever-

valuable histor-ical and offset drilling data 

available. Equipping the driller and engineers 

with concrete and rapid deci-sions based 

primarily upon real-time offset or case-based 

field data is now the key to increased operat-

ing efficiency and lower costs. The indulgence 
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of artificial intelligence in drilling decision 

making is, thereby, aimed to provide the 

decision-makers on-spot precise and accurate 

information on downhole drilling conditions 

by replacing the repeatedly erro-neous human 

factor in applying base control vari-ables such 

as WOB, RPM, mud rheology, rig set-tings 

and many more. 

 

The prime benefit of employing AI tools to 

guide the planning, optimization and problem-

solving aspects of the drilling process is the 

ratio-nal on-field decision making based 

purely on doc-umented field evidence. The 

overall results on the implementation of 

ANNs, fuzzy tools, generic algo-rithms and 

support vector machines in drilling as-

sessment, whether in modelled comparisons or 

in test field trials, have so far been highly 

encouraging and demand dedicated research 

and development of the AI tools for 

professional industrial usage and trend-setting. 

This, in terms, can lead to substantial drilling 

improvements such as economic and effec-tive 

rig and DS selections, consistent maximum 

fea-sible ROP throughout drilling, extended 

bit and tool life, highly reduced NPT, 

increased wellbore stabil-ity, reduced real-time 

procedural risks and efficient and accurate 

management of complicated drilling incidents. 
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Abstract 
The use of SCM‟s (Supplementary Cementitious Material) was done from the ancient Greeks who 

incorporated volcanic ash with hydraulic lime to create a cementitious mortar. Early SCMs consisted of 

natural, readily available materials such as volcanic ash. Nowadays, most concrete mixture contains SCM 

that forms part of the cementitious component. These materials are majority byproducts from other 

processes or natural materials. This paper also reviews the use of poultry waste in concrete through the 

development of concrete incorporating eggshell powder (ESP). More recently, strict air-pollution controls 

and regulations have produced an abundance of industrial byproducts that can be used as supplementary 

cementitious materials such as Saw dust ash, Rice husk ash, Egg shell powder, Sugarcane bagasse ash, 

etc. The use of such byproducts in concrete construction not only prevents these products from being land-

filled but also enhances the properties of concrete in the fresh and hardened states. This paper presents a 

brief history and review of Egg shell powder in concrete with the aim of introducing the technology.  

 

Keywords:Supplementary Cementitious Material, eggshell powder, concrete, compressive strength; 

water absorption.  
 

I. INTRODUCTION  

Malaysian is one of the largest eggs eaters in the 

world consumed 20 million egg daily. Most of the 

eggshell waste is commonly disposed in the landfills 

without pretreatment because it was traditionally 

useless. Although eggshell is known as natural solid 

waste which is non-hazardous, it may attract rats and 

worms due to the organic protein matrix that may 

pose health problem to the public. Concrete is a 

mixture of different materials like binder (cement), 

fine aggregate, coarse aggregate and water. Use of 

concrete is very large so availability of natural 

material is reduced and there is no material which 

plays the role of this ideal material. So to fulfill the 

requirement of industries we have to replace fully or 

partially all the materials. In India number of waste 

materials is produced by different manufacturing 

companies, thermal power plant, municipal solid 

wastes and other wastes. Egg shells are agricultural 

throw away objects produced from chick hatcheries, 

bakeries, fast food restaurants etc. which can damage 

the surroundings and as a result comprising 

ecological issues/contamination which would need 

appropriate treatment. Egg shell also creates some 

allergies when kept for longer time in garbage. Use of 

egg shell waste instead of natural lime to replace 

cement in concrete can have benefits like minimizing 

use of cement, conserving natural lime and utilizing 

waste material. Egg Shell Powder (ESP) is the fine 

grained powder with suitable proportion which is 

sieved to the required size before use with 

concrete/mortar.  

In 2004 ASTM International C150 allowed 

incorporation of up to a 5 % mass fraction of 

limestone in ordinary Portland cement. Hawkins et al 

(2003) reported that use of up to 5 % limestone does 

not affect performance of Portland cement. 

Furthermore, Bentz et al (2009) reported that higher 

limestone percentage can also be used in concrete at 

lower w/c ratios. Limestone powder substitution for 

cement makes sense in concretes saving money and 

energy and reducing carbon dioxide emissions. 

However, as limestone is a natural mineral resource, 

quarrying and consequent prolonged use of limestone 

may again lead to problems associated with 

environment and sustainable development. 

Furthermore, lime production involves energy 

intensive process and consumes water. Therefore, 
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identifying analogous material from waste and using 

the same in concrete production could be a wise idea.  

Calcium rich egg shell is a poultry waste with 

chemical composition nearly same as that of 

limestone. Use of eggshell waste instead of natural 

lime to replace cement in concrete can have benefits 

like minimizing use of cement, conserving natural 

lime and utilizing waste material. According to a 

study eggshell waste generation in India, the United 

States and the United Kingdom is 190000, 150000 

and 11000 tonnes per annum respectively. Eggshell 

waste can be used as fertilizer, animal feed 

ingredients and other such uses. However, majority of 

the eggshell waste is deposited as landfills. Eggshell 

waste in landfills attracts vermin due to attached 

membrane and causes problems associated with 

human health and environment. Few investigations 

were conducted to use eggshell waste in civil 

engineering applications.  

This study was aimed to use ESP in concrete. 

Although eggshell is calcium rich and analogous to 

limestone in chemical composition, it is a waste 

material. Therefore, to initiate use of eggshell waste 

for partial replacement of cement in concrete, there is 

a need to understand concrete properties made with 

eggshell powder. Thus, the primary objective of this 

study was to understand the possibilities of use of 

ESP in concrete. Investigations were systematically 

conducted on performance of ESP concretes in terms 

of strength properties like compressive strength and 

splitting tensile strength and transport properties like 

water absorption and sorption.  

An investigation of eggshell powder as potential 

additive to concrete. In this investigation, five 

different percentages of eggshell powder with respect 

to cement were added into the concrete mix of Grade 

25. The materials used were mainly Portland cement, 

crushed sandstone, river sand, plasticing accelerator 

and eggshell powder. From the investigation, all the 

slump results of eggshell concrete were at medium 

degree of workability ranging from 65-75 mm. 

Eggshell concrete of 10% achieved the highest 

compressive strength at 42.82 N/mm2 which is 57% 

higher than the control specimen. There is an 

increasing trend of flexural strength from 2.36 to 3.50 

N/mm2 with the increase of eggshell powder from 0 

to 20%. Besides that, the eggshell concrete has shown 

significant reduction in water absorption and water 

penetration.  

Flexural strength test is to determinen the ability of 

unreinforced concrete to resist failure of beding 

moment. Flexural strength test is only conducted on 

concrete of 28 days. The result of flexural strength for 

concrete with different percentage of eggshell powder 

as filler is tabulated in Table III. Fig. 4 shows the 

effect of eggshell powder as filler to the flexural 

strength of concrete. From Fig. 4, it is shown that the 

flexural strength of concrete increases as the 

percentage of eggshell powder as filler increase in the 

concrete mix. All the concrete mix with eggshell 

powder shows higher flexural strength compared to 

the control concrete. It is suggested that eggshell 

powder is a suitable filler that could improve the 

flexural strength of concrete.  

Compressive strength test is one of the most 

important properties for hardened concrete. In this 

investigation, concrete of different proportion of 

eggshell powder of filler are tested at 3, 7, and 28 

days.  

Slump test is to determine the workability of concrete 

prior to casting. In this investigation, slump test are 

carried for concrete with different percentage of 

eggshell filler namely 0%, 5%, 10%, 15% and 20%.  

Water penetration test is to determine the 

permeability and durability of concrete which is 

specified by BS EN-11390. The concrete specimen 

with age 28 days were used in this investigation. The 

depth of is indicated as the water penetration  

Eggshell consists of several mutually growing layers 

of CaCO3, the innermost layer-maxillary 3 layer 

grows on the outermost egg membrane and creates 

the base on which palisade layer constitutes the 

thickest part of the eggshell. The top layer is a 

vertical layer covered by the organic cuticle. The 

eggshell primarily contains calcium, magnesium 

carbonate (lime) and protein. In many other countries, 

it is the accepted practice for eggshell to be dried and 

use as a source of calcium in animal feeds. The 

quality of lime in eggshell waste is influenced greatly 

by the extent of exposure to sunlight, raw water and 

harsh weather conditions. It is the fine grained 

powder with suitable proportion which is sieved to 

the required size before use with concrete/mortar.  
Fig1. Egg shell powder  

Fly ash is a fine, glass powder recovered from the 

gases of burning coal during the production of 

electricity. These micron- sized earth elements consist 

primarily of silica, alumina and iron. When mixed 

with lime and water the fly ash forms a cementations 
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compound with properties very similar to that of 

Portland cement. Because of this similarity, fly ash 

can be used to replace portion of cement in the 

concrete, providing some distinct quality advantages. 

Depending upon the source and makeup of the coal 

being burned, the components of fly ash vary 

considerably, but all fly ash includes substantial 

amounts of silicon dioxide (both amorphous and 

crystalline) and calcium oxide, both being endemic 

ingredients in many coal bearing rock strata. Fly Ash 

by itself has little cementatious value but in the 

presence of moisture it reacts chemically and forms 

cementatious compounds and attributes to the 

improvement of strength and compressibility 

characteristics of soils. It has a long history of use as 

an engineering material and has been successfully 

employed in geotechnical applications.  

Since the Egg shell is having a very low silica 

content, Silica fume is added as an admixture with the 

Concrete to provide the necessary strength and the 

addition will increase the durability of concrete in the 

Chlorine Environment.  

 

 
Fig2. Fly Ash  

II. LITERATURE REVIEW  

Amarnath Yerramala [1] studied the Properties of 

concrete with eggshell powder as cement 

replacement. In his paper he described the research of 

use of poultry waste in concrete through the 

development of concrete incorporating eggshell 

powder (ESP). Different ESP concretes were 

developed by replacing 5-15% of the egg shell 

powder for the cement.  

D.Gowsika [2] experimentally investigated the ESP 

as Partial Replacement with Cement in Concrete. His 

paper reported the results of experiments evaluating 

the use of egg shell powder from egg production 

industry as partial replacement for ordinary Portland 

cement in cement mortar. The chemical composition 

of the egg shell powder and compressive strength of 

the cement mortar were determined. The cement 

mortar of mix proportion 1:3 in which cement was 

partially replaced with egg shell powder as 5%, 10%, 

15%, 20%, 25%, 30% by weight of cement. The 

compressive strength was determined at curing ages 

of 28 days. There was a sharp decrease in 

compressive strength beyond 5% ESP substitution.  

Praveen Kumar R [3] experimentally investigated 

the Partial Replacement of Cement with Egg Shell 

Powder. The aim was to study the chemical 

composition of the egg shell to find its suitability of 

replacement in the concrete. To examine the 

feasibility of utilizing the egg shell and silica fume as 

cement replacement material. To study the strength 

parameters of the egg shell powder mixed specimens 

and to compare it with conventional specimens. The 

scope of the study was to cast the concrete specimens 

and conduct the compressive strength test, split 

tensile strength test and flexural strength test at 7th & 

28thday, with the specified combinations of egg shell 

powder and compare it with the controlled concrete 

specimens.  

Freire [4] carried out the investigation on egg shell 

waste and found out its use in a ceramic wall tile 

paste. Based on the presence of CaCO3 in egg shell it 

can be used as an alternative raw material for the 

production of wall tile material. It was also found that 

egg shells can be used as an excellent alternative 

material for the reuse and waste recycling practices.  

Amu [5] carried out the experiment and stated that 

common salt with egg shell on lateritic soil obtained a 

good compliment for egg shell as a useful stabilizer 

for road works. By adding 2-10 per cent of common 

salt with optimum egg shell powder Stabilization can 

be obtained. The result showed that the addition of 

common salt improved the compaction and CBR 

characteristics of egg shell stabilized soils.  

Okonkwo [6] concluded in his research that Egg 

Shell ash can be used as an alternate for cement 

which resulted in higher compressive strength on soil. 

Constant Cement of 6 and 8 per cent added with the 

egg ash powder of 0-10 per cent at 2 per cent 

intervals showed 35 per cent increase in compressive 

strength but fell short of the durability characteristics.  

Dinesh [7] has conducted the experiment by 

replacing fine aggregate by rice husk ash and egg 

shell powder. He replaced the Egg shell up to 10%, 

20%, 30%, 40% & 50% using M25 grade concrete. 



 

International Journal of Applied Sciences and Technology 
ISSN No2347-6281, Vol.9, Issue No:2, : Mar-Apr, 2021 

 

 

 

 39 

He conducted test for the intervals of 7 days, 14 days 

and for 28 days. Based on the analysis in the present 

experimental work, he concluded that the tensile 

strength, flexural strength was decreased with 

increasing egg shells percent. The compressive 

strength of the concrete was to meet required strength 

with 20% of the egg shell at the same time weight of 

the cubes were reduced up to 2-2.8kg.  

Mahendra Prasad [8] had done the research to 

investigate the workability and flexural strength of 

cement concrete containing silica fume and 

polypropylene fibers. Silica fume content used was 

0%, 5%, 10% and 15% by replacement of equal 

weight of cement in concrete. Polypropylene fibers 

were added in 0%, 0.20%, 0.40% and 0.60% by 

volume fraction of concrete. Silica fume appeared to 

have an adverse effect on the workability of fiber 

concrete.  

Praveen Kumar [9] investigated the combination of 

Egg shell with silica fumes and used in different 

combinations to find the feasibility of using Egg shell 

as an alternate to cement. Egg shell powder were 

replaced 10%, 20% and 30% in addition with the 

silica fume by 5%, 10%, 15% of weight of cement in 

the M30 concrete. The compressive strength of 

concrete with egg shell powder increased up to 15 

percent without silica fume. Addition of silica fume 

also enhanced the strength but in economical point of 

view only the egg shell powder replacement was 

sufficient enough for getting higher strength. weight 

of cement in the M30 concrete. The compressive 

strength of concrete with egg shell powder increased 

up to 15 percent without silica fume. Addition of 

silica fume also enhanced the strength but in 

economical point of view only the egg shell powder 

replacement was sufficient enough for getting higher 

strength.  

III. CONCLUSION  

After studying the various researches done by various 

authors, Following conclusions are drawn:  

1. Compressive strength increases with increase of 

percentage of Egg shell powder up to certain limit.  

2. The intial and final setting time of cement is 93 and 

210 minutes.  

3. The hardness and specific gravity were increased 

with increasing ESP.  

4. Better mechanical and physical properties of 

concrete can be obtained with the replacement of 

cement with Egg shell powder in mix.  

5. The workability of concrete is decreased by 

increasing the amount of Egg shell powder.  

6. The results demonstrated that, irrespective of ESP 

percentage replacement there was good relationship 

between compressive strength and split tensile 

strength.  
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Abstract 
 

Six Sigma is a highly disciplined process that helps a company focus on developing and delivering near-

perfect products and services. Six Sigma has penetrated into most sectors of today‘s business world. 

Although Six Sigma originated in industry, it has inspired a considerable amount of academic literature. 

The bulk of the work in a Six Sigma project would be in defining failures, measuring deviations and 

other activities which ultimately lead to product quality. In fact, Six Sigma is used as a term for a 

management style, with the ultimate goal of high levels of customer satisfaction. Six Sigma sets the goal 

so high it forces you to reexamine the way you do the work. It gives you a business focus, not a defect 

focus. If we can measure how many ―defects‖ we have in a process, we can systematically figure out how 

to eliminate them and get as close to ―zero defects‖ as possible. Motorola in the 1980s started the use of 

Six Sigma and now-a-days it has a vital importance in industries fields like as quality developing, 

production, maintenance, marketing and becomes in commercial field. The name Six Sigma suggests a 

goal of less than 3.4 defects per million opportunities (DPMO) for every process. 

 

Keywords: Six Sigma, DPMO 

 
1. Introduction: Six Sigma is a highly disciplined 

process that helps a company focus on developing 

and delivering near-perfect products and services. 6-

σ is the relentless quest for perfection through the 

disciplined use of fact-based, data-driven decision 

making. 6-σ is the way we will take the collective 

intelligence and abilities of our employees, dealers 

and suppliers, and channel them to our highest 

priorities to satisfy all our stakeholders. Six Sigma 

has penetrated into most sectors of today‘s business 

world. Although Six Sigma originated in industry, it 

has inspired a considerable amount of academic 

literature. Six Sigma is providing a focus and 

framework for doing more of the improvement work 

(based on quality technology and applied statistics). 

6- σ is an integrated, disciplined, proven approach 

for improving measurable results for any 

organization.  

―The bulk of the work in a Six Sigma project would 

be in defining failures, measuring deviations and 

other activities which ultimately lead to product 

quality. In fact, Six Sigma is used as a term for a 

management style, with the ultimate goal of high 

levels of customer satisfaction. Six Sigma sets the 

goal so high it forces you to reexamine the way you 

do the work. It gives you a business focus, not a 

defect focus. If we can measure how many ―defects‖ 

we have in a process, we can systematically figure 

out how to eliminate them and get as close to ―zero 

defects‖ as possible. 

Six Sigma uses a set of strategies, statistics and 

methods to improve the processes we use to do 

everything from designing to manufacturing a 

product; from marketing products and services to 

providing business information to our internal and 

external customers. By applying the rigorous 

practices of 6 Sigma we can achieve breakthroughs 

in financial and quality performance that would 

otherwise be unattainable‖. [1] 

At the beginning, the 6- σ initiative was designed to 

change the culture in Motorola through better quality 

control and improvement. Then, over the years, it 

has been developed as the breakthrough 

improvement in all aspects of the business. The 

successful implementation of 6- σ in Motorola led to 

a period of unprecedented growth and sales. The 

remarkable achievement was being recognized with 

the Malcolm Baldrige National Quality Award. The 

name Six Sigma suggests a goal of less than 3.4 

defects per million opportunities (DPMO) for every 

process. In more recent years other companies have 

reported significant improvement on the bottom line 

using this strategy. As well as a second phase, Many 

organization deployed Design for Six Sigma 
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(DFSS). The application is not a set of tools, or a 

force for cost reduction, but rather a profound 

change in corporate culture, changing way of doing 

business. IBM and Sony successfully followed 

Motorola in implementing 6-σ. Design for Six 

Sigma or DFSS is about developing a new product 

or service that is defect free. DFSS combines many 

of the tools that are used to improve existing 

products of services and integrates voice of the 

customer and simulation methods to predict new 

process and product performance. 

―Design for Six Sigma (DFSS) can be seen as a 

subset of Six Sigma focusing on preventing 

problems, instead of just fixing them. While it shares 

many of the principles of Six Sigma, DFSS goes 

further upstream to recognize that decisions made 

during the design phase profoundly affect the quality 

and cost of all subsequent activities to build and 

deliver the product.‖[1] 

2. Definition Of 6-σ : Six Sigma have a vital role in 

business field. A number of businessmen and 

experts define it in a various ways as follows- 

―Six Sigma is arguably a very clever way of 

branding and packaging many aspects of Total 

Quality Management that exist in their own right, 

regardless of the development of six sigma.‖ Six 

Sigma is lots of different things because it had 

different meaning over time and also because it is 

now interpreted in increasingly different ways.  

Industry says Six Sigma is- 

―A data driven method for achieving near perfect 

quality. Six Sigma analysis can focus on any 

element of production or service and has a strong 

emphasis on statistical analysis in design, 

manufacturing and customer-oriented activities.‖ 

Six Sigma according to Motorola- 

Six Sigma at three different levels: 

1. As a metric  

2. As a methodology  

3. As a management system  

Essentially, Six Sigma is all three at the same time. 

―...Six Sigma as a metric: The term ―Sigma‖ is 

often used as a scale for levels of goodness or 

quality. Using this scale, Six Sigma equates to 

3.4 defects per one million opportunities 

(DPMO).Therefore, Six Sigma started as a 

defect reduction effort in manufacturing and was 

then applied to other business processes for the 

same purpose..‖ 

―..Six Sigma as a Methodology: As Six Sigma 

has evolved there has been less emphasis on the 

literal definition of 3.4 DPMO, or counting 

defects in product and processes. Six Sigma is 

business improvement methodology that focus 

an organization.‖ 

―...Six Sigma Management System: Through 

experience, Motorola has learned that disciplined 

use of metrics and application of the methodology is 

still not enough to drive desired breakthrough 

improvements and results that are sustainable over 

time. It derives clarity around the business strategy 

and the metrics that most reflect success with that 

strategy. ‖ 

Six Sigma according to General Electric- 

"...Six Sigma is a highly disciplined process that 

helps us focus on developing and delivering near-

perfect products and services. The word is a 

statistical term that measures how far a given 

process deviates from perfection. The central idea 

behind Six Sigma is that if you can measure how 

many 'defects' you have in a process, you can 

systematically figure out how to eliminate them and 

get as close to 'zero defects' as possible.‖[2] 

Six Sigma according to Isixsigma- 

The Isixsigma organisation, which seems to be the 

biggest online 'community' of Six Sigma 

practitioners, was founded in 2000, and is owned 

and run by a number of 'quality professionals'. 

Isixsigma provides the following main definition of 

Six Sigma 

"...Six Sigma is a rigorous and disciplined 

methodology that uses data and statistical analysis to 

measure and improve a company's operational 

performance by identifying and eliminating 'defects' 

in manufacturing and service-related processes. 

Commonly defined as 3.4 defects per million 

opportunities, Six Sigma can be defined and 

understood at three distinct levels: metric, 

methodology and philosophy.‖ 

3. Literature Review: ―Motorola originally 

developed Six Sigma in 1987 and targeted an 

aggressive goal of 3.4 ppm defects. In 1994 Larry 

Bossidy, CEO of AlliedSignal, introduced Six 

Sigma as a business initiative to ‗‗produce high-level 

results, improve work processes, expand all 

employees‘ skills and change the culture‘‘ Six 

Sigma has been defined in the practitioner literature 

in a variety of ways. This disparity leads to some 

uncertainty and confusion. Consider some of the 

following definitions from the practitioner articles. 

Quality Progress called Six Sigma a ‗‗high-

performance, data-driven approach to analyzing the 

root causes of business problems and solving them‘‘ 

Hahn et al. (2000) described Six Sigma as a 

disciplined and statistically based approach for 

improving product and process quality. On the other 

hand, Sanders and Hild (2000) called it a 

management strategy that requires a culture change 
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in the organization. Recognizing the divergence in 

definitions, Hahn et al. (1999) noted that ―Six Sigma 

has not been carefully defined in either the 

practitioner or academic literature.‖[3] 

Key Element Of Six Sigma : 

3.1 Critical to Quality 

3.2 Defect 

3.3 Process Capability 

3.4 Variation 

3.5 Stable Operation 

3.6 Design for Six Sigma 

3.1 Critical to Quality:  Identifying Six Sigma 

Metrics critical to quality is a significant step in the 

design process of a product or service. In order for 

companies to meet the level of customer satisfaction 

that is expected, Once a project is begun and 

executives have taken the time to find out what the 

customers want or need, it‘s time to start defining 

the critical to quality information. Critical to quality 

measures characteristics of a product or process in 

an effort to meet performance standards or 

specification limits. This is a necessary part of 

customer satisfaction, and is very important to the 

overall success of a company. 

3.2 Defect: Those familiar with Six Sigma know that 

a defect is essentially the failure of a company to 

meet the customer‘s expectations. The first task is to 

find the defect, which comes from listening to your 

customers. Depending on how large your company 

is, you may come across several defects in the same 

department or even across departments. Various Six 

Sigma Tools can be used to decide which defect is 

the worst and should be tackled first. This decision 

should also be based on the impact the defect has on 

profits. Sometimes a defect may appear time and 

time again, but is not affecting the profit margin as 

severely as a problem that appears less frequently. 

Another great resource that can be used to discover 

which defects are affecting the company are the 

people who do the job day in and day out. If you 

work in a manufacturing plant, ask the operators, the 

workers, line supervisors, floor supervisors, and so 

forth. If there is a material issue or some other 

problem, they will know about it, and will be able to 

point out exactly what is happening. 

3.3 Process Capability: ―Process capability analysis 

using a histogram or a control chart is based on the 

assumption that the process characteristics follow a 

normal distribution. While the assumption of 

normality holds in many situation, there are cases 

where the processes do not follow a normal 

distribution. In these cases, it is important to 

determine the appropriate distribution to perform 

process capability analysis.‖[4] 

3.4 Variation: Variation there will always be, 

between people, in output, in service, in product. A 

key element in achieving Operational Excellence is 

to identify sources of variation that affect a process, 

product or service. Once identified the key sources 

can then be earmarked for attention. The current 

focus on Six Sigma, as a methodology to achieve 

Operational Excellence, has at its roots a focus on 

variation. 

There are two basic sources of variation: 

• Common Cause variation  

• Special Cause variation  

Common Cause variation is created by many 

factors that are commonly part of the process, and 

are acting totally at random and independent of 

each other. Their origin can usually be traced to the 

key elements of the system in which the process 

operates. (Materials, Equipment, People, 

Environment, Methods). If only common causes of 

variation are present, the output of a process forms 

a distribution that is stable over time. Special Cause 

variation is created by a non-random event leading 

to an unexpected change in the process output. The 

effects are intermittent and unpredictable. If Special 

Causes of variation are present, the process output 

is not stable over time and is not predictable. All 

processes must be brought into statistical control by 

first detecting and removing the Special Cause 

variation. 

3.5 Stable Operation: Process stability is one of the 

most important concepts of the Six Sigma 

methodology, or any quality improvement 

methodology for that matter. Stability involves 

achieving consistent and, ultimately, higher process 

yields through the application of an improvement 

methodology. ―To help your understand why process 

stability (also known as variation reduction) is 

important, here are a few illustrative concepts: 

 Building widgets to be within customer 

specifications or tolerances: Some variation is 

inherent in the process, but the variation may not be 

wider than the specifications allow, otherwise the 

widget may not fit or function properly. 

 Mailing welcome packages after signing up for an 

online trading account: Customers expect time delay 

in receiving welcome materials due to processing, 

printing, the postal service, etc. 

 Changing the oil in your car is important every 

3000 miles (or now even longer): Adding too much 

or too little oil may cause malfunctioning of your 

engine under certain circumstances.‖[5] 

3.6 Design for Six Sigma: ―Design is a disciplined 

approach combining art and science to produce an 

innovative, technically correct while also 
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reproducible solution to a problem. Both an 

organization‘s products and services may be 

designed to resolve problems and, when the design 

is commercially viable, then the sustained success of 

the business is assured. Designs may be classified as 

either conceptually static or dynamic. A 

conceptually static design has reached a plateau in 

terms of its innovative development. Such a design 

has been developed in an iterative fashion and it has 

converged on a relatively fixed or static design 

concept that is susceptible only to minor 

developments that will enhance capability for 

production, decrease production cost, or correct 

minor defects in design or production. Conceptually 

static design changes are often engineered by the 

production operations group as part of their efforts at 

continuous improvement in the production process 

by reducing its cost and cycle time while improving 

the quality of results. 

On the other hand, conceptually dynamic designs are 

characterized by inherently instable technology that 

has not yet converged into an industry standard 

based on stable design architecture. Examples of 

such convergence include transitions to: IBM 

PC/Windows, VHS tape format, the internal 

combustion engine, etc. In each of these cases, prior 

to market acceptance of the standard, there was a 

turbulent period of dynamic design development in 

which alternative designs fought for customer and 

market acceptance to become a dominant standard. 

Ideas that generate these standards come from the 

whirlwind of dynamic conceptualization and are 

driven by a continuous stream of technological 

innovation so that stability in design of product, 

service and production process cannot lie in a 

dormant condition for long – they must adapt to 

changing conditions of the new reality or become 

extinct in the competitive marketplace.‖[6] 

4. Applications Of Six Sigma: There is a lot of 

industries and domestic business field using the 

concept of Six Sigma now-a-days. Following list 

below which effectively using Six Sigma - 

 Motorola  

 McDonnell Douglas  

 Microsoft  

 Sony  

 Apple Computer  

 Intel  

 Bank of USA  

 Ford  

 Bell Helicopter  

 City of Dallas  

 NASA  

 Pentagon  

 Park view Hospital  

 HP  

 Honeywell  

 US Army  

 US Air Force  

 United Technologies  

 Xerox 

5. Conclusion : Six Sigma improvement projects 

often use explicit goals to motivate performance. 

These types of goals can create the illusion that goal 

setting is solely a technical issue, where managers 

simply set goals on the basis of the desired level of 

performance they want to achieve. If goal setting 

were purely a technical issue, then setting difficult 

goals would always result in improved performance. 

Goal theory indicates that this is not the case. Goals 

perceived as too difficult by organizational members 

can result in lower levels of commitment, which in 

turn decreases performance.Organizational leaders 

must be aware that successful deployment of Six 

Sigma requires not only technical understanding, but 

also behavioral insight. Clearly, there are a wide 

variety of interesting research questions in Six 

Sigma. As practitioners continue to implement Six 

Sigma programs, it will be incumbent on 

academicians to provide well-grounded theories to 

explain and understand the phenomena.Particularly 

in the automotive sector this analysis is pushed 

forward with the help of the Six Sigma approach 

focusing on time values. Further research fields 

include the Six Sigma application for logistical cost 

and quality figures as well. 
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Abstract: 

In this paper we have studyon CNC end milling,o affect of various machining parameters like, tool 

feed(mm/min),speed of tool (rpm), diameter of tool(mm)and depthof cut(mm).this paper is the result of an 

experiment conducted on AL 6351 –T6 material withthreelevels and four factorsto optimize process parameter 

and surface roughness. In this paper we have used a L9 (3*4) Taguchi standard orthogonal array for the purpose 

of designing experiment (DOE).For the purpose of variation calculation we have used Analysis of variance 

(ANOVA) method. The result of the experiment is quality product generation at the end, which contribute in the 

higher and quality productivity. In this experiment we were found that order of significant of main parameter 

decreasing order is Tool feed, Tool speed and Depth of cut. 

KEYWORDS: Tool feed, Tool speed and Depth of cut 

INTRODUCTION 

The end milling process is one of the most fundamental 

processes of the metal removing process. In order to 

obtain better surface roughness in a CNC milling 

operation. The final surface roughness might be 

considered as the sum of two independent effects: 1. the 

ideal surface roughness is the result of the geometry of 

tool and feed rate. 2. The natural surface roughness is a 

result of the irregularities in the cutting operation. Factors 

such as spindle speed, feed rate, tool diameter and depth 

of cut that control the chip formations, or the material 

properties of both tool and work piece are even in the 

occurrence of chatter or vibrations of the machine tool, 

defects in the structure of the work material. In the end 

milling, surface finish and material removal rate are two 

important aspects. Which require attention both from 

industry personnel as well as in Research and 

Development because these two factors greatly influence 

machining performances? 

Importance of End milling Process in present day 

manufacturing 

In present day manufacturing, the most common cutting 

tool used with a vertical mill is an end-mill, which looks 

like a stubby twist drill with a flattened end. An end mill 

can cut into a work piece either vertically, likes a drill, or 

horizontally using the side of the end mill to do the 

cutting. This horizontal cutting operation imposes heavy 

lateral forces on the tool and the mill, so both must be 

rigidly constructed. 

Today, End milling is one of the basic machining 

processes that allow large amounts of material to be 

removed quickly. End milling is a very versatile process 

capable of producing simple two dimensional flat shapes 

to complex three dimensional interlaced surface 

configurations. 

At all types of milling machines, the cutting tool performs 

a rotational motion that is the cutting motion. The rotation 

axis of the tool could be horizontal or vertical, depending 

on machine tool version. The feeding motion is achieved 

either by part or tool or both, usually on three 
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perpendicular directions. In end milling process cutters 

diameter is less than the work part‘s width. 

 

Figure 1.1 Anatomy of End Milling Tool 

 Basic principle of End milling process 

End milling is the most common form of machining, a 

material removal process, which can create a variety of 

features on a part by cutting away the unwanted material. 

The milling process requires a milling machine, work 

piece, fixture, and cutter. The cutter is a cutting tool with 

sharp teeth that is also secured in the milling machine and 

rotates at high speeds. By feeding the work piece into the 

rotating cutter, material is cut away from this work piece 

in the form of small chips to create the desired shape. An 

end mill makes either peripheral or slot cuts, determined 

by the step-over distance, across the work piece in order 

to machine a specified feature, such as a profile, slot, 

pocket, or even a complex surface contour. The depth of 

the feature may be machined in a single pass or may be 

reached by machining at a smaller axial depth of cut and 

making multiple passes. 

 

 

 

 

 

 

 

Figure 1.2 Principle of end milling process 

 

Machine Tool 

The experiments were carried out on a V M M Engineers, 

SINEWAVE CNC vertical milling machine. The vertical 

milling machine tool (Figure 3.1) has the following 

specifications: 

 

Figure 1.3 CNC vertical milling machine  

 

Table 1.1Tool Specification 

Model VMM-200 

Table size with ‘T’Slot 500 x 200 mm/10 

X Axis Traverse 250 mm 

yYAxis Traverse 175 mm 

Z Axis Traverse 200 mm 

Spindle inside taper ISO30 

Spindle Speed 100 to 2500 rpm 

Spindle Motor DC Motor, 1 HP 

Automatic Lubrication 
Points 

Provided 

Input system Metric / inch. 

Control of Axis Simultaneous axis  

Interpolation 
Linear, Circular, Slot, 
Milling, Rectangular & 
Circular Pocket Milling 

Minimum Increment 0.005 mm 

Minimum Movement 
Command X 

0.010 mm 
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Minimum Movement 
Command Z 

0.005 mm 

Repeatability +- 0.020 mm 

Feed Rate X,Y,Z 500 mm / min 

Rapid Feed Rate X,Y,Z 1000 mm / min 

Programming Dwell 
(sec) 

Programmable  

Tool Offset with ATC 12 Nos. 

Backlash compensation Provided 

Speed over Ride 40 – 160 % 

Feed over Ride 20 – 120 % 

Type of Control System PC Based System 

Real Time Path 
Simulation 

Provided 

 

Table 1.2 General parameters 

Floor Area Approx. 1200 mm x 1200 
mm x 1800 mm 

Weight Approx. 950 Kg 
FEATURES OF MACHINE TOOL 

 CAD - CAM compatibility. 

 FANUC Emulated Key Board. 

 Machine is directly linked to PC, hence loading 

of program on Micro- controller is not required. 

 Easy Maintenance with spare card system by 

layman. 

 Table locking facility with stepper Motor Brakes. 

  Powerful stepper motor for axis control. 

 Variable speed DC Drivers for spindle with DC Motor. 

 Bum in components tested at 150 percentage 

load. 

 Rugged machine with ground bed. 

 Wear resistant turcite coating is provided on 

beds. 

 Stick slip motion is totally avoided. 

 Powerful PC software for graphics. 

 High speed integer interpolation system for 

circular interpolation. 

 Display of actual feed rate, spindle speed in 

execution and simulation mode. 

 Automatically detects wrong steps in 

programming.  

 Safety function with emergency stop, over travel 

limits. 

 Alarm &self-diagnostic functions are provided.  

CHARACTERISTICS OF CNC MACHINE  

 Flexibility in automation  

 Change-over (product) time, effort and cost are 

much less.  

 Less or no jigs and fixtures are needed  

 Complex geometry can be easily machined  
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 High product quality and its consistency  

 Optimum working condition is possible  

 Lesser breakdown and maintenance requirement.  

 Faster deliver a product.  

 Reduce WIP inventory.  

 

SURFACE ROUGHNESS  

Roughness is often a good predictor of the performance of 

a mechanical component, since irregularities in the surface 

may form nucleation sites for cracks or corrosion. 

Roughness is a measure of the texture of a surface. It is 

quantified by the vertical deviations of a real surface from 

its ideal form. If these deviations are large, the surface is 

rough; if small, the surface is smooth. Roughness is 

typically considered to be the high frequency, short 

wavelength component of a measured surface. The 

parameter mostly used for general surface roughness is 

Ra. It measures average roughness by comparing all the  

Figure 1.4 Set Up for Surface Roughness Measurement 

Peaks and valleys to the mean line, and then averaging 

them all over the entire cut-off length. Cut-off length is 

the length that the stylus is dragged across the surface; a 

longer cut-off length will give a more average value, and a 

shorter cut-off length might give a less accurate result 

over a shorter stretch of surface. In this work the surface 

roughness was measured by Mitutoyo surftest SJ-201P 

(Figure 3.4). The surftest is a shop–floor type surface-

roughness measuring instrument, which traces the surface 

of various machine parts and calculates the surface 

roughness based on roughness standards, and displays the 

results in μm. The work piece is attached to the detector 

unit of the SJ-201P which traces the minute irregularities 

of the work piece surface. The vertical stylus 

displacement during the trace is processed and digitally 

displayed on the liquid crystal display of the SJ-201P. The 

surface test has a resolution varying from .01 Ra to 0.4 Ra 

depending on the measurement range.  

 

PROCESS PARAMETERS 

Tool feed 

The speed of the cutting tool's movement relative to the 

work piece as the tool makes a cut. The distance that the 

cutting tool or work piece advances during one revolution 

of tool, measured in mm/min. In some operations the tool 

feeds into the work piece and in others the work piece 

feeds into the tool. 

Tool diameter 

Diameter of tool also affects the performance of machine. 

In radial depth of cut if the radial depth of cut is equal to 

the tool diameter, the cutting tool is fully engaged and is 

making a slot cut. 

Tool speed 

The rotational speed of the spindle and tool in revolutions 

per minute (RPM). The spindle speed is equal to the 

cutting speed divided by the circumference of the tool. 

Depth of cut 

The depth of the tool along its axis in the work piece as it 

makes a cut is known as axial depth of cut. A large axial 

depth of cut will require a low feed rate, or else it will 

result in a high load on the tool and reduce the tool life. 

Therefore, a feature is typically machined in several 

passes as the tool moves to the specified axial depth of cut 

for each pass. The depth of the tool along its radius in the 

work piece as it makes a cut is known as radial depth of 

cut. If the radial depth of cut is less than the tool radius, 

the tool is only partially engaged and is making a 

peripheral cut. 

I. LITERATURE REVIEW 

Some experimental and theoretical works on surface 

roughness in end milling using different materials, cutting 

tools, experiment design and other method to obtain the 

surface roughness model. 
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Hyunh, V.M. and Fan, Y., [1992]
1
This study highlights a 

multi-objective optimization problem by applying utility 

concept coupled with Taguchi method through a case 

study in CNC end milling of UNS C34000 medium leaded 

brass. The study aimed at evaluatingthe best process 

environment which could simultaneously satisfy multiple 

requirements of surface quality. In view of the fact, the 

traditional Taguchi method cannotsolve a multi-objective 

optimization problem; to overcome this limitation, 

utilitytheory has been coupled with Taguchi method. 

Depending on Taguchi‘s Lower-the-Better (LB) response 

criteria; individual surface quality characteristics has 

beentransformed into corresponding utility value.The 

study of combined utility theory and Taguchi method for 

predicting optimal setting. Based on Taguchi‘s Signal-to-

Noise ratio (S/N), analysis has been made on the overall 

utility degree and optimal process environment has been 

selected finally which corresponds to highest S/N Ratio. 

Optimal result has been verified through confirmatory 

test. The case study indicates application feasibility of the 

aforesaid methodology proposed for multi-response 

optimization and off-line control of multiple surface 

quality characteristics in CNC end milling. 

K. Kadirgama et al., [2008]
2
 Pre-hardened steel (P20) is 

a widelyused material in the production of moulds/dies 

due to less wear resistance and used forlarge components. 

In this study, minimization of surface roughness has been 

investigatedby integrating design of experiment method, 

Response surface methodology (RSM) and genetic 

algorithm. To achievethe minimum surface roughness 

optimal conditions are determined. The experiments were 

conducted using Taguchi‘s orthogonal array in the design 

of experiments (DOE) by considering the machining 

parameters such as Nose radius (R), Cutting speed (V), 

feed (f), axial depth of cut (d) and radial depth of cut(rd). 

A predictive response surface model for surface roughness 

is developed using RSM. The response surface (RS) 

model is interfaced with the genetic algorithm (GA) to 

find the optimum machining parameter value. 

Ghani et al. [2004]
2
 The outlined the Taguchi 

optimization methodology, which was applied to optimize 

cutting parameters in end milling when machining 

hardened steel AISI H13 with TiN coated P10 carbide 

insert tool under semi-finishing and finishing conditions 

of  high speed cutting. The milling parameters evaluated 

was cutting speed, feed rate and depth of cut. An 

orthogonal array, signal-to-noise (S/N) ratio and Pare to 

analysis of variance (ANOVA) were employed to analyze 

the effect of these milling parameters.  

Wattanutchariya and Pintasee [2006]
3
 This attempted to 

optimize the metallic milling parameters for surface 

finishing. The two controlled parameters were spindle 

speed and feed rate. Three materials: aluminum, brass and 

cast iron were tested. The research methodology 

concerned the Response Surface Methodology (RSM) by 

Central Composite Design (CCD). Then, the Al 2072, 

brass with 10% zinc and cast iron (A287) were tested in 

order to investigate the relationship between the 

controlled parameters.  

Gopalsamy [2009]
4
This applied Taguchi method to find 

optimal process parameters for end milling while hard 

machining of hardened steel. An orthogonal array, signal-

to-noise ratio and ANOVA were applied to study 

performance characteristics of machining parameters 

(cutting speed, feed, depth of cut and width of cut) with 

consideration of surface finish and tool life. Chipping and 

adhesion were observed to be the main causes of wear. 

Multiple regression equations were formulated for 

estimating predicted values of surface roughness and tool 

wear.  
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 Ginta et al. [2009]
5
  In this approach focused on 

developing an effective methodology to determine the  

performance of uncoated WC-Co inserts in predicting 

minimum surface roughness in end milling of titanium 

alloys Ti-6Al-4V under dry conditions. Central composite 

design of response surface methodology was employed to 

create an efficient analytical model for surface roughness 

in terms of cutting parameters: cutting speed, axial depth 

of cut, and feed per tooth.  

Ab. Rashid et al. [2009]
6
 This was presented the 

development of mathematical model for surface roughness 

prediction before milling process in order to evaluate the 

fitness of machining parameters; spindle speed, feed rate 

and depth of cut. Multiple regression method was used to 

determine the correlation between a criterion variable and 

a combination of predictor variables. It was established 

that the surface roughness was most influenced by the 

feed rate.  

Alwi [2010]
7
 studied the optimum of surface roughness by 

using response surface method. The experiments were 

carried out using CNC milling machine. All the data was 

analyzed by using Response Surface Method (RSM) and 

Neural Network (NN). The result showed that the feed 

gave the more affect on the both prediction value of Ra 

compare to the cutting speed and depth of cut.  

Routara et al. [2010]
8
Highlighted a multi-objective 

optimization problem by applying utility concept coupled 

with Taguchi method through a case study in CNC end 

milling of UNS C34000 medium leaded brass.  

S Datta, B C Routarab, Asish and S S Mahapatra
9
, 

they investigated a multi-objective optimization problem 

CNC end millingof 6061-T4 Aluminum by applying 

Principal Component Analysis (PCA) coupled with grey 

based Taguchi method (L25 Orthogonal Array) for 

predicting optimal setting. Depth of cut, spindle speed and 

feed rate were taken as process parameters and the 

performancecharacteristics were center line average 

roughness (Ra); root mean square roughness (Ra); and 

mean line peak spacing (Rsm). 

 

II. MATERIAL SELECTION 

Aluminum 6351 –T6 in form of rectangular plate. 

Dimensions of rectangular bar   of 420mm x 120mm x 

20mm. 

Material composition 

Material Percentage 

Al (a’l) 96.0 to 98.5% 

Silicon (si) 0.7 to 1.3 % 

Magnesium (Mg) 0.84 to 0.8 % 

Magnese (Mn) 0.4 to 0.8% 

Iron (Fe) 0 to 0.5 % 

Titanium (Ti) 0 to 0.2 % 
 

Key Properties of work piece material 

The most important properties that make aluminum and its 

alloys the most economical and attractive for a wide 

variety of uses are: 

 Appearance 

 Light weight 

 Corrosion resistance 

 Physical properties 

 Mechanical properties 

Table 3.1 Material properties with respect to heat 

treatment 

Properties 
 Condition 

T(˚C) Treatment 

Density(˟1000 
kg/m

3
) 

2.6-2.8   

Position’s ratio 0.33 25  

Elastic modulus 
(GPa) 

70-80 25  

Tensile strength 
(MPa) 

250 25 
T4 

Yield strength (MPa) 150 25 
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Elongation (%) 20 25 

Reduction in area 
(%) 

 25 

Hardness 95 25 T6 

Shear strength 
(MPa) 

200 25 T6 

Fatigue strength 
(MPa) 

90 25 T6 

Applications 
 

Flywheel and rear axle housing, 
Busand aircraft wheels, 
Crankcases 

Table 3.2 Thermal Properties of material 

Base material Values 

Density 2.71g/cm
3
 (169 1b/ft

3
) 

Elastic (Young Tensile) 
modulus 

7 / GPa(10˟10
6
  psi) 

Electrical conductivity 46 % /ACS 

Elongation at break 12 % 

Melting onset (Solidus ) 596 ˚C (1100 ˚f ) 

Specific heat capacity 890 J/kg –k 

Strength to weight ratio 118 KN-m/Kg 

Tensile strength – 
ultimate(UTS) 

320MP (46˟10
3
 psi) 

Tensile strength  - yield (pro 
of ) 

280 MPG 

Thermal conductivity 180w/m-K 

Thermal diffusivity 75 

Thermal expansion 21.6 um/m-k 
 

III. CONCLUSION 

 

From various literatures survey results to found out 

that many researchers have investigated only limited 

number of process parameters like as cutting speed, 

feed and depth of cut of CNC milling. Effort to find 

out that there are many investigators research work 

on Aluminum alloy so we want to work on this 

material. In this research work we want to 

investigate influences of input machining parameters 

like cutting speed, tool feed rate, tool diameter, depth 

of cut and number of flute on response parameters 

like surface roughness. 
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ABSTRACT 

Corrosion detection and monitoring are essential diagnostic and prognostic means for preserving 

material "health" and reducing life-cycle cost of industrial infrastructures, weapon systems, 

ships, aircraft, ground vehicles, pipelines etc. This paper includes a review of technologies 

currently under use or in the development stage, and Electrochemical approach to corrosion 

measurement, detection and monitoring. The field of corrosion measurement, control, and 

prevention covers a very broad spectrum of technical activities .Within the sphere of corrosion 

control and prevention, there are technical options such as cathodic and anodic protection, 

materials selection, inhebitors and the application of internal and external coatings. Corrosion 

measurement employs a variety of techniques to determine how corrosive the environment is and 

at what rate metal loss is being experienced. Corrosion measurement is the quantitative method 

by which the effectiveness of corrosion control and prevention techniques can be evaluated and 

provides the feedback to enable corrosion control and prevention methods to be optimized. The 

monitoring method through electrochemical potential for detecting the corrosion activity of 

metals and their alloys is widely used in many aspects.  

Keywords :- corrosion monitoring, Electrochemical method , Corrosion prevention  , 

Corrosion measurement   

1. Introduction 

Corrosion monitoring (measurement) is the 

quantitative method by which the 

effectiveness of corrosion control and 

prevention techniques can be evaluated and 

provides the feedback to enable corrosion 

control and prevention methods to be 

optimized. Corrosion measurement employs 

a variety of techniques to determine how 

corrosive the environment is and at what 

rate metal loss is being experienced. 

In view of the electrochemical nature of 

corrosion it is not surprising that 

measurements of the electrical properties of 

the interface metal/solution (electric double 

layer) are used extensively in fundamental 

studies of the mechanism of corrosion, in 

corrosion testing and in monitoring and 

control in service. In the context of electrical 

measurements in the laboratory are used to 

assess the corrosion behavior of metals and 

alloys in service, and to avoid the more 

tedious and prolonged field testing. 

Determinations of the corrosion rate, 

susceptibility of a metal to bimetallic 

corrosion, pitting, intergranular attack, 

stress-corrosion cracking, etc. are examples 

of corrosion phenomena that are studied in 

the laboratory by means of electrochemical 

mailto:jatin.samra1988@yahoo.com
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methods in order to anticipate behavior in 

service 

2. The Need for Corrosion 

Monitoring 
The rate of corrosion dictates how long any 

process equipment can be usefully and 

safely operated. The measurement of 

corrosion and the action to remedy high 

corrosion rates permits the most cost 

effective plant operation to be achieved 

while reducing the life-cycle costs 

associated with the operation. 

    2.1 Advantage of Corrosion monitoring 

techniques: 

(1) It provides an early warning that 

damaging process conditions exist which 

may result in a corrosion- induced failure. 

(2) it gives the correlation of changes in 

process parameters and their effect on 

system corrosivity. 

(3)It diagnose a particular corrosion 

problem, identifying its cause and the rate 

controlling parameters, such as pressure, 

temperature, pH, flow rate, etc. 

(4) It evaluates the effectiveness of a 

corrosion control/prevention technique such 

as chemical inhibition and the determination 

of optimal applications. 

(5)It provides management information 

relating to the maintenance requirements 

and ongoing condition of plant. 

    2.3 Application of  corrosion 

monitoring techniques  

• The techniques are easy to understand and 

implement. 

• Equipment reliability has been 

demonstrated in the field environment over 

many years of operational application. 

• Results are easy to interpret. 

• Measuring equipment can be made 

intrinsically safe for hazardous area 

operation. 

• Users have experienced significant 

economic benefit through reduced plant 

down time and plant life extension 

3. Current  Corrosion 

Monitoring Technique :-  
Progress in this field has been made possible 

with increase in knowledge of the detailed 

mechanism of corrosion and by the 

developments that have taken place in 

instrumentation.  

 

Accordintg to Lazzariet al. [1] developed a 

patent on monitoring the onset of corrosion 

on steel reinforcements embodied in 

reinforced concrete, particularly but not 

exclusively on prestressing cables or steel 

bars. The invention performs continuous 

monitoring on localized corrosion conditions 

of steel cables. The basic corrosion principle 

applied to the patent is in accordance to 

those presented by the ASTM C876-91 

standard. ASTM C876-91 standard can not 

be used to detect the potential map of cable. 

The potential of the small area of the steel 

reinforcement is detected through the wire 

electrodes buried in the concrete as 

reference electrodes. When the corrosion 

occurred at a certain area, the potential 

measured shows a more negative value. 

When the potential is below a certain value, 

the localized corrosion occurs. 

 

Electrochemical corrosion potential is an 

effective method for corrosion monitoring 

and detection of components in a nuclear 

power plant . Herts [2] developed a new 

method and apparatus on detecting corrosion  

or deposit formation in water systems. His 

invention includes the installation of a cell 

with a cathode and an anode in the heat 

control system. Applying a potential 

between 50 mV and 1V on the cell, the 
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corrosion rate and/or deposit formation can 

be detected through the current between the 

cathode and the anode. The components 

transporting fluid of nuclear reactors are 

made of various materials which may be 

susceptible to corrosion and irradiation 

induced or assisted by stress corrosion 

cracking. 

 

Mihaiet al. [3] developed a new patent on 

detecting the corrosion potential of nuclear 

fuel rods. This invention provides at least 

two electrochemical sensors and one of the 

sensors has a zirconium electrode. Put the 

sensors in a nuclear reactor. The corrosion 

potential of a nuclear reactor fuel rod can be 

calculated by the current induced by the 

voltage between the sensors. 

 

Polarization method is commonly used for 

detecting the corrosion rate and the 

deterioration of coatings. Niblock [4] 

developed a Linear Polarization Resistance 

(LPR) sensor device for monitoring the 

corrosion rate . This sensor is composed of 

two electrodes (1 and 2). One or two of the 

electrodes may have a width (w1) of about 

10-200µm and a length (l) of about 0.1-

20mm. The two electrodes are positioned at 

a distance (d) of 1mm or less. One or two of 

the electrodes are made of the same material 

as the metal being monitored. When a small 

potential drop (ΔE) is applied, a current flow 

(ΔI) can be obtained. And the corrosion 

current density (Icorr) can be calculated 

through Equation .1 [1]: 

 
∆𝐸

∆𝐼
= 𝑅𝑃 =

𝛽𝑎  ×𝛽𝑏

2.303×𝐼𝑐𝑜𝑟𝑟 × 𝛽𝑎  +𝛽𝑏  
                          

 𝐸𝑞. 1  

In Equation 1, βa and βb are Tafel constants 

which can be obtained from a well-known 

Tafel plots for the system under 

consideration.The corrosion rate of the 

structure can be calculated 

through  Icorr. 

Eden [5] and Cottis [6, 7] developed 

methods for calculating the polarization 

resistance using the impedances at high 

frequencies and low frequencies, 

respectively. The polarization resistance can 

be used to predict uniform corrosion. The 

pitting corrosion can be predicted using the 

relationships between the frequencies and 

the current densities. 

 

Brossia and Dunn [8] developed a method 

for monitoring the substrate surface 

protection effectiveness of a coating. The 

correct application of the method could 

indicate where the coating adequately 

protects the surface from corrosion 

degradation. Two sensor designs are 

considered in the implementation of the 

system of the present invention. The first 

sensor structure consists of a system of pins 

that can either all be mounted and 

electrically isolated from the substrate panel 

or have one of the sensing pins in electrical 

contact with the substrate panel. The second 

sensor structure consists of similar 

components but is much smaller in nature. 

In this case, it is fabricated using MEMS 

technology to enable miniaturization of the 

sensor so that it can be incorporated into the 

paint itself. The electrodes of the sensors are 

embodied under the coatings. A normalized 

parameter N‘, which is the product of the 

impedance magnitude and the phase angle, 

is utilized as a direct indication of the 

resistance and capacitance characteristics of 

the coating. This parameter was used as a 

direct indication of the coating protection 

effectiveness. 
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A large number of corrosion monitoring 

techniques exist. The following corrosion 

monitoring techniques which are used in 

industrial applications: 

 Corrosion Coupons (weight loss 

measurements) 

 Potentiodynamic test  

 Electrochemical Impedance  

Spectroscopy (EIS) 

 Linear Polarization Resistance (LPR) 

4. Conclusion 

Electrochemical methods are effective and 

economical for corrosion monitoring. In 

particular, electrochemical impedance 

method has a great potential for corrosion 

monitoring. It has advantages of being 

sensitive and not destroying the assessed 

metal surface. The  electrochemical 

impedance spectroscopy are able to detect 

the potential corrosion spots in very early 

stages. The widespread use of potentiostatic 

control and the availability of a range of 

commercial potentiostats have given a 

tremendous impetus to electrochemical 

testing. The monitoring method through 

electrochemical potential for detecting the 

corrosion activity of metals and their alloys 

is widely used in many aspects. 
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Abstract 

In road construction soil is used as sub base and base material. If strength of the soil is poor then soil 

stabilization is normally needed. Sub grade soil can be stabilised or replaced by stronger soil. There are 

numerous stabilizers used for soil stabilization such as Lime, Cement, Bitumen Emulsion and Flyash, 

expanded polystyrene Geofoam and waste paper sludge for different type of soil. The stabilizing agent 

improves the strength parameters of sub grade of road pavement and leads to strengthening of 

embankment.  

Keywords: Lime, Cement, Bitumen Emulsion, Flyash, stabilizers, Expanded polystyrene (EPS) 

Geofoam and Waste paper sludge.  

 

I. INTRODUCTION  

The soil, fails due to shear, crushing or shows 

excessive settlement can be taken as unsuitable 

soil. Many soils in natural state are very weak 

against shear load. Due to this their bearing 

capacity is also low. Thus shear capacity is also 

low. The shear strength and bearing capacity can 

be improved by soil stabilization. The soil 

stabilization can be used as to increase shear 

strength, to improve the stabilization of slope, to 

reduce settlement of structure, to increase 

density of soil.  

Stabilization is technique of improving 

characteristics of native soil or granular material 

used for construction of pavement layers. Soil 

stabilization is required where the road 

alignment passing through poor soil sub grade 

does not comply with the engineering properties 

as per any given standard specification.  

Stabilization of soil is employed for modifying 

the properties of soil to improve its engineering 

performance, both in terms of its strength and 

durability. Stabilization technique controls the 

unwanted properties in the sub grade soil such 

as, excessive compressibility, permeability, frost 

susceptibility, settlement, volume change, etc. 

The soil which contains the silt and clay 

particles show considerable sign of distress 

accompanied by loss of strength of the soil 

during rainy seasons and shrinkage during 

summer. Black cotton soil is one such type of 

soil which loses its strength during rainy season 

due to their expansive behavior. The problems 

of expansive behavior of soil are as follows 

(N.B.O. 1962).  

a) Expansive soils have high plasticity and 

compressible when they are saturated.  

b) These types of soil have high strength in dry 

state, becomes soft after saturation. Filling up 

water into fissures and cracks, accentuates the 

process of softening causing reduction of shear 

strength and leading to low bearing capacity.  

c) Structure built in a dry season show 

differential heaving as a result of swelling of 

soils during subsequent wet season. Restriction 

on swelling causes swelling pressure, making 

the structure unstable. This causes structure 

supported on soils to lift up with the 

development of cracks.  

d) Structure built at the end of wet season when 

the natural water content is high show shrinkage 

crack and settlement, during dry season. 

Shrinking cause a downward thrust on the 

foundation through skin friction thus increasing 

the foundation load.  

 

Due to these reasons expansive soils need 

treatment prior to use as an engineering material. 

These treatments are generally classified into 

two process, viz. (1) soil modification and (2) 

mailto:mulayamnishad39@gmail.com
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soil stabilization. Soil stabilization is the process 

of blending and mixing materials with a soil to 

improve certain properties of the soil. The 

process may include the blending of soils to 

commercially available admixtures that may 

alter the gradation, texture or plasticity, or act as 

a binder for cementation of the soil (IRC:SP:89-

2010). Soil modification is the stabilization 

process in which improvement in some property 

of the soil but does not result in a significant 

increase in soil strength and durability.  

A. Effects  

The following effects may take place in the 

stabilized mixture:  

1. Strength gain in terms of any standard test 

value such as CBR, R-value, k-value or resilient 

modulus value or unconfined compression test 

value.  

2. Decrease of liquid limit and plastic limit 

values.  

3. Important physical properties due to reaction 

with cementations agents mixed with the soil. 

The physical changes may be listed as density 

and stiffness, with controlled moisture retention 

capability.  

4. The thickness of water film around the each 

particle of clay grain decreases due to 

flocculation/agglomeration of clay due to 

addition of lime/cement. Rapid change takes 

place in soil texture. The resulting textural 

changes lead to decrease in PI and increase in 

strength with workability. Its long term strength 

gain helps to provide durability against freeze 

thaw effects.  

5. Swelling and shrinkage rates due to changes 

in climatic conditions may be brought under 

control (i.e. decreased) with increased stability.  

6. Overall pavement structural integrity 

improves due to stabilization of sub grade or any 

granular layer of the pavement. Therefore, 

economy in construction of pavement can be 

obtained with the reduced overall thickness of 

the pavement.  

B. Quality improvement due to stabilization  

By the stabilization better soil gradation, 

increase in durability, increase in strength, 

reduction of plasticity index and reduction in 

swelling potential is achieved. Stabilization 

improves the properties of construction materials 

and gives the following attributes (IRC:SP:89-

2010).  

a) After saturation with water substantial 

proportion of their strength is retained.  

b) Resistance to erosion.  

c) Surface deflection is reduced.  

d) The elastic moduli of layers constructed 

above stabilized layer are increased.  

e) The stiffness and strength of a soil layer can 

be increased through the use of admixture to 

reduce the thickness of the road pavement.  

C. Possible Problems due to Stabilization  

The stabilization of soil also causes the 

following problems (IRC:SP:89-2010).  

(a) Due to thermal and shrinkage cracks 

stabilized layer may be crack.  

(b) Crack can reflect through the surfacing and 

allow water to enter the pavement.  

(c) If CO2 has access to the material, the 

stabilization reaction is reversible and the 

strength of layer can decrease.  

(d) The construction operation requires more 

skill than stabilized materials.  

II. LITERATURE REVIEW  

A. Flyash  

Cokca Erdal (2001) [1]: Effect of Fly Ash on 

expansive soil was studied by Erdal Cokca,FLY 

ASH consists of often hollow spheres of silicon, 

aluminum and iron oxides and unoxidized 

carbon. There are two major classes of Fly Ash, 

class C and class F. The former is produced 

from burning anthracite or bituminous coal and 

the latter is produced from burning lignite and 

sub bituminous coal. Both the classes of Fly Ash 

are puzzolans, which are defined as siliceous 

and aluminous materials. Thus Fly Ash can 

provide an array of divalent and trivalent cations 

(Ca2+,Al3+,Fe3+etc) under ionized conditions 

that can promote flocculation of dispersed clay 

particles. Thus expansive soils can be potentially 

stabilized effectively by cation exchange using 

Fly Ash. He carried out investigations using 

Soma Fly Ash and Tuncbilek Fly Ash and added 

it to expansive soil at 0-25%. Specimens with 

Fly Ash were cured for 7days and 28 days after 
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which they were subjected to Odometer free 

swell tests. And his experimental findings 

confirmed that the plasticity index, activity and 

swelling potential of the samples decreased with 

increasing percent stabilizer and curing time and 

the optimum content of Fly Ash in decreasing 

the swell potential was found to be 20%. The 

changes in the physical properties and swelling 

potential is a result of additional silt size 

particles to some extent and due to chemical 

reactions that cause immediate flocculation of 

clay particles and the time dependent self-

hardening properties of Fly Ash and he 

concluded that both high –calcium and low 

calcium class C Fly Ashes can be recommended 

as effective stabilizing agents for improvement 

of expansive soils.  

Karthik (2014) [2] evaluated the effect of fly ash 

derived from combustion of sub-bituminous coal 

at electric power plants, for stabilization of soft 

fine grained red soil. The Liquid Limit, Plastic 

Limit and Specific gravity of soil was 32%, 

23.37% and 2.7 respectively. Test was 

conducted on soil and soil-fly ash mixtures 

prepared at optimum water content of 9%. At 

6% of fly ash the bearing capacity of soil 

changes from 10kg/mm2 to 35kg/mm2 and CBR 

value changes from 3.1% to 4.82%. Due to 

increase in CBR values the thickness of 

pavement decreases from 12 inches to 8.5 

inches. Ahmed (2014) [3] stabilized the clayey 

soil for the construction of urban roads using fly 

ash. Author found that the optimum ratio of fly 

ash with clayey soil is 15% by weight of soil. A 

dramatic reduction in the properties of soil is 

seen for 0% to 15% of fly ash content but no 

noticeable decline appear in the range 15% to 

20% of fly ash content. For compaction, the dry 

density and O.M.C were measured for various 

fly ash ratios. The dry density raise as the fly ash 

increases up to 15%, then reduced to 1.53 at 

20% of fly ash. The liquid limit decreased from 

55% to 48% for increase of fly ash from 0% to 

15% by weight. Plasticity Index changes from 

30% to 13% for addition of 0%to 15% of fly 

ash. C.B.R value of soil changes from 3% to 

56%.  

Gyanen (2013) [4] evaluates the compaction of 

stabilized black cotton soil using two type of fly 

ash, viz. (1) fine and (2) coarse. The natural 

black cotton soil was taken from Gadag district 

of Karnataka. The Liquid Limit, Plastic Limit, 

Natural water content and Specific gravity of 

soil were 66%, 37.12%, 8.95% and 2.68. Fine 

fly ash soil has M.D.D 1.35g/cc for 95% of soil 

and 5% of fly ash. The M.D.D becomes 1.35g/cc 

for 95% soil and 5% fly ash mixture and lowest 

density was 0.6g/cc for 70% soil and 30% fly 

ash. The coarse fly ash has M.D.D 1.35g/cc for 

95% soil and 5% fly ash mixture and lowest 

density about 1.0g/cc for 70% soil and 30% fly 

ash. Ashish (2013) [5] stabilize the Black cotton 

soil found in Maharashtra using fly ash. The fly 

ash content was increased from 0 to 50%. Soil 

under study has O.M.C. 20.4%, M.D.D 

14.7N/m3 C.B.R (Soaked) 3.1%, CBR 

(Unsoaked) 6.89%. Stabilization of soil was 

done at 0%, 10%, 20%, 30%, 40% and 50% of 

fly ash content. O.M.C is maximum at 10% of 

fly ash, has 29.17%. M.D.D. is maximum at 

20% fly ash, has 14.97N/m3. Soaked CBR is 

2.52% for 10% fly ash and unsoaked C.B.R. is 

22.90% for 20% fly ash. Bhuvaneshwari (2005) 

[6] studied the effect of fly ash on soil. Authors 

increase the fly ash content from 0 to 50%. The 

soil has Liquid Limit 30%, Plastic Limit 18%, 

Plasticity Index 12%, Dry Density 18.04 KN/m3 

and Unconfined compressive strength 

2697KN/m2. The Dry Density was continuously 

decreases and15.13KN/m3at 50% of fly ash. 

Unconfined compressive strength is also 

decreases and becomes 1176KN/m2 for 50% of 

fly ash. Anil Kumar and Sudhanshu (2014) [7] 

stabilize the expansive soil using fly ash and 

Rice Husk ash. Soil was collected from village 

Sukkha, District Jabalpur Madhya Pradesh. Soil 

has 8% sand and 92% silt + clay. The Liquid 

limits, Plastic limit, C.B.R, O.M.C, MDD 

(kN/m3) and free swell Index of soil is 53%, 

30%, 1.5-2%, 26%, 1.52% and 35% 

respectively. In his study author comes to the 

conclusion that Liquid Limit is decreases to 55% 

for 20% FA+25% RHA, plasticity Index is 

decreases to 86% for 20% FA+ 25% RHA, 
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Differential free swell is decreases to 75% for 

15% FA + 20% RHA and specific gravity 

changes from 2.61 to 2.20.  

B. Lime  

Wu Li (2010) [8] used lime as stabilization 

material to stabilize the Tanzania soil. Author 

used three types of soil moderately plastic silty 

clay, moderately plastic tan clay and Heavy clay 

with 5% of hydrated Lime. Author designated 

them as N-11, N-12 and N-13 respectively. 

Plasticity Index decreased form 25% to 4% for 

N-11, 29% to 6% for N-12 and 36 to 9% for N-

13. Unconfined compressive strength changed 

from 145 to 2770KPa for N-11, 280 to 3000KPa 

for N-12 and 163 to 2200KPa for N-13. 

Resilient modulus changed from 79Mpa to 

275MPa for N-11, 53MPA to 63MPA for N-12 

and 35.8MPA to 209MPA for N-13. Olugbenga 

(2011) [9] stabilized the Lateritic soil by the use 

of lime. Lateritic soil formed a group comprising 

a wide variety of Yellow, brown, red, fine 

grained residual soil of light texture. They were 

characterized by the presence of iron and 

aluminum oxide or hydroxide which gave the 

color to the soil. Author studied the suitability 

and lime stabilization requirement of lateritic 

soil samples. Soil samples A, B, C were 

collected from a dam site and stabilized with 

0%, 2%, 4%, 6%, 8% and 10% of lime. 

Optimum lime content for the samples A, B, C 

were 8%, 6%, 6% respectively. Plasticity Indices 

reduced as the lime increased. The C.B.R of 

sample „A‟ increased from 10.6% at 0% to 

29.0% at 8% lime, while that of „C‟ improved 

from 2.5% to 8.6% at 6%. The compressive and 

shear strength were also improved. The uncured 

compressive strength of „B‟ improved from 

119.13KN/m2 at 0% to 462.81KN/m2 at 6% 

lime. Author concluded that sample A and B 

will be suitable as base material while sample 

„C‟ will be suitable as sub grade material.  

Ankur (2014) [10] stabilized the Black cotton 

soil using Lime and stone dust. For his study, 

Black cotton soil sample were collected from 

Gwalior-Jhansi road (M.P) and stone dust was 

collected from Aman Vihar Industrial area, New 

Delhi. The Black cotton soil had specific gravity 

2.61, percentage passing Is sieve 75 micron is 

58.0%, liquid limit 57%, plastic limit 31.4%, 

plasticity index 26.5%, differential free swell 

41.0%, M.D.D 16.1KN/m3, CBR (soaked) 

1.50% and unconfined compressive strength 

166.2KN/m2. Author classified soil as CH 

according to the unified soil classification 

system. In their study, authors determine 

optimum percentage of lime was 9% and stone 

dust was mixed by 5%, 10%, 15%, 20% and 

25% by weight of limeblack cotton soil. The 

MDD of lime stabilized B.C. soil increased up to 

the addition of 20% stone dust and further 

increase of the stone dust decreased the value. 

Similarly for CBR and UCS the strength 

increased up to 20% addition of stone dust in 

lime stabilized soil.  

Journal of Indian Road Congress (2015) [11] 

Soil stabilization not only improves strength and 

ground water condition but also improve 

permeability and compressibility etc. With 

reduced available land resources, more structure 

are coming up over weak or soft soil, which 

necessitates development of various ground 

improvement techniques such as soil 

stabilization and reinforcement. Lime 

stabilization has been extensively applied in 

civil engineering projects such as foundations, 

roadbeds etc. Added lime reacts with soil 

particles, which leads improvements in many 

properties of soils. Few investigators observed 

that strength behavior of lime treated soil has 

improved greatly (Balasubramaniam, 1989).  

C. Cement  

Zoubi (2008) [12] stabilized expansive soil from 

Jordan by the use of cement. The natural soil has 

liquid limit of 53% and plasticity index of 26%. 

According to the unified soil classification 

system, author classified the soil as inorganic 

clay of high plasticity (CH). Cement content 

increased from 0% to 25%. Author study 

showed that the liquid limit of soil decreases for 

cement content up to 6%, then increased as the 

cement content increases from 6% to10% after 

this the liquid limit becomes constant. The study 

also shows that swelling potential of soil 

decreases for cement content up to 4%, then 
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increased as the cement content increased from 

4% to 6% after which the swelling potential may 

decrease or may become constant depending on 

the initial water content. The undrained shear 

strength increases with increase of cement 

content from 0% to 20%. The maximum rate of 

increase in undrained shear strength was 

observed between 6 to 10% of cement content.  

Oyediran and Kalejaiye (2011) [13] studied the 

effect of increasing of cement by weight on the 

strength and compaction parameter of lateritic 

soil of south west Nigeria. Three soil samples 

were collected from pit at depths of 0.5m, 1.0m 

and 2.0m. The soil was stabilized with 2%, 4%, 

8%, 10%, and 20% by weight of cement. The 

average of properties of soil collected from pit 

are as follows; Specific gravity 2.60, Liquid 

Limit 40.91%, plastic limit 23.59%, plasticity 

Index 17.31%, gravel 8.33%, sand 52.33%, silt 

18.00%, clay 21.33% and amount of fineness 

39.33%. M.D.D, C.B.R and UCS of soil 

increased while there is reduction in O.M.C as 

cement was increases. But addition of more than 

10% by weight of cement decreased M.D.D, 

UCS and C.B.R and increase in the O.M.C. 

Author concluded that the increasing in 

percentage of cement was not guarantee for the 

improvement of geotechnical properties.  

D. Bitumen  

Dr. Arora .K.R. (2008) [14] Bitumen‘s are non-

aqueous systems of hydrocarbons that are 

soluble in carbon-di-sulphide. Tars are obtained 

by the destructive distillation of organic 

materials such as coal. Asphalts are materials in 

which the primary components are natural or 

refined petroleum bitumen‘s. Bituminous 

stabilization is generally done with asphalt as 

binder. As asphalts are normally too viscous to 

be used directly, these are used as cutbacks with 

some solvent, such as gasoline. These are used 

as emulsions, but in this form they require a 

longer time period. Any inorganic soil which 

can be mixed with asphalt is suitable for 

bituminous stabilisation. In cohesion less soils, 

asphalt binds the soil particles together and thus 

serves as a bonding or cementing agent. In 

cohesive soils. Asphalt protects the soil by 

plugging its voids and water proofing it. It helps 

the cohesive soil to maintain low moisture 

content and to increase the bearing capacity.  

E. Expanded Polystyrene(Geofoam)  

Shelke and Murty (2010) [15] used EPS 

Geofoam to reduce the swelling pressure of 

expansive soil. Black cotton soil from 

Ahmednagar district in Maharastra was taken for 

study. According to USCS soil classification, 

soil has CH type. The Liquid limit, Plastic limit, 

plasticity index, O.M.C, M.D.D and free swell 

index of soil was 61%, 31%, 30%, 20%, 

16.2KN/m3 and 85.7% respectively. In his 

study, authors used two type of Geofoam, viz. 

(1) 6mm thickness and (2) 12mm thickness. 

Swelling of Black cotton soil reduces from 

8.64%to 82.72% when EPS Geofoam of 6mm 

and 12mm are used. Swelling pressure of 6mm 

Geofoam is reduced to 42.86% and for 12mm 

thickness swelling pressure is reduced about 

90%.  

F. Waste Paper Suldge  

Elias (2015) [16] stabilized the soil using waste 

paper sludge. Soil used in the study was clayey 

soil from kannadikadaves kundannoor of 

Ernakulam district. Soil contains 74% silt , 26% 

clay, having Liquid limit 60%, plastic limit 31%, 

shrinkage limit 23%, plasticity index 30%, 

specific gravity 2.59 M.D.D, 16.3 KN/m3, 

O.M.C 22%, UCS 316.4KN/m2 and cohesion 

158.2KN/m2. The waste paper sludge sample 

was collected in plastic container from the 

sludge drying bed of the Hindustan newsprint, 

Vellore, Kottayam. When soil treated with WPS 

M.D.D of soil was decreased and O.M.C was 

increased. The UCS for soil for varying 

percentage such as 2%, 4%, 5%, 6%, 7% and 

10% of WPS increased to better strength. The 

addition of WPS increased the strength at 5% 

and it was found to be constant and optimum 

value of strength to soil.  

III. CONCLUSION  

From this study it is clear that there is a 

considerable improvement in California Bearing 

Ratio (CBR) of sub-grade due to use of 

following materials like cement, lime, fly ash 

and Bitumen emulsion if proper mixing is done. 
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In each state of condition it was found that CBR 

value has increased. In this particular 

experimental study CBR value has increased up 

to fifty percent of the unmodified soil CBR. 

Observing its economic cost and quality of 

stabilization improvement, it is clear that this 

type of stabilization may be applicable in gravel 

soil. As we increase the amount of mentioned 

stabilizers CBR value of soil is increased. But 

the cost of certain materials used is so high so 

the amount of materials also depends upon 

budget and importance of structure. Samples can 

be made suitable as base course material in 

pavement construction if stabilized with lime at 

optimum lime contents of 8 to 6%. Lime is one 

of the excellent soil stabilizing materials for 

highly active soil which undergo through 

frequent expansion and shrinkage. The reaction 

of lime is very quick and stabilization of soil 

starts within few hours. Lime as being the 

versatile chemical which can be employed by a 

wide range of industries for a number of uses. 

Lime as being the construction chemical, with 

its todays construction dominant in soil 

stabilization, particularly for roads. Traditional 

additives like cement, lime, fly ash can improve 

soil properties by themselves. non- traditional 

additives like rice husk ash, crumb rubber, 

marble dust, blast furnace slag can also improve 

soil properties but are less efficient. But 

combining two or more non-traditional additive 

can improve their effectiveness. RHA imparted 

strength combining marble dust increased the 

durability of soil specimen. Non-traditional 

additives  

should be used as soil stabilizer as they provide 

an economical alternative and also help in waste 

disposal.  
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Abstract 

Indian telecom industry underwent a high pace of market liberalization and growth since the 1990s 

and now has become the world's most competitive and one of the fastest growing telecom markets. 

The Industry has grown over twenty times in just ten years, from under 37 million subscribers in the 

year 2001 to over 846 million subscribers in the year 2011.India has the world's second-largest 

mobile phone user base with over 1157.04 million users as of July 2018.India is the world‘s second-

largest telecommunications market, with 928 million subscribers as on March 2018. The sector's revenue 

grew by 15.5 per cent to reach US$ 64.1 billion in FY17.  
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INTRODUCTION:  

Indian telecom industry underwent a high pace 

of market liberalization and growth since the 

1990s and now has become the world's most 

competitive and one of the fastest growing 

telecom markets. The Industry has grown over 

twenty times in just ten years, from under 37 

million subscribers in the year 2001 to over 

846 million subscribers in the year 2011.India 

has the world's second-largest mobile phone 

user base with over 1157.04 million users as 

of July 2018.India is the world‘s second-largest 

telecommunications market, with 928 million 

subscribers as on March 2018. The sector's 

revenue grew by 15.5 per cent to reach US$ 64.1 

billion in FY17. It has one of the lowest call 

tariffs in the world enabled by mega telecom 

operators and hyper-competition among them.  

Telecommunication industry is one of the most 

emergent industries which face evolved very 

speedily in last decade. Currently India is the 

world‘s second largest telecommunication 

market and still growing. Mobile economy in 

India is increasing very fast and will add 

significantly to India‘s GDP. Indian 

telecommunication market is a excellent 

opportunity for network providers from native 

and exogenous Players. Both Indian network 

providers‘ international providers receive 

considerable market share in the Indian mobile 

industry. Recently Reliance JIO has gave a big 

jolt to Indian telecom industry, schemes like free 

internet, free calling, 4g network provide a 

serious threat to others. Reliance Jio emerge a 

new choice and other service providers face a 

new kind of challenge and find difficult to cope 

up with new circumstances. This research paper 

discusses the features of the jio and also through 

some light on the competitive edge over other 

service providers.  

As of 31 December 2018, India had a population 

of 130crores people (1.3 billion),123crore (1.23 

billion) AADHAR digital biometric identity 

cards,121crore (1.21 billion) mobile 

phones,44.6crore (4460 million) smartphones, 

56crore (560 million or 43% of total population) 

internet users up from 481 million people (35% 

of the country's total population) in December 

2017, and 51 per cent growth in e-commerce.  

With almost five million subscribers amassed in 

less than two years of operation, India's growth 

tempo has far exceeded that of numerous other 
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markets, such as China and Thailand, which 

have taken more than five years to reach the 

figures India currently holds. The quantity of 

mobile phones subscribers in the country would 

exceed 50 million by 2010 and crosses 

300millions by 2016, according to Cellular 

Operators Association of India (COAI).  

 Reliance Communications (RCOM) and 

Tata Teleservices Ltd (TTSL) have 

joined hands under a 2G intra-circle 

roaming arrangement. Under the 

agreement, RCOM will use 5,000 

towers of TTSL across 14 GSM circles 

while the latter will gain access to an 

equal number of towers in CDMA 

network to improve its reach  

 BHARTI AIRTEL has raised its stake to 

51 per cent in four entities of 

Qualcomm's wireless broadband 

business in India. In addition, the firm 

plans to launch an international fiber-

optic cable link to boost internet speeds 

in Bangladesh  

 Code Division Multiple Access 

(CDMA) describes a communication 

channel access principle that employs 

spread spectrum technology and a 

special coding scheme (where each 

transmitter is assigned a code). It is a 

spread spectrum signaling, since the 

modulated coded signal has a much 

higher bandwidth than the data being 

communicated. It has been used in many 

communication device and navigation 

systems, including the Global 

Positioning System.  

 Problem Statement: Consumer 

switching behavior across mobile 

service providers: Companies‘ prime 

focus is to create loyal customers and 

retaining current customer & get 

benefitted from them. Customers are 

switching to other MSP because they are 

not satisfied. Consumers are not 

satisfied on account of marketing mix 

elements.  

 Objectives of study: This research 

consists of different objectives. They are 

as follows:  

 To find out the change in consumer 

preference after Reliance JIO enter in 

market  

 To find out the relationship between 

consumers‘ loyalty, consumers‘ foster 

recommendation and consumers‘ 

satisfaction with various services 

provided by both JIO and AIRTEL  

Scope of Study-  

 It would help us to know about which 

service provider is better according to 

customer  

 It helps us to know how many customers 

are loyal to their brands  

 And also helps to find reasons for non –

preference of particular brands  

 To know the features of a mobile service 

which attract customer  

 To understand the main problem faced 

by the customer while using the mobile 

services  

 

LITERATURE REVIEW:  
Samuvel (2002) observed that most of the 

respondents consider size, quality, price, 

instrument servicing are an important factors for 

selecting the handset while majority of the 

respondents are satisfied over the payment 

system, quality of services, coverage area and 

the process of attending the complaints 

regarding their mobile service provider.  

 

Seth et al (2008), in their study titled ―Managing 

the Customer Perceived Service Quality for 

Cellular Mobile Telephone‖ analyzed that there 

is relative importance of service quality 

attributes and responsiveness.  

Fernandez (2007) in their study titled 

―Understanding Dynamics in an Evolving 

Industry: Case of Mobile VAS in India‖ 

analyzed that Mobile Value Added Services 

(VAS) is a rising star in the fast growing 

wireless business Our literature and industry 

review indicates that - while the value chain of 



 

International Journal of Applied Sciences and Technology 
ISSN No2347-6281, Vol.9, Issue No:2, : Mar-Apr, 2021 

 

 

 

 
63 

industry is complicated yet one can observe the 

bipolar nature of bargaining powers between 

mobile network operators and content 

aggregators.  

 Debnath (2008), in his study, he explained 

that the prime focus of the service providers is to 

create a loyal customer base by benchmarking 

their performances and retaining existing 

customers  

Philip Kotler(2008), observed that customer 

satisfaction is the level of persons felt state  

resulting from comparing from products 

perceived performance in relation with customer 

individual expectations.  

Nandhini (2001) examined that attitude of the 

respondents using cell phones was not 

influenced by either education or occupation and 

income. ―Abhishek Kumar Singh and Malhar 

Pangrikar ― (2013) did a study titled‖ A Study 

Report to find out 4G business in Pune‖ .In this 

the study is all about market perception and 

attitudes toward current service provider and 

their satisfaction level is also judged.  

Haque et al (2007) suggested that price, service 

quality, product quality & availability, and 

promotional offer play a main role during the 

time to choose telecommunication service 

provider.  

 

Kalpana and Chinnadurai (2006) in their study 

titled ―Promotional Strategies of Cellular 

Services: A Customer Perspective‖ analyzed that 

the increasing competition and changing taste 

and preferences of the customer‘s all over the 

world are forcing companies to change their 

targeting strategies.  

METHOD:  
Research type: A research Type is purely based 

on research design .Research Design is simply 

the frame work of plan for a study. Application 

and Satisfaction are the main characteristic in a 

research design. Here this study uses the 

descriptive type of research design.  

The characteristic features of research are as 

follows: –  

 Flexible Design  

 Non-Probability Sampling Design  

 No pre-planned design for analysis  

 Unstructured instruments for collection 

of data  

 No fixed decisions about the operational 

procedure  

Descriptive Design can be divided into two main 

categories  

 Case Method  

 Statistical Method  

Data collection:   

This is of generally two types-  

1) Primary Data  

2) Secondary Data  

Primary Data: Those data which are mostly fresh 

that is collected for the first time and happens to 

be original in character. It is collected from the 

process of questionnaire and interview  

Secondary Data: Those data which are already 

collected by someone else and already been 

processed through statistical means. In this 

research secondary data is collected from 

company sales, production and other records  

The data as collected through primary source 

that is questionnaire method and personal 

interview. And finally analysis is done through 

the tabular and graphical representation.  

Sample Size: 

In this research the total sample size I had 

covered is 50 that is, SAMPLE SIZE (n) =100 

and the sample units are customers  

ANALYSIS:  
Table 1- 

JIO 

Feature  

% of 

respondent

s  

No. of Respondents  

Connectivi

ty  

28.57  20  

Unlimited 

Calling  

51.4  36  

VAS  8.57  9  

Others  11.4  8  

 

From the above table it can be concluded that 

most of most customers ae using JIO due to ts 

basic services like better connectivity, unlimited 

calling features and other value added services 

like JIO Tv, JIO Mag, and other applications.  

Hypothesis- Reliance JIO has created brand 

loyalty due to better connectivity and by 

providing best services  
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Null Hypothesis-Reliance JIO has not created 

brand loyalty due to better connectivity and by 

providing best services.  

Test of Hypothesis 

Chi square test was conducted with the captured 

data. Here, significance value is 0.009 which is 

less than 0.05. So, null hypothesis is rejected and 

alternative hypothesis is accepted. So, test shows 

that Reliance JIO has created brand loyalty by 

providing better connectivity and best services. 

From the table it can be concluded that more 

percentage of people still uses JIO and there are 

less people who uses JIO but after sometime 

they switch to AIRTEL services but these 

fraction have been increasing.Hypothesis-People 

think that AIRTEL provide better services then 

JIO  

Null hypothesis-People do not think AIRTEL 

provide better services than JIO 

 

FINDINGS:  

 Reliance JIO has wide market in Jaipur.  

 The unlimited calling feature of Reliance 

JIO has attracted the customer most.  

 Reliance JIO is currently the market leader 

in the Jaipur region. They actually enhanced the 

market share.  

 Better network connectivity is available in 

Jaipur  

 Customers‘ loyalty depends on Basic 

Services, Value Added Services and 

Convenience provided by the MSPs.  

 More number of users is using Pre-paid 

service than Post-paid service.  

 While conducting the survey it is found that 

65.35% are satisfied with JIO services. And 

34.55% are not satisfied. Because they still have 

the lot of network congestion is there  

 Customers‘ loyalty depends on Basic 

Services, Value Added Services and 

Convenience provided by the network providers.  

 AIRTEL may gain the future market share 

if they efficiently apply their strategy  

 As AIRTEL is previously leading this 

telecommunication field might overcome their 

failure and take advantage over JIO.  

 

CONCLUSION:  
To conclude the article, it has everything the 

market, marketing strategy, customers, free 

offerings, JIO effect, and competitor‘s reactions, 

customer perception for the JIO offer. From the 

above collected data and facts it is very clear 

that the market is effected by ―Reliance JIO 

Effect‖. The respondents from the survey 

questionnaire are mostly youth ranging from 15 

– 25 years of age.The Reliance JIO effect has set 

the world record for having JIO connection in 

very short span of time frame, Indian scenario is 

the price sensitive scenario where people shift 

from one vendor to another for very small 

difference of amount, here Reliance JIO is 

giving ―free voice and data‖ till 31st Dec, 2016 

it is a big loot offer for customers. People are 

waiting for the next best in post launch offer, if 

the competitors are not giving the best they will 

continue with Reliance JIO as secondary 

connection for data usage. The JIO effect has 

done its job in making market turbulent and 

placing Reliance JIO as prominent alternate for 

voice and data at 4G speed.  Reliance JIO has 

become a very successful brand in India and 

providing customer satisfaction is to be there 

main motive. It provides unlimited free 

calling and data services & SMS on the 

move as people are more dependent on it in 

their daily lives like wide network coverage 

and good 4G services. Because 3G services 

was unable to meet customer needs. These is 

the reason4G has been evolved for Indian 

customers. 
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Abstract 

Nowadays, among several the heart diseases became as the most life killer diseases around the globe. In 

human body heart is a most significant muscular organ which pumps blood through the blood vessels. 

Only accurate and speedy prediction of this disease will help to prevent from it. However a lot of 

approaches have introduced to aid the professionals but each and every algorithm has associates their 

unique challenges. This paper presents start of the art work of heart disease prediction system supported 

by data mining and fusion of intelligent techniques.  

Keywords: Data mining, Naive bayes, Neural Network, Decision Trees 

 

I. INTRODUCTION 

 

Heart disease is the leading cause of death in the 

world over the past 10 years. Researchers have 

been using several data mining techniques to help 

health care professionals in the diagnosis of heart 

disease. Now a day the healthcare industry 

generates large amount of data about patient‘s 

disease diagnosis that data makes the biomedical 

datasets.   Most of health care organizations using 

intelligent healthcare information system to extract 

that datasets. These datasets are used to extract 

hidden pattern or relationships between data. The 

data mining provides varies types of techniques to 

fiend hidden knowledge from the medical datasets. 

The main focus of healthcare organization is to 

provide quality of services at affordable cost. 

Quality  of  service implies  diagnosing  disease  

correctly  &  provides  effective  treatments  to  

patients.    Working on heart disease patients 

databases can be compared to real-life application. 

Doctor‘s knowledge to assign the weight to each 

attribute. More weight is assigned to the attribute 

having high impact on disease prediction.  It also 

provides healthcare professionals an extra source 

of knowledge for making decisions.  

 

There are many reasons for heart disease includes 

food habit, stress, lack of exercise, high blood 

pressure, smoking, alcohol, drug abuse, 

cholesterol, fast blood sugar etc. Because of the 

fatty food; our blood vessels became weak and this 

may lead to various heart diseases. More pressure 

to our arteries can make the walls in heart more 

thick. It can make a block in the flow of blood and 

lead to heart disease. For reducing the complexity 

in diagnosing of heart disease this paper has 

introduce a novel method by applying a new 

ensemble classification technique of data mining. 

 

II. HUMAN HEART STRUCTURE & 

CAUSING FACTORS OF HEART DISEASES 

 

In a human body heart is a hollow muscle that 

pumps blood throughout the blood vessels by 

repeated, rhythmic contraction. The adult human 

heart has a mass of between 250 and 

350 grams[1].  The human heart has four 
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chambers, two superior atria and two inferior 

ventricles. The atria are the receiving chambers 

and the ventricles are the discharging chambers. 

The vertebrate heart is principally composed of 

cardiac muscle and connective tissue. Cardiac 

muscle is an involuntary striated muscle tissue 

specific to the heart and is responsible for the 

heart's ability to pump blood.  

The average human heart, beating at 72 beats per 

minute, will beat approximately 2.5 billion times 

during an average 66 year lifespan, and pumps 

approximately 4.7-5.7 litres of blood per minute. 

Some risk factors for heart disease can be 

controlled, and some can't. According to 

the American Heart Association (AHA), these are 

the leading factors that put you at risk for coronary 

artery disease. 

 Age: More than 83% of people who die from 

coronary heart disease are 65 or older. Older 

women are more likely to die of heart attacks 

within a few weeks of the attack than older men. 

 Being male: Men have greater risk of having 

heart attack than women and they have attacks 

earlier in life. Even after menopause, when 

women's death rate from heart disease increases, 

it's not as great as men's. 

 Family history:  Those with parents or close 

relatives with heart disease are more likely to 

develop it themselves. 

 Race: Heart disease risk is higher among 

African Americans, Mexican Americans, 

American Indians, native Hawaiians, and some 

Asian Americans compared to Caucasians. 

 Smoking: Cigarette smoking increases your risk 

of developing heart disease by two to four times. 

 High cholesterol: As blood cholesterol rises, so 

does risk of coronary heart disease. 

 High blood pressure: High blood 

pressure increases the heart's workload, causing 

the heart to thicken and become stiffer. It also 

increases your risk of stroke, heart attack, kidney 

failure, and congestive heart failure. Smoking, 

high blood cholesterol levels, or diabetes, the 

risk of heart attack or stroke increases heart 

disease several times.  

 Sedentary lifestyle: Inactivity is a risk factor for 

coronary heart disease. 

 Diabetes: Having diabetes seriously increases 

your risk of developing cardiovascular disease. 

About three-quarters of people with diabetes die 

from some form of heart or blood vessel disease. 

 Excess weight: People who have excess body 

fat—especially if a lot of it is at the waist—are 

more likely to develop heart disease and stroke 

even if they have no other risk factors. 

III. Related Work 

An Intelligent Heart Disease Prediction System 

(IHDPS)‖ is developed by using data mining 

techniques Naive Bayes, Neural Network, and 

Decision Trees was proposed by Sellappan 

Palaniappan et al .[2].  The results illustrated the 

peculiar strength of each of the methodologies in 

comprehending the objectives of the specified 

mining objectives. IHDPS was capable of 

answering queries that the conventional decision 

support systems were not able to. It facilitated the 

establishment of vital knowledge such as patterns, 

relationships amid medical factors connected with 

heart disease. IHDPS subsists are well-being web-

based, user-friendly, scalable, reliable and 

expandable. 

 

In [3], authors has introduced a novel prediction 

mechanism using the Linear and Nonlinear 

Features of HRV (Heart Rate Variability). 

Statistical and classification techniques were 

http://www.americanheart.org/
http://www.health.com/health/condition-section/0,,20187871,00.html
http://www.health.com/health/condition-section/0,,20187871,00.html
http://www.health.com/health/condition-section/0,,20187871,00.html
http://www.health.com/health/library/topic/0,,hw228763_hw228766,00.html
http://www.health.com/health/condition-article/0,,20188418,00.html
http://www.health.com/health/condition-article/0,,20188456,00.html
http://www.health.com/health/condition-article/0,,20188456,00.html
http://www.health.com/health/condition-article/0,,20188456,00.html
http://www.health.com/health/library/topic/0,,hw224638_hw224641,00.html
http://www.health.com/health/condition-section/0,,20187869,00.html
http://www.health.com/health/condition/diabetes2
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utilized to develop the multi parametric feature of 

HRV. Besides, they have assessed the linear and 

the non-linear properties of HRV for three 

recumbent positions, to be precise the supine, left 

lateral and right lateral position. Numerous 

experiments were conducted by them on linear and 

nonlinear characteristics of HRV indices to assess 

several classifiers such as Bayesian classifiers [4], 

CMAR (Classification based on Multiple 

Association Rules), C4.5 (Decision Tree) and 

SVM (Support Vector Machine) [5].  

SVM surmounted the other classifiers. ―The 

prediction of Heart disease, Blood Pressure and 

Sugar with the aid of neural networks‖ was 

proposed by Niti Guru et al. [6]. Experiments were 

carried out on a sample database of patients' 

records. The Neural Network is tested and trained 

with 13 input variables such as Age, Blood 

Pressure, Angiography's report and the like. The 

supervised network has been recommended for 

diagnosis of heart diseases. Training was carried 

out with the aid of back propagation algorithm. 

Whenever unknown data was fed by the doctor, 

the system identified the unknown data from 

comparisons with the trained data and generated a 

list of probable diseases that the patient is 

vulnerable to. The supervised networks i.e. Neural 

Network with back propagation algorithm is used 

for training and testing of data. "Predicting 

Survival Causes After Out of Hospital Cardiac 

Arrest using Data Mining Method", Studies in 

health technology and informatics, by Franck Le 

Duff, Cristian Munteanb, Marc Cuggiaa, Philippe 

Mabob, [7] builds a decision tree with database of 

patient for a medical problem. It might be 

executed for each medical procedure or medical 

problem and it would be feasible to build a 

decision tree rapidly with the data of a service or a 

physician. Comparison of traditional analysis and 

data mining analysis illustrated the contribution of 

the data mining method in the sorting of variables 

and concluded 

the significance or the effect of the data and 

variables on the condition of the study. A major 

drawback of the process was knowledge 

acquisition and the need to collect adequate data to 

create an appropriate model. "Associative 

Classification Approach for Diagnosing 

Cardiovascular Disease", was proposed by Kiyong 

Noh et al. [8] uses a classification method for the 

extraction of multipara metric features by 

assessing HRV (Heart Rate Variability) from 

ECG, data pre-processing and heart disease 

pattern. The dataset consisting of 670 peoples, 

distributed into two groups, namely normal people 

and patients with heart disease, were employed to 

carry out the experiment for the associative 

classifier.  

―The problem of identifying constrained 

association rules for heart disease prediction‖ was 

studied by Carlos Ordonez [9]. The assessed data 

set encompassed medical records of people having 

heart disease with attributes for risk factors, heart 

perfusion measurements and artery narrowing. 

Three constraints were introduced to decrease the 

number of patterns. First one necessitates the 

attributes to appear on only one side of the rule. 

The second one segregates attributes into 

uninteresting groups. The ultimate constraint 

restricts the number of attributes in a rule. 

Experiments illustrated that the constraints 

reduced the number of discovered rules 

remarkably besides decreasing the running time. 

Two groups of rules envisaged the presence or 

absence of heart disease in four specific heart 

arteries. Data mining methods may aid the 

clinicians in the prediction of the survival of 

patients and in the adaptation of the practices 

consequently.  
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In [10] A novel heuristic for efficient computation 

of sparse kernel in SUPANOVA was proposed by 

Boleslaw Szymanski. It was applied to a 

benchmark Boston housing market dataset and to 

socially significant issue of enhancing the 

detection of heart diseases in the population with 

the aid of a novel, non-invasive measurement of 

the heart activities on basis of magnetic field 

generated by the human heart. 83.7% predictions 

on the results were correct thereby outperforming 

the results obtained through Support Vector 

Machine and equivalent kernels. The spline kernel 

yielded equally good results on the benchmark 

Boston housing market dataset.  

In [11] Latha Parthiban et al. projected ―an 

approach on basis of coactive neuro fuzzy 

inference system (CANFIS) for prediction of heart 

disease‖. The CANFIS model diagnosed the 

presence of disease by merging the neural network 

adaptive capabilities and the fuzzy logic 

qualitative approach and further integrating with 

genetic algorithm. On the basis of the training 

performances and classification accuracies, the 

performances of the CANFIS model were 

evaluated. The CANFIS model is promising in the 

prediction of the heart disease as illustrated by the 

results.  

John Peter proposed a method ―An Empirical 

Study On Prediction Of Heart Disease Using 

Classification Data Mining Techniques‖ [12]  to  

investigate  the  performance of  different  

classification  algorithm such as  DT,  NB, K-NN 

and  NN  on  heart disease  dataset.  The  dataset  

have  the  large  volume  of data  which  consumes  

more  time  for  classification.  Thereby  it  have  

reduced the  dimensionality  of  data  using  the  

attribute  selection  methods.  Then the reduced 

data is classified using various classification 

algorithms.  And the result  found that  NB  

classifier  gives  the  better  accuracy  for  heart  

disease  prediction  after applying the  CFS 

attribute selection  method. 

In [13] Maryam Tayef et-al. has presented a 

predictive model for coronary heart disease using 

a decision tree algorithm. Typically this study was 

based on case-control study of patients referred to 

Ghaem Hospital, Mashhad–Iran for coronary 

angiogra- phy, between September 2011 and May 

2013. The authors built a decision tree with 11 

traditional related factors of CHD including age, 

gender, PAL, BMI, SBP, DBP, FBG, TC, TG, 

LDL, HDL and hs-CRP on the training group of 

1640 records and evaluate their designed model 

with testing group of 706 different records from 

training datasets. The algorithm used the Gini 

index for selecting the variables, and the final tree 

was pruned. Author demonstrated that with using 

serum hs-CRP and other traditional CHD risk 

factors through decision tree algorithm they have 

obtained an accuracy rate of 94%. 

In [14] S Silvia Priscila and M Hemalatha have 

propose an efficient classification approach to 

classify the ECG signal into different arrhythmias 

such as Normal, VE, VF, LBBB and APB to 

support in diagnosis heart disease. Initially the 

ECG signal is preprocessed by using the 

Morphological Filter which removes the unwanted 

baseline wanders. Then the temporal, statistical 

and morphological features are extracted from the 

preprocessed ECG with different intervals like RR 

interval, TT interval, PR interval. The 

dimensionality of the features is reduced by using 

the Real Coded Genetic Algorithm and the 

selected features are classified by applying the 

proposed PBNN network. The PBNN classifier is 

used to classify the different type of arrhythmias 

like Normal N, LBBB, APB, VE and VF.  The 

authors have use MIT-BIH arrhythmia database to 

classify the cardiac arrhythmia disease. The 

database consists of 250 recordings which are 

collected from the outpatient and inner patient for 



 

International Journal of Applied Sciences and Technology 
ISSN No2347-6281, Vol.9, Issue No:2, : Mar-Apr, 2021 

 

 

 

 
69 

analyzing the various cardiac diseases. The 

recordings are performed 30 minutes and which 

comprises of 109,000 beat labels. These records 

involves 23 of NSR (Normal Sinus Rhythm) 

itemized from 100 to 124 and the other 25 of 

cardiac abnormalities itemized from 200 to 234. 

The performance of the proposed system is 

evaluated in terms of the accuracy, sensitivity and 

specificity. 

In [15] Xiao Liu et-al. have demonstrate a hybrid 

classification system for diagnose of heart disease 

using ReliefF and Rough Set (RFRS) method. 

Typically, designed system contains two 

subsystems: the RFRS feature selection system 

and a classification system with an ensemble 

classifier. The first system includes three stages: 

(i) data discretization, (ii) feature extraction using 

the ReliefF algorithm, and (iii) feature reduction 

using the heuristic Rough Set reduction algorithm. 

In the second system, they have proposed a 

classifier based on the C4.5 algorithm.  

IV. DATA MINING IN MEDICAL 

Data mining offers great potential benefits for 

medical-based applied decision-making. The Data 

mining medical application area has been 

receiving quite a big attention. However, working 

with very large data sets with many attributes is 

difficult. Medical field expert‘s use heavily 

advanced statistical analysis. The use of data 

mining techniques is fairly new and advanced. 

Data mining technology expands the possibilities 

of medical data mining that opens the door for the 

large source of medical data analysis. Data mining 

provides a user- oriented approach method that is 

used to find out the novel and hidden patterns in 

the medical datasets. Healthcare administrators 

can improve the quality of diagnosis by using this 

hidden knowledge. One of the important 

applications of data mining includes anticipating 

the patient's behaviour from the given data. In 

medical science, most of the decisions taken by 

the doctors are based on intuition and experience 

rather than the knowledge rich data hidden in the 

medical datasets.  

Medical data mining is helpful to find out 

relationships between features and hidden 

knowledge within the medical datasets. This also 

provides useful search result for efficient medical 

diagnosis. Extraction of important search results 

from these medical datasets results in discovering 

rules which can be used later in diagnosis tools. If 

a training data set contains any irrelevant and 

redundant features classification method that may 

produce less accurate results. The Feature 

selection method as a pre-processing step in used 

to reduce dimensionality of huge amount of data, 

removing irrelevant data and increasing accuracy 

and improves comprehensibility.  

V. SIGNIFICANT ISSUES WITH 

ACCESSIBLE PREDICTION SYSTEM  

Since the advent of heart disease prediction system 

a huge amount of researchers has designed and 

implements numerous unique approaches to 

increase the efficiency and accuracy level of 

accessible techniques. However, upshots of their 

approaches indicates that their presented algorithm 

outperformed over the other technique in several 

terms but near about each and every technique 

have its unique limitation to predict disease 

efficiently such as have designed with the 

prediction power of an single classification 

technique, produce low efficiency with increasing 

amount of data, most suitable and specially 

designed for a particular dataset etc. On the other 

hand most of the technique is not suitable in real 

time environment due to producing results in an 

unacceptable level of false positives. A false 

positive is states that indicate the wrong prediction 

of used classification algorithm. 

VI. CONCLUSION 

This paper deals with a modern investigation over 

heart disease prediction system. The paper have 
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discussed about a research an proposed 

methodology by various researchers to aid health 

care professionals for predict heart related issues 

in an effective way. Additionally, paper have also 

discuss about how data mining techniques can aid 

health care professionals in medical area to design 

an more effective and efficient prediction system 

for heart related issues. 
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