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Abstract— This study aims to utilization of Fly ash aggregate 

in concrete. The fine aggregate (sand) is partially replaced by 

Fly ash aggregate at various proportions from 10% to 

100%.Trial mix of varied proportion shown above which 

compared to conventional concrete mix (M20) and find the 

optimum mix of Fly ash aggregate in concrete and to 

investigate the hardened concrete properties of concrete using 

Fly ash aggregate. Trial mix made of sand and Fly ash 

aggregate in the ratio of 40:60 achieved more strength, 

compared to other combinations hence utilization of Fly ash 

aggregate which enhanced the strength in the concrete. 
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I. INTRODUCTION 

Fly ash aggregate is a type of artificial aggregate which is 

prepared by mixing of cement, Fly ash and water. Fly ash is 

a waste material which can be used as supplementary 

cementations materials to produce strengthen artificial Fly 

ash aggregate. Fly ash aggregate is an alternative material for 

natural aggregate because of scarcity of natural aggregate. 

II. SOURCE OF FLYASH AGGREGATE 

Fly ash is a preliminary source for Fly ash aggregate. The ash 

produced at thermal power stations by burning of coal is 

known as Fly ash. Fly ash which has different classes it 

mention in below 

Two classes of Fly ash are defined by ASTM C618: 

 Class F Fly ash 

 Class C Fly ash 

III. PREPARATION OF FLY ASH AGGREGATE: 

A. Batching: 

Batching is the process of proportioning of materials that are 

required for the Fly ash aggregate preparation. In this stage 

the cement and Fly ash are taken in the ratio 15:85.The W/C 

ratio is taken as 0.4. Adjust the angle of the mixer drum as 35 

to 55° and to control for the rotate disc in vertically manner 

should varying speed as 35 to 55 rpm Initially some of water 

is added in the mixture for wetting and then remaining water 

is sprayed during the rotating period because while rotating 

without water in the disc the Fly ash powder tends to form 

lumps and does not increase the distribution of particle size. 

The pellets are formed approximately in duration of 20 min. 

B. Pelletization: 

The content (cement, fly ash, water) were thoroughly mixed 

in the drum until the complete formation of Fly ash 

aggregates. This method of formation of Fly ash aggregates 

is called pelletization. Fig 1 show Pellatization process. 

 
Fig. 1: Pelletization 

C. Sieving of aggregate: 

In the next step, the aggregates are sieved through 4.75 mm. 

the aggregates that are passed through 4.75mm sieve are fine 

aggregates and those does not pass are coarse aggregates. Fig 

2 show sieving of aggregates 

 
Fig. 2: Sieving of aggregates 

D. Curing of Fly ash aggregate: 

Hardening the pellets is done by two processes namely cold 

bonding and sintering. Cold-bonded Fly ash aggregates are 

hardened by different curing process namely normal water 

curing, steam curing method. Normal water curing method 

can be adopted for normal strength of the aggregate. Steam 

curing adopted for high-early strength of the aggregate at 8 to 

10 hr. In this cold bonded aggregates are used. 

Sintering process can be defined as burning the cold 

bonded pellet in a muffle furnace at temperature range of 800 

to 1200°C. The mineral particles in the binder fuse together 

to form the crystalline structure (CSH) and results in higher 

strength and good durability to the aggregate. In our project 

cold bonded aggregates are prepared and those aggregate 

cured in water tank for seven days (Fig 3) and dried for one 

day in open atmosphere before using the fly ash aggregate in 

the concrete. Fig 4 show curing of aggregates 
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Abstract— The purpose of this study is to find the extent of 

GGBS as a replacement material for cement and pond ash as 

a replacement material for fine aggregate in concrete 

without compromising the strength and durability of 

conventional concrete. The physical and chemical properties 

of GGBS and pond ash have been studied and it has been 

found that both the industrial wastes can replace the cement 

upto 50% and 30% respectively in concrete from literatures. 

Concrete mix design for M35 grade has been carried out 

with conventional ingredients.  The specimens were tested 

for mechanical properties such as compressive strength, split 

tensile strength and flexural strength on 7, 28 days. After 

determining the properties of the concrete mixes, the 

optimum percentage replacement levels for GGBS and pond 

ash has been found and reinforced concrete beams were cast 

to study the flexural behaviour and cubes to study the 

durability properties of the optimized concrete mix. It has 

been found that the mechanical properties of the concrete 

are affected in short run but the same mechanical properties 

and durability found to be better than the conventional OPC 

based concrete. 

Key words: Concrete, GGBS and Pond Ash 

I. INTRODUCTION 

Concrete is considered to be very durable material that 

requires little or no maintenance. Concrete is a mixture of 

cement, fine aggregate, coarse aggregate and water. 

Concrete plays a vital role in the development of 

infrastructure viz., buildings, industrial structures, bridges 

and highways etc., leading to utilization of large quantity of 

cement and fine aggregate. Portland cement, already being a 

very expensive material constitutes a substantial part of the 

total construction cost of any project and the situation has 

further been aggravated by the energy crisis, which has 

further increased the cost of production of Portland cement. 

Therefore, it is of current important for a country to explore 

and develop alternate cementing materials cheaper than the 

Portland cement. 

Cement is the most important constituent of the 

concrete and occupies about 20% of the volume of concrete. 

The demand for concrete is an ever increasing scale, leading 

to higher cement production. But the production of cement 

releases equal amount of CO2 in to the atmosphere leading 

to global warming. 

The Ca(0H)2 which appears due to the chemical 

reactions affect the quality of concrete adversely by forming 

cavities, as it is partly soluble in water and also lacks 

enough strength. The Ground Granulated Blast-Furnace Slag 

when used along with cement has positive effect on the 

Ca(0H)2 compound. At the end of the secondary reaction 

between GGBS and Ca(0H)2, hydration product such as C-

S-H gel is formed. 

A. Objective of the Study 

− To study the properties of industrial wastes such as 

GGBS, pond ash and their suitability to partially replace 

cement and fine aggregate in concrete 

− To study the behaviour as well as properties of concrete 

in fresh and hardened state. 

− To study the effect of GGBS and Pond Ash on the 

workability of concrete. 

− To study the structural behaviour of concrete made with 

industrial wastes. 

B. Scope of the Study 

Long term durability of concrete made with GGBS and pond 

ash will enhance the usage and boost the confidence of 

engineers in using this concrete. The permeability 

characteristics and soundness of concrete against sulphate 

and acid attack are essential to establish the durability of the 

concrete made with GGBS and pond ash 

II. MATERIALS USED 

A. Cement 

Selection of type of cement mainly depends on the specific 

requirements of concrete. It determines the strength and 

properties of fresh and hardened concrete. The Cement used 

for all the specimens were ordinary Portland cement (53 

grades) with a specific gravity of 3.12 and conforming to IS: 

8112-2013. 

B. Fine Aggregate 

In the present investigation, normal river sand quarried from 

Cauvery river near Musiri town was used as a fine 

aggregate. The fine aggregate was screened to remove 

deleterious materials and tested as per procedure given in IS 

2386 - 1963. The fineness modulus of sand is 2.69 and 

confirms to Zone II grading. 

C. Coarse Aggregate 

In the experimental work the coarse aggregates of nominal 

size 20mm and 12.5mm are blended in the ratio of 60% and 

40% respectively and used so that the aggregates are well 

graded to give required workability, minimum paste content 

and maximum strength. 

D. Pond Ash 

The physical properties of pond ash were tested in the 

laboratory as per standard procedure. It has a specific 

gravity of 1.972 with fineness modulas of 2.39 . The 

chemical composition of the pond ash has been taken from 

the literatures 
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Abstract: 

Flat Slab is better understood as the slab without beams resting directly on supports like columns & or walls. By virtue of that 

large Bending Moment & Shear Forces are developed close to the columns. These stresses brings about the cracks in concrete & 

may provoke the failure of slab, thus there is a need to provide a larger area at the top of column recognized as column 

head/capital. Flat slab buildings are commonly used for the construction because use of flat slab building provides many 

advantages over conventional RC Frame building in terms of economical, use of space, easier formwork, architectural flexibility 

and importantly shorter construction time. 

 

 Key Words: Flat Slabs, RC Frame Building, Storey Drift, etc 

 

I. INTRODUCTION 
 

Non-destructive testing is defined to evaluating the continuity, 

integrity, security or some physical properties of materials, 

components or structures via a variety of physical principles 

without compromising performance of object to be tested. 

Purpose is to detect whether material or structure is flawed, or 

tests the defectives’ shape, orientation, size, distribution, etc., 

and judges the contents of materials. Nowadays, widely used 

non-destructive testing methods of metal fatigue detection 

include ray inspection, ultrasonic and acoustic emission 

detection, electrical and electromagnetic detection. Modern 

NDT techniques also include computer data and image 

processing, image recognition and synthesis, etc. Some 

presently available NDT with drone quad copter techniques 

are introduced in this paper. 

 

THE STRUCTURAL FRAME ELEMENTS 

 

 
Figure.1.Structural Frame Elements 

 

 
Figure.2.Load Path from the Structure Slab To the 

Ground 

The structural frame must have enough strength to securely 

bear the gravity loads throughout the entire life span of the 

building. An adequate load bearing system is based on a 

continuous load path throughout the structure: 

 The slabs carry the floor loads of each storey. 

 The beams carry the loads transferred to them by the 

slabs as well as the weight of the walls seated on them. 

 The columns carry the beam loads and they transmit 

them to the foundation. 

 The footings (foundation) carry the column loads and 

transfer them to the ground. 

 

2. METHODOLOGIES 

 

1. SLABS 

 
Figure.3. Slabs 
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Abstract: 

 Non destructive testing has achieved an important place in the Quality Assurance of hardened concrete and the evaluation of 

existing concrete structure with regard to their strength & durability. Ultrasonic scanning is a recognized non-destructive 

evaluation test to qualitatively asses the homogeneity and integrity of concrete. This project entailed design and testing of an 

indoor quadrotor UAV capable of autonomous take-off, landing, and path finding for ultrasonic pulse velocity. The propulsion 

system produces 1500g of thrust at 46% throttle using 7" propellers, minimizing craft size, but allowing for sufficient payload to 

carry a LIDAR, a CMOS camera, and rangefinders and ultrasonic pulse velocity equipment. These sensors are interfaced to an 

Overo processor, which sends high-level commands to a low-level flight controller, the HoverflyPro. Flight tests were conducted 

which demonstrated flight control and sensor operation for ultra sonic pulse velocity testing .This simplifies the design and 

maintenance of the vehicle. This reduces the damage caused should the rotors hit anything. 

 

Keywords: NDT, Drone, ultra sonic velocity, Quad Copter. Etc., 

 

I. INTRODUCTION 
 

Non-destructive testing is defined to evaluating the continuity, 

integrity, security or some physical properties of materials, 

components or structures via a variety of physical principles 

without compromising performance of object to be tested. 

Purpose is to detect whether material or structure is flawed, or 

tests the defectives‟ shape, orientation, size, distribution, etc., 

and judges the contents of materials. Nowadays, widely used 

non-destructive testing methods of metal fatigue detection 

include ray inspection, ultrasonic and acoustic emission 

detection, electrical and electromagnetic detection. Modern 

NDT techniques also include computer data and image 

processing, image recognition and synthesis, etc. Some 

presently available NDT with drone quad copter techniques 

are introduced in this paper. 

 

II. NON DESTRUCTIVE TESTING TECHNIQUES 

 

Nondestructive testing techniques are used since the evolution 

of mankind and are continuously improvised with time and 

technology. These techniques are useful in quality control and 

maintenance. The nondestructive techniques that are applied at 

various manufacturing stages of   a „low pressure heater “The 

strength tests, regardless of the type, are excellent for 

determining the criteria of quality & quality control during 

construction, but they leave a lot to be desired. The main 

disadvantage of such tests are delay in obtaining test results, 

the fact that the test specimen may not be truly representative 

of the concrete in a structure, the necessity of stressing the test 

specimen to failure, the lack of reproducibility in the test 

results and the relativity high cost of testing & wastage of 

concrete in form of cubes. Nondestructive methods of testing 

cannot be expected to yield absolute value of strength. These 

methods, therefore, attempt to measure some other property of 

concrete from which an estimate on its strength, its durability 

and its elastic parameters is obtained. Such properties of 

concrete are its hardness, rebound number and its ability to 

allow ultrasonic pulse velocity to propagate through it. The 

electrical properties of the concrete, allow us to estimate its 

moisture content, density, thickness and its cement content. 

Based on above, various nondestructive methods of testing 

concrete have been developed. Popular NDT Tests for 

Concrete Used in field are: 

 Rebound Hammer Test- RH Test 

 Ultrasonic Pulse Velocity- UPV Test 

 Combined Method UPV & RH Test 

 Core Extraction for Compressive Strength Test 

 Ingredient Analysis of Concrete Core 

 Concrete Cover Measurement by Laser Based 

Instrument 

 

III. DRONE-QUAD COPTER 

 

A quad copter is a flying vehicle possessing 4 identical rotors, 

evenly spaced around the central fuselage. First, quadrotors do 

not require mechanical linkages to vary the rotor blade pitch 

angle as they spin. Second, the use of four rotors allows each 

individual rotor to have a smaller diameter than the equivalent 

helicopter rotor, allowing them to possess less kinetic energy 

during flight.  

 
Figure.1. Drone quad copter 
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Abstract: 

The transportation sector in India, has expanded rapidly especially after the onset of the new century. The Government of India is 

investing huge amounts of revenue in the infrastructure and transportation sector in order to link various cities and towns. This 

paper highlights on the need for cost effective road safety investments using 'rolling barrier' systems which can redirect the 

deviated automobiles onto the right path and also prevent the overturning of vehicles. The Road accidents are an outcome of the 

interplay of various factors, some of which are length of road networks, vehicle population, human population 

adherence/enforcement of road safety regulations etc. This study aims to evaluate the effectiveness of the Rolling Barrier and to 

understand the Rolling Barrier‟s characteristics of crash cushioning, how to correct the vehicles running direction and the required 

strength of barriers. The Rolling Barrier satisfied the ministry of construction and transportations, “Guidelines for Installation and 

management of road safety facilities”. The Rolling Barrier can be effectively used in curved roads sections, ramps, medians and 

entrance or exit ramps in parking garages 

 

Keywords: Accidents, Government, Highways, Life, Rolling Barrier, Safe Barrier, Urethane, Vehicles.Etc. 

 

I. INTRODUCTION 
 

„Safety Roller‟ is a safety fixture that prevents drivers and 

passengers from fatal accidents by not only absorbing shock 

energy but also converting shock energy into rotational 

energy. „Safety Roller‟ needs to be installed at sites where 

vehicles are exposed to frequent accidents. „Safety Roller‟ will 

safely lead a vehicle back to the road or stop the vehicle by 

absorbing shock energy. „Safety Roller‟ will effectively 

function for drivers to properly control vehicles with its 

noticeable color and self-luminescence. One Korean company 

developed a product to reduce the harsh impacts of guardrails 

& hopefully save lives. Every year approximately 1.25 million 

people die as a result of a road traffic crash. According to 

Federal Highway Administration, the guardrail can operate to 

deflect a vehicle back to the roadway, slow the vehicle down 

to a complete stop or let it proceed past the guardrail. The 

guardrail can‟t completely protect against the situations 

drivers may find themselves. To minimize the no. of accidents 

a company called ETI (Evolution in Traffic Innovation) 

designed “Rolling Barrier System”. 

 

 FEATURES  

 LED guide lamp (solar energy).  

 Two Pieces.  

 Material is eco-friendly.  

 It reduces the speed of vehicle.  

 Reduces costs in repairing & maintenance due to Roller‟s 

resilience  

 Made of special chemical compound like hard rubber.  

 Easy to maintain due to separated barrels (recyclable). 

 Stopper boards installed on the top and the lower part of 

the barrels to guide objects back to the road. 

 Easy to adjust height, noticeable to drivers due to 

noticeable coloration and self-luminescence. 

 Noticeable to drivers due to noticeable coloration and 

self-luminescence.  

 Stopper boards installed on the top and the lower part of 

the barrels to guide objects back to the road.  

 Easy to adjust height, noticeable to drivers due to 

noticeable coloration and self-luminescence.  

 

II. BARRIER 

 

Barriers or guard rails or longitudinal barriers or traffic 

barriers keep vehicles within their road way and prevent 

vehicles from colliding with dangerous obstacles such as 

boulders, sign supports, trees, bridge abutments, building 

walls and large storm drains. 

 

TYPES OF BARRIER  

 Barriers are categorized in to two ways, by the function they 

serve and by how much they deflect when a vehicle crashes 

into them, 

 

1. BARRIER FUNCTIONS:-   

 Road side barriers are used to protect traffic from 

roadside obstacles or hazards.  

 Median barriers are used to prevent vehicles from 

crossing over a median and striking an oncoming 

vehicle in a head on crash.  

 Bridge barrier is designed to restrain vehicles from 

crashing of the side of a bridge and falling onto the 

roadway.  

 Work zone barriers are used to protect traffic from 

hazards in work zones. 

 

2. BARRIES STIFFNESS:-   

 Flexible barriers include cable barriers and weak post 

corrugated guide rail systems. They will deflect 1.6 to 
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ABSTRACT: An aircraft is a device that is used for, or is intended to be used for, flight in the air. Major categories of 
aircraft are airplane, rotorcraft, glider, and lighter-than-air vehicles. The paper attempts a broad overview of the vast 
field of stability of structures, including elastic and an elastic structure, static and dynamic response, linear and non-
linear behaviour, energy approach, thermodynamic aspects, creep stability and fracture or damage-induced instability. 
The principalaccomplishments are succinctly reviewed, and fruitful recent trends, particularly the stability analysis of 
damage localization and fracture, are emphasized. 
 
KEYWORDS: fuselage, wings, stabilizers, Landinggear,etc 

I. INTRODUCTION 
 

The airframe of a fixed-wing aircraft consists of five principal units: the fuselage, wings, stabilizers, flight 
control surfaces, and landing gear. Helicopter airframes consist of the fuselage, main rotor and related gearbox, tail 
rotor, and the landing gear. Airframe structural components are constructed from a wide variety of materials. The 
earliest aircraft were constructed primarily of wood. Steel tubing and the most common material, aluminium, followed. 
Structural members of an aircraft’s fuselage include stringers, lingering, ribs, bulkheads, and more. The main structural 
member in a wing is called the wing spar. The skin of aircraft can also be made from a variety of materials, ranging 
from impregnated fabric to plywood, aluminium, or composites. Under the skin and attached to the structural fuselage 
are the many components that support airframe function.  

 

 
 

Fig.1. Aircraft Components 
 

The airframe of a fixed-wing aircraft consists of thefollowing five major units:1. Fuselage2. Wings3. Stabilizers4. 
Flight controls surfaces5. Landing gearA rotary-wing aircraft consists of the followingfour major units: 
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ABSTRACT: This project deals with the analysis and design of the Auditorium with special emphasis on Slabs, 
Beams, Columns, Footing and Staircase. Analysis is carried out using Substitute Frame Analysis and preliminary 
analysis of Beams is carried out using Moment Distribution method.  Concrete mix used for the RCC members is M20 
and steel used is high yield strength deformed bars of grade Fe415. Limit State Method is adopted for the design of all 
structural members in the building. Safe bearing capacity of soil is taken as 200kN/m2.Footing is designed as Isolated 
type. Plan and detailing of reinforcement are enclosed in this report. Area and other specifications are taken from IS 
2526:1963 (Code of practice for acoustical design of Auditorium and conference halls) and NBC (National Building 
Code). The limit state method of collapse using IS: 456-2000, and SP16 have been adopted for the design of structural 
components like slabs, beams, columns and foundations. Design and analysis is done manually and the results are 
verified using STAAD Pro. We have used the AUTO CAD. 
 
KEYWORDS: Acoustic, Beam, Column ,Footing ,Analysis, Slab, Auto Cad ,Staad Pro,etc 

I. INTRODUCTION 
 

An auditorium is a room built to enable an audience to hear and watch performances such as theatres. 
Auditorium, Conference hall, Library and Indoor Games are necessary for an Engineering college. In Kuppam College 
of Engineering, Library, Conference hall are located at different locations and also there is no special building for 
Auditorium. This project reports on the analysis and design of Auditorium, Library and Indoor Games hall in one 
separate block. All structural components for the building such as beams, columns, slabs, staircase etc are analysed and 
designed. Isolated footing is adopted for all columns. Safe bearing capacity is taken as 200kN/m2. The structure is 
designed by using limit state method, adopting M20 concrete and Fe415 HYSD bars. Site plan, plan showing various 
floors, section of plan, elevation of plan and detailing of reinforcements for Beam, Column, Slab, Staircase and Footing 
are also enclosed 
1.1. ACOUSTICAL REQUIREMENTS 
 Halls Used for Speech -The clarity of speech is most important in this case. Optimum clarity depends on: 

1 correct reverberation time, 
2 absence of echo, 
3correct loudness level at all parts of hall. 

 Halls for music - Adequate reverberation is important to lend proper blending and fullness of music. The 
reverberation time is required to be higher than for halls meant for speech only. 

 General Purpose Halls Used for Both speech and music- The reverberation time should be in-between that 
provided for in halls for music and speech. 

  Cinemas (Sound Picture halls) - In view of the fact that a certain amount of reverberation is already present in 
the recorded sound, the reverberation time required in this case is lower than that required. 

 Open-Air Auditoriums and Conference halls- While the general acoustical requirements are similar to those 
specified for halls additional requirements which arise are dealt with in 10· 
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ABSTRACT 

    One  of  the major  environmental concerns  is  the  disposal of  the waste  materials  and 

   utilization of industrial by products. Many power plants and electro static precipitators will 

        produce  millions of  tons  waste powder every year.  Having considerable high degree of 
           fineness in comparison to cement this material may be utilized as a partial replacement to 

cement. For this purpose an experiment is conducted to investigate the possibility of using fly 
ash powder in the production of SCC with combined use SILICAFUME and how it affects the 

fresh and mechanical properties of SCC. First SCC is made by replacing cement with SILICA 
              FUME in 10% and fly ash powder is blended to mix in percentage like 25%  as a   partial 

     replacement to cement. Here we use manufacture sand as fine aggregate. By taking fineness 
           modulus 2.5,2.7,2.9 .Test results shows that the SCC mix with combination of 10% SILICA 

FUME and 25% fly ash powder with fineness modulus 2.7 satisfies filling ability and passing 
ability and hardened properties are also in the limits prescribed by the EFNARC. 

Key words: self compacting concrete, SILICA FUME, Fly ash. 
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1. INTRODUCTION 
Concrete s one of the mostly osed costruction 
material in the workd ) In comventional conrete the 
prime ingtint is Ordinary ornland CementL The 
mnulacturing of OPC inceases the 0, d°fusion which 
elrs pollution ln the nironment and also corsumes 
vast quantity ef nit ral reourcus [2). So as to decrease 
the OC which eticts pollution alternate binders are 
Inraluced. Sprial types of concrete are being developed 
bued on the purpose and conraints in the construction 
ndustry Among specal types of concaete being 

rroatucd S is proven to luve Plent engneering 
properties with reduced Co, diffusion not only 
decteaws thw greenhouse gs diffues but alo utilizs a 
hugr amunt of indostral waste materials lile ly ash and 
alag Cimsiderung these positive attribtes, it is beconíng 
t ineang and pupular cmstruction nulerial (3&4| 

Davidovits introduced geo polymernc binders showing 
capahle area of investigation in construction industry 
s altermate binders to OPC. The geopolymers are 
develored from the polymeric reactlion of alkaline liquids 
with the Si and Al hase materials of naturally achievable 
resourres or industrial waste such as FA, CGBS, rice husk 

ash (RHA) etc.l41. The miature of CGBS and MetTkaolin 

and naturally ohtained Si-Al minerals, low caicium FA, 
metakaolin have ben considered as source materials. 

To get adequate strengths of geo polymer conrete 
(GPC), both FA and GCBS in definite proportions 

msaniak 
were establishing to be geopolymer source 
Generaly, in the geopolymer technokogy, the úxture 
of NaOH or KOH and Na,SiO, or KSiO, solution can be 
studied as alkaline liquid|5-7, 

Amount ol sand in SCC shoulu be more than half of te 

whole oggregate [8]. Sund can he artificial or nuural 

but sand have to be of uniform grading and aborptl 
characteristics slhould be intimalely observed P 
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A B S T R A C T

The present investigation is mainly focused on studying the complete stress-strain characteristics
of geopolymer concrete (GPC) with different fine aggregate blending. In this study, granite fines
(GF) were used as a partial replacement of fine aggregate. Sand and GF were used as fine ag-
gregates blended in different proportions (100:0, 80:20, 60:40 and 40:60) (sand:GF) by weight.
GPC cylindrical specimens were tested under compression and the results obtained from the
tested data were analyzed to determine the compressive strength (fcm), stress-strain relationship,
peak strain (εp), linearity of the stress-strain curve, ultimate strain (εu), various modulus of
elasticity (MOE) values, and Poisson’s ratio (μ) of GPC after a period of 7, 28 and 90 days re-
spectively. From the results, it is concluded that the increasing trend was observed in the
properties till 40% (60:40) of GF replacement and then these values were decreased. So, optimum
fine aggregate was blended at 60:40. Based on the test results, new models were developed for
predicting the stress-strain characteristics of GPC under compression by using regression analysis.
The results of proposed models were then compared with the experimental values and the pre-
dicted equations by various codes and past research.

1. Introduction

It is known that the global consumption of cement is approximately more than 2.2 billion tons per year [1] which leads to
emission of equal quantity of carbon dioxide [2]. To minimize this effect, an alternative binder for the concrete technology was
proposed in the year 1978 i.e., geopolymer technology by Davidovits [3]. Rangan [4] reported that fly ash based GPC showed
excellent performance by activating the Si-Al minerals present in fly ash under alkaline activator solution (AAS). Supraja and Kanta
Rao [5] studied on GPC incorporating ground granulated blast furnace slag (GGBS) with different molarities of NaOH for improving
the strength of concrete, because it consists of Si-Al minerals present in the composition, which reacts with AAS to contribute
additional formation of geoploymeric chain bonds (Si-O-Al-O) and depicted in Fig. 1. From Mustofa and Pintowantoro [6], the
compressive strength of ferronickel Slag based GPC was mainly depended on Si-Al ratio and concluded that the strength was in-
creased up to the ratio of 3.5. On the other hand, GPC also influenced by fine aggregate [7,8], super plasticizer [9] and temperature
[10,11]. So, from the past research [4–8], it is concluded that the GPC mainly depends on Si-Al content present in the materials like
fly ash, GGBS and fine aggregate also.
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Abstract
The present investigation is mainly focused on predicting compressive strength of geopolymer concrete (GPC) using non-

destructive testing (NDT) techniques viz., Schmidt rebound hammer (SRH), ultrasonic pulse velocity (UPV) and combined

method. The NDT techniques were performed to compare the accuracy between the SRH, UPV and combined method in

estimating the compressive strength of GPC. In this study, four mixes of GPC were prepared with different fine aggregate

blending. Sand and granite slurry or granite fines (GF) are blended in different proportions (100:0, 80:20, 60:40 and 40:60).

Coarse aggregates of size 20 and 10 mm are blended in proportions 60:40. Ground granulated blast furnace slag (GGBS)

and fly ash (class F) were used at 50:50 ratio as geopolymer binders. Combination of sodium hydroxide (8M) and sodium

silicate solution was used as an alkaline activator. Prior to compressive strength of test specimens, SRH, UPV and

combined method were recorded after 7, 28 and 90 days of curing at ambient room temperature. From the results, it is

revealed that the compressive strength, SRH, UPV and combined method results were increased up to fine aggregate

blending of 60:40. Different equations were proposed correlating the compressive strength of concrete to SRH, UPV and

combined method. Statistical analysis includes type of fit, sum of square residuals and standard errors were determined for

the proposed equations. The measured compressive strength of all mixes was compared with predicted equations developed

by past researchers.

Keywords Geopolymer concrete � Compression strength � Non-destructive testing � Schmidt rebound hammer �
Ultrasonic pulse velocity � Combined method

Introduction

Approximately, it is estimated that the global consumption

of cement is more than 2.2 billion tons per year (Malhotra

1999), so it releases equal quantity of carbon dioxide

(Hardjito & Wallah 2002). To minimize this affect, an

alternative binder for the concrete technology was pro-

posed in the year 1978, i.e., geopolymer technology (Ab-

hishek et al. 2015). GPC is mainly influenced by fly ash

(Rangan 2008), ground granulated blast furnace slag,

molarities of NaOH (Supraja & Kanta Rao 2011),

superplasticizer (Aminul & Rajan 2012), and temperature

(Kong & Sanjayan 2012). Heat-cured low calcium fly ash-

based geopolymer concrete has excellent compressive

strength, suffers very little drying shrinkage and low creep,

excellent resistance to sulfate attack, and good acid resis-

tance compared to water curing (Sumajouw & Rangan

2006).

The chemical composition of the geopolymer material is

similar to natural zeolitic materials, but the microstructure

is amorphous instead of crystalline (Xu & Van Deventer

2000). The polymerisation process involves a substantially

fast chemical reaction under alkaline condition on Si–Al

minerals, which results in a three dimensional polymeric

chain and ring structure consisting of Si–O–Al–O bonds, as

follows (Davidovits 1999).

Mn � SiO2ð Þ z� AlO2½ � n:wH2O
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Abstract
This investigation is mainly focused on the prediction of 112-day drying shrinkage of self-compacting concrete (SCC) and

conventional concrete (CC) blended with or without class F fly ash using symbolic regression. Two logical parameters,

namely additive factor (AF) and coarse aggregate points (CAP), have been included in the preparation of input parameters

to address the influence of fly ash and coarse aggregate on the drying shrinkage of concrete. The experimental data

provided by literature and this investigation have been used for symbolic regression. It is evidently revealed that the

evolved equation (AF_CAP_Equation) was able to predict the 112-day drying shrinkage of SCC and CC reasonably. Effect

of AF and CAP on the drying shrinkage of concrete mixes has also been discussed.

Keywords Drying shrinkage � Self-compacting concrete � Conventional concrete � Admixture factor � Coarse aggregate

points � Symbolic regression

Introduction

Drying shrinkage of concrete is normally defined as the

volumetric change that is caused by the loss of water held

in gel pores and capillary pores under drying conditions

(Neville 1996). Drying shrinkage can be a reason for the

deterioration of concrete structures. The contraction of the

material is normally hindered by either internal or external

restraints so that tensile stresses are induced. These stresses

may exceed the tensile strength of concrete and cause

concrete to crack (Saleh and Rajeh 2006; Ayano and

Wittman 2002). Drying shrinkage of self-compacting

concrete (SCC) is high due to its higher paste volume and

lower coarse aggregate content as compared to that of

conventional concrete (CC) (Ghoddousi and Monir Abbasi

2008; Loser and Leemann 2009). The volume of paste of a

concrete mixture is usually defined as the sum of the vol-

umes of cement, water, mineral addition and chemical

admixtures. Increasing the volume of paste improves the

flowability but it may have unexpected effects on

mechanical properties and time-dependent deformations.

For example, drying shrinkage is known to increase with

the volume of paste (Bissonnette et al. 1999; Leemann

et al. 2011).

Shrinkage is a paste property and the aggregate is the

most influential restraint on the change in volume (Neville

1996; Mindess et al. 2003). The magnitude of drying

shrinkage is influenced by both internal and external fac-

tors. Internal factors include water content, cement content,

quality and quantity of paste, aggregate size and its content,

mineral admixture characteristics and its content. External

factors include size and shape of concrete mass, curing

conditions, ambient relative humidity and length of drying

period (Campbell-Allen and Roper 1991). At a constant

water–cement ratio (w/c), the increase in both cement and

water contents increases the shrinkage due to the increased

volume of both gel pores and capillary pores (Neville

1996). If the water content is held constant and the cement

content is increased, the decrease in water–cement ratio (w/

c) decreases the amount of gel pores and capillary pores

and, thereby, the amount of shrinkage can be reduced
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Abstract— The present study mainly focuses on analytical 

study of fly ash and GGBS blended reinforced geo polymer 

concrete beams. The beams were analyzed by using Ansys 

R15.0. The reinforced geo polymer beams analyzed were 

cured for 28days in an ambient room temperature itself. The 

conventional reinforced concrete beam analyzed were cured 

for 28 days in water. The proportions of source materials for 

geo polymer concrete used are fly ash(FA) 50- Ground 

Granulated Blast Furnace Slag (GGBS) 50, FA0-GGBS100. 

The grade of Conventional Concrete (CC) was fixed 

equivalent to that of Geopolymer concrete with the earlier 

specified proportions. The grade of geo polymer concrete 

was fixed to be M45 by doing trial and error method. The 

beams were analyzed for two- point loading. The parameters 

such as Max.Equivalent stresses (Von-Misses stress), 

Max.Normal Stress, Max. Normal Elastic Strain, Max.Shear 

Stress, Max.Shear strain and Max.central deflection were 

found. The present study has given a final conclusion that 

the performance of reinforced geo polymer concrete 

(RGPC) beams was better than that of equivalent grade of 

reinforced conventional concrete beams. 

Key words: Reinforced Geopolymer concrete beams; Ansys 

R15.0; Max.Equivalent stresses (Von-Misses stress); Max. 

Normal Elastic Strain; Max.Shear Stress; Max.central 

deflection 

I. INTRODUCTION 

Concrete is the most widely used construction material after 

water in the world and ordinary Portland cement (OPC) is 

the major ingredient used in concrete. The production of 

cement releases large amount of carbon dioxide (CO2) to 

the atmosphere that significantly contributes to greenhouse 

gas emissions. It is estimated that one ton of CO2 is released 

into the atmosphere for every ton of OPC produced [1].The 

mechanical properties of Geo-polymer concrete(GPC) mixes 

with different aggregates blending and also combination of 

sodium hydroxide and sodium silicate solution was used as 

alkaline activator and conclude that optimum fine aggregate 

blending and also all Splitting Tensile Strength (STS) and 

Flexural Strength(FS) of all mixes were compared with ACI 

363R, CEB-FIP and ACI 318R predicted equations [2]. The 

mechanical properties of Geo-polymer concrete(GPC) using 

granite slurry(GS) as sand replacement at different levels 

and cured at room temperature and concluded that optimum 

replacement level of GS used in place of sand and can solve 

the natural resources [3]. The load deflection relationships, 

crack pattern, ultimate load was obtained and compared with 

the experimental results available in literature and obtained 

results shows good agreement with the experimental results 

for comparative study of experimental and analytical results 

of FRP strengthened beams in flexure [2]. A study on the 

unretrofitted RC beam designated as control beam, RC 

beams retrofitted with CFRP composites in uncracked and 

precracked beams were studied in Ansys and The results 

obtained was in good agreement with the experimental plots 

[3]. The dynamic analysis of the composite beam was 

studied and values of Young Modulus, Poisson’s ratio and 

shear modulus were determined by using Ansys [4]. Beams 

strengthened with Carbon Fiber Reinforced Polymer and the 

beams were modelled using ANSYS and the obtained 

results were compared with the experimental one and was 

found to be in good agreement [5]. The load deflection 

relationship, crack pattern and ultimate load were obtained 

and also comparison were done for the CFRP and GFRP and 

reported that the performance of beams with retrofitting 

with CFRP was better than the beams with retrofitting with 

GFRP by using Ansys[6]. An Analytical Investigation of 

Bonded Glass Fiber Reinforced Polymer Sheets with 

Reinforced Concrete Beam Using Ansys which has been 

used to study the strengthened behavior of the beam and 

gave the conclusion as the Deflections in the beams 

retrofitted with GFRP are less than RCC beam and for the 

same load the RCC beam with GFRP have the less stresses 

and strains. In the comparison cases both experimental and 

analytical results are coinciding [7]. The models which are 

analyzed has shown the same structural response and failure 

modes as found in the experimental investigation [8]. The 

modelling of RC beams with and without openings by using 

Ansys and were investigated on beam strength, stiffness, 

deformed shape, and cracked patterns by the experimental 

and theoretical results were concluded that the both results 

were showed satisfactory [9]. A theoretical and 

experimental study on mechanical properties and flexural 

strength of fly ash-geo polymer concrete using young’s 

modulus, Poisson’s ratio stress-strain relation and indirect 

tensile strength with four-point loading and as FEM and 

concluded after the results there were approximate values by 

comparing both the theoretical and experimental study [10].  

II. EXPERIMENTAL STUDY 

Our objective was to determine the parameters such as 

Max.Equivalent stresses (Von-Misses stress), Max.Normal 

Stress, Max. Normal Elastic Strain, Max.Shear Stress, 

Max.Shear strain and Max.central deflection for reinforced 

beams of M45 grade of conventional concrete (CC) and geo 

polymer concrete having proportions of FA 50- GGBS 

50and FA0-GGBS100 were FA is fly ash and GGBS is 

Ground Granulated Blast Furnace Slag. 

A. Materials 

The source materials for silica and aluminum were taken as 

Fly Ash and GGBS. Class F fly ash has been taken as it has 
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Abstract— Development of cost effective roofing system 

built with precast ferrocement elements is discussed. This 

roofing technology is exclusively designed for innovative / 

affordable / rapid-built / disaster-resistant SERCular 

Housing Technology developed by CSIR-SERC.  This type 

of rural house is built of a 2-roomed unit, proposed for 

Pradhan Mantri Awas Yojana – Garmin (PMAY-G), 

consisting of each room as a standard 4-meter diameter 

circular module.  For this type of housing, the proposed 

roofing system is designed to cover over the 4-m. diameter 

(spanning across the circular walls), with the precast 

rectangular ferrocement joists reinforced by chicken-wire 

mesh plus welded mesh and 8-mm rods.  The ferrocement 

planks are used for lateral spanning on the two parallel joists 

placed at 0.4m spacing. Each of the precast ferrocement 

elements are designed to weigh less than 200kg, for the ease 

of manual handling, with-out the necessity of machines / 

cranes.   In-situ screed concrete of 40mm thickness was laid 

on this roofing system made of precast ferrocement joists 

and planks, to enable them to act monolithically and for 

structurally connecting different precast elements. The full-

scale / prototype roofing system for 4-m. span with 

overhang of 0.3m on either end for a total length of 4.6m 

and 0.8m width, is constructed for load testing.   The 

structural investigations are carried-out on this roofing 

system by flexure testing, with gradually increasing UDL in 

the structural testing laboratory of CSIR-SERC. The test 

procedure is illustrated. Test results are tabulated and the 

conclusions are drawn. The advantages of this type of 

precast ferrocement roofing system are described. 

Key words: Ferrocement roofing elements; Flexure test; 

Precast ferrocement joists; Ferrocement planks; Screed; 

concrete 

I. INTRODUCTION 

Pradhan Mantri Awas Yojana - Gramin (PMAY-G) is the 

housing scheme launched by the Government of India, 

towards the objective of providing affordable housing to 

rural poor masses. As per PMAY-G minimum plinth area of 

a rural house should be 25-sq.m.  Under the PMAY-G, the 

monetary assistance offered from government is Rs.1.20 

lakhs. The government of India has set the target of building 

one-crore rural houses within a period of 3-years.  Towards 

the requirements and specifications of PMAY-G, the CSIR-

SERC has developed an innovative technology to be 

adopted in building rural dwelling units with rapid / fast and 

economical construction technology. This is called as 

“SERCular Housing Technology”.  This two roomed house 

design consists of standard 4-meter diameter circular shaped 

rooms, built with innovative interlocking earth blocks for 

walling. These blocks have a special interlocking tongue and 

groove mechanism. These earth blocks are made of soil-

cement mixture. The blocks are curved in shape to the radius 

of 2 meters. SERCular technology has got fast construction 

advantages because of its special interlocking mechanism. 

By mere assemblage, these blocks form a circular shape by 

itself, maintaining verticality and no skilled labour is needed 

for masonry works. 

 
Fig. 1: SERCular housing developed for PMAY-G 

The circular geometry has got inherent economic 

and structural advantages. This is because circle needs 

minimum circumference to cover the given plinth area, 

when compared to any other shape. It means the circular 

housing requires minimum walling for given plinth area and 

hence these houses are economical and affordable. Circular 

shape of the house being a better aero-dynamic shape, 

SERCular houses are naturally cyclone resistant. As the 

circular walling do not contain any seismically failing 

corners (unlike rectangle wall corners), they are earthquake 

resistant too.   

In all the precast components and in the 

experimental constructions, the Portland Pozzolona Cement 

(PPC) is utilized. PPC is a kind of blended cement which is 

produced by inter-grinding of OPC clinker along with 

gypsum and pozzolonic materials in certain proportions.  

PPC may also be produced by grinding the OPC clinker, 

gypsum and pozzolonic materials separately, and mixed 

thoroughly. Pozzolona is a natural or artificial material 

containing silica in a reactive form. It may be further 

discussed as siliceous or siliceous and aluminous material 

which in itself possesses little, or no cementitious properties 

but will be in very finely divided form. In the presence of 

moisture, the pozzolona will chemically react with calcium 

hydroxide at ordinary temperature to form compounds 

possessing cementitious properties. It is essential that 

pozzolana be in a finely divided state as it is only then that 

silica can combine with calcium hydroxide in the presence 

of water to form stable calcium silicate which have 

cementitious properties. The cement used in this 

experimental investigation is PPC conforming to IS 1489 
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ABSTRACT 

 Self compacting geopolymer concrete (SCGC) is an advanced concrete that doesn’t require both 

cement and compaction. In this research, SCGC mixes were prepared using class F fly ash (FA) and ground 

granulated blast furnace slag (GGBS) in 50:50 proportions with artificial sand (ARS) as fine aggregate. 

According to EFNARC guidelines mix design was prepared with 8M, 10M and 12M of NaOH. After successful 

evaluation of various fresh properties like slump flow, T50cm slump flow, V-funnel, L-box, the present 

experimental investigation was carried out on mechanical properties like compressive strength and flexural 

strength after 28 and 56 days of ambient room temperature curing. Performance aspects such as first crack 

load, ultimate load, ultimate deflection, crack patterns and failure mode of reinforced SCGC (RSCGC) beams 

were studied. The mechanical properties are evaluated and get a conclusion that curing time gives better 

strength in all molarities and also found that the increase in NaOH molarity decreased the fresh properties, 

however it increased the compressive and flexural strength of SCGC. 

 

Key words: Self compacting geopolymer concrete, class F fly ash, ground granulated blast furnace slag, 

artificial sand, compressive strength, and flexural strength. 

 

INTRODUCTION 

 

Concrete is the resolution of all the construction and development activities around the world. The prime ingredient 

of conventional concrete is OPC. From environment point of observation, making of OPC is not environmental friendly view 

as it takes huge quantity of natural resources and releases a major quantity of green house gases [1]. So as to decrease the 

manufacture of OPC which effect the pollution to the environment alternate binders are introduced. Special types of concrete 

are being developed based on the purpose in the construction industry. Among special types of concrete being produced, 

SCGC is proven to have excellent engineering properties with reduced green house gases diffusion. It not only decreases the 

greenhouse gas diffuses but also utilizes a huge amount of industrial waste materials like fly ash and slag. Considering these 

positive attributes, it is becoming an increasing and popular construction material. Davidovits introduced geo polymeric 

binders showing promising region of study in construction industry as alternate binders to OPC. A polymeric reaction of 

alkaline liquids with the Si and Al source materials of naturally existing resources or industrial by-products such FA, GGBS, 

rice husk ash (RHA) etc., develops these geopolymers [2]. 

      In SCC amount of sand should be more than half of the whole aggregate [3]. Sand can be artificial or natural sand has to 

be of uniform grading and absorption characteristics should be intimately observed [4]. Therefore amount of sand required 

for SCGC is higher than that of CC. If natural sand is used in huge quantity, it not only affects environmental problems but 

also lack of natural resources and usage of artificial sand is the solution for this problem. Researchers have shown that use of 

artificial sand gives the superior strength than with river sand [5&6]. 

     GuruJawahar and Mounika observed that at room temperature FA and GGBS blended GPC mixes attained enhances 

mechanical properties [7]. Sujatha et al. concluded that stiffness, ductility and high load carrying capacity and exhibited by 

geopolymer concrete columns until failure [8]. Anuradha et al. pointed that tensile strength of GPC manufactured with 

artificial sand is lower than that of GPC manufactured with river sand [9]. 

 Palmo et al. concluded that mechanical properties of the fly ash based GPC significantly affected by the curing 

temperature. However, current studies declared that GPC mixes can be improved for ambient room temperature [10]. 

Hardjito et al. [11] noticed that SP was create to be used to attain sufficient workability as fresh GPC was extremely viscous 

with low workability. Generally, in the geopolymer technology, the mixture of sodium hydroxide or potassium hydroxide and 
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Abstract— The objective of this project is to study the effect 

of class F fly ash (FA) on the mechanical and durability 

properties of Geo Polymer concrete (GPC). Sodium silicate 

(Na2SiO3) and sodium hydroxide (NaOH) solution has been 

used as alkaline activator with different molarities like 4 

molarity, 6 molarity, 8 molarity and 10 molarity. In the 

present investigation it is proposed to study the mechanical 

properties viz. compressive strength after 7, 14, 28, 56 and 

112 days and split tensile strength after 28, 56 and 112 days 

ambient room temperature curing and durability properties  

viz. loss of unit weight and compressive strength in acid 

curing for 28 and 56 days. 

Key words: Geo Polymer concrete; Fly ash; Compressive 

strength; splitting tensile strength; Flexure strength 

I. INTRODUCTION 

Concrete is one of the most widely used construction 

material and it is usually associated with Portland cement as 

the main component for making concrete. Geo Polymer can 

be considered as the key factor which does not utilize 

Portland cement, nor releases greenhouse gases. The Geo 

Polymer technology proposed by Davidovits [1-2] shows 

considerable promise for application in concrete industry as 

an alternative binder to Portland cement. Davidovits 

proposed that the binders could be produced by a polymeric 

action of alkaline liquids with the silicon and the aluminum 

in source materials of geological origin or by-product 

material such as fly ash and slag. He termed these binders as 

Geo Polymers. Among the waste or by-product materials, 

fly ash and slag are the most potential source of Geo 

Polymers. 

II. GEO POLYMERS 

In general the source materials and alkaline liquids are 

treated as major materials in the Geo-polymers. By mixing 

the two solutions, named sodium hydroxide (NaOH) and 

sodium silicate (Na2So3) we can prepare an alkaline liquid 

which is used in geo-polymers. The reaction takes place by 

sodium hydroxide and sodium silicate solutions is treated as 

the geo-polymerization process for our convenience. And 

also we have to consider that Silica (Si) and Aluminum (Al) 

are key elements in geo-polymers. The percentage of 

aluminum and silicon are to be taken into account in the 

materials which are used. The source materials like Fly ash, 

silica fume, slag, rice husk-ash etc are to be used. The source 

material selection is also economical.   

A. Applications of Geo polymers 

The various applications of Geo polymers include Industrial 

floor repairs, Airfield repairs (in war zones), Fireproof 

composite panels, External repair and structural retrofit for 

aging infrastructure, For storage of toxic and radioactive 

wastes, Potential utilizations in Art and Decoration, LTGS 

Brick, Railways sleepers, Electric power poles, Marine 

structures, Waste containments etc. [3] 

III. INVESTIGATIONS 

This study involves the details of development of the 

process of making low calcium (ASTM Class F) fly ash 

based geo polymer concrete. The physical and chemical 

properties of fly ash, aggregate and water used in the 

investigation were analyzed based on standard experimental 

procedures laid down in IS, ASTM and BS codes. The 

experiments conducted on coarse aggregate are specific 

gravity and water absorption, Bulk density & Sieve analysis 

by using respective codes [4-9]. The experiments conducted 

on fine aggregates are specific gravity, moisture content, 

sieve analysis and bulking of fine aggregate using volume 

method. 

The tests conducted on geo polymer concrete are 

Compressive strength [10-12],  Split Tensile strength [13-

14], Flexural strength [10, 15-16] are as per the respective 

IS, BS and ASTM codes. 

A. Materials used 

1) Fly ash 

According to ASTM C 618 [17] the fly ash can be divided 

into two types based on amount of calcium present in the 

Fly ash. The classified Fly ashes are Class F (low-calcium) 

and Class C (high-calcium). In the Present investigation 

Class F fly ash [18] produced from Rayalaseema Thermal 

Power Plant (RTPP), Muddanur, Andhra Pradesh was used.  

2) Coarse Aggregate  

Coarse aggregate of size 20 mm and 10 mm are used here. 

The bulk specific gravity in oven dry condition and water 

absorption of the coarse aggregate 20 mm and 10mm as per 

IS code [7] were 2.58 and 0.3% respectively. The gradation 

of the coarse aggregate was determined by sieve analysis as 

per IS code [8]. The grading curves of the coarse aggregates 

as per IS code are shown in Chart 1& 2.  (Quantity taken=5 

Kg) 

 
Fig. 1: Grading curve of 20 mm Coarse aggregate 
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Abstract— The objective of this project is to study the effect 

of molarity (8M, 10M and 12M) on strength properties of 

class F fly ash (FA) and ground granulated blast furnace slag 

(GGBS) blended geopolymer concrete (GPC) at the 50% 

replacement level (FA50-GGBS50). Sodium silicate 

(Na2SiO3) and sodium hydroxide (NaOH) solution has been 

used as alkaline activator. In the present investigation it is 

proposed to study the mechanical properties viz. compressive 

strength, split tensile strength and ultrasonic pulse velocity 

after 7, 14, 28, 56 and 112 days of ambient room temperature 

curing. 

Key words: Fly Ash, Ground Granulated Blast Furnace Slag 

(GGBS) 

I. INTRODUCTION 

It is widely known that concrete is the most widely used 

constructing material and Portland cement is one of the 

ingredient used in the concrete. Mainly the production of 

Portland cement takes considerable energy, due to that it 

releases large volume of carbon dioxide (CO2) into the 

atmosphere. The climate change is mainly concerned with the 

global warming. Generally the various greenhouse gases, 

such as carbon dioxide (CO2), methane, nitrous oxide are 

releasing into the atmosphere due to various human activities. 

These gases are mainly responsible for global warming. 

Many industries are releasing CO2 into the atmosphere, in 

those cement industry also playing one of the role. Generally 

the one ton of CO2 is approximately releasing due to the 

production of one ton of Portland cement.  However in 

concrete construction, Portland cement is one of the main 

binders. So, we have to search for more environmental 

friendly materials. There are many attempts are under 

research for the replacement of Portland cement with other 

cementitious materials such as fly ash, ground granulated 

blast furnace slag (GGBS), rice-husk, in order to reduce 

global warming issues. Fly ash is the by-product of burning 

coal that is accessible at worldwide. It is being used for 

replacement of Portland cement in concrete.  High calcium 

fly ash or ASTM class C ash possess the self-binding 

properties. Low calcium fly ash or class F fly ash possesses 

pozzolanic properties. Davidovits (1978), had developed 

alternative binder “geopolymer” that contains cementing 

properties. So, it can be used as replacement of cement. A 

geopolymer will be created by the combining of 

aluminosilicate material with high alkalic liquids. Usually 

geopolymer will be made up of the materials that contain Al 

(Al) and oxide (Si) content. Fly ash and ground granulated 

blast furnace slag (GGBS) are rich in Al and oxide content. 

So, these can be used for replacing the cement in concrete. 

II. GPC MIX DESIGN 

Rangan and Hardjito (2005) have noted that unlike 

conventional cement concretes GPCs are a new class of 

construction materials and therefore no standard mix design 

approaches are yet available for GPCs. While GPC involves 

more constituents in its binder (viz., FA, GGBS, sodium 

silicate, sodium hydroxide and water), whose interactions and 

final structure and chemical composition are under intense 

research whereas the chemistry of Portland cement and its 

structure and chemical composition (before and after 

hydration) are well established due to extensive research 

carried out over more than century. While the strength of 

cement concrete is known to be well related to its water-

cement ratio, such a simplistic formulation may not hold good 

for GPCs. Therefore, the formulation of the GPC has to be 

done by trial and error basis. The role and the influence of 

aggregates are considered to be the same as in the case of 

Portland cement concrete. The mass of combined aggregates 

may be taken to be between 75% and 80% of the mass of 

geopolymer concrete. The performance criteria of a 

geopolymer concrete mixture depend on the application. For 

simplicity, the compressive strength of hardened concrete and 

the workability of fresh concrete are selected as the 

performance criteria. In order to meet these performance 

criteria, the alkaline liquid-to-fly ash ratio by mass, water-to-

geopolymer solids ratio by mass, the wet-mixing time, the 

heat-curing temperature, and the heat-curing time are selected 

as parameters. With regard to alkaline liquid-to-fly ash ratio 

by mass, values in the range of 0.30 and 0.45 are 

recommended. Sodium silicate solution is cheaper than 

sodium hydroxide solids. Commercially available sodium 

silicate solution A53 with SiO2-to-Na2O ratio by mass of 

approximately 2, i.e., Na2O = 14.7%, SiO2 = 29.4%, and 

water = 55.9% by mass, and sodium hydroxide solids (NaOH) 

with 97-98% purity are recommended. Laboratory experience 

suggests that the ratio of sodium silicate solution-to-sodium 

hydroxide solution by mass may be taken approximately as 

2.5 (Hardjito and Rangan, 2005). 

Mixture proportion of heat-cured low-calcium fly 

ash-based geopolymer concrete with design compressive 

strength of 45 MPa is needed for precast concrete products as 

follows: Assume that normal-density aggregates in SSD 

condition are to be used and the unit-weight of concrete is 

2400 kg/m3. Take the mass of combined aggregates as 77% of 

the mass of concrete, i.e. 0.77x2400 = 1848 kg/m3. The 

combined aggregates may be selected to match the standard 

grading curves used in the design of Portland cement concrete 

mixtures. For instance, the aggregates may comprise 277 

kg/m3 (15%) of 20 mm aggregates, 370 kg/m3 (20%) of 14 

mm aggregates, 647 kg/m3 (35%) of 7 mm aggregates, and 

554 kg/m3 (30%) of fine sand to meet the requirements of 



IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 06, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 900 

Mechanical Properties of Geopolymer Concrete Incorporating Copper 

Slag as Fine Aggregate 
B. Mounika1 C. Sreenivasulu2 J. Guru Jawahar3 K. Narasimhulu4 

1PG Student 2Assistant Professor 3,4Professor 

1,2,3,4Department of Civil Engineering 
1,2,3,4Annamacharya Institute of Technology & Sciences, Andhra Pradesh India

Abstract— The present paper mainly focused on mechanical 

properties of geopolymer concrete (GPC) incorporating 

copper slag (CS) as fine aggregate. In this study, CS was 

replaced at different replacement levels (0%, 10%, 20%, 30% 

and 40%). Fly ash and ground granulated blast furnace slag 

were used as geopolymer binders. Combination of NaOH and 

Na2Sio3 solution were used as activating solution. 

Mechanical properties viz., compressive strength, split tensile 

strength and modulus of elasticity were found after 7, 28 and 

90 days respectively. From the results, it is concluded that the 

improvement in mechanical properties up to 40% CS 

replacement was observed. 

Key words: Geopolymer Concrete, Copper Slag, 

Compressive Strength, Split Tensile Strength, Modulus of 

Elasticity 

I. INTRODUCTION 

Concrete is the most widely used material in construction 

worldwide in terms of volume and has a large impact on the 

environment. Manufacturing of Portland cement is one of the 

most important materials of construction and is responsible 

for significant amount of emissions of co2 which is the main 

greenhouse gas, causing global warming. Efforts are being 

made in the construction industry to address these by utilizing 

alternative materials and developing supplementary binders 

in concrete. The application of geo polymer concrete is one 

such alternative. The geo polymer technology is proposed by 

Davidovits and gives considerable propose for application in 

concrete industry as an alternative binder to the Portland 

cement. This process results in two benefits. i.e. reducing 

CO2 releases from production of OPC and effective 

utilization of industrial waste by-products such as fly ash, 

slag etc. By minimizing the use of OPC. In terms of reducing 

the global warming, the geo polymer technology can reduce 

the CO2 emission in to the atmosphere, caused by cement and 

aggregate industries is about 80%. In this geo polymer 

technology, the source material is rich in silicon (Si) and 

Aluminium (Al) is reacted with a highly alkaline solution 

through the process of geo polymerization to produce the 

binding material. The polymerization process involves a 

substantially fast chemical reaction under high alkaline 

condition on Si-Al minerals that result in a three-dimensional 

polymeric chain and ring structure consisting of Si-O-Al-O 

bonds. Depending on the raw materials and the processing 

conditions, geo polymers can exhibit a wide variety of 

properties and characteristics, including high compressive 

strength, adequate flexural strength, acid resistance, fire 

resistance and also provides low thermal conductivity. This 

paper presents the compressive strength, split tensile strength 

and modulus of elasticity of geo polymer concrete (GPC) 

incorporating fly Ash and GGBS at equal ratio for M45 grade, 

cured at ambient temperature. 

II. EXPERIMENTAL STUDY 

The experimental investigation was focused on the effect of 

various proportions of copper slag on GPC. Mix proportion 

was designed using Rangans method. Fly ash and GGBS are 

used as the replacement of cement. Sand and CS were used 

as fine aggregate and CS chemical composition are listed in  

Composition % by mass 

SiO2 

Al2O3 

Fe2O3 

CaO 

Na2O3 

K2O 

TiO2 

MgO 

GNO3 

43.20 

12.60 

1.30 

40.20 

0.90 

0.60 

- 

1.45 

- 

Table 1: Super plasticizer of SP-430 was used to improve 

the workability of mixtures. 

Crushed granite stones of the size 20 mm and 10 mm 

were used as coarse aggregate and the river sand was used as 

fine aggregate. The bulk specific gravity in oven dry 

condition and the water absorption of the coarse aggregate 20 

mm and 10mm were 2.58 and 0.3% respectively. The bulk 

specific gravity in oven dry condition and water absorption of 

the sand were 2.62 and 1% respectively and also the fineness 

modulus is 2.59. 

III. MIX DESIGN 

In this study, mechanical properties of geopolymer concrete 

(GPC) incorporating copper slag(CS) as fine aggregate with 

the replacement levels of 0%, 10%, 20%, 30% and 40% of 

copper slag  was studied. The design mix proportions of GPC 

values are shown in Table 2. 

Constituents Content of concrete per m3 

GGBS 242 

Fly ash 242 

20 mm aggregate 914 

10mm aggregate 610 

SS Solution 121 

SH Solution 48 

Super plasticizer 3.386 

Table 2: GPC mix proportions per m3 

The changing values of sand and copper slag 

according to different proportions are shown in Table 3. 

Constituents Proportions per m3 

 0% 10% 20% 30% 40% 

Sand 648.5 583.6 518.8 453.95 390 

Copper slag 0 64.85 129.7 194.55 260 

Table 3: Mix proportions of sand and CS 
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Abstract: Geopolymer concrete (GPC) is becoming a sustainable 
concrete when comparing to ordinary Portland cement (OPC) 
concrete. This investigation is mainly focused on the preliminary 
study on fly ash (FA) and ground granulated blast furnace slag 
(GGBS) based GPC using copper slag (CS) and vermiculite (VM) 
as fine aggregate replacement at different levels (0%, 20% and 
40%). The compressive strength and ultrasonic pulse velocity 
(UPV) values of GPC mixes (FA50-GGBS50) were determined 
after 7 and 28 days of ambient room temperature curing. In this 
study, sodium silicate (Na2SiO3) and sodium hydroxide (NaOH) 
solution is used as alkaline activator. Test results revealed that 
the increased replacement level of copper slag increased the GPC 
properties. Whereas, the increased replacement level of 
vermiculite decreased the GPC properties. 

Keywords: Geopolymer concrete; fly ash, GGBS; compressive 

strength; ultrasonic pulse velocity; copper slag; vermiculite. 

I. INTRODUCTION 

 
oncrete is the most widely used construction material 
after water in the world and ordinary Portland cement 

(OPC) is the major ingredient used in concrete. The 
production of cement releases large amount of carbon dioxide 
(CO2) to the atmosphere that significantly contributes to 
greenhouse gas emissions. It is estimated that one ton of CO2 
is released into the atmosphere for every ton of OPC produced 
[1]. Several efforts are in progress to supplement the use of 
Portland cement in concrete in order to address the global 
warming issues. In view of this, Davidovits proposed that 
geopolymer binders could be produced by a polymeric 
reaction of alkaline liquids with the silicon and the aluminium 
in source materials of geological origin or by-product 
materials such as fly ash, GGBS, rice husk ash etc [1]. The 
most common industrial by-products used as binder materials 
are fly ash (FA) and ground granulated blast furnace slag 
(GGBS) [2-4]. Geopolymers are made from source materials 
with silicon (Si) and Aluminium (Al) content and thus cement 
can be completely replaced by the materials such as fly ash 
and ground granulated blast furnace slag which are rich in 
silica and alumina [5-7]. Fly ash and GGBS reacts with 
alkaline solutions to form a cementitious material which does 
not emit carbon dioxide into the atmosphere and enhances the 
mechanical and durability properties of the geopolymer 
concrete. Palomo and Grutzeck reported that type of alkaline 
liquid affects the mechanical properties of GPC [7]. Palomo 
and Femandez-Jimenez [8] concluded that both curing 
temperature and curing time affects the compressive strength 
of GPC mixes. Gourley [9] stated that low calcium class F fly 

ash is more preferable thatn high calcium class C fly ash in 
the manufacturing of GPC. Guru Jawahar concluded that 
GGBS and FA blended GPC mixes attained enhanced 
mechanical and durability properties at ambient room 
temperature itself [10-13]. Sujatha et al. [14] observed that 
geopolymer concrete columns exhibited high load carrying 
capacity, stiffness and ductility until failure. Anuradha et al. 
[15] noted that tensile strength of GPC made with river sand is 
higher than that of GPC made with manufactured sand. 
Research is being carried out to develop the GPC using 
different materials as fine aggregate replacement to save the 
natural resources. Sreenivasulu et al. observed that there was a 
significant increase in compressive strength with the increased 
granite slurry powder (GS) from 0% to 40% as sand 
replacement in all curing periods [16-19]. 

II. EXPERIMENTAL STUDY 

Our objective was to determine the compressive strength and 

ultrasonic pulse velocity (UPV) of fly ash and GGBS based 

GPC using copper slag and vermiculite as replacement of sand 

at different levels (0%, 20% and 40%). 

Materials 

In this respect, FA and GGBS were used as binders whose 

chemical and physical properties are tabulated in Table 1. 

According to ASTM C 618 [20], class F fly ash produced 

from Rayalaseema Thermal Power Plant (RTPP), Muddanur, 

A.P, GGBS, copper slag (CS) and vermiculite (VM) obtained 

from the local suppliers were used in the manufacturing of 

GPC. 

The alkaline liquid used was a combination of sodium silicate 

solution and sodium hydroxide solution. The sodium silicate 

solution (Na2O= 13.7%, SiO2=29.4%, and water=55.9% by 

mass) was purchased from a local supplier. The sodium 

hydroxide (NaOH) in flakes or pellets from with 97%-98% 

purity was also purchased from a local supplier. The sodium 

hydroxide (NaOH) solution was prepared with a concentration 

of 8 M. The sodium silicate solution and the sodium 

hydroxide solution were mixed together one day before prior 

to use. Crushed granite stones of size 20 mm and 10 mm were 

used as coarse aggregate and river sand was used as fine 

aggregate. Copper slag and vermiculite were used as fine 

aggregate replacements. The bulk specific gravity in oven dry 

condition and water absorption of the coarse aggregate 20 mm 

C 
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Abstract--- Self compacting concrete (SCC) can be prepared by increasing the cementitious materials (cement + flyash) 

and decreasing the content of coarse aggregate. SCC find its application in congested areas where traditional concrete 

has higher resistance to its flowing ability hence need of SCC increased. In the present study we focused on finding the 

flexural behaviour of reinforced cement concrete (RCC) beams by replacing with recycled coarse aggregate (RCA) and 

manufactured sand (MSand). Fresh properties were conducted on the mixes. Two point load test was conducted on 

beams to find flexural properties namely cracking load, cracking deflection, ultimate load,ultimate deflection of the 

beams. The beams were cured for a period of 28, 90 days in potable water. 

Key words --- SCC, RCC, MSand, RCA, two point load, fresh properties. 

I.INTRODUCTION 

SCC can flow and fill the gaps of congested reinforcement and corners of moulds without any need of compaction during 

the placing. But it is not yet utilized in house buildings to large extent with the conception that the use of higher fines and 

chemical admixtures in SCC leads to more material cost and higher strengths, and also higher paste volume and lower 

coarse aggregate content known to increase the drying shrinkage of SCC.  The increased demand and the consumption of 

natural materials caused the ecological issues and sudden surge in material cost. In the previous decade variable cost of 

common sand utilized as fine aggregate in concrete increased the cost of construction. On this premise of past research, 

manufactured sand offers feasible other option to normal sand. on similar lines recycled coarse aggregate provides 

alternate for the normal coarse aggregates but these recycled coarse aggregates have high porosity and low specific 

gravity. This examination is basically centered around the development of normal strength M 25 grade of SCC using 

manufactured sand and reused coarse aggregate for the utilization of typical building developments. 

Nine mixes of various level of replacements in coarse aggregate and fine aggregate using recycled coarse aggregate and 

manufactured sand has been listed in table1 shown below. 

From table MIX3 having 100% natural coarse aggregate and each 50% natural sand and manufactured sand found to have 

high moment carrying capacity and load carrying capacity. 

In this investigation cracking load, cracking deflection, ultimate load, ultimate deflection  were found at 28 and 90 days on 

reinforced cement concrete beams of size 700 mmx150 mm x150 mm. 

Table 1: Mix Designations of SCC mixes 

 

 

 

 

 

CA: Coarse aggregateRCA: Recycled coarse aggregateMSand: Manufactured sand 

Mix type CA RCA Sand MSand 

Mix1 100 0 100 0 

Mix2 100 0 75 25 

Mix3 100 0 50 50 

Mix4 75 25 100 0 

Mix5 75 25 75 25 

Mix6 75 25 50 50 

Mix7 50 50 100 0 

Mix8 50 50 75 25 

Mix9 50 50 50 50 
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Abstract— An investigation is carried out on the development 

of Self Compacting geopolymer concrete , to the study the 

effect of molarity (8M) on strength properties of class F fly 

ash (FA) and ground granulated blast furnace slag (GGBS) 

blended geo polymer concrete (GPC) at 10%,20%,30%,40%, 

50% replacement level (FA50-GGBS50). Sodium silicate 

(Na2SiO3) and sodium hydroxide (NaOH) solution has been 

used as alkaline activator. In the present investigation it is 

proposed to study the fresh properties and flyash based SCGC 

replaced with various percentages of copper slag. Hence the 

results showed that the Self-compacting geo polymer 

concrete was suitable for room temperature curing with 

copper slag as replacement to fine aggregate based GPC. 

Key words: Fly Ash, Ground Granulated Blast Furnace Slag 

(GGBS), Copper Slag 

I. INTRODUCTION 

The economic strength and even degree of civilization of any 

country is mirrored by the expansion rate of the 

infrastructures and highlighted by the assembly rate of 

concrete. Concrete is one in every of the foremost so much 

used construction resources within the world. Portland 

cement (PC); a vital constituent of concrete isn't associate 

environmentally friendly material. The assembly of Portland 

cement not solely depletes important quantity of natural 

resources however conjointly liberates a substantial quantity 

of carbonic acid gas (CO2) and alternative greenhouse gases 

into the atmosphere as a results of de carbonation of 

sedimentary rock and therefore the combustion of fossil fuels. 

It’s reported that the world wide cement trade contributes 

around one.65 billion heaps of the greenhouse emission 

annually. Due to the assembly of Portland cement, it's 

calculable that by the year 2020, the carbonic acid gas 

emissions can rise by regarding five hundredth from the 

present levels. Therefore, to preserve the worldwide 

atmosphere from the impact of cement production, it's 

currently believed that new binder’s area unit indispensable 

to exchange Portland cement. during this regard, the 

geopolymer concrete (GC) is one in all the revolutionary 

developments associated with novel materials leading to 

inexpensive and environmentally friendly material as an 

alternate to the laptop. Gig cycle is AN innovative binder 

material and is created by whole exchange the laptop. it's 

incontestable that the geopolymer cement generates 5–6times 

less CO2 than PC . 

Geopolymer concrete is new technology because it 

utilizes industrial waste and by products. Geopolymer 

concrete is emerging as a new environmentally friendly 

construction material for sustainable development, using Slag 

and alkali instead of PC as the binding material. This results 

in two benefits. i.e. reducing CO2 releases from production of 

PC and also utilisation of industrial waste like fly ash, slag 

etc. Ground granulated blast furnace slag (GGBS) is a by-

product from the blast-furnaces used to make iron. During the 

process, slag formed and it is then dried and ground to a fine 

powder. 

FA, which is rich in silica and alumina, has full 

potential to use as one of the source material for Geopolymer 

binder. Many research studies have manifested the potential 

use of solfa syllable primarily based rate. For this reason, 

low-calcium solfa syllable has been chosen as a base material 

to synthesize geopolymer so as to higher employ this 

industrial waste. 

In fact, all concretes nearly believe basically on 

being totally compacted. Just in case of huge and 

sophisticated structures; it's generally become troublesome to 

confirm full compaction. Despite the great combine style, 

inadequate compaction considerably lowers final 

performance of concrete. Placement of the contemporary 

concrete needs good operatives to confirm adequate 

compaction to realize the total strength and sturdiness of the 

hardened concrete .As concrete is created and placed at 

construction sites, underneath things distant from ideal, 

standard vibratory concrete in such things could cause risk to 

labour and there are continuously doubts regarding the 

strength and durability of concrete placed in such locations. 

One in every of the solutions to beat these difficulties is that 

the employment of Self- Compacting Concrete (SCC). 

SCC may be a form of concrete which may be 

compressed into each corner of the shape work strictly by 

means that of its own weight. It’s usually accepted that SCC 

was developed initial in Japan within the late Nineteen 

Eighties in response to the dearth of good labour and 

therefore the want for improved sturdiness. In line with Out, 

the requirement for SCC was initial known by Okamura in 

1986 and therefore the initial model was developed in 1988. 

SCC offers several advantages and blessings over ancient 

concrete. These embody Associate in Nursing improved 

quality of concrete, reduced construction time, easier 

placement in full reinforcements, uniform and complete 

consolidation, enhanced bond strength, reduced noise levels 

because of absence of vibration, lower overall prices, and safe 

operating environment.. SCGC is an innovative type of 

concrete that does not require vibration for placing it and can 

be produced by complete elimination of ordinary Portland 

cement. 

II. SELF-COMPACTING GEOPOLYMER CONCRETE MIX DESIGN 

PROCEDURE 

8M: 

1) Step 1: The wet density of geopolymer concrete=2400 

kg/m3 

2) Step 2: Mass of combined aggregate = 72.8% of the mass 

of concrete 
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Abstract: This paper presents the study of fresh and mechanical properties of self-compacting by geopolymer 

concrete(SCGC) to the effect 8 molarity on strength properties of classF flyash(FA)ground granulated blast furnace 

slag(GGBFS)and copper slag blended geopolymer concrete(GPC) At 10%,20%,30%40%and50% at varies levels of 

replacement of copper slag and chemical admixture are sodium silicate(Na2SiO3), sodium hydroxide(NaOH), this solution   

has been used as alkaline activator. In the present investigation to study the fresh properties test conducted as shown in 

below slump, L-box, V-funnel, and T50and same as the investigation to study the mechanical properties are compressive 

strength, ultrasonic pulse velocity and split tensile test at different curing periods after 7, and 28 days of curing at ambient 

room temperature. From the results, it is conducted that the increased replacement level of copper slag(CS)from0%to 

50% increased the mechanical properties of self-compacting by geopolymer concrete(SCGC) the rebound hammer and 

UPV values also increase from 0%to50% replacement levels of copper slag(CS).   

Keywords: Fly Ash, Ground Granulated Blast Furnace Slag (GGBS) copper slag, alkaline activators. 

 

I.INTRODUCTION 

    The economic strength and even degree of civilization of any country is mirrored by the expansion rate of the infrastructures and 

highlighted by the assembly rate of concrete. Concrete is one in every of the foremost so much used construction resources within 

the world. Portland cement (PC); a vital constituent of concrete isn't associate environmentally friendly material. The 

assembly of Portland cement not solely depletes important quantity of natural resources however conjointly liberates a 

substantial quantity of carbonic acid gas (CO2) and alternative greenhouse gases into the atmosphere as a result of decarbonation 

of sedimentary rock and therefore the combustion of fossil fuels. it's reported that the worldwide cement trade contributes 

around one.65 billion heaps of the greenhouse emission annually. Due to the assembly of Portland cement, it's calculable that by 

the year 2020, the carbonic acid gas emissions can rise by regarding five hundredth from the present levels. Therefore, to preserve 

the worldwide atmosphere from the impact of cement production, it's currently believed that new binders area unit indispensable to 

exchange Portland cement. during this regard, the geopolymer concrete (GC) is one in all the revolutionary developments associated 

with novel materials leading to inexpensive and environmentally friendly material as an alternate to the laptop. gigacycle is AN 

innovative binder material and is created by whole exchange the laptop. it's incontestable that the geopolymeric cement generates 

5–6times less CO2 than PC.  

    GEOPOLYMER CONCRETE is new technology because it utilizes industrial waste and by products. Geopolymer concrete is 

emerging as a new environmentally friendly construction material for sustainable development, using Slag and alkali instead of PC 

as the binding material. This results in two benefits. i.e. reducing CO2. GROUND GRANULATED BLAST FURNACE SLAG 

(GGBS) is a by-product from the blast-furnaces used to make iron. During the process, slag formed and it is then dried and ground 

to a fine powder. 

    FLYASH is rich in silica and alumina, has full potential to use as one of the source material for Geopolymer binder. Many 

research studies have manifested the potential use of solfa syllable primarily based rate. For this reason, low-calcium solfa syllable 

has been chosen as a base material to synthesize geopolymer so as to higher employ this industrial waste. 

     In fact, all concretes nearly believe basically on being totally compacted. just in case of huge and sophisticated structures; it's 

generally become troublesome to confirm full compaction. Despite the great combine style, inadequate compaction considerably 

lowers final performance of concrete. Placement of the contemporary concrete needs good operatives to confirm adequate 

compaction to realize the total strength and sturdiness of the hardened concrete. As concrete is created and placed at construction 

sites, underneath things distant from ideal, standard vibratory concrete in such things could cause risk to lab our and there are 
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Abstract— A concrete has strong in compression and weak in 

tension, impact and flexure. To increase these properties we 

have add some addition to concrete like fibres. Fibres are 

giving some additional tensile and impact strength to 

concrete. In this investigation we are adding fibres like Glass 

with a fibre dosage of 0.5%, 1%, 1.5% were dispersed into 

the concrete of mix design M30 grade. The results are 

compared with conventional concrete so that here increasing 

the fibre dosage in concrete randomly increasing compressive 

strength, tensile strength and flexure strength .so finally while 

using fibres in concrete we are going to transfer brittle failure 

to ductility property. 

Key words: Fibre Reinforced Concrete, Glass, Compressive 

Strength, Split Tensile Strength, Flexural Strength 

I. INTRODUCTION 

Concrete is the most widely used construction material in this 

world. Generally concrete has low ductility, tensile and 

impact resistance on bridge decks, Aircrafts etc., hence glass 

fibres are added with concrete mix. Due to an increasing use 

of FRC (fibre-reinforced concrete) in construction like bridge 

decks and military industries against impact loads, these 

concretes are important role in human life. Adding fibres to 

concrete increases its ductility, tensile strength, flexural 

strength and resistance against dynamic and impact loads. Sai 

abhinav et al.[1] concluded that increasing the fibre dosage 

there is increase in impact resistance of fibre reinforced 

concrete. The aspect ratio (L/d) and volume fraction (Vf) are 

important fibres parameters in FRC [2]. When cracks are 

initiated in FRC, the fibres bear the applied loads, when the 

load increases the fibres tend to transmit the excess stresses 

to the matrix [3]. If these stresses exceed the fibre-matrix 

bond strength, which in turn is influenced by fibre properties 

the fracture process may lead to fibres pullout or rarely 

rupture of the fibres[4]. Thus, fibre reinforced concretes are 

more ductile than other concretes. 

It was reported that glass fibes were effective in 

improving strength properties of the concrete. The main 

objective of this project is to study the mechanical properties 

of fibre reinforced concrete with mix proportion of fibres for 

M30 grade concrete and comparing with the conventional 

concrete and to know the optimum percentage of addition of 

fibres to concrete and finding maximum ratios[7]. 

II. EXPERIMENTAL STUDY 

The experimental investigation was focused on the effect of 

various fibre dosages on mechanical properties of FRC. Mix 

proportion was designed using IS 10262-2009 and IS 456-

2000 with mean target strength of 38.25 MPa (M30) for 

control mix[10]. 

Ordinary portland cement (type 1) was used in this 

study. A coarse aggregate with a maximum nominal size of 

19 mm and a fine aggregate with a fineness modulus of 3.4 

were used in the experiment. Glass fibres were used; their 

geometry and apparent shape are shown in Fig. 1 and their 

properties are listed in Table 1. Super plasticizer of SP-430 

was used to adjust the workability of mixtures. 

 
Fig. 1: Glass fibres 

Fibre 
Diameter   

(μm) 

Specific 

Gravity 

Modulus of 

Elasticity (GPa) 

Glass 9-15 2.6 70-80 

Table 1: Physical Properties of Glass fibres 

Crushed granite stones of size 20 mm and 10 mm 

were used as coarse aggregate and river sand was used as fine 

aggregate. The bulk specific gravity in oven dry condition 

and water absorption of the coarse aggregate 20 mm and 

10mm were 2.58 and 0.3% respectively. The bulk specific 

gravity in oven dry condition and water absorption of the sand 

were 2.62 and 1% respectively.  

III. MIX DESIGN 

In this study, water cement ratio of 0.5 was adopted for M30 

grade concrete and Glass of  0.5%, 1%, 1.5% volume fractions 

were used[10]. 

Constituents Content KG/ m3 of concrete 

Cement 

Fine aggregate 

Coarse aggregate 

Water content 

Fibres 

0.5% 

1% 

1.5% 

Super plasticizer 

394.32 

623.45 

1097.81 

197.16 

 

11.56 

23.12 

34.69 

9.38 

Table 2: Content of mix proportions used 

IV. TEST METHOD 

A. Details of specimen preparation 

Cubes of size 150 mm were used to evaluate the compressive 

strength of GFRC. Cylinders of size 150 mm x 300 mm were 

used to determine the split tensile strength. Flexural strength 

of GFRC was evaluated using 100 mm x 100 mm x 500 mm 

beams. Steel moulds were used for casting the specimens. 

Concrete was poured in mould in 3 layers and each layer was 

vibrated for 15 s after placing it on the vibrating table for 
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Abstract— Concrete is the most versatile man-made 

construction material in the world and being extensively used 

in all types of construction activities. The strength, durability 

and other characteristics of concrete depend upon the 

properties of its ingredients, the mix proportions, the method 

of compaction and other controls during placing, compaction 

and curing. To enhance these properties, an attempt was made 

to study the durability property by introducing polypropylene 

fibers in concrete. In this paper effect of polypropylene fibers 

on the durability of concrete for M30 grade have been studied 

by varying percentage of polypropylene fibers in concrete. 

Fiber dosages of 0.5%, 1%, and 1.5% by volume of concrete 

were used in the experimental study. Concrete cubes of size 

150mmX150mmX 150mm were tested for compressive 

strength, Resistance to Acid Attack for 28 days, 56 days 

curing period. Polypropylene fibers were randomly dispersed 

in concrete. The results indicated that increasing the volume 

fraction of fiber showed decrease in compressive strength 

after subjected to acid attack. High volume PFRC was shown 

to be more vulnerable to acid attack. 

Key words: Fibre Reinforced Concrete, Polypropylene 

Fibres, Durability Properties, Acid Attack 

I. INTRODUCTION 

Concrete is the most widely used construction material in this 

world. Generally concrete has low ductility and has less 

resistance to chemical attack, Hence polypropylene fibers are 

added to concrete mix. Due to an increasing use of FRC 

(fiber-reinforced concrete) in construction like chemical 

industries against chemical attacks, these concretes have 

important role in human life. Adding fibers to concrete 

increases its ductility, tensile strength, flexural strength and 

resistance against dynamic, impact loads and chemical 

attacks. The Aspect ratio (L/d) and Volume fraction (VF) are 

important fibers parameters in FRC. 

Sai abhinav et.al. reported that steel fibers were 

effective in improving the compressive strength and impact 

resistance of the concrete [1]. It is evident that addition of 

fiber dosage has no significant role in enhancing compressive 

strength of FRC. Attiogbe E.K. [2] studied the effect of acid 

on different concrete mixes. Parameters such as change in 

weight and change compressive strength were evaluated. It 

was found that after acid attack, the specimens showed loss 

in weight and loss in compressive strength for all types of 

concrete mixes [2]. 

Srinivasa Rao et al [3] studied the durability effects 

on glass fiber reinforced concrete. In this investigation Acid 

attack is determined by immersion of cubes in 5% of HCL 

and H2SO4 solution respectively of 0.03, 0.06 and 0.10% of 

glass fiber with M30, M40 and M50 grade of concrete. The 

results concluded with the reduction in weight loss and also 

compressive strength with days of 28 and 90 days. 

Basavaraj et al [4] studied durability of steel fiber 

reinforced concrete with M40 grade of concrete of steel 

content 0.75, 1.0%, and 1.25% by volume of concrete. 

Experiment was conducted by immersion of cubes in 3% of 

H2SO4 solution by maintaining constant concentration by 

changing the solution at regular interval of time. Weight of 

specimens were measured and loss or gain of weight was 

determined. They concluded that steel fiber reinforced 

concrete is more resistant when compared with conventional 

concrete and they observed that 1.25% steel has high 

resistance [4]. The results showed that the decrease in 

compressive strength with respect to increase in fiber dosage 

and also shows most effect on weight loss when immersed in 

acid curing. The main objective of this project is to study the 

durability of fiber reinforced concrete with mix proportion of 

fibers for M30 grade concrete and comparing with the 

conventional concrete and to know the optimum percentage 

of addition of fibers to concrete and finding maximum ratios. 

II. EXPERIMENTAL STUDY 

The experimental investigation was focused on the effect of 

various fiber dosages to resist the chemical attack. Mix 

proportion was designed using IS 10262-2009 [5] and IS 456-

2000 [6] with mean target strength of 38.25 MPa (M30) for 

control mix. Ordinary Portland cement (Type 1) was used in 

this study. A coarse aggregate with a maximum nominal size 

of 19 mm and a fine aggregate with a fineness modulus of 3.4 

were used in the experiment. Polypropylene fibers were used; 

their geometry and apparent shape are shown in Fig. 1 and 

their properties are listed in Table 1. Super plasticizer of SP-

430 was used to adjust the workability of mixtures. Crushed 

granite stones of size 20 mm and 10 mm were used as coarse 

aggregate and river sand was used as fine aggregate. The bulk 

specific gravity in oven dry condition and water absorption of 

the coarse aggregate 20 mm and 10mm were 2.58 and 0.3% 

and of sand were 2.62 and 1% respectively. 

 
Fig. 1: Polypropylene Fibers 

Fiber 
Diameter Specific Modulus of 

(μm) Gravity Elasticity 
Polypropylene 20-400 0.9-0.95 3.5-10 
Table 1: Physical Properties of Polypropylene fibers 

To study the acid resistance of specimens immersed 

in the 3% of H2SO4 solution at 28 and 56 days curing period. 
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Abstract— A concrete has strong in compression and weak 

in tension, impact and flexure. To overcome these properties 

we need to add some addition to concrete like fibres. Fibres 

are giving some additional tensile,flexure and impact 

strength to concrete. In this investigation we are adding 

synthetic and metallic fibres like hybrid(steel+ 

polypropylene) with a fibre dosage of 0.5%, 1%, 1.5% were 

dispersed into the concrete of mix design M30 grade. The 

results are compared with conventional concrete and mono 

fiber so that here increasing the fibre dosage in concrete 

gradually increasing  in compressive strength, split tensile 

strength  flexure strength and impact resistance respectively 

for28 days curing period .so finally while using fibres in 

concrete we are going to transfer brittle failure to ductility 

property. 

Key words: Fibre reinforced concrete, Steel fiber, 

polypropylene fiber, Compressive strength, Split tensile 

strength, Flexural strength 

I. INTRODUCTION 

Concrete is the most widely used construction material in 

this world. Generally concrete has low ductility, tensile and 

impact resistance on bridge decks, Aircrafts etc.,  

Concrete has little ability to resist tensile stresses 

and strains due to its brittle behavior. Fibers are randomly 

added to conventional to enhance its desired engineering 

properties. Hence hybrid fibers are added with concrete mix. 

Higher fiber dosage caused decrease in compressive 

strength. It was found that adding more fibre dosage beyond 

a limit would have adverse affect on strength parameters. 

Due to an increasing use of FRC (fibre-reinforced concrete) 

in construction like bridge decks and military industries 

against impact loads, these concretes are important role in 

human life. Sai abhinav et al.[1] concluded that increasing 

the fibre dosage there is increase in impact resistance of 

fibre reinforced concrete. G.Jagadeesh et al[2] investigate on 

polypropylene fibre reinforced concrete and finally 

concluded that while fibres increasing there increase in 

mechanical properties. Harika et al [3] investigate on Sisal 

fibre reinforced concrete and finally concluded that while 

fibres increasing there is decrease in compressive strength. 

The aspect ratio (L/d) and volume fraction (Vf) are 

important fibres parameters in FRC. When cracks are 

initiated in FRC, the fibres bear the applied loads, when the 

load increases the fibres tend to transmit the excess stresses 

to the matrix. Thus, fiber reinforced concretes are more 

ductile than other concretes. 

It was reported that hybrid fibers were effective in 

improving mechanical properties of the concrete.. The main 

objective of this project is to study the mechanical properties 

of fiber reinforced concrete with mix proportion of fibers for 

M30 grade concrete and comparing with the conventional 

concrete and mono fiber concrete to know the optimum 

percentage of addition of fibres to concrete and finding 

maximum ratios. 

II. EXPERIMENTAL STUDY 

The experimental investigation was focused on the effect of 

various fiber dosages on mechanical properties of FRC. Mix 

proportion was designed using IS 10262-2009 and IS 456-

2000 with mean target strength of 38.25 MPa (M30) for 

control mix.[4] 

Ordinary Portland cement (type 1) was used in this 

study. A coarse aggregate with a maximum nominal size of 

20 mm and a fine aggregate with a fineness modulus of 3.4 

were used in the experiment. Hybrid fibers 

(steel+polypropylene) were used; their geometry and 

apparent shape are shown in Fig. 1 and their properties are 

listed in Table 1. Super plasticizer of SP-430 was used to 

adjust the workability of mixtures. 

 
Fig. 1: Steel and Polypropylene fibres 

Fibre 
Diameter   

(μm) 

Specific 

Gravity 

Modulus of 

Elasticity 

(GPa) 

Steel 5-500 7.84 200 

Polypropylene 20-400 0.9-0.95 3.5-10 

Table 1: Physical Properties of fibres 

Crushed granite stones of size 20 mm and 10 mm 

were used as coarse aggregate and river sand was used as 

fine aggregate. The bulk specific gravity in oven dry 

condition and water absorption of the coarse aggregate 20 

mm and 10mm were 2.58 and 0.3% respectively. The bulk 

specific gravity in oven dry condition and water absorption 

of the sand were 2.62 and 1% respectively.  

III. MIX DESIGN 

In this study, water cement ratio of 0.5 was adopted for M30 

grade concrete and Sisal  of  0.5%, 1%, 1.5% volume 

fractions were used. 

Constituents Content KG/ m
3
 of concrete 
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Abstract— a concrete has strong in compression and weak in 

tension, impact and flexure. To overcome these properties we 

need to add some addition to concrete like fibres. Fibres are 

giving some additional tensile, flexure and impact strength to 

concrete. In this investigation we are adding Natural fibres 

like Sisal with a fibre dosage of 0.5%, 1%, 1.5% were 

dispersed into the concrete of mix design M30 grade. The 

results are compared with conventional concrete so that here 

increasing the fibre dosage in concrete gradually decrease in 

compressive strength but increase in split tensile strength  

flexure strength and bond strength respectively for28 days 

curing period .so finally while using fibres in concrete we are 

going to transfer brittle failure to ductility property. 

Key words: Fibre Reinforced Concrete, Sisal, Compressive 

Strength, Split Tensile Strength, Flexural Strength 

I. INTRODUCTION 

Concrete is the most widely used construction material in this 

world. Generally concrete has low ductility, tensile and 

impact resistance on bridge decks, Aircrafts etc., hence Sisal 

fibres are added with concrete mix. Due to an increasing use 

of FRC (fibre-reinforced concrete) in construction like bridge 

decks and military industries against impact loads, these 

concretes are important role in human life. Adding fibres to 

concrete increases its ductility, tensile strength, flexural 

strength and resistance against dynamic and impact loads.[1] 

The aspect ratio (L/d) and volume fraction (Vf) are important 

fibres parameters in FRC. When cracks are initiated in FRC, 

the fibres bear the applied loads, when the load increases the 

fibres tend to transmit the excess stresses to the matrix. If 

these stresses exceed the fibre-matrix bond strength, which in 

turn is influenced by fibre properties the fracture process may 

lead to fibres pullout or rarely rupture of the fibres. Thus, 

fibre reinforced concretes are more ductile than other 

concretes. 

It was reported that sisal fibes were effective in 

improving strength properties of the concrete.. The main 

objective of this project is to study the mechanical properties 

of fibre reinforced concrete with mix proportion of fibres for 

M30 grade concrete and comparing with the conventional 

concrete and to know the optimum percentage of addition of 

fibres to concrete and finding maximum ratios.[2] 

II. EXPERIMENTAL STUDY 

The experimental investigation was focused on the effect of 

various fibre dosages on mechanical properties of FRC. Mix 

proportion was designed using IS 10262-2009 and IS 456-

2000 with mean target strength of 38.25 MPa (M30) for 

control mix.[11] 

Ordinary portland cement (type 1) was used in this 

study. A coarse aggregate with a maximum nominal size of 19 

mm and a fine aggregate with a fineness modulus of 3.4 were 

used in the experiment. Sisal fibres were used; their geometry 

and apparent shape are shown in Fig. 1 and their properties are 

listed in Table 1. Super plasticizer of SP-430 was used to 

adjust the workability of mixtures. 

 
Fig. 1: Sisal fibres 

Fibre 
Diameter   

(μm) 

Specific 

Gravity 

Modulus of 

Elasticity (GPa) 

Sisal 10-50 1.5 - 

Table 1: Physical Properties of Sisal fibres 

Crushed granite stones of size 20 mm and 10 mm 

were used as coarse aggregate and river sand was used as fine 

aggregate. The bulk specific gravity in oven dry condition 

and water absorption of the coarse aggregate 20 mm and 

10mm were 2.58 and 0.3% respectively. The bulk specific 

gravity in oven dry condition and water absorption of the sand 

were 2.62 and 1% respectively. [3] 

III. MIX DESIGN 

In this study, water cement ratio of 0.5 was adopted for M30 

grade concrete and Sisal of 0.5%, 1%, 1.5% volume fractions 

were used. [4][11] 

Constituents Content KG/ m3 of concrete 

Cement 

Fine aggregate 

Coarse aggregate 

Water content Fibres 

0.5% 

1% 

1.5% 

Super plasticizer 

394.32 

623.45 

1097.81 

197.16 

11.56 

23.12 

34.69 

9.38 

Table 2: Content of mix proportions used 

IV. TEST METHOD 

A. Details of Specimen Preparation 

Cubes of size 150 mm were used to evaluate the compressive 

strength of SFRC. Cylinders of size 150 mm x 300 mm were 

used to determine the split tensile strength. Flexural strength 

of SFRC was evaluated using 100 mm x 100 mm x 500 mm 

beams. Steel moulds were used for casting the specimens. 

Concrete was poured in mould in 3 layers and each layer was 

vibrated for 15 s after placing it on the vibrating table for 
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ABSTRACT - Soils are naturally formed materials due to weathering of rocks of different compositions. The soil that 
undergo swelling in wet condition and shrink in dry condition are known as expansive soils. Expansive soil causes serious 
problem to structures due to its Swelling and Shrinking tendency. The problems may develop in many forms such as 
formation of new cracks or widening of existing cracks, tilting of structures etc. In order to reduce the volumetric changes 
in expansive soils, mechanical stabilization and chemical stabilization i.e using admixtures in the raw form or liquid form 
to the expansive soil is desirable. An attempt has been made in this project to use Betamcherla Slab Polish Dust or waste as 
an additive to the expansive soil selected is studied by conducting experiments on Soil-Betamcherla Slab Polish Dust 
mixtures. Betamcherla Slab Polish Dust is added to the expansive soil in increments of 5% starting from 0% to 30%. In this 
study, the potential of Betamcherla Slab Polish Dust (by-product of stone polishing industries) as a stabilizing additive to 
an expansive soil is evaluated.The stabilization characteristics of Betamcherla Slab Polish Dust are mainly due to its high 
lime content. In this paper investigation the effect of Soil-Slab Polish Dust on Plasticity characteristics, Compaction, 
Swelling, CBR, of expansive soil is studied. 
 
Key Words : Betamcherla Slab Polish Dust, Compaction CBR, Expansive Soil, Plasticity, Soil Stabilization, Swelling. 
 
INTRODUCTION 

Expansive soils, popularly known as black cotton soils in 
India, are one of the major regional deposits of India 
covering an area of about one fifth of the country’s land 
area (about 3 lakhs sq. km). Soils containing the clay 
mineral Montimorillonite generally exhibit these 
properties. Expansive soils swell and shrink in a marked 
way due to gain or loss in moisture content. Therefore, 
during summer when evaporation from the ground and 
transpiration due to vegetation exceeds the rainfall, the 
expansive soil dries up and moisture deficiency develops 
in the soil, giving rise to soil shrinkage. During the rains, 
the soil absorbs moisture and swells. Because of their 
susceptibility to high seasonal volumetric changes, 
extensive damages have been caused to Structures. Such 
soils are not peculiar to this country alone. In the United 
States alone, the expansive soils inflict about $9 billion 
per year in the form of damages to structures which is 
more than twice the combined damage from 
earthquakes, floods, tornados and hurricanes (Jones and 
Holtz, 1973; Jones and Jones, 1987).In general, expansive 
soils have high plasticity, and are relatively stiff. The 
pore water pressure is initially negative and the deposit 
is generally unsaturated. These soils often have some 
Montmorillonite clay mineral present. The higher the 
amount of monovalent cations adsorbed to the clay 
mineral (e.g. sodium), the more severe the expansive soil 
problem (Fredlund and Rahardjo, 1993). In this paper 
study the effect of Soil-Slab Polish Dust on Plasticity 

characteristics, Compaction, Swelling, CBR, of expansive 
soil is studied. 
 
REVIEW OF LITERATURE 

Ground modification techniques have become a major 
part of civil engineering practice over the last 30 years 
(Hausmann, 1990). Improvement of sites with weak or 
high compressible or high swelling or any other such 
problematic soils is commonly done by removing the 
problematic soils and replacing them with more 
competent ones such as compacted gravel, crushed rock, 
or lightweight aggregates to increase the load bearing 
capacity (Kukko, 2000). Although this is considered a 
good solution, usually has the drawback of high cost due 
to the cost of the replacement materials. The use of 
admixtures derived from coal combustion by-products 
(CCPs) such as fly ash are considered is more cost-
effective solution which can result in adequate improved 
engineering properties of the treated foundation soils.In 
India, expansive soils are found in regions where the 
annual rainfall ranges from 300 to 900 mm. SubbaRao et 
al. 1985 have emphasized that the Montmorillonite 
content is the predominant clay fraction in these soils. 
The Cation Exchange Capacity of these soils vary from 80 
to 130 m.eq/100 gm and their consistency limits vary 
from 53% to 100%, 20% to 50% and 7% to 18% for 
liquid limit, plastic limit and shrinkage limit respectively. 
The specific gravity varies from 2.7 to 2.9 for black 
cotton soils. The clay fraction of black cotton soils is very 
rich in silica (60%) with only 15% iron and 15% 
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Abstract— The present study primarily focuses on the 

construct of Open Ground Storey (OGS) building. The 

collapse mechanism of such style of building is 

preponderantly owing to the formation of soft- storey 

behavior within the ground storey of this kind of building 

the IS 1893 code was revised in 2002, Incorporating new 

recommendations to handle OGS Frame buildings. in line 

with this clause 7.10.3(a) of a seismic code states: “The 

columns and beams of the soft-storey area unit to be 

designed for the multiplication factor of 2.5 times the 

structure shears and moments calculated foer seismic loads 

of bare frame”. The given multiplication factor (MF) of 2.5, 

applicable for all OGS framed buildings, However as 

knowledgeable by the engineer during the design, MF of 2.5 

in not realistic for low and medium rise buildings. This calls 

for assessment and review of the code suggested 

multiplication factor for low rise and medium rise Open 

Ground Storey buildings. The objective of the paper is to 

check the applicability of the multiplication factor of2.5 

within the seismic Analysis of a medium rise open ground 

storey building. A RC framed building (G+9) with open 

ground strorey Placed in Bhuj (seismic Zone-V) is thought 

about for this study. This building is analyzed for 2 different 

cases by response spectrum analysis method (a) considering 

infill strength and stiffness (open ground storey), (b) Not 

considering infill strength and stiffness (Bare frame). Infill 

Stiffness was created in ETABS by using Equivalent 

Diagonal Strut approach. ETABS software is used for 

Structural modelling and Response spectrum analysis. 

Analysis is carried out for these models and results were 

compared. 

Key words: Open Ground Storey Building, Soft Storey, Bare 

Frame, ETABS, Equivalent Diagonal Strut Approach, 

Response Spectrum Analysis 

I. INTRODUCTION 

Due to growing population since the past few years the car 

parking area for residential buildings in populated towns is 

an issue of fundamental worry.  therefore the trend has been 

to make use of  the  ground  storey  of  the  building  itself  

for  parking. Those types of buildings having no infill 

masonry walls in ground storey, however  infilled  in all top 

storeys, are known as Open ground Storey (OGS) buildings. 

They are also called ‘open first storey building’ (when the 

storey numbering starts with one from the floor storey), 

pilotis, or ‘stilted buildings’. There is sizable benfit of these 

category of buildings functionally but from a seismic overall 

Performance factor of view such buildings are taken into 

consideration to have expanded vulnerability. From the past 

earthquakes it was obvious that the major form of failure 

that occurred in OGS buildings included snapping of lateral 

ties, crushing of core concrete, buckling of longitudinal 

reinforcement bars etc. Due to the presence of infill walls in 

the entire upper storey apport from the ground storey makes 

the top stories an awful lot stiffer than the open ground 

storey. For that reason, the upper stories move about 

together as a single block,and maximum  of the horizontal 

displacement of the building takes place in the soft ground 

storey itself. In other words, this type of buildings sway 

from side to side like inverted pendulum(Fig. 1.2) at some 

point of earthquake shaking, and for this reason  the  

columns  in  the  ground  storey columns and beams are 

heavily pressured. Therefore it’s far required that the ground 

storey columns must have sufficient strength and adequate 

ductility. The vulnerability of this sort of buildi-ng is 

attributed to the sudden decreasing of lateral stiffness and 

strength in ground storey, compared to top stories with infill 

walls. 

 The OGS framed building behaves in a way when 

compared to a bare framed building (without any infill) 

under lateral load. A bare frame is much less stiffer than 

totally infilledframe. it resists the applied lateral load 

through frame action  and  shows  properly-distributed  

plastic hinges at  failure.  When this frame is absolutely 

infilled, truss action is introduced.  A completely infilled 

frame indicates much less inter-storey drift,Even though it 

generates more base shear (due to increased stiffness). A 

fully infilled frame yield less force in the frame elements 

and dissipate larger energy through infill walls.The 

strengthand stiffness of infill walls in infilled frame 

buildings are unnoticed in the structural modeling in usual  

design  practice. 7.10.3(a) states: “The columns and beams 

of the soft storey are to be designed for 2.5 times the storey 

shears and moments calculated underneath seismic loads of 

bare frames.”The factor 2.5 may be instructed as a 

multiplication factor (MF). This multiplication factor (MF) 

is ment to be the reimbursement for the stiffness 

discontinuity. As a result the intension of this thesis is to 

check the applicability of the multiplication factor of 2.5 in 

the ground storey beams and column when the building is to 

be designed as open ground storey framed Building and to 

study the effect of infill strength and stiffness in the seismic 

analysis of low rise open ground storey building. Hence for 

the present study Response spectrum analysis (RSA) is 

considered for the Comparative study.  To carry out these 

analyses a typical building model with two different cases 

are considered. 

 Considering infill strength and stiffness (Open ground 

storey building). 

 Without considering infill strength and stiffness (bare 

frame). 

 This study deals with fixed end support condition. 

All other Types of support conditions are not considered in 

this thesis. Soil-structure interaction is unnoticed for the 

present study. 
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Abstract— The effective design and the construction of 

earthquake resistant structures have much greater importance 

in all over the world. The behavior of GFRG building and 

regular RC building of G+5 multi stories building under earth 

quake is  complex and it varies of wind loads are assumed to 

act simultaneously with earth quake loads.  In this paper the 

seismic analysis by the response spectrum method will be 

done to the GFRG building and regular RC building of 

calculating various responses in different zones by using 

ETABS software, so that the both results be compared. The 

Glass fibre reinforced gypsum (GFRG) walls are gypsum 

panels with hallow cores or cavities which can be filled with 

concrete. GFRG walls are in residential, commercial and 

industrial buildings. GFRG panels are a composite material 

consisting of gypsum plaster and glass fibers. The gypsum is 

industrial by product waste the product is not only 

ecofriendly, but also resistant to water and fire. IIT madras 

has been involved, since 2003 with the development of 

building system especially earthquake resistant design for use 

in India. Our India is still developing country fighting with 

huge shortage of houses for every year. To meet this 

challenge, India requires innovative, energy efficient, strong 

and durable in fast method of construction at economical cost. 

The main aim of this paper is to find out the different 

responses like Storey drift, Storey displacements, Base shear 

and Storey shear and Modal periods and Frequencies of both 

the GFRG and regular RC buildings. It is found that the 

GFRG are economical in design and construction in sub 

urban and low rise building constructions. But Displacements 

will be increasing with increase in number of storeys. 

Key words: GFRG Panels, Wind Load, Earthquake, Story 

Displacement, Story Shear, Story Drift, Modal Periods and 

Frequencies, Base Shear and Response Spectrum Analysis 

I. INTRODUCTION 

GFRG buildings are a new type of construction to which 

conventional structural theories and design codes are not 

applicable. Glass fibre reinforced gypsum binder composites 

were produced by using E-type glass fibre and newly 

developed water-resistant gypsum binder [5]. The water 

resistant gypsum binder was produced by blending ground 

granulated slag, ordinary port land cement and an organic 

retarder with claimed phosphogypsum in a ball mill to obtain 

a uniform product. The binder possesses good water 

resistance as it does not show leaching in water up to 28  days 

of immersion , while plain plaster shows leaching after 3 days 

of immersion, in water. For the reinforcing material in this 

programme, chopped uncoated E-type glass fibre was used 

[14]. Rapid wall panel is world’s largest load bearing light 

light weight panels. Each panel has 48 modular cavities of 

12mx3mxx124m dimension. Reinforced concrete is one of 

the most widely used modern building materials. Concrete is 

an “artificial stone” obtained by mixing cement, sand and 

aggregates with water. Presently reinforced concrete 

buildings in many earthquake prone areas of the world are 

built to design codes and yet many still suffer failure during 

earthquakes. This may mean that they are deficiencies in 

design. This event cannot be avoided but, by proper planning 

and design we can prevent it to a notable extent and hence 

structural engineer’s needs to design the structure taking into 

account all necessary factors including infill walls which 

plays a important role during earthquakes. We observed the 

main comparison of different responses like story drift, story 

shear, story displacements, base shear and modal periods and 

frequencies of both the modal periods and frequencies of both 

the GFRG and regular RC buildings in the entire four zones 

ZONE II, ZONE III, ZONE IV, and ZONE V. 

The rapid growth of population, large-scale 

industrialization and very high land cost has resulted in a vast 

expansion in building construction industry. Our India is still 

a developing country fighting with a huge shortage of housing 

every year. So we need a very fast construction technology 

which can increase our development rate. Glass fibre 

reinforced gypsum walls are gypsum panels with hallow 

cores developed in Australia 1990 [5]. It is a load bearing 

prefabricated walling system with broad construction 

applications from industrial dwelling units to multi storey 

residential buildings, formwork, industrial paneling and 

compound walling [1].Construction of RC buildings 

formation of huge amount of co2(about 40% is developed due 

to construction industry) increases the chances of global 

warming [3]. Fertilizer industries are facing problems 

regarding disposal of industrial waste gypsum (2000 tons per 

day). Rapid wall is a large load bearing panel with modular 

cavities suitable for both external and internal walls .It can 

also be used as intermediate floor slab/roof in combination 

with RCC as composite material. The Light weight rapid wall 

has high compressive strength, shearing strength, flexural 

strength and ductility. It has very high level of resistance to 

fire, heat, water, termites, rot and corrosion [6&9]. Concrete 

infill with vertical reinforcement rods enhances its vertical 

and lateral load capabilities. Rapid wall buildings are resistant 

to earthquakes, cyclones and fire. 

II. OBJECTIVE OF THE PROJECT 
 

The main objective of the thesis is to compare the GFRG 

building (G+5) with regular RC building (G+5) with regular 

RC building (G+5) with following purposes in all the entire 

four zones .here we will be discussing the main comparison 

in zone II. 

1) About the GFRG Material and procedure to construction    

of GFRG Building Systems 
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Abstract-The present study was intended to calculate water quality index (WQI) of Gudur area, Nellore 

district.Andhrapradesh.in order to ascertain to the quality of water for the public consumption, irrigation, agriculture, 

Recreation and other purpose In the present study area water samples were collected and analyses the different 

physico-chemical parameter such as P
H
, electrical conductivity, total dissolved solids, bicarbonate, chloride, 

sulphate, calcium, magnesium, sodium, potassium, alkalinity and total hardness of the water sample, determine the 

presence of the quantity levels in the 40 water samples. Based on that calculate the water quality index for the all 

samples. In this area the water quality ranges from 88.26 to 186.55.It represented the poor water quality based on 

water quality index in the study area. 

Key Words: water quality index, physico-chemical parameter, Correlation matrix. 
 

1. INTRODUCTION 
 

Groundwater resources are dynamic in nature and are affected by such factors as the expansion of irrigation 

Activities, industrialization and urbanization; hence monitoring and conserving this important resource is essential. 

The quality of water is defined in terms of it ascertaining the quality is crucial before its use of various purposes 

such as drinking; agricultural, recreational and industrial uses etc [Mohan Babu et.al,, 2013].The WQI was first 

developed by Horton in the early 1970s, is basically a mathematical means of calculating a single value from 

multiple test results. The index result represents the level of water quality in aim study area, such as Bore wells, 

ponds or stream. After Horton a number of workers all over the world developed WQI based on rating of different 

water quality parameters. Basically a WQI attempts to provide a mechanism for presenting a cumulatively derived, 

numerical expression defining a certain level of water quality (Miller et al., 1986). In Gudur area contains the world 

richest and high quality minerals are present such as muscovite mica, biotite mica, feldspars minerals ,garnets, 

tourmaline, beryl, quartz and some eastern  part of the gudur area contains the vermiculite deposits. The surface and 

ground water interact with minerals in this area leads to take pollution. This research aimed at determining water 

quality status of gudur area, such as drinking purpose, irrigation, agriculture and livestock.  
 

2. STUDY AREA 
 

The present study area is included in the toposheet No.57 N/16 and covers an area of area of 19 km²
.
  It is located 

between longitudes 79° 42' 30'' E – 79° 54' 30'' E and   latitudes 14° 13' 0'' N -14° 16' 30'' N (Fig.1).  

Fig. 1 Map of the Study Area With Water Sample Locations 



 

International Journal of Research 
Available at https://edupediapublications.org/journals 

e-ISSN: 2348-6848  
p-ISSN: 2348-795X  

Volume 04 Issue-17 
December 2017 

 

Available online: https://edupediapublications.org/journals/index.php/IJR/ P a g e  | 3145 
 

Land use and Land Cover analysis using Remote Sensing and GIS:A case study  In 

Gudur area , Nellore District, Andhra Pradesh, India. 
G.Veeraswamy

 
, A.Nagaraju , E.Balaji

 
, Y.Sreedhar

 

1 Dept.of Geology, Sri Venkateswara University, Tirupathi, Andhra Pradesh, 

2Dept.of Geology, Sri venkateswara University, Tirupati, Andhra Pradesh, India 

ABSTRACT: 

Land use/land cover information is essential for selection, 

planning and implementation of management strategies to meet 

the increasing demands for basic human needs and welfare of 

the ever growing population. The aim of the research was to  

analyze and monitor land use/land cover  in  Gudur area, 

Nellore district ,Andhra Pradesh, of south  India by using  

integrated approach  of remote sensing and geographical 

information system. The total study area is about 247.29 km2. 

The National Land use/Land cover classification developed by 

National Remote Sensing Centre (NRSC) and Indian Space 

Research Organization (ISRO) divides the land in the study 

area into five Level I classes, 11 Level II classes, and fifteen 

Level III classes. From this three-level hierarchic based 

classification. The land use and land cover analysis on the 

study area has been attempted based on thematic mapping of 

the area consisting of built-up land, cultivated land, water 

bodies, forest land, barren land and uncultivated land using 

the satellite image. The result shows that the agriculture lands 

area well distributed entire study area and it covers 159.83 

sq.km (65%). Forest occupies 15.22 km
2 

(6.0%), Built up  

urban and rural area covers 5.31 km
2 

and 6.56 km
2
 

respectively. quarry and industrial area covers 1.78 km2 and 

0.43 km
2
, Water bodies and uncultivated lands occupy 24.62 
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Abstract— The present study mainly focuses on analytical 

study of fly ash and GGBS blended reinforced geo polymer 

concrete beams. The beams were analyzed by using Ansys 

R15.0. The reinforced geo polymer beams analyzed were 

cured for 28days in an ambient room temperature itself. The 

conventional reinforced concrete beam analyzed were cured 

for 28 days in water. The proportions of source materials for 

geo polymer concrete used are fly ash(FA) 50- Ground 

Granulated Blast Furnace Slag (GGBS) 50, FA0-GGBS100. 

The grade of Conventional Concrete (CC) was fixed 

equivalent to that of Geopolymer concrete with the earlier 

specified proportions. The grade of geo polymer concrete 

was fixed to be M45 by doing trial and error method. The 

beams were analyzed for two- point loading. The parameters 

such as Max.Equivalent stresses (Von-Misses stress), 

Max.Normal Stress, Max. Normal Elastic Strain, Max.Shear 

Stress, Max.Shear strain and Max.central deflection were 

found. The present study has given a final conclusion that 

the performance of reinforced geo polymer concrete 

(RGPC) beams was better than that of equivalent grade of 

reinforced conventional concrete beams. 

Key words: Reinforced Geopolymer concrete beams; Ansys 

R15.0; Max.Equivalent stresses (Von-Misses stress); Max. 

Normal Elastic Strain; Max.Shear Stress; Max.central 

deflection 

I. INTRODUCTION 

Concrete is the most widely used construction material after 

water in the world and ordinary Portland cement (OPC) is 

the major ingredient used in concrete. The production of 

cement releases large amount of carbon dioxide (CO2) to 

the atmosphere that significantly contributes to greenhouse 

gas emissions. It is estimated that one ton of CO2 is released 

into the atmosphere for every ton of OPC produced [1].The 

mechanical properties of Geo-polymer concrete(GPC) mixes 

with different aggregates blending and also combination of 

sodium hydroxide and sodium silicate solution was used as 

alkaline activator and conclude that optimum fine aggregate 

blending and also all Splitting Tensile Strength (STS) and 

Flexural Strength(FS) of all mixes were compared with ACI 

363R, CEB-FIP and ACI 318R predicted equations [2]. The 

mechanical properties of Geo-polymer concrete(GPC) using 

granite slurry(GS) as sand replacement at different levels 

and cured at room temperature and concluded that optimum 

replacement level of GS used in place of sand and can solve 

the natural resources [3]. The load deflection relationships, 

crack pattern, ultimate load was obtained and compared with 

the experimental results available in literature and obtained 

results shows good agreement with the experimental results 

for comparative study of experimental and analytical results 

of FRP strengthened beams in flexure [2]. A study on the 

unretrofitted RC beam designated as control beam, RC 

beams retrofitted with CFRP composites in uncracked and 

precracked beams were studied in Ansys and The results 

obtained was in good agreement with the experimental plots 

[3]. The dynamic analysis of the composite beam was 

studied and values of Young Modulus, Poisson’s ratio and 

shear modulus were determined by using Ansys [4]. Beams 

strengthened with Carbon Fiber Reinforced Polymer and the 

beams were modelled using ANSYS and the obtained 

results were compared with the experimental one and was 

found to be in good agreement [5]. The load deflection 

relationship, crack pattern and ultimate load were obtained 

and also comparison were done for the CFRP and GFRP and 

reported that the performance of beams with retrofitting 

with CFRP was better than the beams with retrofitting with 

GFRP by using Ansys[6]. An Analytical Investigation of 

Bonded Glass Fiber Reinforced Polymer Sheets with 

Reinforced Concrete Beam Using Ansys which has been 

used to study the strengthened behavior of the beam and 

gave the conclusion as the Deflections in the beams 

retrofitted with GFRP are less than RCC beam and for the 

same load the RCC beam with GFRP have the less stresses 

and strains. In the comparison cases both experimental and 

analytical results are coinciding [7]. The models which are 

analyzed has shown the same structural response and failure 

modes as found in the experimental investigation [8]. The 

modelling of RC beams with and without openings by using 

Ansys and were investigated on beam strength, stiffness, 

deformed shape, and cracked patterns by the experimental 

and theoretical results were concluded that the both results 

were showed satisfactory [9]. A theoretical and 

experimental study on mechanical properties and flexural 

strength of fly ash-geo polymer concrete using young’s 

modulus, Poisson’s ratio stress-strain relation and indirect 

tensile strength with four-point loading and as FEM and 

concluded after the results there were approximate values by 

comparing both the theoretical and experimental study [10].  

II. EXPERIMENTAL STUDY 

Our objective was to determine the parameters such as 

Max.Equivalent stresses (Von-Misses stress), Max.Normal 

Stress, Max. Normal Elastic Strain, Max.Shear Stress, 

Max.Shear strain and Max.central deflection for reinforced 

beams of M45 grade of conventional concrete (CC) and geo 

polymer concrete having proportions of FA 50- GGBS 

50and FA0-GGBS100 were FA is fly ash and GGBS is 

Ground Granulated Blast Furnace Slag. 

A. Materials 

The source materials for silica and aluminum were taken as 

Fly Ash and GGBS. Class F fly ash has been taken as it has 
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Abstract— The present paper mainly focuses on analytical 

study of geopolymer concrete (GPC) incorporating copper 

slag (CS) as fine aggregate. The beams were analyzed by 

using Ansys R15.0. Fly ash and ground granulated blast 

furnace slag were used as geopolymer binders. In our present 

investigation the specimens of the GPC with incorporating 

copper slag as the fine aggregate in the proportions of 

0%,10%, 20%, 30%, 40% are made, and the parameters such 

as compressive stress,  Max. Equivalent stresses (Von-Misses 

stress), Max. Normal Stress, Max. Normal Elastic Strain, 

Max. Shear Stress, Max. Shear strain and Max. central 

deflection, flexural properties were found. The present study 

has given a final conclusion that the performance of 

reinforced geo polymer concrete (RGPC) beams was better 

than that of equivalent grade of reinforced conventional 

concrete beams. 

Key words: Reinforced Geopolymer Concrete Beams, Ansys 

R15.0, Copper Slag(CS), Max.Equivalent Stresses (Von-

Misses Stress), Max. Normal Elastic Strain, Max.Shear 

Stress, Max.Central Deflection 

I. INTRODUCTION 

Concrete is the most widely used construction material after 

water in the world and ordinary Portland cement (OPC) is the 

major ingredient used in concrete. The production of cement 

releases large amount of carbon dioxide (CO2) to the 

atmosphere that significantly contributes to greenhouse gas 

emissions. It is estimated that one ton of CO2 is released into 

the atmosphere for every ton of OPC produced [1]. The 

mechanical properties of Geo-polymer concrete (GPC) mixes 

with different aggregates blending and also combination of 

sodium hydroxide and sodium silicate solution was used as 

alkaline activator and conclude that optimum fine aggregate 

blending and also all Flexural Strength (FS) of all mixes were 

found. [2]. In terms of reducing the global warming, the geo 

polymer technology can reduce the CO2 emission in to the 

atmosphere, caused by cement and aggregate industries is 

about 80% [3]. In this geo polymer technology, the source 

material is rich in silicon (Si) and Aluminium (Al) is reacted 

with a highly alkaline solution through the process of geo 

polymerization to produce the binding material. In our 

investigation, we are replacing the by-products such as fly ash 

and GGBS as a part of cement and copper slag as a part of 

sand to produce geopolymer concrete. [4]. Beams 

strengthened with Copper Slag Fiber Reinforced Polymer and 

the beams were modelled using ANSYS and the obtained 

results were compared. [5]. An Analytical Investigation of 

Bonded copper slag Fiber Reinforced Polymer Sheets with 

Reinforced Concrete Beam Using Ansys which has been used 

to study the strengthened behavior of the beam and gave the 

conclusion as the Deflections in the beams retrofitted with 

copper slag gave better results [6]. The models which are 

analyzed has shown the same structural response and failure 

modes as found in the experimental investigation [7]. The 

load deflection relationships, ultimate load, flexural 

properties were obtained and compared with the experimental 

results available in literature and obtained results shows good 

agreement with the experimental results for comparative 

study of experimental and analytical results strengthened 

beams in flexure. [8]. A theoretical and experimental study 

on mechanical properties and flexural strength of fly ash-geo 

polymer concrete using young’s modulus, Poisson’s ratio 

stress-strain relation and with two-point loading and as FEM 

and concluded after the results there were approximate values 

by comparing both the theoretical and experimental study. 

II. EXPERIMENTAL STUDY 

The experimental investigation was focused on the effect of 

various proportions of copper slag on GPC and determine the 

parameters such as Compressive Strength, Ultimate 

Deflection, flexural properties, Max.Equivalent stresses 

(Von-Misses stress), Max.Normal Stress, Max.Normal 

Elastic Strain, Max.Shear Stress, Max.Shear strain and 

Max.central deflection. Sand and CS were used as fine 

aggregate and CS chemical composition are listed in Table 1. 

Super plasticizer of SP-430 was used to improve the 

workability of mixtures. 

A. Materials 

Composition % by mass 

SiO2 

Al2O3 

Fe2O3 

CaO 

Na2O3 

K2O 

TiO2 

MgO 

GNO3 

43.20 

12.60 

1.30 

40.20 

0.90 

0.60 

- 

1.45 

- 

Table 1: Chemical composition of CS 

Crushed granite stones of the size 20 mm and 10 mm were 

used as coarse aggregate and the river sand was used as fine 

aggregate. The bulk specific gravity in oven dry condition 

and the water absorption of the coarse aggregate 20 mm and 

10mm were 2.58 and 0.3% respectively. The bulk specific 

gravity in oven dry condition and water absorption of the sand 

were 2.62 and 1% respectively and also the fineness modulus 

is 2.59. 

B. Mix proportion 

In this study, mechanical properties of geopolymer concrete 

(GPC) incorporating copper slag(CS) as fine aggregate with 

the replacement levels of 0%, 10%, 20%, 30% and 40% of 
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Abstract— Many efforts are put on the advances in 

construction technology. Study on the Geopolymer concrete, 

which is produced by developing a binder named geopolymer 

are rich in silica and alumina as source materials by an 

alkaline reaction, it replaces Ordinary Portland Cement. This 

study mainly focused on the Flexural behaviour of 

geopolymer concrete One-way slab with  partial replacement 

of silica sand as natural sand at different proportions like 

100:0, 90:10, 80:20, and 70:30 (natural sand: silica sand). The 

grade of conventional concrete M40, which is equivalent to 

grade of geopolymer concrete. The Slabs were cured for 28 

days at ambient room temperature and tested for two point 

loading. The flexural parameters under two point loading like 

Load characteristics, first crack load, Ultimate load, service 

load, yield load, Ultimate deflection, bending stresses, 

Moment characteristics are presented. The study final 

concludes that at 20% replacement level of silica sand as 

partial replacement of natural sand gives better results at 8M, 

hence the silica sand used as a filler material for well graded 

geopolymer concrete. 

Key words: Geopolymer Concrete, Silica Sand, Two-Point 

Loading, Flexural Parameters 

I. INTRODUCTION 

Slabs are plane structural members whose thickness is small 

as compared to its length and breadth.  One way slab is made 

with geopolymer concrete, which was introduced by 

Davidovits1978, rich in silica and aluminium. In the process 

of polymerization of materials, alkaline substances are to be 

added [1]. The source material for silica and aluminium are 

Fly ash (FA), which is produced from thermal power plants 

as a waste and ground granulated blast furnace slag (GGBS), 

which is produced from AASTRA Chemicals, Chennai. 

Alkaline substances used for obtaining Polymerization 

reaction are alkaline grade sodium silicate solution (Na2Sio3) 

and sodium hydroxide solution (NaOH) as an alkaline 

activator, were taken as 8M. Geopolymer concrete made with 

only flyash as a source material for silica and aluminium has 

shown poor results [2].  Geopolymer concrete require curing 

under ambient room temperature itself. Results are already 

concluded that GGBS and FA blended GPC mixes attained 

enhanced mechanical properties at ambient room temperature 

itself [3-6].  Comparative effect of earth quake on flat slab 

and grid floor system consisting of beam spaced at regular 

intervals in perpendicular direction, monolithic with slab [7].  

Flat slab building structures which are more significantly 

flexible than traditional concrete, thus becoming more 

vulnerable to seismic loading. Comparing the behaviour of 

multistory building having flat slabs with drops to two way 

slabs with beams and to study the effect of part shear walls 

on performance under seismic forces [8]. Flat slab RC 

buildings exhibit several advantages over conventional 

moment resisting frames. Derivation of fragility curves using 

medium-rise flat slab buildings with masonry infill walls [9].  

The flat slab is preferred as a floor system because of its 

architectural appearance, flexibility of flat slab RC structure, 

easy to construct and economic structure. The seismic 

response of flat slab structure with different heights as well 

as variation in plan [10].   The seismic behaviour of multi-

story flat slab and conventional reinforced concrete framed 

structures for different heights and changes occured, if height 

of traditional and flat slab changes [11]. Flat slab buildings in 

which slab is directly rested on columns, constructed recently 

due to the advantage of reduced floor to floor heights to meet 

economical and architectural demands [12].  Punching shear 

strength of high performance concrete (HPC) two way slabs 

under simply supported edge condition and tested under a 

central patch load, possess higher energy absorption, higher 

punching shear strength than central specimens [13].  

The present study aimed to find the flexural 

parameters viz. Load  characteristics, moment characteristics, 

cracking load, ultimate load, service load, maximum moment 

resistance capacity and ultimate deflection under the flexural 

behaviour of geopolymer concrete slabs at different 

replacement levels of silica sand after 28 days ambient room 

temperature curing. 

II. EXPERIMENTAL STUDY 

A. Materials 

In this present study, FA, GGBS and silica sand were used as 

binders who’s chemical and physical properties are tabulated 

in Table1. According to ASTM C 618 (2003)  [14], class F 

fly ash produced from Lanco Industry, sri kalahasti, A.P and 

GGBS produced from AASTRA chemicals, Chennai, A.P 

were used in the manufacturing of GPC. 

Particulars 
Class F 

fly ash 
GGBS Silica sand 

Chemical composition    

% Silica(Sio2) 65.6 30.61 81.5 

% Alumina(Al2O3) 28.0 16.24 0.64 

%Iron Oxide(Fe2O3) 3.0 0.584 0.76 

% Lime(Cao) 1.0 34.48 0.14 

% Magnesium(Mgo) 1.0 6.79 0.99 

%Titanium Oxide(TiO2) 0.5 - - 

%Sulphur Trioxide(So2) 0.2 1.85 - 

Loss on Ignition 0.29 2.1 - 

Physical properties    

Specific gravity 2.12 2.94 2.60 

Fineness(m2/kg) 360 400 - 

Table 1: Chemical & Physical Properties of Class F Flyash, 

GGBS & Silica Sand 

The alkaline liquid used was a combination of 

sodium silicate solution (Na2O = 13.7%, SiO2 = 29.4% and 
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Abstract— The demand of cement (OPC) is increasing for 

satisfying the need of development of infrastructure facilities. 

OPC production releases more quantity of carbon dioxide to 

the atmosphere, it is harmful to the human health and also 

pollute environment. Therefore, it is essential to find 

alternatives to make the concrete environment friendly. In 

this respect, Davidovits (1988) proposed an alternative binder 

for the concrete technology and it shows a good results. These 

binders are produced by an alkaline liquid reacts with the 

silica (Si) and aluminium (Al) present in the source materials. 

The technology proposed by the Davidovits is commonly 

called as Geo-polymers or Geo-polymer technology.  This 

paper presents the study on Mechanical properties of GPC of 

class f fly ash (FA-50%) & GGBS(50%) based GPC using 

silica sand as sand replacement at different levels ( 

0%,10%,20%&30% ). These properties have been tested for 

7, 28&90 days curing at ambient room temperature. From the 

results, it is concluded that the increased replacement level of 

Silica Sand from 0% to 20% increased the mechanical 

properties of GPC mixes.  

Key words: Geopolymer Concrete, Silica Sand, Mechanical 

Properties 

I. INTRODUCTION 

Geopolymer binder which was introduced by 

Davidovits1978, is an inorganic polymer binder, rich in silica 

and aluminium. In the process of polymerization of materials, 

alkaline substances are to be added [1]. The source material 

for silica and aluminium are Fly ash (FA), which is produced 

from thermal power plants as a waste and ground granulated 

blast furnace slag (GGBS), which is produced from AASTRA 

Chemicals, Chennai. Alkaline substances used for obtaining 

Polymerization reaction are alkaline grade sodium silicate 

solution (Na2Sio3) and sodium hydroxide solution (NaOH) 

as an alkaline activator, were taken as 8M. Geopolymer 

concrete made with only fly ash as a source material for silica 

and aluminium has shown poor results [2].  Geopolymer 

concrete require curing under ambient room temperature 

itself. Results are already concluded that GGBS and FA 

blended GPC mixes attained enhanced mechanical properties 

at ambient room temperature itself [3]. The behaviour of 

geopolymers were studied the many of researches using 

various types of source materials like fly ash, GGBS, silica 

sand etc. The present study deal with the development and the 

mechanical properties of  geopolymer concrete incorporating 

silica sand  as fine aggregate with different replacement levels 

from 10%  to 30% at ambient room temperature curing  [4]. 

To develop a mixture proportioning process to manufacture 

fly ash (ASTM Class F) and GGBS based geopolymer 

concrete incorporating silica sand as fine aggregate  [5]. To 

identify and study the effect of prominent parameters that 

affects the properties of fly ash and GGBS based geopolymer 

concrete  [6].  

The present investigation is aimed to study the 

strength properties of hardened low calcium fly ash-based 

geopolymer concrete incorporating silica sand as fine 

aggregate with different replacement levels from 10% to 30% 

at ambient room temperature curing. 

II. EXPERIMENTAL STUDY 

A. Materials 

In this respect, FA, GGBS and silica sand were used as 

binders whose chemical and physical properties are tabulated 

in Table1. According to ASTM C 618 (2003)  [7], class F fly 

ash produced from Lanco Industry, srikalahasti, A.P and 

GGBS produced from AASTRA chemicals, Chennai, A.P 

were used in the manufacturing of GPC. 

Particulars 
Class F 

fly ash 
GGBS Silica sand 

Chemical composition    

% Silica(Sio2) 65.6 30.61 81.5 

% Alumina(Al2O3) 28.0 16.24 0.64 

%Iron Oxide(Fe2O3) 3.0 0.584 0.76 

% Lime(Cao) 1.0 34.48 0.14 

% Magnesium(Mgo) 1.0 6.79 0.99 

%Titanium Oxide(TiO) 0.5 - - 

%Sulphur Trioxide(So3) 0.2 1.85 - 

Loss on Ignition 0.29 2.1 - 

Physical properties    

Specific gravity 2.12 2.94 2.60 

Fineness(m2/kg) 360 400 - 

Table 1: chemical and physical properties of class F fly ash, 

GGBS and silica sand 

The alkaline liquid used was a combination of 

sodium silicate solution(Na2O = 13.7%, SiO2 = 29.4% and 

water = 55.9%) and sodium hydroxide (NaOH) in pellets 

form with 97% - 98% purity was purchased from local 

suppliers. The sodium hydroxide (NaOH) solution was 

prepared with a concentration of 8M. The sodium silicate 

solution and sodium hydroxide solution were mixed together 

one day before prior to use. Crushed granite stones of size 

20mm and 10mm used as coarse aggregate, river sand used 

as fine aggregate and silica sand used as replacement of 

natural sand at different levels 100:0, 90:10, 80:20 and 70:30. 

The bulk specific gravity in oven dry condition and water 

absorption of the coarse aggregate 20mm and 10mm were 

2.66 and 0.3% respectively. The bulk specific gravity in oven 

dry condition and water absorption of the fine aggregate were 

2.62 and 1% respectively. The bulk specific gravity in oven 

dry condition and water absorption of silica sand were 2.60 

and 0.4% respectively. 

B. Mix design 

Based on the limited past research on GPC, the mix 

proportions were selected based on Rangan’s method. 

Geopolymer concrete mix proportions of constituent 

materials are shown in Table 2. 

Materials 
Mass(Kg/m3) 

100:0 90:10 80:20 70:30 
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Abstract— In present days the demand of cement (OPC) is 

growing for satisfying the need of improvement of 

infrastructure facilities. OPC production releases greater 

amount of carbon dioxide to the environment, it's far harmful 

to the human health and additionally pollute environment. 

Consequently, its miles essential to find alternatives to make 

the concrete surroundings friendly. On this respect, 

Davidovits (1988) proposed an alternative binder for the 

concrete era and it indicates a terrific results. Those binders 

are produced through an alkaline liquid reacts with the silica 

(Si) and aluminum (Al) present inside the source materials. 

The technology proposed by way of the Davidovits is usually 

called as Geo-polymers or Geo-polymer technology.  This 

paper gives the study on Mechanical houses of GPC of class 

f fly ash (FA-50%) & GGBS (50%) based GPC the use of 

silica sand, copper slag and granite slurry as sand replacement 

at unique stages (0%, 10%, 20% & 30%).In the present 

investigation to study the compressive strength and predict 

the compressive strength by using Rebound Hammer and 

Ultrasonic Pulse Velocity at different curing periods after 7, 

28 & 90 days curing at ambient room temperature. By using 

Regression analysis formed the equations  Silica Sand from 

0% to 30% compressive strength , Rebound number and 

Ultrasonic Pulse Velocity values increased and form the 

varies equations and also copper slag  and  Granite slurry 0% 

to 30% compressive strength, Rebound number and 

Ultrasonic Pulse Velocity increased and formed the various 

equations. By using Regression analysis and available data as 

compressive strength, Rebound number and Ultrasonic Pulse 

Velocity formed the various equations at different 

replacement levels. 

Key words: Geo-Polymer Concrete, Silica Sand, Copper Slag 

& Granite Slurry 

I. INTRODUCTION 

Geo-polymer binder which was introduced by Davidovits 

1978, is an inorganic polymer binder, rich in silica and 

aluminium. In the process of polymerization of materials, 

alkaline substances are to be added. The source material for 

silica and aluminium are Fly ash (FA), which is produced 

from thermal power plants as a waste and ground granulated 

blast furnace slag (GGBS), which is produced from AASTRA 

Chemicals, Chennai. Alkaline substances used for obtaining 

Polymerization reaction are alkaline grade sodium silicate 

solution (Na2Sio3) and sodium hydroxide solution (NaOH) 

as an alkaline activator, were taken as 8M. Geo-polymer 

concrete made with only fly ash as a source material for silica 

and aluminium has shown poor results.  Geo-polymer 

concrete require curing under ambient room temperature 

itself. Results are already concluded that GGBS and FA 

blended GPC mixes attained enhanced mechanical properties 

at ambient room temperature itself. The behaviour of 

geopolymers were studied the many of researches using 

various types of source materials like fly ash, GGBS, silica 

sand, copper slag and granite slurry etc. The present study 

deal with the development and the mechanical properties of 

geopolymer concrete incorporating silica sand, copper slag 

and Granite slurry as fine aggregate with different 

replacement levels from 10% to 30% at ambient room 

temperature curing. To develop a mixture proportioning 

process to manufacture fly ash (ASTM Class F) and GGBS 

based geopolymer concrete incorporating silica sand as fine 

aggregate. To identify and study the effect of prominent 

parameters that affects the properties of fly ash and GGBS 

based geopolymer concrete. 

The present investigation is aimed to study the 

strength properties of hardened low calcium fly ash-based 

geo-polymer concrete incorporating silica sand, copper slag 

and granite slurry as fine aggregate with different 

replacement levels from 10% to 30% at ambient room 

temperature curing. 

II. EXPERIMENTAL STUDY 

A. Materials 

In this respect, FA, GGBS silica sand, copper slag and 

Granite slurry were used as binders whose chemical and 

physical properties are tabulated in Table1. According to 

ASTM C 618 (2003)  [7], class F fly ash produced from 

Lanco Industry, srikalahasti, A.P and GGBS produced from 

AASTRA chemicals, Chennai, A.P were used in the 

manufacturing of GPC. 

Particulars 
Class F 

fly ash 
GGBS Silica sand 

Chemical composition    

% Silica(Sio2) 65.6 30.61 81.5 

% Alumina(Al2O3) 28.0 16.24 0.64 

%Iron Oxide(Fe2O3) 3.0 0.584 0.76 

% Lime(Cao) 1.0 34.48 0.14 

% Magnesium(Mgo) 1.0 6.79 0.99 

%Titanium Oxide(TiO) 0.5 - - 

%Sulphur Trioxide(So3) 0.2 1.85 - 

Loss on Ignition 0.29 2.1 - 

Physical properties    

Specific gravity 2.12 2.94 2.60 

Fineness(m2/kg) 360 400 - 

Table 1: Chemical & Physical Properties of Class F Fly Ash, 

GGBS & Silica Sand 

The alkaline liquid used was a combination of 

sodium silicate solution (Na2O = 13.7%, SiO2 = 29.4% and 

water = 55.9%) and sodium hydroxide (NaOH) in pellets 

form with 97% - 98% purity was purchased from local 

suppliers. The sodium hydroxide (NaOH) solution was 

prepared with a concentration of 8M. The sodium silicate 

solution and sodium hydroxide solution were mixed together 

one day before prior to use. Crushed granite stones of size 
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Abstract— Geopolymer binders have been proved to be 

green building materials that can totally replace OPC by an 

alkaline reaction between silica and alumina are presented in 

source material. This paper mainly focused on the Flexural 

behaviour of geopolymer concrete beams with partial 

replacement of silica sand as natural sand at different 

proportions like 100:0, 90:10, 80:20, and 70:30 (natural 

sand: silica sand). The grade of conventional concrete was 

made as M40, which is equivalent to grade of geopolymer 

concrete. The beams were cured for 28 days at ambient 

room temperature and tested for two point loading. The 

parameters under flexural behaviour like First crack load, 

Ultimate load, service load, yield load, Ultimate deflection, 

bending stresses, Load deflection characteristics, Moment 

characteristics are presented. The study has given a final 

conclusion that at 20% replacement level of silica sand as 

natural sand gives better results at 8M. By increasing the 

replacement level decreasing the strength, hence the silica 

sand used as a filler material for well graded geopolymer 

concrete which is more sustainable. 

Key words: Geopolymer Concrete, Silica Sand, Two-Point 

Loading, Flexural Parameters 

I. INTRODUCTION 

Geopolymer binder which was introduced by 

Davidovits1978 is an inorganic polymer binder, rich in silica 

and aluminium. In the process of polymerization of 

materials, alkaline substances are to be added [1]. The 

source material for silica and aluminium are Fly ash (FA), 

which is produced from thermal power plants as a waste and 

ground granulated blast furnace slag (GGBS), which is 

produced from AASTRA Chemicals, Chennai. Alkaline 

substances used for obtaining Polymerization reaction are 

alkaline grade sodium silicate solution (Na2Sio3) and 

sodium hydroxide solution (NaOH) as an alkaline activator, 

were taken as 8M. Geopolymer concrete made with only fly 

ash as a source material for silica and aluminium has shown 

poor results [2].  Geopolymer concrete require curing under 

ambient room temperature itself. Results are already 

concluded that GGBS and FA blended GPC mixes attained 

enhanced mechanical properties at ambient room 

temperature itself [3-6]. The load deflection characteristic at 

mid span of the reinforced geopolymer concrete beams and 

OPC controlled beams were found to be similar and shows 

slightly more deflections at same load than the reinforced 

OPCC beams [7]. Research is being conducted on the 

flexural behaviour of reinforced geopolymer concrete beams 

(RGPC). The first cracking load and service load of RGPC 

beams shows slightly high performance when compared to 

reinforced cement concrete beams [8]. Ultimate load for 

Geopolymer concrete beams with 75% fly ash and 25% 

GGBS were found to be higher than the Ultimate loads for 

reinforced geopolymer concrete beams with only fly ash, 

irrespective of the quantity of tensile strength [9]. 

The present investigation is aimed to find the 

flexural parameters viz. Load deflection characteristics, 

moment characteristics, cracking load, ultimate load, service 

load, maximum moment resistance capacity and ultimate 

deflection under the flexural behaviour of geopolymer 

concrete beams at different replacement levels of silica sand 

after 28 days ambient room temperature curing. 

II. EXPERIMENTAL STUDY 

A. Materials: 

In this respect, FA, GGBS and silica sand were used as 

binders whose chemical and physical properties are 

tabulated in Table1. According to ASTM C 618 (2003)  

[10], class F fly ash produced from Lanco Industry, 

srikalahasti, A.P and GGBS produced from AASTRA 

chemicals, Chennai, A.P were used in the manufacturing of 

GPC. 

Particulars 
Class F 

fly ash 
GGBS Silica sand 

Chemical composition    

% Silica(Sio2) 65.6 30.61 81.5 

% Alumina(Al2O3) 28.0 16.24 0.64 

%Iron Oxide(Fe2O3) 3.0 0.584 0.76 

% Lime(Cao) 1.0 34.48 0.14 

% Magnesium(Mgo) 1.0 6.79 0.99 

%Titanium Oxide(TiO2) 0.5 - - 

%Sulphur Trioxide(So2) 0.2 1.85 - 

Loss on Ignition 0.29 2.1 - 

Physical properties    

Specific gravity 2.12 2.94 2.60 

Fineness(m2/kg) 360 400 - 

Table 1: chemical and physical properties of class F flyash, 

GGBS and silica sand 

The alkaline liquid used was a combination of 

sodium silicate solution (Na2O = 13.7%, SiO2 = 29.4% and 

water = 55.9%) and sodium hydroxide (NaOH) in pellets 

form with 97% - 98% purity was purchased from local 

suppliers. The sodium hydroxide (NaOH) solution was 

prepared with a concentration of 8M. The sodium silicate 

solution and sodium hydroxide solution were mixed together 

one day before prior to use. Crushed granite stones of size 

20mm and 10mm used as coarse aggregate, river sand used 

as fine aggregate and silica sand used as replacement of 

natural sand at different levels 100:0, 90:10, 80:20 and 

70:30. The bulk specific gravity in oven dry condition and 

water absorption of the coarse aggregate 20mm and 10mm 

were 2.66 and 0.3% respectively. The bulk specific gravity 

in oven dry condition and water absorption of the fine 

aggregate were 2.62 and 1% respectively. The bulk specific 

gravity in oven dry condition and water absorption of silica 

sand were 2.60 and 0.4% respectively. 
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Abstract— The behaviour of GFRG and regular RC of G+5 

multi stories building under earth quake is complex and it 

varies of wind loads are assumed to act simultaneously with 

earth quake loads. In this paper a comparison of GFRG 

building with regular RC building of G+5 multi story 

building is studied for earth quake and wind load using 

ETABS. The Glass fibre reinforced gypsum (GFRG) walls 

are gypsum panels with hallow cores or cavities which can 

filled with concrete .GFRG walls are used in residential, 

commercial and industrial buildings. GRFG panels are a 

composite material consisting of gypsum plaster and glass 

fibres. The gypsum is industrial by product waste the 

product is not only eco-friendly, but also resistant to water 

and fire. GFRG panels can be used as various structural 

elements such as walls and slabs. GFRG walls find more 

and more applications and interests in the building industry 

in Australia as well as in other countries including china and 

India. GFRG panels are presently manufactured to a 

thickness of 124mm, a length of 12m and a height of 3m. 

IIT Madras has been involved, since 2003 with the 

development of building system especially earthquake 

resistant design for use in India. Our India is still developing 

country fighting with huge shortage of houses for every 

year. In India fertilizer industries are facing problem in 

disposal of industrial waste gypsum (2000 tons per day). To 

meet this challenge, India requires innovative, energy 

efficient, strong and durable in fast method of construction 

at economical cost. The main aim of this paper is to find out 

the different responses like Story drift, Story Displacements, 

Story Shear, Base shear and Modal periods and frequencies 

of both the GFRG and regular RC buildings in the entire 

four zones ZONE I, ZONE II, ZONE III, ZONE IV and 

ZONE V. 

Key words: GFRG Panels, Loadings, Wind, Earthquake, 

Story Displacement, Story Shear, Story Drift, Modal Periods 

and Frequencies and Base Shear 

I. INTRODUCTION 

The rapid growth of population, large-scale industrialization 

and very high land cost has resulted in a vast expansion in 

building construction industry. Our India is still a 

developing country fighting with a huge shortage of housing 

every year. So we need a very fast construction technology 

which can increase our development rate. Glass fibre 

reinforced gypsum walls are gypsum panels with hollow 

cores developed in Australia 1990. It is a load bearing pre-

fabricated walling system with broad construction 

applications from industrial dwelling units to multi storey 

residential buildings, formwork, industrial panelling and 

compound huge amount of co2 (about 40% is developed due 

to construction industry) increases the chances of global 

warming. Fertilizer industries are facing problems regarding 

disposal of industrial waste gypsum (2000 tons per day). 

Rapid wall is a large load bearing panel with modular 

cavities suitable for both external and internal walls. It can 

be also used as intermediate floor slab/roof in combination 

with RCC as composite material. It has been used for 

buildings ranging from single storey to medium-high rise 

buildings. The Light weight rapid wall has high compressive 

strength, shearing strength, flexural strength and ductility. It 

has very high level of resistance to fire, heat, water, 

termites, rot and corrosion .Concrete infill with vertical 

reinforcement rods enhances its vertical and lateral load 

capabilities. Rapid wall buildings are resistant to 

earthquakes, cyclones and fire. 

GFRG buildings are a new type of construction to 

which conventional structural theories and design codes are 

not applicable. Glass fibre reinforced gypsum binder 

composites were produced by using E-type glass fibre and 

newly developed water-resistant gypsum binder .The water 

–resistant gypsum binder was produced by blending ground 

granulated slag , ordinary Portland cement and an organic 

retarder with claimed phosphogypsum in a ball mill to 

obtain a uniform product. The binder possesses good water 

resistance as it does not show leaching in water up to 28 

days of immersion , while plain plaster shows leaching after 

3 days of immersion in water. For the reinforcing material in 

this programme, chopped uncoated E-type glass fibre was 

used. Rapid wall panel is world’s largest load bearing light 

weight panels. Each panel has 48 modular cavities of 

12mx3mx124m dimension. Reinforced concrete is walling. 

Construction of RC buildings formation of one of the most 

widely used modern building materials. Concrete is an 

“artificial stone” obtained by mixing cement, sand, and 

aggregates with water. Presently reinforced concrete 

buildings in many earthquake prone areas of the world are 

built to design codes and yet many still suffer failure during 

earthquakes. This may mean that they are deficiencies in 

design. This event cannot be avoided but, by proper 

planning and design we can prevent it to a notable extent 

and hence structural engineer’s needs to design the structure 

taking into account all necessary factors including infill 

walls which plays a important role during earthquakes. 

II. PROCEDURE TO CONSTRUCTION OF GFRG BUILDING 

 A conventional foundation like spread footing, RCC 

column footing, raft or pile foundation is used as per the 

soil condition and load factors. 

 All around the building RCC plinth beam is provided at 

basement plinth level. 

 For erection of panel as wall, 12 mm diameter vertical 

reinforcement called “starter bars” of 0.75m length of 
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Abstract— The effective design and the construction of 

earthquake resistant structures have much greater importance 

in all over the world. The behavior of GFRG building and 

regular RC building of G+5 multi stories building under earth 

quake is  complex and it varies of wind loads are assumed to 

act simultaneously with earth quake loads.  In this paper the 

seismic analysis by the response spectrum method will be 

done to the GFRG building and regular RC building of 

calculating various responses in different zones by using 

ETABS software, so that the both results be compared. The 

Glass fibre reinforced gypsum (GFRG) walls are gypsum 

panels with hallow cores or cavities which can be filled with 

concrete. GFRG walls are in residential, commercial and 

industrial buildings. GFRG panels are a composite material 

consisting of gypsum plaster and glass fibers. The gypsum is 

industrial by product waste the product is not only 

ecofriendly, but also resistant to water and fire. IIT madras 

has been involved, since 2003 with the development of 

building system especially earthquake resistant design for use 

in India. Our India is still developing country fighting with 

huge shortage of houses for every year. To meet this 

challenge, India requires innovative, energy efficient, strong 

and durable in fast method of construction at economical cost. 

The main aim of this paper is to find out the different 

responses like Storey drift, Storey displacements, Base shear 

and Storey shear and Modal periods and Frequencies of both 

the GFRG and regular RC buildings. It is found that the 

GFRG are economical in design and construction in sub 

urban and low rise building constructions. But Displacements 

will be increasing with increase in number of storeys. 

Key words: GFRG Panels, Wind Load, Earthquake, Story 

Displacement, Story Shear, Story Drift, Modal Periods and 

Frequencies, Base Shear and Response Spectrum Analysis 

I. INTRODUCTION 

GFRG buildings are a new type of construction to which 

conventional structural theories and design codes are not 

applicable. Glass fibre reinforced gypsum binder composites 

were produced by using E-type glass fibre and newly 

developed water-resistant gypsum binder [5]. The water 

resistant gypsum binder was produced by blending ground 

granulated slag, ordinary port land cement and an organic 

retarder with claimed phosphogypsum in a ball mill to obtain 

a uniform product. The binder possesses good water 

resistance as it does not show leaching in water up to 28  days 

of immersion , while plain plaster shows leaching after 3 days 

of immersion, in water. For the reinforcing material in this 

programme, chopped uncoated E-type glass fibre was used 

[14]. Rapid wall panel is world’s largest load bearing light 

light weight panels. Each panel has 48 modular cavities of 

12mx3mxx124m dimension. Reinforced concrete is one of 

the most widely used modern building materials. Concrete is 

an “artificial stone” obtained by mixing cement, sand and 

aggregates with water. Presently reinforced concrete 

buildings in many earthquake prone areas of the world are 

built to design codes and yet many still suffer failure during 

earthquakes. This may mean that they are deficiencies in 

design. This event cannot be avoided but, by proper planning 

and design we can prevent it to a notable extent and hence 

structural engineer’s needs to design the structure taking into 

account all necessary factors including infill walls which 

plays a important role during earthquakes. We observed the 

main comparison of different responses like story drift, story 

shear, story displacements, base shear and modal periods and 

frequencies of both the modal periods and frequencies of both 

the GFRG and regular RC buildings in the entire four zones 

ZONE II, ZONE III, ZONE IV, and ZONE V. 

The rapid growth of population, large-scale 

industrialization and very high land cost has resulted in a vast 

expansion in building construction industry. Our India is still 

a developing country fighting with a huge shortage of housing 

every year. So we need a very fast construction technology 

which can increase our development rate. Glass fibre 

reinforced gypsum walls are gypsum panels with hallow 

cores developed in Australia 1990 [5]. It is a load bearing 

prefabricated walling system with broad construction 

applications from industrial dwelling units to multi storey 

residential buildings, formwork, industrial paneling and 

compound walling [1].Construction of RC buildings 

formation of huge amount of co2(about 40% is developed due 

to construction industry) increases the chances of global 

warming [3]. Fertilizer industries are facing problems 

regarding disposal of industrial waste gypsum (2000 tons per 

day). Rapid wall is a large load bearing panel with modular 

cavities suitable for both external and internal walls .It can 

also be used as intermediate floor slab/roof in combination 

with RCC as composite material. The Light weight rapid wall 

has high compressive strength, shearing strength, flexural 

strength and ductility. It has very high level of resistance to 

fire, heat, water, termites, rot and corrosion [6&9]. Concrete 

infill with vertical reinforcement rods enhances its vertical 

and lateral load capabilities. Rapid wall buildings are resistant 

to earthquakes, cyclones and fire. 

II. OBJECTIVE OF THE PROJECT 
 

The main objective of the thesis is to compare the GFRG 

building (G+5) with regular RC building (G+5) with regular 

RC building (G+5) with following purposes in all the entire 

four zones .here we will be discussing the main comparison 

in zone II. 

1) About the GFRG Material and procedure to construction    

of GFRG Building Systems 
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Abstract: In this construction world, Geopolymer concrete is a special concrete which doesn't 
requires the Ordinary Portland Cement and also reduces the emission of carbon-dioxide. The 
Geopolymer Concrete is made up of industrial by-products (which contains more Silica and 
Alumina) and activated with the help of Alkaline solution (combination of sodium hydroxide & 
sodium silicate or potassium hydroxide & potassium silicate). The high viscosity nature of 
Geopolymer Concrete had the ability to fail due to lack of compaction. In improvising the issue, 
Self Compacting Geopolymer Concrete has been introduced. The SCGC doesn't require any 
additional compaction it will flow and compacted by its own weight. This concrete is made up of 
industrial by-products like Fly ash, GGBFS and Silica Fume and activated with alkaline solution. 
The earlier research was mostly on Fly ash based SCGC. In few research works Fly ash was 
partially replaced with GGBS and Silica Fume. They evaluated the compressive strength of 
concrete with varying molarities of NaOH; curing time and curing temperature. The flexural 
behaviour of the concrete also examined. The Fly ash based SCGC was got high compressive 
strength in heat curing as well as low compressive strength in ambient curing. The presence of 
GGBS improves the strength in ambient curing. For aiming the high strength in ambient curing Fly 
ash will be completely replace and examine with different mineral admixtures. 

1.  Introduction 

Now-a-days common Portland Cement (OPC) is having a major role in the construction family. Concrete 
for a building has most likely been based on a usual Portland Cement (OPC) binder [1]. The increase in 
the progress of population results in growing in construction progress expense. Prof. Dr Joseph Davidovits 
mentioned that the creation of 1 ton cement releases approximately 0.85 - 1 ton of carbon dioxide [2], [3]. 
Presently, the cement manufacturer is responding speedily to the perceive societal need for diminished 
CO2 emissions, via setting up the production of blended Portland cement, utilizing supplementary 
cementitious factors which possibly traditionally derived from industrial by way of making use of 
products, similar to blast-furnace slag and coal combustion fly ashes [4]. Amongst all of the materials 
within the OPC concrete, cement is the primary ingredient which helps to bind the aggregates [5]. A big 
amount of industrial waste and demolition waste are produced every year [6]. Useful lands are occupied 
by these waste materials, re-utilizing the waste fabric grew to be the new discipline of research and plenty 
of experiments were carried out to make use of the commercial waste as substitution of typical Portland 
cement concrete. This effort helps to find out the alternative material with entire removing of Portland 
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Abstract— Self Compacting Geopolymer Concrete (SCGC) 

is an innovative construction material in concrete technology. 

As the name replies, it does not need any compaction efforts, 

to achieve full compaction and utilizes supplementary 

cementitious materials (SCM) in addition with alkaline 

solutions like Sodium hydroxide and sodium silicate and 

super plasticizer as a binder for matrix formation and 

strength. In the present study, flyash based SCGC replaced 

with various percentages of VERMICULITE. The concrete 

specimens were cured at room temperature the results showed 

that the addition of GGBS to flyash based SCGC, the 

workability characteristics are decreased and strength was 

increased with increase in binder content. Hence the results 

showed that the SCGC was suitable for room temperature 

curing with VERMICULITE as replacement to fine aggregate 

based GPC.  

Key words: Geopolymer Concrete, Self-Compacting 

Concrete, SCM, Alkaline Activator, Room Temperature 

Curing, Vermiculite 

I. INTRODUCTION 

Concrete is a vital ingredient in infrastructure development 

and with its versatile application, globally its usage is second 

to water. For several years, the use of cement as a binder in a 

concrete mixture has been often criticized by many parties 

concerned with environmental conservation. This is 

associated with global warming and depletion of significant 

amounts of natural resources in Portland cement production 

that became the main attention during the last decades. Global 

warming can be caused by greenhouse gas emission such as 

carbon dioxide, which occurs due to human activities in PC 

manufacture. So, to overcome this problem, the concrete use 

should be ecofriendly (or) environmental friendly. 

Geopolymer Concrete (GPC) is a new binder material that 

does not need the presence of Portland cement as a binder. 

Hence, instead of portland cement, we are using source of 

some source of Supplementary Cementitious Materials such 

as [Fly Ash, Ground Granulated Blast Furnace Slag 

(GGBFS), Rice Husk Ash (RHA), Silica Fume (SF), 

Metakaolin, etc., and these materials are rich in Silicon (Si) 

and aluminum (Al) are activated by Sodium Hydroxide 

(NaOH) and Sodium Silicate (Na2SiO3) alkaline liquids to 

produce the Geopolymer binder. Self-Compacting 

Geopolymer Concrete (SCGC) is relatively a new concept and 

can be regarded as the most revolutionary development in the 

field of concrete technology. SCGC is an innovative type of 

concrete that does not require vibration for placing it and can 

be produced by complete elimination of Ordinary portland 

Cement (OPC). 

II. GPC MIX DESIGN 

Rangan and Hardjito (2005) have noted that unlike 

conventional cement concretes GPCs are a new class of 

construction materials and therefore no standard mix design 

approaches are yet available for GPCs. While GPC involves 

more constituents in its binder (viz., FA, GGBS, sodium 

silicate, sodium hydroxide and water), whose interactions and 

final structure and chemical composition are under intense 

research whereas the chemistry of Portland cement and its 

structure and chemical composition (before and after 

hydration) are well established due to extensive research 

carried out over more than century. While the strength of 

cement concrete is known to be well related to its water-

cement ratio, such a simplistic formulation may not hold good 

for GPCs. Therefore, the formulation of the GPC has to be 

done by trial and error basis. The role and the influence of 

aggregates are considered to be the same as in the case of 

Portland cement concrete. The mass of combined aggregates 

may be taken to be between 75% and 80% of the mass of 

geopolymer concrete. The performance criteria of a 

geopolymer concrete mixture depend on the application. For 

simplicity, the compressive strength of hardened concrete and 

the workability of fresh concrete are selected as the 

performance criteria. In order to meet these performance 

criteria, the alkaline liquid-to-fly ash ratio by mass, water-to-

geopolymer solids ratio by mass, the wet-mixing time, the 

heat-curing temperature, and the heat-curing time are selected 

as parameters. With regard to alkaline liquid-to-fly ash ratio 

by mass, values in the range of 0.30 and 0.45 are 

recommended. Sodium silicate solution is cheaper than 

sodium hydroxide solids. Commercially available sodium 

silicate solution A53 with SiO2-to-Na2O ratio by mass of 

approximately 2, i.e., Na2O = 14.7%, SiO2 = 29.4%, and water 

= 55.9% by mass, and sodium hydroxide solids (NaOH) with 

97-98% purity are recommended. Laboratory experience 

suggests that the ratio of sodium silicate solution-to-sodium 

hydroxide solution by mass may be taken approximately as 

2.5 (Hardjito and Rangan, 2005). 

Mixture proportion of heat-cured low-calcium fly 

ash-based geopolymer concrete with design compressive 

strength of 45 MPa is needed for precast concrete products as 

follows:Assume that normal-density aggregates in SSD 

condition are to be used and the unit-weight of concrete is 

2400 kg/m3. Take the mass of combined aggregates as 77% of 

the mass of concrete, i.e. 0.77x2400 = 1848 kg/m3. The 

combined aggregates may be selected to match the standard 

grading curves used in the design of Portland cement concrete 

mixtures. For instance, the aggregates may comprise 277 

kg/m3 (15%) of 20 mm aggregates, 370 kg/m3 (20%) of 14 

mm aggregates, 647 kg/m3 (35%) of 7 mm aggregates, and 

554 kg/m3 (30%) of fine sand to meet the requirements of 
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ABSTRACT 

During the design of a concrete structure it becomes complicated with the increase of dead load, also extra 

columns and beams are designed to counteract that dead load itself, if that dead load is reduced then that extra 

columns and beams can be utilized to bear the live loads alone such that the structure becomes economical and 

also structure can be utilized to its best.  Keeping reduction of weight of concrete without losing much strength 

in point of view when the materials used in concrete are analyzed, it is found that ceramic aggregates can be a 

better option with the replacement of natural coarse aggregate.   An Experimental Investigation is done with the 

replacement of ceramic coarse aggregate with natural coarse aggregate to find out the optimum replacement of 

ceramic aggregate and also to find the feasibility of usage of ceramic waste in concrete is studied in terms of 

Slump value, compaction factor, Compressive strength and weight change. 

Keywords: Electrical Ceramic waste, Reduction of Concrete weight, Replacement material for 

coarse aggregate. 

I. INTRODUCTION 

About 19 Billions of Electrical ceramic waste was expected to be generated in India by 2025, the disposal of 

ceramic waste is quiet complex process since it causes leaching and end up by polluting the environment so to 

counteract this problem the present experimental investigation is carried out and also by using the ceramic waste 

as resource in concrete it is capable of reducing the dead load of concrete without losing much strength, Besides 

that it will be even economical. The Electrical ceramic waste produced from a substation at Tirupati were 

procured and crushed as ceramic coarse aggregate. 

Initially, the materials properties are determined experimentally for cement, Fine aggregate, Natural Coarse 

aggregate, and ceramic coarse aggregate. Normal M25 mix concrete is prepared as per IS 10262:2009 with 

stipulated water cement ratio and concrete cubes of size 15cm x 15cm x 15cm are prepared and hardened with 

various replacements of natural coarse aggregate with ceramic aggregate by 0, 20, 40, 60, 80 and 100% and all 
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Abstract:  
Today concrete is most generally utilized development material in the world due to its strength and durability properties. Since the 
concrete is open to atmosphere, the water used in concrete evaporates and the water available in the concrete will not be sufficient to 
effective hydration. To attain good strength, curing of concrete is important so we introduce the concept of self curing to avoid the 
water scarcity. Self curing concrete is one type of concrete, which cure itself by retaining water in it. It was observed that water solvent 
polymers can be utilized as a Self curing agent, i.e. Polyethylene Glycol (PEG-400). Shrinkage reducing agent s like Polyethylene 
Glycol and Light weight aggregates such as Fly ash are used to achieve effective curing results. In this project we investigate the 
behaviour of concrete while replacing Fly ash in different proportions. The cement has been replaced with fly ash in the range of 20%, 
25% and 30% by weight of M65 grade of concrete. In this we are using high strength concrete of M65 grade. High performance 
concrete is used to study the influences of water binder ratio, composition of setting and the influence of strength, slump and air 
content in the material. It will give optimized performance quality for the given set of materials, usage requirement of cost, service life 
and durability. The property such as Compressive strength and Split Tensile strength of concrete was examined with normal curing and 
self curing at 28 days for M65 grade of concrete. 
 
Key words: Polyethylene Glycol (PEG-400), Fly ash, Compressive Strength, Split Tensile Strength, M65 grade 

 
1. INTRODUCTION 
 
Curing of concrete plays major role in improving the strength 
and hardness of concrete, which leads to development in 
durability and performance. The rate of reactions influences the 
properties of the hardened concrete. The concrete attain its 
strength through a series of chemical reactions, known as 
hydration. Proper curing of concrete structure is significant to 
meet performances and durability requirements. It can be either 
after it has been placed in position or during the produce of 
concrete products thereby providing time for the hydration of the 
cement to occur. Curing is the process of controlling the rate and 
extends of moisture loss from concrete during cement hydration. 
Curing may also encompass the control of temperature since this 
affect the rate at which cement hydrates. Construction industry 
needs a lot of water in the name of curing. The days are not so 
far that all the construction industry has to change over to an 
another curing systemizes, not only to save water for the 
sustainability growth of the environment but also to support the 
indoor and outdoor construction activities even in remote areas 
where there is scarcity of water. The advantages of internal 
curing are plentiful and consist of better hydration process, 
strength development, reduced autogenous shrinkage, cracking, 
reduced permeability and increases durability. For better 
performances and durability of concrete curing is necessary. The 
method uses Polyethylene glycol which reduces the evaporation 
of water from the surfaces of concrete and also helps in water 
retention. Self curing provides additional moisture in concrete 
for have better performance and durability. By comparing with 
conventional concrete the self curing decreases the water 
evaporation, increase the retention capacity of concrete and also 
it prevents early age cracking. Self curing is essential for desert 
area where the ease of use of water is very less or not available 
so it can help to have an economical construction. In addition to 
the normal concrete mix various additional compounds in proper 
dosage and materials such as fly ash is used to increase the 
durability and strength of concrete mix. 

1.1. HIGH STRENGTH CONCRETE 
High strength concrete is purely defined based on the 
compressive strength. High performance concrete is a term used 
to describe concrete with special properties attributed to normal 
concrete. High performances mean that the concrete has one or 
more of the following properties i.e. Low shrinkage, 
Permeability, a high modulus of elasticity or high strength. High 
performance concrete is the concrete that meets special 
performance and uniformity requirements that cannot always be 
achieved routinely by using only conventional materials and 
normal mixing, placing and curing practices. High strength 
concrete can resist loads that normal strength concrete cannot. It 
is a concrete with a compressive strength class higher than C 
50/60. It is made by lowering the water-cement ratio to 0.35 or 
lower. To compensate for the reduced workability, Super 
plasticizers are commonly added to high-strength mixtures. 
 

1.2. FLY ASH 
Fly ash is the fine powder collected from the exhaust gases from 
the combustion chambers of the boilers of  power stations that 
burn milled or pulverised coal. Fly ash is known as pulverised 
fuel ash. The most important properties of fly ash are Fineness, 
loss of ignition, chemical composition, uniformity of these 
properties. Fineness is important as it affects the pozzolanic 
reactivity  of the fly ash, the ability of the fly ash to fill voids in 
the concrete matrix and improvement of workability and 
pumpability of the concrete. the quality of fly ash is dependent 
on the coal type, burning conditions and method of collection 
 
1.3.POLYETHYLENE GLYCOL 
In this project we are using Polyethylene Glycol as Self curing 
agent Polyethylene Glycol is a liquid state polymer of ethylene 
oxide and water.  The structure of Polyethylene glycol is 
expressed as H (OCH2CH2)n OH. The abbreviation indicates 
average molecular weight and n refers to oxyethylene group. The 
common feature of Polyethylene glycol appears to be water-
soluble nature. Polyethylene glycol is non-toxic, odourless, 
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ABSTRACT 
          In the modern era of construction multi-storied building with floating column 

plays  a  major  role  in  Urban  India.  These  floating  columns  are  used  mainly  for 
satisfying the space requirement in the structure and to get good architectural view of 

        the building. In the present study, the analysis and design of multistoried building 
        with and  without floating  columns was done using static analysis. A  residential 

           multistoried building consisting of G+5 has been chosen for carrying out project 
work. The work was carried out considering different cases of removal of columns in 

           different positions and in different floors of the building. The equivalent static 
analysis is done on the mathematical 3-D model of building and results have been 
compared.  All the work was carried out by using the software ETabs Version 9.7.4. 

        Key words: Floating Column, ETABS, Equivalent static analysis, Magnification 
factor. 

            Cite this Article: Sasidhar T, P. Sai Avinash and N. Janardan. Analysis of 
Multistoried Building with and Without Floating Column Using ETabs. International 
Journal of Civil Engineering and Technology, 8(6), 2017, pp. 91 98. –
http://iaeme.com/Home/issue/IJCIET?Volume=8&Issue=6 

1. INTRODUCTION 
In the present day construction of buildings in urban India the main problem arises in the 
accommodation of parking areas, reception lobbies etc. To overcome this problem floating 
columns came into existence and now it has become an unavoidable feature in most of the 
multistoried  buildings.  e  floating  column  shows  undesirable  results  during  earthquake Th
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Abstract:  
The concrete structures with high strength concrete is  essential in present situation such as in high rise structures, long span bridges, 

sky scrapers, marine structures and in many structures where high strength needed. Concrete which has compressive strength more 

than 40 mpa at 28 days age of concrete is known as High Strength Concrete. High strength concrete can be made by using suitable 

design mix, materials used, proper compaction and curing. Due to lack of curing the desired strength and durability of concrete is not 

attained. Proper curing of concrete cannot be performed where the water sources are low and in desert places . So the Self Curing of 

concrete is the new enthusiasm concept in present days. In this thesis, I had designed a mix of grade M60 by using ACI211.4R-93. By 

using trail and mix , the suitable mix proportion is adopted then the cement is partially replaced with fly ash at varing dosages of 

20%,25% and 30%. By testing the specimens ,at 20% of fly ash replacement the concrete had optimum compressive strength than the 

conventional concrete. In this paper Sodium Ligno Sulphonate is used as a self curing agent. Sodium ligno sulphonate is added to the 

concrete mix in varying dosages of 0% ,0.25% ,0.50% and .75% by the weight of cementious material. and the specimens are casted 

for compressive test at 3 days ,7 days ,28 days and 56 days and spilt tensile test at 28 days age of concrete. When compared with 

conventional concrete the self curing concrete with 0.25% sodium ligno sulphonate had shown optimum maximum compressive and 

split tensile strengths. 

 

Key words: High Strength Concrete, Fly Ash, Self Curing, Sodium Ligno Sulphonate, Compressive Strength, Split Tensile Strength. 

 

1. INTRODUCTION 

 

Concrete is the most used construction material. Concrete is a 

mix of cement, fine aggregate, coarse aggregate and water, with 

or without adding admixtures. Concrete gain strength based on 

materials used, mix design, water cement ratio, proper mixing 

and compaction and curing of concrete. Curing is defined as the 

providing of required moisture content to the concrete for heat of 

hydration. Curing has a vital role in the strength gaining of 

concrete. Curing can be done in two ways. They are external 

curing and internal curing. External curing is defined as the 

provision moisture content from outside to inside. Whereas 

internal curing is defined as the provision of moisture content 

from inside to outside. Due to lack of curing concrete does not 

get desired strengths. To overcome this, some of internal curing 

or self curing methods are adopted. In internal curing there is no 

need of additional water content for curing of concrete. In this 

research I had designed and prepared a high strength concrete of 

grade M60 by using ACI 211 .4R. The cement is partially 

replaced with fly ash with varying dosages of 20% ,25% and 30 

%. These concrete specimens are externally cured. For the 

finalized mix proportion, the self curing agent sodium ligno 

sulphonate is added at dosages of 0.25%, 0.50% and 0.75% by 

weight of cementious material and specimens are placed in 

room. I had compared the compressive strength and spilt tensile 

strength of High strength concrete with external curing and a 

high strength concrete with self curing. In this investigation, for 

self curing of concrete I used sodium ligno sulphonate as a self 

curing agent. 

2. LITERATURE REVIEWS 

 

 Mohammed Suhail studied on An Experimental 

Investigation on Self-Cured Concrete. He used sodium ligno 

sulphonate as a self curing agent in his research.  He added 

sodium ligno sulphonate in varying dosages of 0.5%, 1%, 1.5% 

and 2% by the weight of cement. In his study, the compressive 

strength ,tensile strength and modulus of rupture of self cured 

concrete for 7 days and 28 days are tested and compared with 

conventional concrete of  same mix design for M20 and M25.He 

got optimum maximum compressive strength, tensile strength 

and modulus of rupture at 0.5% dosage of sodium 

lignosulphonate for M20 and M25 grade of  concrete compared 

to conventional concrete. In his paper, with the increased dosage 

of sodium ligno sulphonate the slump of concrete increases. 

 Riyaz Ahemad  studied on Experimental Study On Self 

Curing Concrete Using  Sodium Ligno Sulphonate . In his 

research study,he compared the compressive strength and split 

tensile strength of conventional concrete of grade M20 with the 

self cured concrete of same grade  made by sodium ligno 

sulphonate. He varied the dosage of sodium ligno sulphonate 

0.5% ,1%,1.5%,2%,2.5%and 3% by the weight of cement and 

tested the specimens at 7 days ,14 days ,and  28 days. He got 

optimum compressive and tensile strengths at 0.5% of sodium 

ligno sulphonate than conventional concrete. 

 Vishnu T research on An Experimental Investigation of 

Self-Curing Concrete Incorporated with Light Weight Fine 

Aggregate and Polyethylene Glycol. In his research he varied 

different dosages of leca  i.e.10% ,20%,30% by weight of fine 
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Abstract— The main focus of this research is to study the 

strength of concrete with waste ceramic tile as coarse 

aggregate and silica fume as cement. Increased construction 

activity and continuous depends on conventional materials 

of concrete making are leading to scarcity of the materials 

and increased construction cost. In this study an attempt has 

been made to find the suitability of waste ceramic tile coarse 

aggregate and silica fume as a possible substitute for 

conventional aggregate and cement in concrete. The both 

ceramic tile industry and quartz industry are known to 

generate large amount of waste each year. So for a huge part 

is used in landfills. Re-using these wastes in concrete could 

be a within situation. So I prefer ceramic tile waste and 

silica fume to increase strength and stability of concrete.    

Key words: Ceramic Tiles, Silica Fume, Dumping, Stability 

I. INTRODUCTION 

Concrete is a composite material composed of aggregate 

bonded together with the fluid cement which hardens over 

time. Most use of the term concrete refers to Portland 

cement concrete or to concrete made with other hydraulic 

cements. In Portland cement concrete and other hydraulic 

cement concrete, when aggregate is mixed together with dry 

cement and water, they form a fluid mass that is easily 

molded into shape. The cement reacts chemically with water 

and other ingredient to form hard matrix which binds all the 

materials together into a durable stone-like material that has 

many uses.  

Silica fume is a by-product in the production of 

silicon alloys such as ferro-chromium, ferro-manganese, 

calcium silicon etc, which also creates environment 

pollution and health hazard. In recent past, there has been 

considerable attempts for improving the properties of 

concrete with respect to strength and durability especially in 

aggressive environment. Leaving the waste materials to the 

environment directly can cause environmental problem. 

Hence reuse of waste material from industries has been 

emphasized. Waste can be used to produce new products or 

can be used as admixtures so that natural resources are used 

more efficiently and the environment is protected from 

waste. Silica fume is also known as micro silica or condense 

silica fume, is used as an artificial pozzlanic admixture. It is 

a material resulting from reduction of quartz with coal in an 

electric is furnace in the manufacture as silicon or 

ferrosilicon alloy. 

A. Waste Ceramic Tiles 

Aggregate impact about 70% to 75% of volume to concrete. 

In this aspect consumption of waste tiles or broken tiles as 

coarse aggregate in concrete manufacturing can be a new 

scientific sobriety in the field of sustainable concrete. By 

using these wastes instead of conventional material would 

be preserving the natural resources, but also solving the 

problem of disposal of waste, which has become a national 

problem. 

II. EXPERIMENTAL SETUP 

In this stage collection of materials required and data 

required for the mix design are obtained by sieve analysis 

and specific gravity. Sieve analysis is carried out from 

various fine aggregate (FA) and coarse aggregate (CA) 

samples and the samples which suits the requirement is 

selected. Specific gravity tests are carried out for fine and 

coarse aggregate. The various materials used were tested as 

per Indian standard specification. 

A. Materials: 

Raw materials required for the concreting operations of 

present work are cement, fine aggregate, coarse aggregate, 

ceramic waste and water. 

1) Cement: 

Cement is used as binding material in the concrete where the 

strength and durability re significant important. The 

ordinary Portland cement of 53 grades conforming to IS: 

12269-1987 is used to manufacture the concrete. Also some 

tests were conducted such as consistency test, setting time 

test, specific gravity test. 

Property IS Code(IS 8112:1989) 

Specific gravity 3.15 

Consistency 30 

Initial setting time 55min 

Final setting time 9hr 30minutes 

Table 1: Properties of cement 

2) Aggregate: 

The size of aggregates used is 20mm and the grain size of 

sand is used. The aggregate tests are performed and results 

are as follows. 

a) Fine aggregate: 

It consists of small angular or grounded grains of silica 

(SiO2) and is formed by decomposition of sand stone under 

the effect weathering agencies. The size which is less than 

4.75mm is called as fine aggregate. River sand is used as 

fine aggregate conforming to the requirements of IS 383. 

Before using that, it can be properly cleaned by sieving and 

washing to eliminate the impurities. 

b) Coarse aggregate: 

Coarse aggregate may be in the form of irregular broken 

stones or naturally occurring rounded gravel. Materials 

which are large to be retained on 4.75mm sieve size called 

as coarse aggregate. It acts as a main filler, and forms the 

main bulk of concrete. Of which the materials adhere in the 

form of film. Aggregates balance the shrinkage and volume 

changes of concrete conforming to IS: 383 are used. 

Property Fine aggregate Coarse aggregate 

Fineness modulus 2.40 6.50 
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Abstract— As we know that concrete is the second largest 

consumed material by humans in the entire world after 

water. If its consumption is done at the same rate, it may get 

exhausted in the coming future. So we have to find 

alternatives to replace concrete. Or else as we know that 

concrete is a mixture of cement, sand and gravel. We can 

preserve concrete by finding replacement material for 

cement, sand or gravel which can give same or more 

strength to concrete. In past, already many replacements 

were done by many people for cement, sand and gravel to 

make better concrete. The present proposal involves 

replacement of river sand with manufactured sand by  25%, 

50%, 75%, 100% and cement with  rice husk ash by 10%  to 

get good strength concrete. Use of manufactured sand and 

Rice husk ash in concrete as replacement for sand and 

cement respectively is very rare and as both the materials 

are easily available and are of  low cost. It would become 

the best replacement if it gives good strength concrete. 

Key words: Manufactured Sand, Rice Husk Ash; 

Compressive Strength; Ultrasonic Pulse Velocity; Rebound 

Number, Water Absorption, Acid Resistance 

I. INTRODUCTION 

Concrete is the most used construction material due to its 

structural stability and strength. Materials used for making 

concrete come from the earth’s crust. Thus, it depletes its 

resources every year creating ecological strains. On the 

other hand, human activities on the Earth produce solid 

waste in considerable quantities of over 2500/MT per year, 

including industrial wastes, agricultural wastes and wastes 

from rural and urban societies. Recent technological 

development has shown that these materials are valuable as 

inorganic and organic resources and can produce various 

useful products. Amongst the solid wastes, the most 

prominent ones are fly ash, blast furnace slag, rice husk, 

silica fume and demolished construction materials. From the 

middle of 20th century, there had been an increase in the 

consumption of mineral admixtures by the cement and 

concrete industries. 

The increasing demand for cement in concrete is 

met by partial cement replacement. Substantial energy and 

cost savings can result when industrial by-products are used 

as a partial replacement for the energy intense Portland 

cement. The use of by-products is an environmental friendly 

method of disposal of large quantities of materials that 

would otherwise pollute land, water and air. Most of the 

increase in cement demand will be met by the use of 

supplementary cementing materials. Sand is the one of main 

constituents of concrete making which is about 35% of 

volume of concrete used in construction industry. Natural 

sand is mainly excavated from river beds and always contain 

high percentage of in organic materials, chlorides, sulphates, 

silt and clay that adversely affect the strength, durability of 

concrete & reinforcing steel there by reducing the life of 

structure,   when concrete is used for buildings in aggressive 

environments, marine structures, nuclear structures, tunnels, 

precast units, etc. Digging sand, from river bed in excess 

quantity is hazardous to environment. The deep pits dug in 

the river bed, affects the ground water level. Erosion of 

nearby land is also due to excessive sand lifting. In order to 

fulfill the requirement of fine aggregate, some alternative 

material must be found.   

Now-a-days good sand is not readily available and 

these resources are also exhausting very rapidly. Because of 

its limited supply, the cost of Natural River sand has sky 

rocketed and its consistent supply cannot be guaranteed. It is 

also being transported from a long distance, so it is a 

necessary to find some substitute to natural river sand. The 

artificial sand produced by proper machines can be a better 

substitute to river sand. The sand must be of proper 

gradation (it should have particles from 150 microns to 4.75 

mm in proper proportion) and such sand will have few voids 

and will be more economical as cement quantity required 

will be less. Demand for manufactured fine aggregates for 

making concrete is increasing day by day as river sand 

cannot meet the demands in construction. River sand is not 

graded properly and has excessive silt and organic 

impurities and these can affect the durability in concrete 

whereas manufactured sand has no silt or organic impurities. 

II. EXPERIMENTAL WORK 

The main objective of this work was to study the suitability 

of Rice husk ash and manufactured sand as replacement 

materials of cement and river sand respectively. Preparation 

of M20 mix as per IS 10262:2009. Prepare the concrete mix 

by using RHA and M-Sand. 

A. Objective 

1) Effect of RHA and M-Sand on compressive strength of 

concrete. 

2) Effect on material properties of concrete. 

3) Effect on Surface hardness of concrete. 

4) Effect of water absorption on concrete. 

III. MATERIALS 

In this project, RHA and M-Sand were used as replacement 

materials of cement and river sand. The physical and 

chemical properties of cement and RHA are tabulated in 

Table 1.   

Particulars cement 

 

RHA 

 

Chemical composition 

% Silica(SiO2) 20.65 86.94 
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Abstract— The second most consumed product in the world 

is Cement. It contributes nearly 7% of the global carbon 

dioxide emission. Geo-polymer concrete (GPC) is a special 

type of concrete that is manufactured using industrial waste 

like fly ash, GGBS which are considered as a more eco-

friendly alternative to Ordinary Portland Cement (OPC) 

based concrete. By using this type of industrial by-products 

in concrete industry as a replacement for cement we can 

reduce the usage of cement which results in minimizing the 

emission of greenhouses gases into the atmosphere and also 

savings in cost. This project mainly aims at the study of effect 

of  fly ash (FA) and ground granulated blast furnace slag 

(GGBS) on the mechanical properties of geo polymer 

concrete (GPC)  when they were replaced for cement at 

different replacement levels (FA50-GGBS50, FA75-

GGBS25, FA100-GGBS0) using  Sodium silicate (Na2SiO3) 

and sodium hydroxide (NaOH) solutions as alkaline 

activators , sand as fine aggregate and mill rejected coal (up 

to 30%) as coarse aggregate, crushed stone of size 10mm, 

20mm as coarse aggregate (up to 70%) . Specimens were 

casted and cured for different curing periods like 7, 14, 28, 56 

and 112 days at ambient room temperature to determine the 

mechanical properties of geo-polymer concrete. Test results 

shows that as the percentage of GGBS in the mix is 

increasing, mechanical properties such as compressive 

strength, split tensile strength and flexural strength were 

increasing. 

Key words: Geopolymer Concrete, GGBS, Fly Ash, Sodium 

Silicate, Sodium Hydroxide, Compressive Strength, Split 

Tensile Strength, Flexure Strength 

I. INTRODUCTION 

Concrete is the most widely used construction material in the 

world and Ordinary Portland Cement (OPC) is the major 

ingredient used in concrete. The production of cement 

releases large amount of carbon dioxide (CO2) to the 

atmosphere that significantly contributes to greenhouse gas 

emissions. It is estimated that one ton of CO2 is released into 

the atmosphere for every ton of OPC produced1. In view of 

this, there is a need to develop sustainable alternatives to 

conventional cement utilizing the cementitious properties of 

industrial by-products such as fly ash and ground granulated 

blast furnace slag2-4. On the other side, the abundance and 

availability of fly ash and GGBS worldwide create 

opportunity to utilize these by-products, as partial 

replacement or as performance enhancer for OPC. In 1978, 

Davidovits developed a binder called geo-polymer to 

describe an alternative cementitious material which has 

ceramic-like properties. Geo-polymer technology is one of 

the new technologies attempted to reduce the use of Portland 

cement in concrete. Geopolymer are environmental friendly 

materials that do not emit greenhouse gases during 

polymerization process. Geopolymer can be produced by 

combining a pozzolanic compound or aluminosilicate source 

material with highly alkaline solutions5. Geopolymers are 

made from source materials with silicon (Si) and Aluminium 

(Al) content and thus cement can be completely replaced by 

marginal materials such as fly ash and ground granulated 

blast furnace slag which is rich in silica and alumina6-7. Fly 

ash and GGBS reacts with alkaline solutions to form a 

cementitious material which does not emit carbon dioxide 

into the atmosphere and enhances the mechanical properties 

of the geo-polymer concrete. Davidovits (1978) proposed that 

binders could also be produced by polymeric reaction of 

alkaline liquids with the silicon and the aluminium in source 

materials or by-product materials such as fly ash and rice 

husk ash. Portland cement is still the main binder in concrete 

construction prompting a search for more eco-friendly 

materials. Furthermore, it has been reported that the 

durability of ordinary Portland cement concrete is under 

examination, as many concrete structures especially those 

built in corrosive environments start to deteriorate after 20 to 

30 years, even though they have been designed for more than 

50 years of service life. 

II. EXPERIMENTAL STUDY 

A. Experimental Program 

Our objective was to determine the effect of GGBS and Fly-

ash on the mechanical properties of geo polymer concrete. In 

this respect, GGBS and Fly-ash were used as binders, Sodium 

hydroxide and Sodium silicate were used as alkaline 

activators, Crushed granite stones of size 20 mm and 10 mm 

of coarse aggregate are used, river sand is used as fine 

aggregate. 

B. Material Properties 

1) Binders 

Fly ash and GGBS were used as binders in geo polymer 

concrete and their physical and chemical properties of the 

Ground Granulated Blast Furnace Slag were tabulated below 

Particulars Class “F”  fly ash GGBS 

Chemical composition   

% Silica(SiO2) 65.6 30.61 

% Alumina(Al2O3) 28.0 16.24 

% Iron Oxide(Fe2O3) 3.0 0.584 

% Lime(CaO) 1.0 34.48 

% Magnesia(MgO) 1.0 6.79 

% Titanium Oxide (TiO2) 0.5 - 

% Sulphur Trioxide (SO3) 0.2 1.85 

Loss on Ignition 0.29 2.1 

Physical properties   

Specific gravity 2.24 2.86 

Fineness (m2/Kg) 360 400 

Table 1: Chemical and Physical Properties of Class F Fly 

Ash and GGBS 
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Abstract— The present paper mainly focuses on analytical 

study of geopolymer concrete (GPC) incorporating copper 

slag (CS) as fine aggregate. The beams were analyzed by 

using Ansys R15.0. Fly ash and ground granulated blast 

furnace slag were used as geopolymer binders. In our present 

investigation the specimens of the GPC with incorporating 

copper slag as the fine aggregate in the proportions of 

0%,10%, 20%, 30%, 40% are made, and the parameters such 

as compressive stress,  Max. Equivalent stresses (Von-Misses 

stress), Max. Normal Stress, Max. Normal Elastic Strain, 

Max. Shear Stress, Max. Shear strain and Max. central 

deflection, flexural properties were found. The present study 

has given a final conclusion that the performance of 

reinforced geo polymer concrete (RGPC) beams was better 

than that of equivalent grade of reinforced conventional 

concrete beams. 

Key words: Reinforced Geopolymer Concrete Beams, Ansys 

R15.0, Copper Slag(CS), Max.Equivalent Stresses (Von-

Misses Stress), Max. Normal Elastic Strain, Max.Shear 

Stress, Max.Central Deflection 

I. INTRODUCTION 

Concrete is the most widely used construction material after 

water in the world and ordinary Portland cement (OPC) is the 

major ingredient used in concrete. The production of cement 

releases large amount of carbon dioxide (CO2) to the 

atmosphere that significantly contributes to greenhouse gas 

emissions. It is estimated that one ton of CO2 is released into 

the atmosphere for every ton of OPC produced [1]. The 

mechanical properties of Geo-polymer concrete (GPC) mixes 

with different aggregates blending and also combination of 

sodium hydroxide and sodium silicate solution was used as 

alkaline activator and conclude that optimum fine aggregate 

blending and also all Flexural Strength (FS) of all mixes were 

found. [2]. In terms of reducing the global warming, the geo 

polymer technology can reduce the CO2 emission in to the 

atmosphere, caused by cement and aggregate industries is 

about 80% [3]. In this geo polymer technology, the source 

material is rich in silicon (Si) and Aluminium (Al) is reacted 

with a highly alkaline solution through the process of geo 

polymerization to produce the binding material. In our 

investigation, we are replacing the by-products such as fly ash 

and GGBS as a part of cement and copper slag as a part of 

sand to produce geopolymer concrete. [4]. Beams 

strengthened with Copper Slag Fiber Reinforced Polymer and 

the beams were modelled using ANSYS and the obtained 

results were compared. [5]. An Analytical Investigation of 

Bonded copper slag Fiber Reinforced Polymer Sheets with 

Reinforced Concrete Beam Using Ansys which has been used 

to study the strengthened behavior of the beam and gave the 

conclusion as the Deflections in the beams retrofitted with 

copper slag gave better results [6]. The models which are 

analyzed has shown the same structural response and failure 

modes as found in the experimental investigation [7]. The 

load deflection relationships, ultimate load, flexural 

properties were obtained and compared with the experimental 

results available in literature and obtained results shows good 

agreement with the experimental results for comparative 

study of experimental and analytical results strengthened 

beams in flexure. [8]. A theoretical and experimental study 

on mechanical properties and flexural strength of fly ash-geo 

polymer concrete using young’s modulus, Poisson’s ratio 

stress-strain relation and with two-point loading and as FEM 

and concluded after the results there were approximate values 

by comparing both the theoretical and experimental study. 

II. EXPERIMENTAL STUDY 

The experimental investigation was focused on the effect of 

various proportions of copper slag on GPC and determine the 

parameters such as Compressive Strength, Ultimate 

Deflection, flexural properties, Max.Equivalent stresses 

(Von-Misses stress), Max.Normal Stress, Max.Normal 

Elastic Strain, Max.Shear Stress, Max.Shear strain and 

Max.central deflection. Sand and CS were used as fine 

aggregate and CS chemical composition are listed in Table 1. 

Super plasticizer of SP-430 was used to improve the 

workability of mixtures. 

A. Materials 

Composition % by mass 

SiO2 

Al2O3 

Fe2O3 

CaO 

Na2O3 

K2O 

TiO2 

MgO 

GNO3 

43.20 

12.60 

1.30 

40.20 

0.90 

0.60 

- 

1.45 

- 

Table 1: Chemical composition of CS 

Crushed granite stones of the size 20 mm and 10 mm were 

used as coarse aggregate and the river sand was used as fine 

aggregate. The bulk specific gravity in oven dry condition 

and the water absorption of the coarse aggregate 20 mm and 

10mm were 2.58 and 0.3% respectively. The bulk specific 

gravity in oven dry condition and water absorption of the sand 

were 2.62 and 1% respectively and also the fineness modulus 

is 2.59. 

B. Mix proportion 

In this study, mechanical properties of geopolymer concrete 

(GPC) incorporating copper slag(CS) as fine aggregate with 

the replacement levels of 0%, 10%, 20%, 30% and 40% of 
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ABSTRACT: D.I. Diesel engines are the commercially used vehicles in daily practice. The performance of D.I. Diesel 
engine largely depends on the combustion dynamics inside the cylinder. Hence, such combustion is influenced by the 
spray characteristics, fuel content and then the motion of the piston. The main problem with diesel engines is emissions 
of nitrogen oxides (NOx) and particulates. In order to minimize the emissions, it is necessary to design the diesel 
engine with better in-cylinder flow (air-fuel mixing) and combustion process. Computational Fluid Dynamics (CFD) 
simulation helps to understand the Diesel engine temperature distribution and NOx species concentrations with respect 
to time. A small direct injection (DI) engine was chosen for the study. CFD simulation results were compared with that 
of engine emission tests. This paper also presents the simulation results of direct injection diesel engine in-cylinder 
flow (air fuel mixing) and combustion. 
 
KEYWORDS: CFD, Diesel engine, combustion modelling, Turbulent In-cylinder Flow Modeling 

I. INTRODUCTION 
 
Direct - injection diesel engines are used both in heavy duty applications and light duty ones due to their high thermal 
efficiency and low CO2 emissions [1]. Fuel economy and emission norms are compelling to develop more efficient and 
cleaner engines. It is necessary to improve the combustion process to reduce exhaust emissions. Computational Fluid 
Dynamics is popularly used in different stages of engine design and optimization. The combustion system performance 
can be better understood using CFD simulation. The challenge in using CFD is the complexity of interaction of flow, 
turbulence, spray and combustion inside the IC engine cylinder. High pressure injection [2-5] and modification of 
combustion chamber geometry [6-9] were tried to reduce particulate emissions. Exhaust gas recirculation (EGR) [10] is 
another technique used to reduce NOx emissions. Supercharging coupled with better injection timing reduces PM 
emission and NOx reduction [11]. These methods however, have a trade-off relationship between NOx and particulate 
emissions. To optimize the combustion and emissions in diesel engine it is necessary to understand the flow inside the 
cylinder.  
This paper presents the CFD simulation of a diesel engine combustion process to predict the temperature distribution 
inside the cylinder and NOx emission with reference to crank angle variation in the expansion stroke. 

II. RELATED WORK 
 
Aita et al.[1] studied the swirl motion in the cylinder during the intake and compression strokes on a real geometry with 
one intake valve, but presented little validation of their calculations. Chen et al. [2] performed calculations of the full 
intake and compression processes and presented some comparisons with experimental data. Their results showed that 
calculations significantly under predicted the turbulence velocity. They explained the differences by errors in the 
experimental data and the limitations of the standard k–ɛ model. Dillies et al. [6] also presented similar calculations of a 
Diesel engine with one intake valve for one combustion chamber, and in this case results compared reasonably well 
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ABSTRACT 

With the advent of Computers and the widespread 

of the internet and fiber optics network across the 

world, the huge population comprising good 

number of unemployed Indian youth provided a 

platform for MNCs to open up their ICT branches 

in India. Also Banking, Insurance, Railways, 

Corporate houses etc. are becoming IT savvy and 

using computers in large scale for their operations. 

Consequently the decisions on capital investment 

on Computer and Computer based system became 

important and a need for scientific approach for 

the replacement decisions is felt. 

Keywords:   Markov chains, Weighted Moving 

Transition Probabilities technique. 

INTRODUCTION  

Also an attempt has been made to develop 

block replacement model using higher 

order Markov chains. In case of higher 

order Markov Chains, calculation and 

analysis of large number of transition 

probabilities is tedious and consumes 

considerable amount of time. To address 

this, Weighted Moving Transition 

Probabilities (WMTP) technique, a 

parsimonious model that approximates 

higher order Markov chains is proposed 

and applied. WMTP technique considers 

the spread of sizeable past data instead of 

single period data as in the case of first 

order Markov chain. The cost analysis is 

made in evaluating the replacement 

strategies, - for a block of computers - 

without considering and with considering 

the influence of inflation in Indian 

economic environment and an age at  

 

which the block replacement is economical 

is determined. Also a study is made to 

evaluate the behavior of the block 

replacement model under the influence of 

variable maintenance cost; and also under 

rapid up-trend and sluggish up-trends in 

inflation. 

Several researchers investigated the 

optimal age replacement models to tailor 

the models for different real time 

situations to reduce the cost. 

In Bruce Craig et al [1] appropriate 

techniques to estimate the transition matrix 

are summarized for discrete-time 

homogeneous Markov chains in various 

combinations of observation intervals and 

the cycle length. A necessary technique to 

estimate and interpret higher order Markov 

models is proposed by David Epstein et al 

[2]. In political science, they used higher 

order Markov models to study the 

democratic transitions and observed that 

three state model with an intermediary 

‘partial democracy’ state has better 

explanatory power than the two state 

models. 

For calculating high-order transition 

probability matrix of finite Markov chain, 

Zhenqing Li et al [3] explored a 

mechanism. It is by the application of 

theory and methods of stochastic process 

and computer algebra the given problem is 

converted into a matrix equation in order 
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ABSTRACT: Friction stir welding (FWS) is one of the most vital joining processes in the present scenario. In case, 
where find its use in structures used by wrought or extruded aluminium which seeks very high strength. It uses a non- 
consumable tool to adhere two faces without melting base material. In this study aluminium alloy AA6061 joints 
are welded successfully by friction stir welding process using five rotational speeds, three weld speeds and two 
different pin profiles. The effects of welding speed, tool rotation and tool profile on the weld performance of joints 
are investigated by conducting tensile test, hardness test and calculating percentage elongation. Maximum tensile 
strength 119.781 MPa was exhibited by the FSW with optimized parameters of 950 rpm as tool speed (TS), 25 
mm/min as welding speed (WS) using cylindrical tapered tool. Minimum percentage elongation 5.975 is exhibited by the 
FSW with the optimized parameters of 900 rpm as TS, 15 mm/min as WS using cylindrical threaded tool. Maximum Brinell 
hardness number 72.122 is exhibited by the FSW joint fabricated with the optimized parameters of 850 rpm as TS, 15 mm/min 
as WS using cylindrical tapered tool. The fuzzy input membership functions and the output membership functions 
assigned based upon the experimental condition.  All membership conditions (both inputs and output for model) are in 
triangle and well distributed. 
 
KEYWORDS: AA6061 aluminium alloy, FSW, Tool Speed, Welding Speed, Tensile strength, % of elongation, 
Brinell hardness number. 
 

I. INTRODUCTION 
 
Friction stir welding (FSW) is a relatively new joining process that is presently attracting significant attention. FSW is 
a solid state welding process where a machine rotates, plunges, and then traverses a distinct shaped FSW tool along a 
joint to form a weld. Deep research was carried out on FSW in the last decade to join several non-ferrous and ferrous 
materials and achieved many useful out comes [1]. The process has capable application for lower melting alloys, which 
are very much critical to be joined by traditional fusion welding [2].  
Several cast and wrought aluminium alloys are used in aircraft structures, automobile bodies, missile components and 
military tanks reported by [3]. the effect of tool rotational and traversing speed on microstructure and tensile strength of 
dissimilar friction stir welded A356 and AA6061-T6 joints were s studied [4]. The traverse motion of the tool was 
resulted in the transportation of plasticized material from front to back of the tool. The axial force applied with respect 
to the tool axis forges the plasticized material to complete the joining process explored by [5,6]. 
The RSM is very useful in enhancing a suitable imprecise structure for the sound-designed relationship between the 
independent variables and response variables that may demonstrate the characteristics of FSW joints [7]. Also Fuzzy-
logic-based multi-criteria decision making approaches also become very popular in optimization of manufacturing 
processes reported by Satpathy et al., [8]. 
Palanivel and Mathews [9] concluded after carried out research asusing ANOVA test, and scatter diagrams, and found 
to be satisfactory to brought relationships between process parameters for FS welding of AA5083-H111 aluminium 
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Abstract — We explored the factors influencing mobile phone addiction in under-graduate students. This 
investigation is based on age, gender, social status, monthly income and hours of daily phone use time, 
sending and receiving text messages on weekends, monthly call charges ,internet usage, Wi-Fi usage, 
media specific factors, social networking, performance in academics etc. To collect data, questionnaire 
probing mobile phone addiction consisting of several factors were distributed among students. The data 
were analyzed using the SAS Enterprise guide (ANOVA). The findings are divided as heavy users, 
average users and light users. There was a statistical difference between females and males were found. 
These scales were applied for 527 students who are from different Departments of AITS, Tirupati. We 
found that cell phone use appears to be a sedentary leisure behavior and inserts loneliness. 

Keywords—ANOVA, Under-graduate students, Addiction, Mobile phone, SAS. 

I.  INTRODUCTION 

Communal areas providing Wi-Fi service within universities enable individuals to access to the Internet 
via smart phones, PDAs and iPods as well as desktops which in turn influences the use of the Internet both 
negatively and positively[1]. Especially the students studying at departments related to computers and 
informatics are exposed to the Internet as the departments by nature require doing so and therefore these 
students are more likely to turn into problematic Internet users. 

The order of smart phone addiction indices were as follows: overuse of smart phone, the technological 
dimension, the psychological-social dimension, preoccupation with smart phones, and the health dimension [6]. 
Significant gender differences were found in the degree of addiction on the whole questionnaire and all of its 
dimensions with the exception of the technological dimension in favor of males. Significant differences by 
social status were found in favor of the unmarried. Bachelor degree students were found to have the highest 
degree of addiction. Significant differences by hours of daily use were also detected in favor of participants 
using the smart phone for more than 4 h a day. As to the monthly income dimension, significant differences 
were found on the health dimension in favor of participants with lower monthly income. 

Cell phones are now almost indispensable in our daily life, but the results of our experiment suggest 
that cell phone use makes pedestrians inattentive to hazards and increases the risk of traffic accidents and 
possible casualties in railway stations [3]. Talking on a hand-held cell phone while driving an automobile is 
banned by traffic law in Japan. We may need some kind of prohibition or restriction on walking while using a 
cell phone in railway stations and busy streets. 

The attitudes regarding the mobile phone usage has displayed no differentiation in any sub dimension 
according to age. Students with high income levels find the mobile phone more beneficial in daily life compared 
to students with low income levels [7]. Students with high academic success levels know the rules regarding the 
mobile phone usage better compared to students with low levels of academic success. It has been determined 
that students who possess mobile phones show more interest in them and know the rules regarding their usage 
better compared to ones who don’t. However, students who don’t have mobile phones have indicated that 
mobile phones are harmful more strongly compared to students who have mobile phones. 

Expectedly the traditional calling and use of SMS were the most heavily used features, and were used 
on a daily basis [9]. These were followed by the calendar feature, which was used by more than half of the 
respondents on a daily basis. The features Internet, music, notes, and calculator experienced medium usage 
meaning that half or most respondents used the features 2–3 times a week. All other features (E-mail, pictures, 
camera + video, games, and MMS) had a lighter usage than this. There were gender differences in the usage of 
the features as well. Female users were significantly heavier users of calendar, Internet, music, and E-mail. 
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Abstract:   The chemical, impact, tensile properties of Bamboo/Grass/Onion fibres reinforced polyester hybrid composites were 

studied. The effect of alkali treatment for Bamboo/Grass/Onion fibres on these properties was also studied. It was absorbed that 

tensile properties of hybrid composites increase with bamboo fibre content. These properties found to be higher when alkaline 

treated bamboo fibres were used in the hybrid composites.  The elimination of amorphous hemi – cellulose with alkali treated 

leading to higher crystallinity of the bamboo fibres with alkali treatment may be responsible for these observations. The effect of 

alkali treatment on the bonding between Bamboo/Grass/Onion fibres was also studied. The chemical resistance of 

Bamboo/Grass/Onion reinforced polyester composites to acetic acid, nitric acid, hydrochloric acid, sodium hydroxide, sodium 

carbonate, benzene, toluene, carbon tetrachloride and water was studied. The bonding between fibres and matrix was studied by 

metallographic (Scanning Electron Microscope) analysis. 

 
Key Words— Bamboo Fiber, Grass Fiber, Chemical Resistance, Polyester, Tensile Strength, Impact Strength. 

  

 1. INTRODUCTION    

 

Several studies on the composites made from different 

matrices and natural fibres like Bamboo, Grass, Banana for 

bugass  were reported in the literature. Jindal [1] reported the 

development of Bamboo fiber reinforced plastic composites 

using araldite (CIBA CY 230) resin as matrix. Though, 

Bamboo is extensively used as a valuable material from times 

immemorial. The studies on this fiber reinforced plastics are 

meager. In this present work Bamboo, Onion and Grass fiber 

reinforced high performance polyester hybrid composites 

were developed and their tensile, impact and chemical 

properties were studied (with varying ratio of Bamboo / 

Grass / Onion fiber). The author also investigated the 

chemical properties of these fibres. 

2. MATERIALS AND METHODS 

High performance polyester resign and the curing agent 

hardener HY 951 system were used as the matrix. Bamboo 

fibers / Grass fiber / Onion fiber were soaked in 1% NAOH 

solution for 30 Minutes to remove any greasy material and 

hemicelluloses, washed thoroughly in distilled water and 

dried under the sun for one week. 

2.1 Preparation of Mould 

For making a composite, a moulding box was prepared with 

glass of 200mm x 200mm x 3mm (Length x Width x 

Thickness). 

Preparation of Composite and the Test Specimens: the mould 

was coated with a thin layer of aqueous solution of Poly 

Vinyl Alcohol (PVA) which acts as a releasing agent. Further 

a thin coating of hard wax was layed over it and finally 

another thin layer of PVA as coated. Each coat was allowed 

to dry for 20 min in at r00m temperature. Then, the moulding 

was loaded with the matrix mixture, Bamboo, grass & Onion 

in random orientation (with varying percentage) and was 

placed in a vacuum oven which is maintained at 1000 for 

three hours to complete curing. After curing the plate was 

removed from the moulding box. With simple tapering and it 

was cut into samples for impact test with dimensions 120mm 

X 13 mm x 3mm are cut ASTM specifications. For tensile 

stress the sample was prepared 150 x 20x 3. And for 

chemical test with dimension 10mm x 5mm x 5mm. for 

comparison sake the specimen for matrix are also prepared in 

similar lines. 

2.2 Tensile and Impact Load Measurement 

The tensile strength was determined using instron 3367 

model UTM. The cross head speed for tensile test was 

maintained at 10mm/min. The temperature and humidity for 

this test were maintained at 180 and 25% respectively. In 

each case five samples were tested and average values are 

reported. 

The impact strength is determined using IZOD impact tester. 

The test specimens with dimensions 120mm × 13mm × 3 mm 

are cut as per ASTM D 256-88 specifications.  In each case 

five specimens are tested and average value is recorded. 
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Abstract: This work aims at the analysis and testing of TIG welded pipe joints made of stainless steel 304L. The 

mechanical properties and microstructure of 304L stainless steel welds are tested, by using stainless steel filler material. 

Some Special pipe inspection tests also carried out on the material when it is going to be used in aggressive environments. 

These tests will ensure that pipe material is able to withstand in such aggressive environments also. Some of the tests are 

Grain size (AS & SS), IGC- Intergranular Corrosion Test (SS), Hardness Test. The tensile test is done to check yield and 

ultimate tensile strength of the pipe. Impact test / Charpy V-Notch test, check the ability of material to withstand under low-

temperature conditions. Creep test is done to check long term effect of temperature under constant load. Ultrasonic testing 

of defects was conducted to determine the welding defects more accurately and to know whether any other flaw exists in 

the welded specimens. Analyzing all the data obtained by conducting tests on pipe joints, we can say that ultimate tensile 

strength of the joint was improved. 

 

Keywords: TIG, Stainless steel, Review, Pipe Joints, Welding, Analysis 

 

I. INTRODUCTION 

 Welding process is an important domain of activity of 

to-day industry, especially in the sector where a lot of 

assembly of structures has to be done. Generally, the initial 

design of industrial parts requires revisions, because 

unpredictable changes occur in the shape or the performance 

of a component when it is welded because its metallurgical 

structure was modified by the process. The re-design is very 

costly since that happen late in the development [1, 2, 4] 

cycle of the product. It is now possible to avoid this by 

anticipating the undesirable effects of the manufacturing 

process early in the design stage, by using numerical 

simulation, numerical optimization and AI tools. This shows 

how much virtual welding process can be important in the 

development of a new component. 

Welding is a well-established joining technique. When 

assessing the structural integrity of a welded pipe, all 

sources of loading which may increase the risk of failure 

should be considered. In the offshore industry, pipelines 

could experience displacement controlled loading during 

pipe installation or operation. Depending on the installation 

process, the pipeline can experience different levels of 

primary load. One method of pipeline installation is reeling 

which causes high plastic strains (due to bending cycles) in 

pipelines. For reeled pipes, fatigue and fracture assessments, 

referred to as Engineering Critical Assessment (ECA) should 

be carried out to ensure their structural integrity [3]. 

Austenitic stainless steels (SSs) are engineering alloys with 

good corrosion resistance in environments containing 

various compounds of sulphur, normally experienced in 

refinery process streams [5]. However, austenitic stainless 

steels are susceptible to stress corrosion cracking (SCC) 

under certain conditions involving high stress, changes in 

metallurgical structure due to high temperature operation, 

and the presence of specific chemicals that promote 

cracking. The chemicals present in refinery streams known 

to induce SCC in these alloys are chlorides and polythionic 

acids [1].  

 However, recent reported failures and research of 

annealed austenitic stainless steels under sour gas conditions 

with insignificant amount of chlorides suggested the 

contribution of H2S in promoting SCC [2–6]. Cracking is 

derived from either H2S enhanced hydrogen absorption or 

H2S enhanced breakdown of the passive film by synergistic 

action between H2S and Cl−. Due to the H2S/Cl− 

synergism, the presence of H2S extends the environmental 

domain of Cl− SCC to lower temperatures and lower Cl− 

concentrations [7]. Traditionally austenitic stainless steels 

are joined with welding electrodes that contain 5–10% 

residual δ-ferrite in the interdendritic boundaries. This 

retained metastable ferrite phase is believed to be influential 
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ABSTRACT: Internal combustion engines in now a days is the best available reliable source of power for all domestic, 
large scale industrial and transportation applications. The major issue arises all the efficiency of these engines. Every 
attempt made to improve these engines tends to attain the maximum efficiency.The study is about the effects of air 
swirl in the cylinder on its performance.The performances of the diesel engines are enhanced by proper design of inlet 
manifold, exhaust manifold, combustion chamber, piston etc. The study is about the effect of piston configurations on 
in- cylinder flow.By changing the piston crown design the enhancement in the turbulence inside the cylinder is 
achieved. Also grooves are made to achieve the increase in the swirl intensity for better mixing of fuel and air.Swirl 
Velocities in the charge can be substantially increased during compression by suitable design of the piston. In the 
present work, a study on the effect of different piston configuration on air motion and turbulence inside the cylinder of 
a Direct Injection (DI) diesel is carried out using Computational Fluid Dynamics (CFD) code Star CCM+. 
 
KEYWORDS: CFD, inlet manifold, piston configurations, swirl ratio, Turbulence kinetic energy; Turbulence 
intensity. 

I. INTRODUCTION 
 
As engines have evolved over the years, pistons have evolved with them. They're getting shorter and lighter, and use 
smaller skirts — the cylindrical "body" of the piston. Newer pistons are often made of aluminum alloys comprised of 
more silicon than in the past. This improves resistance to heat and reduces thermal expansion.  
One of the biggest advancements in piston technology is the use of different piston "tops" or "crowns," the part that 
enters the combustion chamber and is subjected to combustion. While older piston tops were mostly flat, many now 
feature bowls on top that have different effects on the combustion process. The piston bowl is primarily used in diesel 
engines. Diesels don't have an ignition phase, so the piston crown itself may form the combustion chamber. These 
engines often use pistons with differently shaped crowns, although with direct injection becoming increasingly popular, 
gasoline engines are starting to use them as well. 
The shape of the piston bowl controls the movement of air and fuel as the piston comes up for the compression stroke 
(before the mix is ignited and the piston is pushed downward.) The air and fuel swirl into a vortex inside the piston 
bowl before combustion (or compression) takes place, creating a better mixture.  
By affecting the air/fuel mixture, you can achieve better and more efficient combustion, which leads to more power. 
The bowls have a variety of different shapes; some are also designed to optimize fuel economy. With direct injection 
becoming the hottest new technology for gasoline engines, expect uniquely-bowled pistons to become more and more 
popular. In high-speed direct-injection Diesel engines, the flow conditions inside the cylinder at the end of the 
compression stroke, near top dead center (TDC), are critical for the combustion process  
These are determined by the air flowing into the cylinder through the intake valves during the induction process and by 
its evolution during the compression stroke.  
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Abstract:-- One of the company who is pioneer in VRLA battery in Asian Pacific Rim has foray into automotive batteries with its 

new brand addressing automobile segment launched across country by opening many franchises & pit stops covering all metros, 

major cities and urban towns. Batteries are one of the major components manufactured in the industry. Battery is also called SLI 

(Starting-lighting-ignition). In order to satisfy the customer needs the battery should be made defect free at the industry itself. This 

cell short will lead to a large problem, if not rejected in the industry itself.  

 This project is on the account of Reduction of rejections in the Formation process of battery  that are useful for the 

customers  which is vital battery functioning  results in Providing the Maximum Output without any obstruction of power  to the 

customers. Historical data collection found that Cell Shorts Mode of rejections is more in the 26 AH battery model by Brain 

Storming and DOE Approach Identified the Root cause for the rejections and solved the issue so that this analysis is also used to 

reduce the rejections in the other similar models and this leads to more customer satisfaction and cost reduction to the company 

with the results of the six sigma Methodology, Analyzed the Problem generating stage in Pasting section and Parameters affecting 

to create problem by Six sigma tools application and implemented the solution. These results in reduction of Cell shorts in battery 

and by this project Cost saving and Customer satisfaction is improved 

 

Key words: Six sigma, DMAIC, DOE, Variable search, Suspected Source of Variation (SSV’s). 

  
 

 I. INTRODUCTION    

 

1.1 What is Six Sigma methodology: 

1. The methodology which are going to discuss is specially 

focused one eliminating wastes in the manufacturing 

processes   papers and books have been published addressing 

the fundamentals of Six Sigma .Topics include: What is Six 

Sigma? (Harry and Schroeder, 1999); Why do we need Six 

Sigma? (Pande et al., 2000); what makes Six Sigma different 

from other quality initiatives? Six Sigma deployment (Keller, 

2001); critical success factors of Six Sigma implementation 

(Treichler, 2005); hurdles in Six Sigma implementation 

(Gijon and Rao, 2005); and Six Sigma. 

2. Six sigma helps in eliminating the waste Sigma (σ) 

represents variation in the process With respect mean 

(average line). Six Sigma is a data-driven approach to 

process improvement .Objective of this methodology is to 

achieve zero defect by reducing variation. Six Sigma was 

first time developed & introduced by Sir Bill Smith in 

Motorola in1987. Organizations world over has implemented 

Six Sigma successfully for more than 20 years with the aim 

of continuously improving the process. Six Sigma continues 

to be the best-known approach to process improvement 

(Taghizadegan, 2006). Six Sigma was introduced in 

manufacturing processes; today, however, marketing, 

purchasing, billing, invoicing, etc., functions are also 

implementing Six Sigma methodology. Implementation of 

Six Sigma methodology is having a significant impact on 

profitability and customer satisfaction of the organization, if 

successfully deployed (Breyfogle, 1999). It takes users away 

from ‘intuition-based decisions’ to ‘fact-based decisions’ 

(Breyfogle, 1999). A number of in manufacturing process by 

two methods. 

a. Problem solving:   

This helps in reducing scrap ,rework and customer 

complaints. 

b. Existing process optimization:  

This help’s in increasing the productivity and also helps in 

fixing the correct  

 

2.1 Types of problems: 

After selecting the culprit area, now it is decided that which 

problem is to be killed as per cause and solution of the 

problem. Some problem becomes chronic because 

management issues, lack of technology, lack of awareness or 

lack of facilities. So Problems in any organization are found 

basically in four categories as shown in fig. Priority is to be 

given to each category as shown in figure to kill the 

problem..  
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Abstract:-- :- Battery is one of the vital components used in automobiles. The main purpose of battery is to start the 

engine, to run the light system and other sound systems like music, horn etc. Once the engine is ignited and starts 

running, power for electrical system of the automobile will be supplied by alternator. Modern automobiles batteries 

are lead acid type using six cells connected in series so as to obtain 12 volts system. Keeping in view the vital role of a 

battery in an automobile, the battery should be made with high quality, durability and defect free. However, defective 

batteries would be rejected at quality check (QC) phase in the manufacturing industry. These rejections at QC should 

not be more, as it may reduce the productivity. The company should identify the root cause for such defects, which 

are responsible to brand battery as defective and also a rejection. 
 

Index Terms:  Shainin tools, Product/Process search, Variable search, Suspected source of variation SSV’s). 

  

 1. INTRODUCTION    

 

The demand placed on an organization in today’s global 

business environment are driven by customer satisfaction as 

well as the fulfillment of expectation of the stakeholders 

regarding cost reduction Improving business performance 

and maintaining a competitive advantage. Dorian Shainin, 

was an influential American quality consultant, aeronautics 

engineer, author, and college professor who was named an 

Honorary member in 1996, worked more than 60 years to 

improve the professional approach to industrial problem 

solving. He is best known for the "Shainin techniques," 

practical tools he developed to help manufacturers solve 

problems, including problems that had been considered 

unsolvable. 

 

2. SHAININ TECHNIQUES 

 

The Shainin methods are essentially known to produce leap 

forward upgrades in eliminating chronic quality issues. These 

are profoundly successful in pinpointing towards the 

underlying driver and approving .In order to know the 

complete information of the project each and every accept 

should be clearly studied. Post burner is a fully automatic 

burning machine designed to weld the cylindrical bushing of 

automotive battery to a qualified depth of burn, after battery 

has finished the container and cover .When the  

 

 

machine's contact detection system determines that the 

optimum parameters have been met the post burning is 

initiated. If the blow holes are seen on the battery post then 

the battery is rejected and the failure is reported on the 

operator control machine is designed for joining post and the 

container on lead acid batteries. Shainin introduced several 

no of power full tools. Among those powerful tools, he 

considered Design of Experiments as the centre piece among 

those powerful tools, he considered Design of Experiments as 

the centerpiece. Shainin DOE basically works at eliminating 

suspected process variables (Xs) mostly by using seven 

different tools:  

1. Multivari Analysis. 

2. Variable Search. 

3. Paired Comparison. 

4.  Component Search 

5. Product/Process search. 

6. Full Factorials. 

7. B vs. C (Better vs Current) Analysis.  

8. Scatter Plots or Realistic Tolerance Parallelogram Plots. 

  

 2.1 Product/Process Search: 

SSV’s related to the process parameters or input materials 

which can be measured in both good and bad parts, ‘Product 

process search DOE tools used Examples Temperature 



ISSN (Online) 2456-1290 

  

 International Journal of Engineering Research in Mechanical and Civil Engineering  

(IJERMCE) 

Vol 2, Issue 9, September 2017 
 

 

 

 All Rights Reserved © 2017 IJERMCE                99 

Production Improvement by Reducing Down Time 

Using Root Cause Analysis 
 [1]

 P.Mahidhar, 
[2] 

P.C.Prakash 
[1] 

 P.G Student, 
[2]  

Assistant Professor 
[1][2]

 Department of Mechanical Engineering, Annamacharya Institute of Technology, Tirupathi, 
   

Abstract:-- :- Now a days manufacturing industries are facing a greater competition in the market. Because of this, they try to 

improve and increase both quality and productivity continuously. One way to increase the productivity is to increase the 

availability of existing machines. The manufacturing companies are facing the problem of loss of productivity due to break downs 

in assembly lines. Reduction in idle time is direct way to increase the productivity and profit. The main objective of the project is to 

increase the availability of a machine and to reduce the down time of a machine, to maximize production capacity and to improve 

new preventive maintenance schedule. The reason for the break down has been analyzed and inspected by the method of Fish bone 

diagram and why-why analysis, this in turn helped to develop and improve a new preventive maintenance checklist for the 

machine. This project work is aiming at reducing idle time that is breakdown by increasing availability and maintenance. This has 

been achieved by optimal utilization of time maintenance, inspection frequency by considering manufacturer recommendation and 

previous experience. By all these procedures the availability of the machine will increase to a certain extent and also increases the 

production capacity, minimizes the maintenance cost and reduces the downtime. 

  
 

 I. INTRODUCTION    

 

The demand placed for an organization in today’s 

environment is to satisfy the customer needs and satisfaction, 

Assembly is the place where key equipments in the 

manufacturing process will be operated. Production, 

Productivity of assembly line is vitally determining the 

output of the plant. Each and every down hours of assembly 

line leads to heavy production loss. So, the project had taken 

Reduction of down hours of the equipments. Bath tub curve 

analysis describes the variation of failure rate of components 

during their life time. 

The item population after having been built in reaches its 

lowest failure rate levels, which is normally characterized by 

a relatively constant failure rate, accompanied by negligible 

or gradual changes due to wear. This period is characterized 

mainly by occurrence of stress related failures during its 

normal operation. 

 

Types of maintenance: 

Generally maintenance is of following types, 

A. Preventive maintenance 

B. Breakdown maintenance 

C. Corrective maintenance 

D. Fixed time maintenance 

E. Condition based maintenance 

F. Maintenance fore casting 

 

 

A. Preventive maintenance: 

 

Preventive maintenance is taking of equipment at planned 

intervals. These intervals are decided mainly keeping in view 

the complexity of the machine and its load condition. In this 

Preventive maintenance, duly time scheduled and 

replacement of overly worn out parts on the part of machine, 

the preventive maintenance is also called planned 

maintenance or scheduled maintenance. It is extremely 

important function for reduction of maintenance cost and to 

keep the good operational condition of the equipment 

amiability, preventive maintenance aims to locate the sources 

of problem or troubles and to remove them before breakdown 

occurs .it is based on the idea of “prevention is better than 

cure”. 

 

B. Breakdown maintenance: 

In break down maintenance, defects are rectified only when 

the machine cannot perform its function any longer .After the 

repairing of equipment the maintenance engineer do not 

attend the equipment Until another failure occurs. There is no 

element of planning for this type of maintenance. Till the 

break down comes maintenance becomes no one’s job, but 

once it occurs its becomes everyone job. 

 

C. Corrective maintenance: 

Corrective maintenance arises not only when the equipment 

fails but also when indicated condition based criteria. The 

basic task is establishment of the most economical way of 

restoring the equipment to an acceptable condition. Because 
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Abstract: Turning is a machining process in which a cutting tool, commonly a non-rotary tool bit, exhibits a 

helical path on work piece material. The conventional metal removal process always influenced by the 

parameters such as, material machinability, cutting tool material, cutting speed and spindle speed, depth of cut, 

feed rate, tool geometry, and coolant. Optimizing these parameters is a daedal thing so that, Signal to noise 

(S/N), Analysis of variance (ANOVA) and Taguchi method using statistical software MINITAB are striving to 

solve these problems in the present scenario. The present paper is aimed at investigating parametric 

optimization of turning of 7075 Aluminium alloy using Taguchi L27 orthogonal array was employed for both 

Design of Experiment (DOE) and Signal to noise ratio (S/N) to analyze the effects of the selected parameters. 

The result demonstrates there are different effects of cutting parameters on cutting force, surface roughness and 

temperature for two samples and compared the samples. Furthermore, surface morphology of the machined 

specimen is obtained through SEM analysis. This work can be use full to determine the optimum cutting 

parameters for better machinability. 

Keywords: Al-7075 alloy, DOE, Optimization, Parameters, Taguchi method, S/N Ratio 

 

I. Introduction 
Turning is a form of machining, which is used to create rotational parts by cutting away unwanted 

material. Turning is used to produce rotational, typically axi-symmetric, parts that have many features. In 

turning, the speed and motion of the cutting tool is specified through several parameters. These parameters are 

selected for each operation based on the work piece material, tool material, tool size, and more. There are 

several optimization techniques in order to determine optimum parameters for better machining such as, Box-

Behnken design, ANOVA, RSM, Taguchi, Regression analysis, FFD, Grey relational analysis, Factorial DOE., 

etc. 

Taguchi method and the Response Surface Methodologies (RSM) were used for reducing the burr 

height and irregularity in the surface in hole making operation of Al-7075, research carried out by Kilickap et al. 

[1]., more over they considered Taguchi as a powerful tool to optimize design quality and used to find out 

optimal cutting parameters. Authors also reported that, the combination of low cutting speed, low feed rate and 

high point angle were mandatory to overcome burr height, finally lower cutting speeds and feed rates yielded 

best outcomes of surface roughness at higher point angles. 

Wang and Lan [2] considered four parameters as cutting speed, depth of cut, feed and tool nose radius. 

Theses parameters used for optimizing three responses such as surface roughness, tool wear and material 

removal rate (MRR) in precision turning on an ECOCA-3807 CNC lathe by using Orthogonal array of Taguchi 

paired with the Grey Relational Analysis (GRA). They made analysis on optimization approaches using 

orthogonal array and GRA and aided a satisfactory technique for improving the multiple machining 

performances in precision CNC turning. 

Taguchi and RSM were used for reducing the surface roughness in turning of Discontinuously 

Reinforced Aluminum Composite (DRAC), composite made with Al-6061 as matrix and 15 vol.% of SiCp of 

mean diameter 25 µm via pressurized steam jet approach by Shetty et al. [3]. They also reported that, the effect 

of cutting parameters on surface roughness was evaluated and determined optimum cutting condition to 

minimize the surface roughness. 

Sahin [4] has chosen cutting speed, feed rate and tool hardness as cutting parameters and compared the tool life 

of Cubic Boron Nitrate (CBN) and Ceramic inserts in turning hard steel using Taguchi method, more over 

determined the effect of cutting parameters on tool life using orthogonal array, signal to noise ratio and variance 

analysis. 

In this work, turning operation performed on Al-7075 alloy by using High Speed Steel (HSS) cutting 

tool. Cutting force, surface roughness and temperature are considered as responses, optimization of process 

parameters are carried out using Taguchi, and developed design matrix for two samples, and done comparisons. 

Scanning Electron Microscopy (SEM) also performed simply to show surface morphology. 
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Optimization of MIG Welding Process Parameters 
on AISI 304 Stainless Steel Using Taguchi Method 

and Fuzzy Logic 
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Abstract: The present paper tells about how to predict and optimize the Metal Inert Gas (MIG) welding of AISI 304 Stainless 
Steel (AISI 304 SS) work pieces, which are most widely in used in many industrial applications. The powerful tool known as 
Design of Experiments (DOE) was used to optimize the welding process parameters for effective welding joint of the work pieces. 
The following welding voltage, welding current and welding speed were considered as input parameters and similarly tensile 
strength, percentage of elongation, and hardness were considered as performance characteristics for DOE application. The 
values after experimental measurements, compared with corresponding predicted results of tensile strength, percentage of 
elongation, and hardness. Moreover, the Taguchi Method was also used for DOE and considered L27 orthogonal array matrix 
and Signal-to-Noise Ratio, the tensile strength, percentage of elongation, and hardness of the predicted values have been 
creditably acquired via Fuzzy representation. 
Keywords: AISI 304 SS, MIG welding, DOE, Tensile Strength, Percentage of elongation, Hardness, Fuzzy logic 

I. INTRODUCTION 
Gas metal arc welding (GMAW), sometimes referred to by one of its subtypes metal inert gas (MIG) welding, is a welding process 
in which an electric arc forms between a consumable wire electrode and the work piece metals, which heats the work piece metals, 
causing them to melt and join. Originally developed for welding of aluminum and other non-ferrous materials in the 1940s, it was 
soon applied to steels because it provides faster welding time compared to other welding process. 
Aghakhani et al. [1] have carried out research on optimization of gas metal arc welding process parameters to enhance quality and 
productivity of weld ment. They have chosen ST-37 steel plate as work piece, 80% argon combination with 20% CO2 as shield gas 
depends on type of base metal being welded.  The experiment was designed by Taguchi with L27 orthogonal array and it was carried 
out by Analysis of Variance (ANOVA) by considering weld dilution as output characteristic and wire feed rate, welding voltage, 
nozzle to plate distance, welding speed, and gas flow rate were as the input parameters. They reported that, the wire feed rate has no 
much significant effect on the weld dilution while gas flow has no effect at all on it. In another research made by Ajithooda et al. [2], 
AISI 1040 medium carbon steel was used for welding, output characteristic tensile strength was predicted with response surface 
model. The welding voltage, current, wires speed and gas flow rate were kept as input parameters. Tensile strengths in transverse 
and in longitudinal were almost same with input parameters explored by face centered design matrix. 
Optimization of process parameters in MIG welding of dissimilar metals such as AISI SS with grade 304 and 316 have been 
studied, Artificial Neural Network (ANN) and Genitic Algorithm (GA) were used to predict tensile strength and the ANN was 
successfully integrated as other regression model by Amit kumar et al. [3]. Arya et al. [4] reported that, the optimization of tensile 
strength and higher penetration of filler metal was prosperously analyzed by Taguchi method followed by grey relational analysis, 
after completion of MIG welding with its process parameters. The weld ability of MIG welded EN-3A mild steel specimens have 
been studied to see the influence of process parameters on depth of penetration of welding joint. They were analyzed this issue with 
help of surface plots, reported by Das et al. [5]. Parametric optimization of MIG welded 316L Austenitic stainless steel was studied 
by Taguchi method. The optimal parameters were identified for maximum tensile strength and percent of elongation in case when 
Butt welded joints have been made by several levels of current, gas flow rate, and nozzle to plate distance by Ghosh et al. [6]. 
Kapil et al. [7] carried out research to identify the factors that have most significant effect on welding of AISI 316 Austenitic stain 
less steel and its welding quality and productivity. Moreover, other mechanical properties such as tensile strength and hardness were 
assessed with DOE and optimized process parameters using Taguchi technique. Similarly, two different materials like AISI 304 
steel and low carbon steel were used for MIG welding with CO2 as shielding gas. They kept tensile strength and hardness as 
performance characteristics and current, voltage, and flow rate of welding as input parameters. The experiment was designed with 
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Abstract:-- The emphasis of recent research works in the area of composite materials has been more on improving mechanical 

properties like tensile strength, micro hardness and wear resistance, fatigue properties etc. The reason is that the desired 

mechanical properties were not obtained by the ordinary engineering materials. In the present days, significant demand for 

materials with good wear resistance has been there in automotive, aerospace and military applications.  In the present research 

work, the wear rate of Al6061/SiC metal matrix composite (MMC) has been enhanced by reinforcing Zirconium (Zr) particles to 

the molten Al6061/SiC metal matrix composites (MMC) by stir casting technique. The wear rate was tested using pin on disk wear 

tester. An effort has been made to blend 2% of Zr with Al6061 alloy by varying Sic in 10, 15 and 20%. The wear resistance of 

Al6061/SiC has been improved significantly due to the uniform distribution of Zr particles in the matrix. 

 

Key words: Al 6061, SiC, stir casting, wear resistance, Zr particles. 

  
 

 I. INTRODUCTION    

 

The ceramic particle reinforcement has played an important 

role while improving the properties of the metal matrix. 

Matrix materials are usually light in weight and shown good 

results when combining with ceramic particles [1, 2]. The 

reinforcing ceramic particles are uniformly distributed in the 

matrix for improving the mechanical properties like strength, 

stiffness, micro hardness, wear resistance, creep and fatigue 

properties etc. MMCs are strengthening by reinforcing the 

ceramic particles to the matrix during the molten state. The in 

situ stir casting techniques have been best practice to the 

uniform distribution of particles in to the metals and also 

provide the information for thermal stability of the metal 

matrix. Al 6061 alloy has become strongest metal to improve 

the mechanical properties of the materials by reinforcing the 

ceramic particles. The ceramic particles have been used in 

the form of particles, fibers and whiskers. The metals are 

strengthening by wear rate phenomenon. Among all the 

ceramic particles SiC [3,4], Zr are the best practice to 

reinforcing in to the MMCs due to their high hardness, 

strength, fatigue, wear resistance to the materials. Devaraju 

Aruri [5] investigates, the influence of rotational speed on 

wear properties of the aluminium alloy based surface hybrid 

composites [(SiC+Gr) and (SiC+Al2O3)]. It was observed 

that high wear rate was finding in the composite due to the 

presence of SiC and Gr acted as a loading bearing elements. 

Serajul haque [6] was conducted the experiment to found out 

the optimum values of wear rates on Al6061-Cu reinforced 

SiCp. The optimum values are observed with varying the 

stirring speed, and pouring temperature as process 

parameters. S.Nallusamy [7] has made an effort to analysis 

the wear resistance of metal matrix composites. It was 

observed that in addition of Al2O3 and SiC to Al6061 alloy 

decreases the range of wear rate.  

 

However, previously no results were found to report on wear 

resistance of Al6061 alloy by the addition of sic and Zr 

particles. The main aim of this paper is to investigate the 

influence of Zr particles on wear rate performance of 

Al6061/SiC [8, 9] metal matrix composite. 

 

II. EXPERIMENTAL DETAILS 

 

Materials used 

The matrix material used in this experimental investigation is 

al6061. The reinforcing materials are selected as SiC particle 

as 10, 15, 20% and 2 % of Zr particles. Al alloy was taken in 

to the stir casting furnace in the graphite crucible. The 

furnace was initially at the temperature of 650
0
C. The 

temperature of the furnace was raised to 950
0
c 

simultaneously sic and Zr particles were preheated to 450
0
C 

and then added in to the crucible. After adding the ceramic 

particles the temperature of the casting was raised to 1060
0
C 

and stirring mechanism was adopted by graphite rod before 

the casting temperature was reached to 1080
0
C. For trapping 

the hydrogen gas during the process the argon was supplied 
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Abstract 

In past few decades, many researchers have report on reducing impact on the passengers by making the 

automotive and aircraft structures become energy absorbing agents during the crash. Fibre composite materials 

have wide range applications than metals due to their light in weight, easy of fabrication and offer more 

strength while loading. Among all fibres glass and carbon fibres are effective for during loading for showing 

their strength, stiffness and specific energy absorption for given mass of material.In this present experimental 

investigation E-glass and carbon fibre composite tubes were taken to investigate the energy absorption 

properties composites. The fibres were manufactured by proper mixing of E-Glass and Carbon fibres with 

adding epoxy resin and k12 hardener by hand layup process.Quasi-static compressive loading has done on the 

composite tubes to determine the crash behavior of composite tubes. The results were shown that epoxy carbon 

fibers shown good results in 0.2% yield strength, tensile strength and more specific energy absorption 

capacities for a given mass of the material than glass fibre. 

 

Key words: E-Glass Fibre, Carbon Fibre, Epoxy Resin, K12 Hardener, Yield strength, Tensile Strength, 

Specific Energy Absorption Capacity. 

 
I. Introduction 

 

Vehicles and aircraft structures design have become more challenging for designers to design structures during 

crash. The main concern on the structures is to produce high rate of energy absorption capabilities during the 

crash for reducing impact on the passengers. The one who is substitution for satisfying the crashworthiness 

characters are composite materials. Properties of the composite materials superior than ordinary materials due to 

their light in weight, easy of fabrication and offer more strength while loading.Moreover high design flexibility 

and wide variety of reinforcement types, orientation, various matrix materials and various manufacturing 

techniques for better improvement in mechanical properties.An important parameter for studying the energy 

absorption character is specific energy absorption; it is defined as the energy absorption during the crash per unit 

mass of the crushed material.  

Melo,jose Daniel diniz [1] investigates the energy absorption properties of glass/polyester composites by taking 

the layups [0/90]n and [+/- 45]n. the influence of cross section geometry,layup sequence and efficiency of trigger 

mechanism are examined. Overall the circular cross section of [90]n showed the highest energy absorption 

properties.javadmarzbanrad[2] reports on energy absorption properties of thin walled tubes with different 

geometric dimensions such as square,circular and elliptical tubes of steel and aluminium. The results declare 

among all sections elliptical crass section had more energy absorption and also increasing the thickness for 

smaller tubes had good energy absorption capabilities.oshkovar [3] made research on silky/epoxy composite 

square tubes for energy absorption and failure response. The more energy absorbed by the longest and thickest 
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Abstract 

Environmental and Ecological issues call for the reduction in 

usage of cutting fluids in metal cutting industry. New 

techniques are being inquired to achieve this objective. Hard 

turning with minimum quantity lubrication is one such 

technique which can alleviate the pollution problems 

associated with cutting fluids. In the present work, vegetable 

oil based cutting fluids like castor oil, palm oil and ground nut 

oil is made to drop at tool-work interface using over-head 

system. The present paper deals with experimental 

investigation carried out for machinability study of hardened 

AISI D3 steel in combination with CVD coated cemented 

carbide inserts of different styles and to obtain optimum 

process parameters using WASPAS method. An orthogonal 

array, overall performance index and analysis of variance ( 

ANOVA) are applied to study the performance of  process 

parameters such as insert style, cutting fluid cutting speed, 

feed and depth of cut with consideration of quality 

characteristics i.e., surface roughness, material removal rate, 

interface temperature,  specific energy consumption and flank 

wear. Finally a clear presentation is made for WASPAS 

method. 

 

Keywords: Hardened AISI D3 steel, CVD coated tool, 

Surface roughness, Material removal rate, interface 

temperature, Specific energy consumption, flank wear, 

ANOVA, Minimum quantity lubrication, WASPAS method. 

 

 

INTRODUCTION 

The important goal in the modern industries is to manufacture 

the product with lower cost and with high quality in short span 

of time. There are two main practical problems that engineers 

face in a manufacturing process, the first is to determine the 

product quality (meet technical specifications) and the second 

is to maximize manufacturing system performance using the 

available resources. The challenge of modern machining 

industry is mainly focused on achievement of high quality ,in 

terms of work piece dimensional accuracy, surface finish 

,high production rate, less wear on the cutting tools ,economy 

of machining in terms of cost saving and increase the 

performance of the product with reduced environmental 

impact. The selection of cutting fluid not only improves 

cutting performance but also fulfils a number of requirements 

which are non-harmful to health for operators, not a fire 

hazard, no smoke (or) for and cost is less. Cutting fluids are 

applied to the cutting zone to improve cutting performance. 

The primary function of cutting fluid is to reduce interface 

temperature between tool and work thus tool lip will be 

extended. Secondary cutting fluid acts as good lubricant by 

which heat generated due to friction will be reduced. To 

conclude with high lubricant capacity are suitable in low 

speed machining such as screw cutting, broaching, gear 

cutting and difficult to cut materials whereas cutting fluids 

with high cooling ability are generally employed in high speed 

machining.  In the present work, hardened AISI D3 steel was 

selected as work material which finds applications in the 

manufacture of Blanking & Forming dies, press tools, 

punches, bushes, forming rolls and many more.  For the 

purpose of experimentation, factorial design experiments are 

considered as per Taguchi DOE. By advocating Taguchi 

design, a clear understanding of the nature of variation and 

economical consequences of quality engineering in the world 

of manufacturing can be clearly got through. In the present 

study, WASPAS approach was performed to combine the 

multiple performance characteristics in to one numerical score 

called Overall performance index which is an indicative of the 

optimal process parameter setting. Analysis of variance 

(ANOVA) is also performed to investigate the most 

influencing parameters on the surface roughness, material 

removal rate, interface temperature, specific energy and flank 

wear when all the responses are considered simultaneously. 

 

 
LITERATURE REVIEW 

W.H.Yang & Y.S Tang [1] envisages that the Taguchi method 

is a powerful tool to design optimization for quality and is 

used to find the optimal cutting parameters for turning 

operations. An orthogonal array , the signal to noise ratios and 

ANOVA are employed to investigate the cutting 
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Abstract 

Environmental and Ecological issues call for the reduction in usage of cutting fluids in metal cutting industry. New techniques 
are being inquired to achieve this objective. Hard turning with minimum quantity lubrication is one such technique which can 
alleviate the pollution problems associated with cutting fluids. In the present work, vegetable oil based cutting fluids like castor 
oil, palm oil and ground nut oil is made to drop at tool-work interface using over-head system. The present paper deals with 
experimental investigation carried out for machinability study of AISI D3 steel in combination with CVD coated cemented 
carbide inserts of different styles and to obtain optimum process parameters using TOPSIS and Desirability function analysis. An 
orthogonal array, closeness coefficient, composite desirability and analysis of variance (ANOVA) are applied to study the 
performance of process parameters such as insert style, cutting fluid cutting speed, feed and depth of cut with consideration of 
quality characteristics i.e., Surface roughness, material removal rate and specific energy. Finally a clear comparison is presented 
between DFA and TOPSIS 
 
Keywords:AISI D3 steel; CVD coated tool; Surface roughness; Material removal rate; Specific energy; ANOVA;  Minimum quantity lubrication; 
Desirability function analysis; TOPSIS; 

1. Introduction 

The important goal in the modern industries is to manufacture the product with lower cost and with high quality 
in short span of time. There are two main practical problems that engineers face in a manufacturing process, the first  
is to determine the product quality (meet technical specifications) and the second is to maximize manufacturing  
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Abstract  

 

Various structures used in aerospace, automotive, naval and other industrial applications will experience 

vibration during their service mount condition. Response of a structure to the input vibration will be dictated by three 

dynamic parameters namely mass (M), stiffness (K) and damping (C). Proper combination of these critical parameters 

needs to be chosen while configuring particular structure otherwise input vibration energy gets amplified to a greater 

extent and drives the structure towards catastrophic failure. As of now no practical means are available to evolve optimal 

combination of above mentioned dynamic parameters. This paper proposes design of a dynamic simulation system which 

offers a promising solution to have various combinations of mass, stiffness and damping over a specified range. Further 

intended device can be excited with desired frequency and amplitude by mounting it on a vibrator and response of the 

device can be measured and quantified for a specified input. With the proposed simulator optimal combination of dynamic 

parameters can be evolved which becomes input to conFig. The design of a particular structure. To begin with base line 

configuration of the proposed simulation system is worked out for the purpose of conceptual demonstration and also to 

identify the subsystems. Subsequently sizing of all these subsystems is arrived at using design calculations. Assembled 

configuration of the system is worked out using 3D CAD modeling software. 

 

Keywords: mass (M), stiffness (K) and damping (C), 3D CAD modeling software. 

 

1. INTRODUCTION 
Structural elements designed for any application like automotive, aerospace and industrial will possesses three 

basic dynamic characteristics like stiffness (k), mass (m) and damping (c). Under the influence of dynamic loading the 

response of the structure is dictated by these three parameters. Hence designer needs to optimize these key parameters 

while configuring any structure. Finite Element Method (FEM) is in general used as a tool to evaluate the effectiveness of 

the optimization with respect to dynamic response of the structure. However  accuracy of response predicted by FEM is 

always questionable as it is considered to be an approximate method. Other way of doing it is to realize the hardware and 

test so as to obtain the dynamic response. But later one calls for cost implication and if the first fabricated hardware doesn’t 

meet the requirement design needs to be fine-tuned and new hardware has to be realized and so on. To overcome this via 

media between FEM and hardware realization is proposed in form of dynamic simulation system in this work.  
 Computer Aided Design (CAD) was introduced to refer to a technique which employs the computer in the design 

process in order to increase the efficiency with which a designer is able to design. Whilst a computer is incapable of 

creativity, it is efficient in analysis, robust in repetitive tasks, fast in processing information and capable of storing a large 

amount of data. As design is an iterative process, it is necessary to update the drawing constantly and often requires a small 

modification. It can therefore be a cumbersome and time-consuming task to reproduce the drawings for every modification 

and the use of computers can be very effective [1].  A Genetic Programming formulation is presented, using design 

modification operators as modular "programmes", and shown to be capable of synthesizing a range of novel, optimally-

directed designs. The method developed consistently finds the global optimum for a small 2D planar test problem, 

generates high-performance designs for larger scale tasks and shows the potential to generate designs meeting user-defined 

aesthetic requirements [2].  Current engineering analyses rely on running expensive and complex computer codes. 

Statistical techniques are widely used in engineering design to construct approximate models of these costly analysis codes. 

These models referred as metamodels, are then used in place of the actual analysis codes to reduce the computational 
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ABSTRACT 

In today’s day to day scenario Safe drinking water is one of the most promising and essential 

human need and other life forms even though it provides no calories or organic nutrients. Access to 

safe drinking water has elaborating over the last decades in  every part of the world, but approximately 

a billion of people still lack the admittance of safe drinking water. However, some eyewitness have 

estimated that by 2030 more than half of the world population will be facing the water problem. Water 

that is not potable may be made potable by filtration or distillation. Currently, about a billion people 

around the world routinely drink unhealthy water.   

Globally, improving water, sanitation and hygiene has the potential to prevent at least 9.1 per 

cent of the disease burden, or 6.3 per cent of all deaths. Deaths due to water related diseases in India 

are in the range of nearly 80%. The availability of fresh and good quality drinking water to all Indians 

remains a concern. 

A portable movable hand pump with ultra filtration membrane purification system is designed 

for small capacity of 300 liters, to produce clean and safe drinking. The hand pump operated 

purification system is low cost and without electricity. The system is added advantage for remote areas 

of our country where they don’t  have access to electricity. 

     The hand pump coupling with membrane candles  is a new innovation and is not available in 

the market. In order to optimize the existing model of hand pump for efficient performance to get pure 

drinking water. High levels of variation occur in the range of water quality parameters such as 

turbidity, color, UV- absorbance etc. 

This  research work is developed for rural area to get benefited (specifically for remote village 

peoples). the hand operated membrane system is compared with theoretical and CFD analysis. The 

percentage of error in pressure is 3.68% ( approximately 4%) and it is well acceptable for 

manufacturing of hand pump with membrane candle system. 

Key Points; Safe drinking water Act, Hand pumps, Ultra filtration membrane candles purification 

system,    CFD analysis. 
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Abstract:-- :- Frequent machine breakdowns, low plant availability, increased rejection are a great threat to increase operating cost 

and lower productivity. The objective of the work is to enhance the overall equipment effectiveness (OEE) in battery industry 

through the implementation of total productive maintenance (TPM). The company has to suffer due to lower availability of 

machines as a result of breakdowns. Comparison of OEE between before and after implementation of TPM can provide the much 

needed force to improve the maintenance policy. 

 

Index Terms- Total Productive Maintenance, Availability, Performance, Quality, Overall Equipment Effectiveness 

  

 1. INTRODUCTION    

 

Effectiveness of equipment plays a major role in modern 

manufacturing industries to achieve their goals. Total 

productive maintenance (TPM) is a methodology to increase 

the availability of the existing equipment hence it reduces the 

further capital investment. The TPM results in maximum 

effectiveness of equipment, tidier, and clean work place. 

Maintenance has been largely considered as a support 

function which is none productive since it does not generate 

cash directly. However for industry to produce goods of the 

right quality and quantity for the customers and be able to 

deliver them at the right time its plant or equipment must 

operate efficiently and accurately. For every manufacturing 

industry, the objective is to produce goods at a profit and this 

is only achieved by using an effective maintenance system 

that helps maximize availability by minimizing machine 

downtime due to unwarranted stoppages. Without an 

effective and economically viable maintenance system, 

equipment reliability suffers, and the plant pays the price 

with poor availability and increased downtime. All these 

mentioned poor key performance indicators could be a result 

of poor machine condition and sometimes low employee 

 morale. Low plant availability and overtime costs will 

negatively affect an industry’s operational efficiency. Plant 

Engineers must therefore design an effective maintenance  

system for the plant and its equipment. The aim of this paper 

is to measure the Overall Equipment Effectiveness  (OEE) of 

the existing plant and there by develop a maintenance policy 

to enhance the OEE. 

 

II.  IMPLEMENTATION OF TPM 

 

Implementation of TPM is based on systematic 

implementation of its pillars. The pillars of TPM are shown 

in below figure. Many companies struggle today to 

implement TPM due to two main reasons. First is having 

insufficient knowledge and skills especially in understanding 

the linkages between the pillar activities in TPM. The second 

reason is that TPM requires time, resources and efforts than 

most of these companies believe they can afford. 5S forms 

the base and is the starting point for TPM implementation. 

The TPM pillars are explained below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Eight Pillars of TPM 

5S CONCEPT: 

TPM starts with 5S. It is a systematic process of 

housekeeping to achieve a serene environment in the work 
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Abstract: - TIG welding is highly regarded because of quality and applicability; the process is applied to several 

industries and aid in the creation and repair of many items. This form of welding is common in the aerospace, 

automotive, repair and art fields. To improve welding quality of SS 304 L & SS 410 using TIG welding system, 

by which welding speed can be control during welding process. Surface roughness and tensile strength of the 

weld joint has been investigated on the weld zone to evaluate the effect of welding parameters on welding 

quality. Micro-hardness value of the welded zone has been measured at the cross section to understand the 

change in mechanical property of the welded zone. At lower welding speeds, strength is more due to more 

intensity of current. With the increase in current, tensile strength of the weld joint increases. Comparison 

between methodical model and experimental results is in good agreement indicating that the developed models 

can predict the responses adequately within the limits of welding parameters.  
 

Keywords:  TIG Welding System, Surface roughness (Ra), Micro hardness (HV) & UTS 

 
 

I. INTRODUCTION 

 

Welding is a permanent joining process used to join different materials like metals, alloys or plastics, together 

at their contacting surfaces by application of heat and or pressure. During welding, the work-pieces to be joined 

are melted at the interface and after solidification a permanent joint can be achieved. Sometimes a filler 

material is added to form a weld pool of molten material which after solidification gives a strong bond between 

the materials. Weld ability of a material depends on different factors like the metallurgical changes that occur 

during welding, changes in hardness in weld zone due to rapid solidification, extent of oxidation due to reaction 

of materials with atmospheric oxygen and tendency of crack formation in the joint position. 

 

GTAW or TIG welding process is an arc welding process uses a non-consumable tungsten electrode to produce 

the weld. The weld area is protected from atmosphere with a shielding gas generally Argon or Helium or 

sometimes mixture of Argon and Helium. A filler metal may also feed manually for proper welding. GTAW 

most commonly called TIG welding process was developed during Second World War. The use of TIG today 

has spread to a variety of metals like stainless steel, mild steel and high tensile steels, Al alloy, Titanium alloy. 

Like other welding system, TIG welding power sources have also improved from basic transformer types to the 

electronic controlled power source today. 

 

TIG welding process has specific advantages over other arc welding process as follows - 

narrow concentrated arc, able to weld ferrous and non-ferrous metals, does not use flux or leave any slag, no 

spatter and fumes during welding. This type of welding process is best suited for metal plate of thickness 

around 5- 10 mm. Thicker material plate can also be welded by TIG using multi passes which results in high 

http://www.ijcrt.org/
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Abstract: In the cloud, for achieving access control and keeping data confidential, the data owners could adopt attribute-based 

encryption to encrypt the stored data. Users with limited computing power are however more likely to delegate the mask of the 

decryption task to the cloud servers to reduce the computing cost. As a result, attribute-based encryption with delegation 

emerges. Still, there are caveats and questions remaining in the previous relevant works. For instance, during the delegation, the 

cloud servers could tamper or replace the delegated ciphertext and respond a forged computing result with malicious intent. They 

may also cheat the eligible users by responding them that they are ineligible for the purpose of cost saving. Furthermore, during 

the encryption, the access policies may not be flexible enough as well. Since policy for general circuits enables to achieve the 

strongest form of access control, a construction for realizing circuit Secure Share Data KP_ABE with Third Party Verification 

with verifiable delegation has been considered in our work. In such a system, combined with verifiable computation and encrypt-

then-mac mechanism, the data confidentiality, the fine-grained access control and the correctness of the delegated computing 

results are well guaranteed at the same time. Besides, our scheme achieves security against chosen-plaintext attacks under the k-

multilinear Decisional Diffie-Hellman assumption. Moreover, an extensive simulation campaign confirms the feasibility and 

efficiency of the proposed solution. 

 

Keywords: KP_ABE, VD-CPABE, Ciphertext, Cloud Servers. 

 

I. INTRODUCTION 

    The emergence of cloud computing brings a revolutionary 

innovation to the management of the data resources. Within 

these computing environments, the cloud servers can offer 

various data services, such as remote data storage [1] and 

outsourced delegation computation [2], [3], etc. For data 

storage, the servers store a large amount of shared data, 

which could be accessed by authorized users. For delegation 

computation, the servers could be used to handle and 

calculate numerous data according to the user’s demands. As 

applications move to cloud computing platforms, ciphertext-

policy attribute-based encryption (CP-ABE) [4], [5] and 

verifiable delegation (VD) [6], [7] are used to ensure the data 

confidentiality and the verifiability of delegation on 

dishonest cloud servers. There are two complementary forms 

of attribute-based encryption. One is key-policy attribute-

based encryption (KP-ABE) [8], [9], [10], and the other is 

ciphertext-policy attribute-based encryption. In a KP-ABE 

system, the decision of access policy is made by the key 

distributor instead of the encipherer, which limits the 

practicability and usability for the system in practical 

applications. On the contrary, in a CP-ABE system, each 

ciphertext is associated with an access structure, and each 

private key is labeled with a set of descriptive attributes[11]. 

A user is able to decrypt a cipher-text if the key’s attribute 

set satisfies the access structure associated with a ciphertext.  

    Apparently, this system is conceptually closer to 

traditional access control methods. On the other hand, in a 

ABE system, the access policy for general circuits could be 

regarded as the strongest form of the policy expression that 

circuits can express any program of fixed running time. 

Delegation computing is another main service provided by 

the cloud servers. In the above scenario, the healthcare 

organizations store data files in the cloud by using CP-ABE 

under certain access policies. The users, who want to access 

the data files, choose not to handle the complex process of 

decryption locally due to limited resources. Instead, they are 

most likely to outsource part of the decryption process to the 

cloud server. While the untrusted cloud servers who can 

translate the original ciphertext into a simple one could learn 

nothing about the plaintext from the delegation. The work of 

delegation is promising but inevitably suffers from two 

problems. a) The cloud server might tamper or replace the 

data owner’s original ciphertext for malicious attacks, and 

then respond a false transformed ciphertext. b) The cloud 

server might cheat the authorized user for cost saving. 

Though the servers could not respond a correct transformed 

ciphertext to an unauthorized user, he could cheat an 

authorized one that he/she is not eligible. Further, during the 

deployments of the storage and delegation services, the main 

requirements of this research are presented as follows. 
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ABSTRACT

At the heart of any successful activity lies a competence or a skill. In today’s competitive
world it is becoming particularly important to build on the competitive activities of

business. Over the years, highly skilled and knowledge based jobs are increasing while low skilled
jobs are decreasing. Competency Mapping is a process of  identifying key competencies for an
organization, the jobs and functions within it. So, every well managed organization should have well
defined roles and list of  competencies required to perform each role effectively. Competency mapping
analyses individual’s SWOT for better understanding and this helps to improve his career growth
and to generate the most successful things and the maximum quality work. This identifies the gap for
improving knowledge to develop. The large organizations often employ some kind of  competency
mapping to understand how to most competently employ the competencies of  workers. Competency
mapping has been used for job-evaluation, recruitment, training and development, performance
management, succession planning etc. The purpose of this article is to identify the importance of
employee competency mapping and the benefits of  Training need assessment.

KEY WORDS: TNA, Training needs assessment, competency mapping, competence, and skills.

I. INTRODUCTION
One of the major objectives of every company

is to improve its performance every year and set new
standards and norms. For every operation and machine
there is a human being and it is the quality of the man
behind the machine or process which determines the
performance of the company. In view of this, the
performance of the company depends not on the human
assets but the human asset having right match of
competencies and their levels for performance
requirements. It the right match of competencies is
available with the employees, and then it is their
motivation, work environment and incentives which
help them to give their best performance. In InfoTech,

a PCMM Level 5 company has a successful competency-
based HR system. Recruitment, training, job rotation,
succession planning and promotions-all are defined by
competency mapping. Dr. Devendra Nath, executive
vice-president of the company, who had initiated the
PCMM process in the parent company (L&T) in 1997,
said, “Nearly all our HR interventions are linked to
competency. Competencies are enhanced through
training and job rotation.” He adds that all People who
have gone through job rotation undergo a transformation
and get a broader perspective of the company. For
Instance, a person lacking in negotiation skills might be
put in the sales or purchase department for a year to
hone his skills in the area.
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ABSTRACT 
Bapsi Sidhwa, “Pakistan’s finest English language novelist” is an international writer 

and she got international acclamation for her works.  She received several 

prestigious awards like Sitara-i-Imtiaz, Pakistan’s highest national honour in arts in 

1991, the LiBeraturepreis Award, Lila Wallace Reader’s Digest Writer’s Award etc.  

Basically Sidhwa is an active social worker. She was born on August 11, 1939, in 

Karachi, Pakistan, the then part of India and was brought up in Lahore. She is the 

author for five novels  and her third novel is  Ice-Candy-Man (1988) – in USA it was 

published as Cracking India. The novel deals about the Pre-Partition and Post-

Partition of India.  Sidhwa writes this novel from a Parsi perspective.  The novel 

depicts the holocausts of Partition without morbidity or censure. She not only 

depicts how communal riots played a vital role in the Partition but also how women 

in all communities were used as a play material in the Partition play ground. 

KEY WORDS: Partition of India, Communal riots, Women bodies, Identity of 

Minorities, Atrocity 
 

.  

INTRODUCTION: 

The topic of Indian Independence is an ever 

interesting theme for many writers.  On this arena 

one can find not only works on conflagrations on 

either side of Radcliffe Line  but a number  of films 

were also deal with  the same theme.  Ice-Candy-

Man or  Cracking India by Bapsi Sidhwa (1988), 

which was made into a film 1947 subtitled   Earth 

(1999)   is one among them that focus on “Freedom 

was not FREE to the sub-continent.”  In fact Ice-

Candy-Man has an  element  of autobiography 

where Sidhwa not only narrates  from  the 

perspective  of a Pakistani  regarding the “dark days” 

in the history of united India, through  a character 

called Lenny,  an eight-year-old polio affected girl-

child belonging to  a marginalized  Parsi community 

who stands as a full-time spectator and a witness to 

various socio-religious and  political  disparities and 

also provides Ranna’s experience as a victim – how  

minorities were marginalized during and after the 

partition. 

DISCUSSION 

Lenny is under the total care of Shanta,   a 

Hindu from Amritsar, called Ayah, one of the 

servants in Lenny’s house at Warris Road in Lahore.   

Lenny is not sent to school because her family 

doctor suggests that she should evade strain to her 

mind and to her polio-effected leg since it needs 

complete supervision.  Being intelligent, Lenny 

observes that people of different religions such as 

Hinduism, Islam, Christianity, Sikhism, 

Zoroastrianism, etc. are very amicable with one 

another  and they are ready to help and even 

sacrifice  for one another as they are bound to  

friendship.  Though the people of different 

communities live within their own houses, the 

boundaries drawn around them are never rigid.  

There is a lot of intermingling and exchange. They 
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a  b  s  t  r a  c t

Manganese  oxide  nanoflowers  were synthesized  by  a simple  hydrothermal  method at 150 ◦C and 170 ◦C
temperature using potassium  permanganate (0.1  M and  0.3 M)  as manganese  source and cetyltrimethy-
lammonium  bromide  (0.05  M)  as  size reducing  reagent.  A reaction duration  of 12  h was used  in all  the
experiments.  The synthesized  product consists of the  mixed  phases  of cubic  Mn2O3 and orthorhom-
bic  Mn3O4 systems as  analyzed  from  X-ray  diffraction  studies. Fourier transform  infrared  spectroscopic
studies confirmed the  presence of Mn-O bond.  High resolution transmission  electron  microscopic  images
show  the  formation of nanoflower structures.  The average diameter  of the  nanoflowers  is ∼771  nm. The
influence  of reaction temperature  and  molar  concentration  of potassium  permanganate  on the  morphol-
ogy  of manganese  oxide  was studied  by  field emission  scanning  electron microscopy.

© 2018  Elsevier  B.V.  All rights  reserved.

1. Introduction

Nanostructured materials with hierarchical architectures have
drawn the attention of many investigators because of their out-
standing structural diversity and peculiar chemical and physical
properties. Dimensionality and quantum confinement effects make
nanostructured materials to find applications in various fields such
as magnetic storage devices, catalysis, electrode materials, energy
storage devices and sensors [1]. In recent years, semiconductor
metal oxides are attracting great attention because of their wide
applications [2,3]. One of such metal oxides, manganese oxide, is
non-toxic, abundant in nature and cost effective. Mn exists in  var-
ious oxidation states (+2, +3, +4) and yields different phases of
MnO, MnO2,  Mn2O3 and Mn3O4. Among these manganese oxides
Mn3O4 and Mn2O3 find potential applications in catalysis [4],
energy storage medium in lithium-ion battery [5], supercapacitors
[6] and sensors [7]. Reports show that manganese oxide nanopar-
ticles possessing various nanostructures, like rods [8], wires [9],
cubes [10,11] and hollow spheres [12] were synthesized through
sol–gel [13], hydrothermal [14–17],  thermal decomposition [18]
and precipitation [19] methods. Wang et al. [1] reported on the
synthesis of three-dimensional flower like Mn3O4/Mn2 O3 hierar-
chical architectures by novel chemical reaction route. Jana et al. [20]

∗ Corresponding author.
E-mail address: geetha.a@ktr.srmuniv.ac.in (G. A.).

synthesized flower like hierarchical nanostructures of  Ag doped
MnO2 by using facile wet  chemical and photo chemical routes.
Ni et al. [21] synthesized manganese oxide flower like nanostruc-
tures with size 35 nm by simple and effective low temperature
reduction route. Zhang et al. [22]  reported synthesis of  porous
Mn2O3 nanoflower structures with ∼20 �m size by using simple
hydrothermal method. Sun et al. [23]  prepared nano wires with
diameter ranging from 30 nm to 100 nm by using hydrothermal
process. Shrividhya et al. [24] synthesized manganese oxide nano
particles with 31 nm size by co-precipitation method. Ali  et al.
[25]  reported on the synthesis of MnO2 nano flowers with 100 nm
diameter by electro winning technique. Zhu et al. [26], Zhang
et al. [27], Hassan et al. [9], Dang et al. [6]  and Wang et al. [28]
reported on the synthesis of manganese oxide flower-like micro-
sphere, Mn2O3 nanoflowers and Mn3O4 nano ellipsoids, Mn2O3
nanowires,MnO2 worm-like fibers and 3D-flower like structures
respectively by hydrothermal method. Thus among various meth-
ods employed to synthesize manganese oxides, the hydrothermal
method provides various nanostructures and these structures can
be used for applications in various fields [9,11]. Hence, in this work,
we employed the hydrothermal method to  synthesize manganese
oxide nanoflowers varying the synthesis parameters and studied
their effect on the structural and morphological properties.
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A B S T R A C T

The present work demonstrates the morphology dependent synthesis of manganese oxide using simple hydro-
thermal method just by adjusting the reaction temperature. The structural and morphological studies confirm
the formation of manganese oxide with different phases and anisotropic structures of manganese oxide.
Interestingly, electrochemical studies exhibit significant oxygen reduction reaction (ORR) kinetics by manganese
oxide nanowires with improved onset potential of +0.83 V versus reversible hydrogen electrode (RHE) and
current density of 1.75 mA/cm2 in alkaline condition. Among three different morphologies, nanowires show
better catalytic activity due to improved diffusion path length and higher aspect ratio. However, all the three
samples follow two (2) - electron transfer ORR kinetics, though four electron transfer kinetics has been of great
interest for energy conversion applications. Experimental results represent that the reaction temperature plays a
key role in forming different shapes and affect the crystal phase and growth process thereby affecting electro-
chemical properties.

1. Introduction

In the past few decades transition metal oxides (TMOs) have gained
attention because of their promising physical and chemical behaviours.
TMOs are extensively used for many technological applications in
various fields, catalysis, molecular, adsorption, magnetic devices and
energy storage applications [1–3]. Among various TMOs, manganese
oxide has been a special candidate as it exhibits variable oxidation
states like +2, +3 and +4 [4], yields different phases of MnO, MnO2,
Mn2O3 and Mn3O4 which could make them to exhibit various promising
features like high surface area, catalytic activity, redox stability and
reduced toxicity and so on. As a result, a plethora of applications in
various energy conversion and storage device like fuel cells [5], ion
based batteries [6], supercapacitors [7], waste water treatment [8],
catalysis [9], sensors [10] and rechargeable batteries [11–13] have
been shown previously. Especially, Mn2O3 and Mn3O4 play a major role
in rechargeable batteries [14], hydrogen storage [15] and micro elec-
tronics [16]. Consequently, several novel and effective routes are
available to synthesize manganese oxide including hydrothermal
[17–19], sol-gel [20,21], pulse laser ablation [22], precipitation [23]
and so on. Among these methods, the hydrothermal method has been
most widely employed due to its better control over thermodynamics. It
also permits lower working temperature and controlled reaction

kinetics during various materials synthesis. Moreover, it is quite sui-
table and reliable for the synthesis of identical anisotropic nanos-
tructures [24–26]. Importantly, the hydrothermal process could be ef-
ficiently employed for the synthesis of well-structured manganese oxide
by changing different growth parameters such as temperature, con-
centration of reactants, concentration of surfactant, solvent etc. to im-
prove the material properties [27]. Additionally, the hydrothermal
method has great advantage to synthesize size and morphology con-
trolled single phase, pure and porous Mn3O4 hierarchical structures
[28]. As a result, different nanostructures of manganese oxide like na-
notubes [29], nanosphere [30], nanorods [31] nanowires [32] and
nanoflowers [33,34] have been reported using hydrothermal process.

Besides, oxygen reduction reaction (ORR), a rate determining
cathodic reaction in low temperature fuel cells has been of great im-
portance since many decades [35]. Platinum (Pt) has been reported as
one of the most promising electrocatalysts for such application. How-
ever, Pt is very expensive and corrosive in fuel cell operating conditions
and thus many researchers are trying to develop cost-effective catalysts
like TMOs as better alternative to Pt, especially in alkaline fuel cells
[36]. A plethora of TMO based noble metal-free electrocatalysts have
been reported in the past 2–3 decades, which show competitive ORR
kinetics to that of Pt [37]. For example, Yabuuchi et al., reported Fe and
Mn-based positive electrode materials for rechargeable sodium
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ABSTRACT 

An analysis is performed to investigate the effects of Joule heating and thermal diffusion on unsteady, viscous, incompressible, electrically 

conducting MHD heat and mass transfer free convection Casson fluid flow past an oscillating semi-infinite vertical moving porous plate in the 

presence of heat source/sink and an applied transverse magnetic field. Initially it is assumed that the plate and surrounding fluid at the same 

temperature and concentration at all the points in stationary condition in the entire flow region. Thereafter a constant temperature is given to the plate 

hence the buoyancy effect is supporting the fluid to move in upward direction and is assumed that gravity is the only force which acts against to the 

flow direction. The governing flow is modeled in the form of partial differential equations with initial and boundary conditions. With suitable non-

dimensional quantities the governing non-linear partial differential equations obtained in dimensionless form, which are solved numerically with 

finite difference scheme. Numerical results for non-dimensional velocity, temperature and concentration as well as the skin-friciton, the rate of heat 

transfer and the rate of mass transfer studied for different physical parameters. The results show that the solutal boundary layer thickness of the fluid 

enhances with the increase of Prandtl number and the temperature is increased by an increase in the heat source by the fluid. The central reason 

behind this effect is that the heat source causes an increase in the kinetic energy as well as thermal energy of the fluid. The momentum and thermal 

boundary layers get thinner in case of heat source fluids.   
 
Keywords: Casson fluid, MHD, free convection, thermal diffusion, Joule dissipation, heat and mass transfer.  
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1. INTRODUCTION 

The study of Casson fluid flow on MHD free convection flows with 

heat transfer past a porous plate is attracting the attention of many 

researchers. Casson fluid in one of such fluid, this fluid has distinct 

features and is quite illustrious recently. Casson fluid model was 

introduced by Casson in 1959 for the prediction of the flow behavior of 

pigment-oil suspension. So for the flow, the shear stress magnetic of 

Casson fluid needs to exceed the yield shear stress, or else the fluid 

behaves as a rigid body. This kind of fluids can be marked as a purely 

viscous fluid with high viscosity. Casson model is based on a structure 

model of the interactive behavior of solid and liquid phases of two 

phase suspensions. Some famous examples of Casson fluid include 

jelly, sauce, tomato, honey, soup and concentrated fruit juice. Human 

blood can also be treated as Casson fluid due to the presence of several 

substances such as fibrinogen, protein, globulin in aqueous base plasma 

and human red blood cell. In all of the above studies the solutions of 

Casson fluid are either obtained by using approximate method or by any 

numerical scheme. 

 There are many cases in which the exact analytical solutions of 

Casson fluid are obtained. Vajravelu and Mukhopadhyay (2013) studied 

diffusion of chemically reactive species in Casson fluid flow over an 

unsteady permeable stretching surface. Das et al. (1996) analyzed 

Casson fluid flow in a pipe filled with a homogeneous porous medium. 

Nadeem et al. (2013) considered MHD three-dimensional Casson fluid 

flow past a porous linearly stretching sheet. MHD flow of a Casson 

fluid over an exponentially shrinking sheet is addressed by Nadeem et 

al. (2012). Pramanik (2014) investigated Casson fluid flow and heat 

transfer past an exponentially porous stretching surface in the presence 

of thermal radiation. Hayat et al. (2012) discussed soret and Dufour 

effects on magneto hydrodynamic flow of Casson fluid. Mustafa et al. 

(2011) considered unsteady boundary layer flow of a Casson fluid due 

to an impulsively started moving flat plate. Numerical study of pulsatile 

MHD Non-Newtonian fluid flow with heat and mass transfer through a 

porous medium between two permeable parallel plates is addressed by 

Abdelna et al. (2006). Mukhopadhyay (2013) discussed effects of 

thermal radiation on Casson fluid flow and heat transfer over an 

unsteady stretching surface subjected to suction/blowing. 

Mukhopadhyay et al. (2013) considered Casson fluid flow over an 

unsteady stretching surface.  

Shateyi et al. (2014) studied numerical analysis of MHD 

stagnation point flow of Casson fluid, heat and mass transfer over a 

stretching sheet. Boyd et al. (2007) discussed analysis of the Casson 

and Carreau-Yasuda non-Newtonian blood models in steady and 

oscillatory flows using the lattice Boltzmann method. Mernone et al. 

(2002) discussed a mathematical study of peristaltic transport of a 
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Summary

Debutant analysis of the parameters impeding the efficiency of the CdS/SnS‐

based photovoltaic device is the chief novelty of the present report. We have

developed thin‐film heterojunction solar cells with the stacking sequence:

glass/Al‐doped ZnO/CdS/SnS/In. The two crucial issues, band offsets and cell

studies, are discussed in detail. The band offsets at the CdS/SnS interface have

been systematically evaluated by semidirect X‐ray photoelectron spectroscopy.

The calculated valance band offset (ΔEv) and conduction band offsets (ΔEc)

are found to be 1.46 and −0.36 eV, respectively. The negative value of conduc-

tion band offset indicates that the junction formed is of type‐II (staggered‐type

heterojunction). Electrical studies revealed power conversion efficiency of

0.32% with VOC, JSC, and fill factor as 170.61 mV, 7.26 mA/cm2, and 0.26,

respectively. The impact of the offset values on the cell studies is clearly eluci-

dated. The reasons for the low efficiency are spotlighted. Collectively, this arti-

cle gives the overview of the systematic approach undertaken to get obvious

picture about the barriers that limit the conversion efficiency of the CdS/SnS‐

based solar cell and the measurements required for enhancing the efficiency

of the SnS‐based solar device.

KEYWORDS

heterojucntions, power conversion efficiency, semidirect XPS, staggered type

1 | INTRODUCTION

The increasing demand for the renewable sources of
energy and limited availability of the fossil fuels paved a
new way for the solar cell technology. The direct way of
conversion of solar energy to electrical energy is photovol-
taics (PVs). Thin‐film heterojunction (HJ) solar cells
represent an alternative to standard silicon‐based solar
cells in the view of the cheaper production than crystal-
line Si.1 Recent trends of thin‐film solar cells were
developed on polycrystalline CdTe and CIGS. Although
CIGS cells broke ~23% efficiency barrier in the laboratory
specimens and reached 15.7% in industrial modules,2-4 it
was predicted to face supply shortages in long run and

usage of the PV technology with low “environmental
load” avoiding the Te and Se compounds are of interest
in the case of CdTe. Based on this forecast, the major
challenge for the solar cell technology is to provide cost‐
effective, nontoxic, sustainable, and abundant materials
in the PV cell usage. In this context, a simple binary
absorber material, tin monosulfide (SnS) whose constitu-
ent materials are nontoxic, abundantly available with a
direct band gap of 1.3 eV is selected as an absorber layer
in our solar cells. Although, SnS could be prepared by
number of vacuum and nonvacuum techniques,5-12 in
our present work, absorber (SnS) films were prepared by
thermal evaporation technique to obtain adhesive, uni-
form, and high‐quality films. In the view, that a novel
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ABSTRACT 

The object of the present paper is to investigate the Soret and Dufour effects on a steady free convection 

boundary layer flow of a viscous, incompressible electrically conducting and chemically reacting fluid past a 

low-heat-resistant sheet moving vertically downwards, by taking viscous dissipation into account. The 

governing equations are transformed into a set of ordinary differential equations by using similarity 

transformation and the resultant equations are solved numerically using the fourth order Runge-Kutta method 

along with shooting technique. The effects of various governing parameters on the velocity, temperature, 

concentration, skin-friction coefficient, Nusselt number and Sherwood number are shown in figures and tables 

and discussed in detail. 

Key words:  Boundary layer flow,   Chemical reaction, Soret and Dufour effects, Viscous Dissipation, Vertical 

plate. 
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I. INTRODUCTION 

Boundary layers formed across vertical 

surfaces are a common engineering problem in 

industry. Some practical areas of application 

include chemical coating of flat plates, hot rolling, 

wire drawing, metal and polymer extrusion 

processes. Many chemical engineering processes 

like metallurgical and polymer extrusion involve 

cooling of molten liquid. Some polymer fluids like 

Polyethylene oxide and polyisobutylene solution in 

cetane have better electromagnetic properties and 

can be regulated by external magnetic fields. A 

comprehensive review on the subject has been 

made by many authors including Nield and 

Bejan[1], Ingham and Pop [2,3], Bejan and Khair 

[4], Trevisan and Bejan [5] and Sakiadis [6]. 

Postelnicu [7] numerically studied the influence of 

magnetic field on heat and mass transfer by natural 

convection from vertical surfaces in porous media 

by considering the Soret and Dufour effects while 

Anghel et al.[8] analyzed the Dufour and Soret 

effects on free convection boundary layer over a 

vertical surface embedded in a porous medium. 

Furthermore, Alam and Rahman [9] also 

investigated the Dufour and Soret effects on mixed 

convection flow past a vertical porous flat plate 

with variable suction.  Free convection on a vertical 

plate with uniform and constant heat flux in a 

thermally stratified micropolar fluid was presented 

by Chang and Lee [10] whilst Vajravelu et al.[11] 

and Crane [12] investigated the convective heat 

transfer on a stretching sheet. Also, Gupta and 

Gupta [13], Kays and Crawford[14], Ibrahim and 

Makinde[15,16] made significant contributions to 

the subject by considering various aspects of the 

problem of heat and mass transfer on stretching 

sheets.  

Anwar et al. [17] conducted a network 

numerical study on laminar free convection flow 

from a continuously-moving vertical surface in 

thermally-stratified non-Darcian high-porosity 

medium. Makinde [18] earlier on presented 

computational results on boundary layer flow with 

heat and mass transfer past a moving vertical 

porous plate. The effect of thermal radiation on 

heat and mass transfer of a variable viscosity fluid 

past a vertical porous plate permeated by transverse 

magnetic field was reported in Makinde and Ogulu 

[19]. 

 In all the above papers viscous dissipation 

is neglected. But when the motion is under strong 

gravitational field, or flow field is of extreme size, 

the viscous dissipative heat cannot be neglected. 
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Abstract 
Let G be a rooted product graph of path with a cycle graph with the 

vertex set V and the edge set E. Here nP   be a Path graph with n vertices 

and ( 3)mC m  be a cycle with a sequence of n rooted graphs 

1 2 3, , , ,m m m mnC C C C . Then by n ( )mP C we denote the graph obtained by 

identifying the root of miC with the ith vertex of nP . We call n ( )mP C  the 

rooted product of nP by mC and it is denoted by n mP C . Every ith vertex of 

nP  is merging with any one vertex in every ith copy of mC . So 

in nG mP C  , nP  contains n vertices and mC  contains (m-1) vertices in each 

copy of mC . In this paper we discuss some results on rooted product graph 

of path with a cycle graph. 

Key Words:Rooted product graph, signed dominating functions, signed 

domination number. 

International Journal of Pure and Applied Mathematics
Volume 117 No. 15 2017, 313-323
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

313

Electronic copy available at: https://ssrn.com/abstract=3522344


