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ABSTRACT: In recent constructions, the consumption of ceramic materials is increasing day by day in the form of 

tiles, sanitary fittings, electrical insulators etc. But a large quantity of ceramic materials changes into wastage during 

processing, transporting and fixing due to its brittle nature. Therefore, using these wastes in concrete production could 

be an effective measure in maintaining the environment and improving the properties of concrete. Hence, the crushed 

waste ceramic tiles were used in concrete as a replacement for natural coarse aggregates with 10%, 20%, 30%, 40% 

and 50% of substitution. After analyzing results, the optimum value of waste ceramic tile to be used within the concrete 

mix with a water/cement ratio of 0.5was determined as about 30%. The compressive and flexural strength of optimal 

concrete was found 5.43% and 32.2% higher than reference concrete respectively. The findings  revealed  that  using  

waste  ceramic  tile  lead  to  enhancing  the  properties  of concrete. 
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I. INTRODUCTION 
 

Aggregate and Cement, which are the most important constituents used in concrete production, are the essential 

materials needed for the construction industry. This certainly led to a continuous and increasing demand of natural 

materials used for their production. Parallel to the need for the utilization of the natural resources emerges a growing 

concern for protecting the environment and a need to preserve natural resources, such as aggregate, by using alternative 

materials that are discarded as a waste. Therefore, one of the most serious problems of the world has been related to 

remove the wastage and reusing of it. A large quantity of wastage is produced annually in all countries. In particular, 

Construction and Demolition (C&D) wastes contribute the highest percentage of wastes worldwide about 75%. 

Furthermore, ceramic materials contribute the highest percentage of wastes within the C&D wastes about 54%. The 

global production of ceramic tiles during 2011-12 in the world is about 11,166 million square meters. China is the 

largest ceramic tiles producer (5,200 million square meters) which is 46.6% of world production as well as consumer 

(4,250 million square meters) which is 38.9% of world consumption. Compared to China, India ranks third; accounting 

for just 691 million square meters tiles production which is 6.2% of world production and also ranks third in terms of 

consumption accounting for just 681 million square meters which is 6.2% of world consumption. This huge amount of 

productions has caused them to be among the most commonly-consumed materials in the world. Usually, the wastage 

related to tile, ceramic and sanitary ware are created in different forms some of which are produced in companies 

during and after production process due to errors in either construction, human activities, and also inappropriate raw 

materials. Some others are produced in transportation and distribution procedures and finally, the most bulk of them are 

created as a result of destroying constructions. It is predicted that about 30% of daily production of ceramic materials in 

India change into wastage and this amount reaches to millions ton per year. This waste is not recycled in any form at 

present. Therefore, they are useless in practiced and cause environmental and disposal problems. However, the ceramic 

waste is durable, hard and highly resistant to biological, chemical and physical degradation forces. The properties of 

these materials make them a good and suitable choice to be used in concrete. The use of waste ceramic tiles in concrete 

effects the properties of fresh and hardened concrete, and makes it economical and also solves some of the disposal 

problems.  
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Abstract

   A comprehensive numerical study of wind effects using Computational Fluid Dynamics (CFD) techniques on the low-rise 
hipped roof building is presented in this paper. Two Reynolds Averaged Navier–Stokes Equations (RANS) techniques such as 
the Standard k ε− turbulence model and the Renormalization group (RNG) k ε− turbulence model were adopted in this study 
to predict the wind loads and the flow patterns around the hip-roof building. The computed wind pressure coefficients on the 
roof of the hip-roof buildings were compared with the wind-tunnel data. It was found that the results obtained using RNG 
k ε− turbulence model are in good agreement with that of the wind-tunnel data than the Standard k ε− turbulence model.  It 
was also found that the CFD techniques are an effective and alternative tool, less time consuming, easy-to-handle, as well as low 
cost approach for evaluation of wind effects in comparison to wind-tunnel experiments, using the above turbulence models and 
with the available resources. 

Keywords: CFD, Computational Fluid Dynamics, Wind force, Hip-roof building, Low-rise building, RANS approach, Wind 
Engineering. 
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1. Introduction 

   A hip-roof, or hipped roof as shown in Fig. 1, is a type of roof where all sides slope downwards to the walls, usually with a fairly 
gentle slope. Thus, it is a house with no gables or other vertical sides to the roof. Hip roofs are thus commonly seen in places of 
heavy wind such as in hilly regions, coastal regions, etc. and are subjected to drag forces. Corners receive a relatively large 
outward pressure. A flat roof experiences an outward pressure or uplift, in addition to drag forces. The pressure on a pitched roof 
varies depending on different factors such as the slope of the roof and the building dimensions. Eaves and overhangs are affected 
by entrapped wind underneath them which leads to a pressure stagnation on them (Taher, 2010). 
 Wind flow is turbulent in nature and consists of many complex flow patterns. The field of wind engineering generally comes 
across with these types of flows. Wind pressures on buildings and structures depend upon the velocity profile and turbulence 
characteristics of the upcoming wind. These factors in turn depend on the roughness and general conformation of the upstream 
terrain (Bitsuamlak et al., 2004). Wind loads generally govern the lateral strength of a building and this aspect is more evident in 
areas of severe wind (Ahmad et al, 2002). 
   Xu et al. (1998) carried out wind-tunnel tests on the models of hip-roof building on a scale of 1:50 (prototype dimension 14 m x 
7 m x 2.9 m eave height) with pitch 15o, 20o, 30o and studied the wind pressures on the roof. The highest peak suction at the corner 
was experienced with a slope of 30o. The worst peak suctions are much smaller on the hip-roof than on the gable roof for 15o and 
20o roof pitches. A wind-tunnel study of the effect of geometry of hip-roof building on wind pressures on low-rise hip-roof 
buildings were also carried out by Shakeel et al (S. Ahmad et al, 2002) taking the same dimensions of the models of Xu et al. He 
concluded that variation of overhang ratio (0.17, 0.26 and 0.38) on the hip roof with 30o roof pitch have shown moderate effects on 
roof pressures. Both the overhang and aspect ratio were found to influence the magnitude and distribution of pressures on the hip-
roof. 
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Abstract—Present study is to investigate the behaviour of 

composite beams of M20 Grade of concrete mix having size of 100 

mm x 100 mm x 500 mm with varying percentages of fibre content 

under a combined state of flexure and direct compression. Straight 

cylindrical fibres of length 28 mm and diameter of 0.28 mm with 

aspect ratio of 100 were used. Twelve beam specimens each with 0, 

0.5, 0.75 and 1% fibre percentages by weight were cast. Therefore in 

total forty eight beams were cast. These beams were tested as simply 

supported beams in flexure along with direct compression of 0, 50, 

100, and 125 kN. The beams were tested such that for each 

percentage of fibre content, all the four values of direct compression 

were applied for each set of three beams. 

From the experimental study, it has been observed that the value of 

ultimate bending strength and deflection increases with the increase 

in the value of compression for a particular percentage of fibre 

content. The ductility increases as the value of compression increases 

for a particular percentage of fibres. 

Keywords—Aspect ratio, compression, flexure, SFRC (Steel 

Fibre Reinforced Concrete), volume fraction

I. INTRODUCTION

TEEL fibre reinforced concrete (SFRC) may be defined as 

a composite material made with Portland cement, 

aggregate, and incorporating discrete fibres.  The need for 

addition of fibres to plain, unreinforced concrete arises 

because it is a brittle material, with a low tensile strength and a 

low strain capacity. Adding steel fibres to the concrete matrix, 

to make Steel Fibre Reinforced Concrete (SFRC), initially 

inhibits the propagation of cracks and then maintains some 

measure of load carrying capacity even after a visible crack 

pattern is established. Conventional reinforcement, in the form 

of bars or mesh, also provides load carrying capacity after 

cracking is established, but has a negligible effect in terms of 

slowing down or retarding crack development. 

SFRC has been used for a wide variety of applications, 

namely, pavements and overlays, industrial floors, hydraulic 

and marine structures, repairing and rehabilitation works.  

However, there is still a lack of information on the modelling 

of SFRC structures.
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II. LITERATURE REVIEW

Shah and Rangan [1] worked on ductility and fracture 

toughness of concrete with and without steel fibres and 

concluded that the ductility as well as fracture toughness of 

concrete improves. The fibres also increase substantially the 

ultimate concrete stain in the beam. 

C.B. Kukreja, et al. [2] carried out experimental 

investigations on the direct tensile strength, indirect tensile 

strength and flexural tensile strength of the fibrous concrete 

and compared with the various aspect ratios of the fibres as 

100, 80 and 60 respectively. They observed that maximum 

increase in direct tensile strength obtained by fibres of aspect 

ratio 80 with 1% as volume fraction. 

Niyogi and Dwarkanathan [3] studied the action of moment 

and shear on the behaviour of fibre reinforced concrete beams. 

The principal variables are the concrete mix proportions, fibre 

volume fraction and shear span. They concluded that shear 

capacity decreases as a shear span/depth ratio increases. 

Kukreja and Chawla [4] after conducting experimental 

investigations on concrete by using straight bent and crimped 

steel fibres with aspect ratio 80, they published a paper on 

“flexural characteristics of steel fibre reinforced concrete”. 
They concluded that, based on steel fibre content, its type and 

orientation, behaviour can range from brittle to very ductile, 

all for the same range of flexural strength.  

Gopalakrishnan et al [5] of Structural Engineering Research 

Centre (SERC), Chennai have studied the properties of steel 

fibre reinforced shotcrete namely the toughness, flexural 

strength, impact resistance, shear strength ductility factor and 

fatigue endurance limits. It is seen from the study that the 

thickness of the Steel Fibre Reinforced Shotcrete (SFRS) 

panels can be considerably reduced when compared with weld 

mesh concrete.   

I.H. Yang, C. Joh, B.S. Kim [6] examined the basic 

behaviour of ultra high strength concrete beams reinforced 

with steel fibres. The test results from this study provide more 

information to help establish a prediction model for the 

flexural strength and deflection of ultra high strength concrete 

beams under bending conditions. 

III. EXPERIMENTAL PROGRAMME

An extensive experimental program has been executed to 

ascertain the flexural behaviour of steel fibre reinforced 

concrete beams when the beams are under combined state of 

compression. The experiments were conducted on concrete 
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Abstract- Fibre reinforced concrete is a concrete mix that 

contains short discrete fibres that are uniformly distributed and 

randomly oriented. Fibre material can be steel, cellulose, carbon, 

polypropylene, glass, nylon, and polyester. Addition of steel fibres 

slightly increases compressive strength, but it considerably increases 

the tensile strength, toughness, ductility etc. It also increases the 

ability to withstand stresses after significant cracking (damage 

tolerance) and shear resistance.  

Present study is to ascertain the behaviour of steel fibre reinforced 

concrete with varying composite mixes and percentages of fibres. 

The experiments were conducted on concrete mixes of M20, M25

and M30 grades. Straight fibres of length 28 mm and diameter of 

0.28 mm with aspect ratio of 100 was used. Every grade of mix was 

further reinforced with different percentage of above mentioned 

fibres i.e. 0%, 0.5%, 0.75% and 1% by weight. A total of 36 cubes of 

standard size 150 mm x 150 mm x 150 mm and 36 cylinders of 150 

mm diameter and of 300 mm height were cast, three samples each 

for a particular grade of mix and particular fibre content. The 

experimental program involved the evaluation of the compressive 

strength and ultimate compressive strains of concrete cubes under 

uniaxial compression using two dial gauges placed on opposite faces. 

The cylinders were tested for splitting tensile strength and the tensile 

strains were recorded under uniaxial compression. Ultimate 

compressive strength, ultimate compressive strain, ultimate splitting 

tensile strength and ultimate splitting tensile strain were obtained 

with the variation in the percentage of fibre content. 

From the experimental study, it has been observed that ultimate 

compressive  and splitting tensile strength  as well as strain increases 

with the increase in grade of concrete and percentage of steel fibres. 

Keywords---Concrete mix, cylinder, compressive strength, 

splitting tensile strength.  

I. INTRODUCTION 

ANY researchers have studied the effect of fibre 

addition on the mechanical and durability properties of 

ordinary Portland cement concrete. Review of literature 

of SFRC on workability, compressive strength, tensile 

strength and modulus of elasticity are given below.  

V. Bindiganavalie, N. Banthia [1] , crried out their research 

on “Some studies on the Impact Response of Fibre Reinforced 
Concrete”  and made an attempt to examine two major issues 

related to impact loading on plain and fibre reinforced 

concrete. Firstly, within the context of drop weight impact 

tests, a number of machine parameters were examined 

Iqbal Khaleel Khan1 is with the Department of Civil Engineering, Aligarh 

Muslim University, Aligarh-202002 (U.P.) INDIA. 
M.S. Jafri2 is with the Department of Civil Engineering, Aligarh Muslim 
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including capacity size (150J – 15,000J) and drop heights 

(1.2m – 2.5m). It was found that the machine parameters 

strongly control the experiential material response to impact. 

Secondly, a comprehensive test program launched where steel 

and polymer fibres with widely different constitutive 

properties were compared as reinforcement in concrete under 

impact loading. 

O. Kayali et al. [2] carried out experimental investigation 

on the effect of polypropylene and steel fibres on high 

strength light weight aggregate concrete. Sintered fly ash 

aggregates were used in the light weight concrete. By adding 

polypropylene fibres at 0.56% by volume of the concrete 

caused a 90% increase in the indirect tensile strength and a 

20% increase in the modulus of rupture, whereas addition of 

steel fibres at 1.70% of volume of concrete increased the 

indirect tensile strength by about 118% and 80% increase in 

modulus of rupture. Finally there is a significant gain in 

ductility when steel fibres are used.  

S.K. Kaushik, Y. Mohammadi [3] carried out experimental 

investigation on the mechanical properties of reinforced 

concrete by adding 1.0% volume fraction of 25mm and 50 

mm long crimped type flat steel fibres. It was observed that 

short fibres acts as crack arrestors and enhances the strength, 

where as long fibres contributed to overall ductility. They

concluded that best performance was observed with mixed 

aspect ratio of fibres.  

P.H. Bischoff [4] studied the post cracking behaviour of 

reinforced tension members made with both plain and steel 

fibre - reinforced concrete. He concluded that specimens with 

steel fibres exhibited increased tension stiffening and smaller 

crack spacing, which both contributed to a reduction in crack 

widths. Also it is observed that cyclic loading did not have a 

significant effect on either tension stiffening (or) crack width

control for the specimens tested.  

Song, Hwang, Shou [5] carried out experimental 

investigations to study the impact resistance of steel fibre 

reinforced concrete using drop weight test method. They used 

hooked end fibres with 0.55mm in diameter and 35mm long. 

They concluded that steel fibrous concrete improved to 

various degrees to first crack and failure strengths and 

residual impact with standing capacity over the non-fibrous 

concrete.  

II. EXPERIMENT PROGRAMME 

A. Materials Used 
Ordinary Portland cement of 43 grade,  locally available 

coarse sand (grading zone II, fineness modulus: 2.83, specific 

gravity: 2.45) as fine aggregate, locally available crushed 

stone aggregate, mainly quartzite in mineralogical 
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A B S T R A C T 

 

This paper investigates the durability properties of Self-compacting concrete (SCC), 
with different amounts of fly ash (FA), lime powder (LP) and metakaolin (MK). A total 
of 6 mixes were prepared that have a constant water-binder ratio (w/b) of 0.41 and 
superplasticizer dosage of 1% by weight of cement. In addition to compressive strength, 
the durability properties of SCC mixes were determined by means of Initial surface 
absorption test (ISAT) and Capillary suction test. The test results indicated that the 
durability properties of the mixes appeared to be very dependent on the type and amount 
of the mineral admixture used; the mixes containing MK were found to have 
considerably higher permeability resistance. Good co-relation between strength and 
absorption were achieved. 

1 Introduction 

Self-compacting concrete (SCC) is a highly flow-able, non-segregating concrete that can spread into place, fill the 
formwork and encapsulate the reinforcement without any need for vibration. It is a modified product that flows and 
consolidates under the influence of its own weight. Not only will it, thus, reduce the exposure of workers to noise and 
vibration of the vibrating equipment, it can also reduce the technical cost of in-situ cast concrete constructions, due to
improved casting cycle, quality, durability, surface finish and reliability concrete structures and eliminating some of the 
potential for human error. It is a sensitive mix, strongly dependent on the composition and characteristics of its 
constituents. It consists of the same components as of conventionally vibrated concrete, which are cement, aggregates and 
water, with the addition of chemical and mineral admixtures in different proportions. Stability and flow ability of SCC is 
achieved by increasing the solid fraction of paste phase of concrete that can be achieved by employment of some mineral 
admixtures [12]. The use of mineral admixtures improves the hardened and especially durability properties of the concrete. 
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ABSTRACT 
 

The paper presents a numerical study of wind pressure on the low-rise hip-roof building by 

varying the roof pitch using computational fluid dynamics (CFD). A Texas Tech. University 

building models with hip roof, reduced at a geometric scale of 1:50 were numerically 

simulated for the present study. Various hip-roof building models of different roof pitches as 

usually used in different parts of the world, such as, 15°, 20°, 30° and 40° were selected with 

different wind angle attack i.e. 0°, 45° and 90°. The numerically computed wind pressure 

coefficients on the roof of the hip-roof buildings were compared with the wind-tunnel 

results. Two RANS (Reynolds Averaged Navier-Stokes) turbulence models such as the 

Standard  (SKE) and the Renormalization group  (RNG-KE) were adopted in this 

study keeping in mind the computational resources available.  

Result shows that roof pitch does affect the magnitude of wind pressures coefficients but the 

pattern almost remains same. The model with roof pitch 30° amongst the various models 

was found to have maximum wind pressure. It was also found that the results obtained using 

the CFD turbulence models and the wind-tunnel data are in good agreement with in certain 

limit. 

 

Keywords: Computational fluid dynamics; wind force; hip-roof building; low-rise building; 

RNG; SKE; wind engineering. 

 

 

1. INTRODUCTION 
 

Building with a mean roof height less than about 20 m are categorized as low-rise.Majority 

of buildings the world over, whether residential or commercial, are low-rise. The effect of 

varying geometric configurations, surrounding topography and wind directions, etc. make 

analyses of wind load on low-rise buildings a bit complicated. Dynamic modeling of wind 

loads on low-rise buildings remains a very challenging task, which is critical for cost-

effective design and reduction of wind-induced losses [1]. 
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Abstract
Ferrocement is a composite material consisting of layered wire meshes and rich cement-sand mortar which 

imparts high degree of ductility and energy absorbing capacity. Although ferrocement has proven itself as an excellent 
material for low cost housing, its durability continues to be a matter of concern owing to the corrosion susceptibility of 
the small diameter metallic wire meshes. Protection of reinforcement in ferrocement is usually achieved through the 
galvanized wire mesh, increased effective cover and dense mortar. These methods give only partial protection to the 
reinforcement against corrosion. This article reviews the studies undertaken to control corrosion in the ferrocement 
composites and thereby improving the durability of the composites.

Keywords: Ferrocement; Cementitious composites; Corrosion of 
steel wire mesh; Corrosion inhibitors

Introduction
There is an alarming housing shortage in Asia and the Pacific region 

in general and in the Indian context in particular. An economical and 
a simple alternative construction material will contribute greatly in 
solving the problem of housing. The provision of proper dwellings 
and basic infrastructure facilities along with earthquake resistant 
features, have been the constant endeavour of the previous researchers. 
Ferrocement has proven itself as an excellent material for low cost 
earthquake resistant housing. Various research organisations and 
non-government agencies viz. CBRI, SERC, AVBC, HUDCO and 
some other private sector organisations have also been involved in 
propagating the technology for effective use of ferrocement units. 
The corrosion susceptibility puts a question mark on the effective 
service life of ferrocement and its components. Any technique 
suggesting the enhanced life through use of corrosion inhibitors 
will definitely establish the effectiveness of the ferrocement material 
system for a wider range of application in diversified areas including 
housing, agriculture, industrial, terrestrial and marine etc. Success of 
ferrocement, as with other material depends largely upon its durability. 
Although the ferrocement has proven itself as an excellent material for 
low cost housing [1-20], reinforcement corrosion is one of the most 
important criterion governing durability of the ferrocement since the 
diameter of the wire meshes used in ferrocement are much smaller as 
compared to the conventional reinforced cement concrete.

Prevalent Corrosion Control Techniques
Protection of reinforcement is usually achieved through the use of 

galvanized wire mesh [21]. It has also been suggested that the corrosion 
of reinforcement can be checked to some extent by making dense 
mortar with the use of additives such as fly ash, silica fumes and blast 
furnace slag [22-24]. Some researchers have reported the improvement 
by increasing the effective cover [25]. These suggested ways have 
proved to be ineffective with the passage of time thereby reducing the 
strength of the ferrocement components [26,27]. Studies undertaken 
on the chemical reactivity of inhibitors by earlier investigators 
highlight the worthiness of its application [28-30]. ACI-549R strongly 
recommends that studies be undertaken to suggest durable and long 
term anti-corrosion techniques to prevent penetration of water and 
salts that could lead to the corrosion of reinforcing wire mesh [31]. In 
some of the recent studies carried out to protect rebar in concrete using 

different types of corrosion inhibitors, it has been clearly established 
that inhibitors are extremely effective in controlling/delaying onset of 
corrosion [32-39].

Use of Chemical Corrosion Inhibitors
Use of chemical corrosion inhibitor in ferrocement is rarely sighted 

in literature. Only a few studies are reported which deal with the 
chemicals like chromium trioxide to address a particular problem of 
galvanic cell, a patented admixture and a polymer-modified coating to 
control the reinforcement corrosion.

Use of chemical admixture for the control of corrosion in 
ferrocement has been explored by a very few investigators. The use of 
galvanized wire mesh along with the un-galvanized skeletal steel bars 
creates galvanic cell problem. Christensen and Williamson [40] were 
first to identify this problem and also gave the solution. They suggested 
the use of chromium trioxide at the rate of 100-300 ppm by weight 
of water in preparing the mortar. Iorns [41] also reported the use of 
chromium trioxide as an inhibitor of hydrogen gas generation when 
galvanized mesh is used in ferrocement. Rengaswamy, Saraswathy 
and Balakrishnan [42] recommended the use of a patented admixture 
inhibitor consisting of one or more of the chemicals, namely trisodium 
phosphate, sodium nitrite, sodium hydroxide and sodium carbonate, 
for the protection of reinforcement against corrosion due to chloride 
concentration in ferrocement. Shirai and Ohama [43] reported the 
performance of ferrocement with polymer-modified coating on 
reinforcement. The coating paste was prepared using styrene-butadiene 
rubber latex. It was concluded that the corrosion inhibiting property is 
remarkably improved.

In some of the recent studies attempts has been made to improve the 
corrosion resistance of the ferrocement. Akhtar, et al. [44] explored the 



22/01/2020 EBSCOhost | 115751129 | SOLID WASTE (CERAMIC TILES) AS A REPLACEMENT FOR CONCRETE AGGREGATE.

eds.a.ebscohost.com/abstract?site=eds&scope=site&jrnl=10881697&AN=115751129&h=16EM5zZWKr33k8qPlJPKSV%2f0wQ%2bj0lfJPGjjHXilUSSEuszux… 1/1

SOLID WASTE (CERAMIC TILES) AS A REPLACEMENT FOR
CONCRETE AGGREGATE.

Source:  Journal of Solid Waste Technology & Management . Nov2015, Vol. 41 Issue 4, p216-225. 10p.

Author(s):  Ahmad, Shakeel; Khan, Rehan A.; Daniyal, Md.

Abstract:
In modern way of construction, the consumption of ceramic materials is increasing day by day in the form of tiles, sanitary fittings and
other electrical goods like insulators. But a large quantity of ceramic materials changes into wastage during processing, transporting
and fixing due to its brittle nature. These waste materials are not reusable and recyclable due to their physical and chemical
structure. However, the ceramic waste is durable, hard and highly resistant to biological, chemical and physical degradation forces.
Using ceramic wastage in concrete production could be an effective measure in maintaining the environment and improving the
properties of concrete. The present experimental study deals with the investigation of possibility of using waste ceramic tile in
concrete. Waste ceramic tile is the least expensive of all the concrete constituents and is much less expensive than natural
aggregates and thus the idea is to replace as much of the natural coarse aggregates as possible to save money and to reduce the
amount of disposable wastes, as well, but care has to be taken in order not to weaken the concrete by adding too much ceramic
tiles. The waste ceramic tiles were collected from the nearby commercial shops and were crushed to desirable size. The crushed
waste ceramic tiles were used in concrete as a replacement for natural coarse aggregates with 10%, 20%, 30%, 40% and 50% of
substitution. 18 concrete mixes were prepared with w/c ratio of 0.4, 0.5 and 0.6, while other components kept constant. Standard
series of 36 slump tests, 54 density tests, 54 compressive strength tests and 6 flexural strength tests were conducted. After
analyzing the output results, the optimum value of waste ceramic tile to be used within the concrete mix with a water/cement ratio of
0.5 was determined as about 30%. At the optimum percentage of waste ceramic tile, compressive strength of concrete was found
5.43% higher than the reference concrete. Flexural strength of optimal concrete was also tested and found to be 32.2% higher than
the reference concrete. The findings revealed that using waste ceramic tile lead to enhancing the properties of concrete ultimately
reducing 30% wastage.
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A B S T R A C T 

 

This study investigated the fresh and hardened properties of Self-Compacting Concrete 
(SCC) with different types and amounts of admixtures. Six mixes were prepared by 
replacing 30% of cement with different percentages of fly ash (FA), lime powder (LP) 
and metakaolin (MK). Water- Cement ratio was kept constant at 0.41 and 
superplasticizer dosage of 1% by weight of cement. The filling and passing ability were 
investigated through Slump Flow, J-Ring, V-funnel and L-box test before filling the 
moulds. The compressive strength of hardened SCC cubes was also measured after 
specified days of curing (7, 14, 28 & 60 days). The workability test results showed that 
as FA was replaced by increasing percentages of LP and MK, the mixes became dense 
and hence less workable. It was observed that the compressive strength showed an 
increase with increasing percentage replacement of FA with LP and MK. This increase 
was higher for mixes with MK than that of mixes with LP. 

 

1 Introduction 

   Self-compacting concrete (SCC) is a highly flow-able, non-segregating concrete that can spread into place, fill the 
formwork and encapsulate the reinforcement without any need for vibration. It is a modified product that flows and 
consolidates under the influence of its own weight. Not only will it, thus, reduce the exposure of workers to noise and 
vibration of the vibrating equipment, it can also reduce the technical cost of in-situ cast concrete constructions, due to 
improved casting cycle, quality, durability, surface   finish and reliability of concrete structures and eliminating some of the 
potential for human error. It is a sensitive mix, strongly dependent on the composition and characteristics of its 
constituents. It consists of the same components as of conventionally vibrated concrete, which are cement, aggregates and 
water, with the addition of chemical and mineral admixtures in different proportions. Stability and flow ability of SCC is 
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A B S T R A C T 

Concrete is the most widely used composite in the world. Ordinary Portland cement 
(OPC) is the most commonly used binding material but the energy required for its 
production is large and its production leads to release of green house gases in the 
atmosphere therefore, the need for supplementary cementitious material is real. The 
utilization of Fly Ash (FA), Silica Fume (SF),Metakaolin (MK) and Ground Granulated 
Blast Furnace Slag (GGBS), as a pozzolanic material for concrete has received 
considerable attention in the recent years. This interest is a part of the widely spread 
attention directed towards the utilization of wastes and industrial byproducts in order to 
minimize the Portland cement consumption, the manufacture of which is being 
environment damaging. The paper reviews were carried out on the use of FA, SF, MK 
and GGBS as partial pozzolanic replacement for cement in concrete. The literature 
demonstrates that GGBS was found to increase the mechanical and durability properties 
at later age depending upon replacement level. Silica fume concrete performed better 
than OPC concrete even at early period for production of high strength concrete and 
high performance concrete. Fly ash increases the later age strength due to slow rate of 
pozzlanic reaction. Metakaolin was found to improve early age strength as well as long 
term strength but had poor workability. 

1 Introduction  

Cement production is one of the major sources of CO2 emissions in the world. High cement content leads to an increase 
in greenhouse gases emission, which is highly relevant to global warming. Every ton of cement produced liberates about 1 
ton of carbon dioxide [1], and the cement industry is responsible for almost 5% of the total global industrial energy 
consumption [2]. A reasonable solution for these problems is via the substitution of larger portions of the cement by 
supplementary cementitious materials without sacrificing its mechanical and durability properties [3]. Industrial wastes, 
such as blast furnace slag, fly ash and silica fume are being used as supplementary cement replacement materials. In 
addition to these, agricultural wastes such as rice husk ash, wheat straw ash, and sugarcane bagasse ash are also being used 
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A B S T R A C T 

Concrete is the most widely used composite in the world. Ordinary Portland cement 
(OPC) is the most commonly used binding material but the energy required for its 
production is large and its production leads to release of green house gases in the 
atmosphere therefore, the need for supplementary cementitious material is real. The 
utilization of Fly Ash (FA), Silica Fume (SF),Metakaolin (MK) and Ground Granulated 
Blast Furnace Slag (GGBS), as a pozzolanic material for concrete has received 
considerable attention in the recent years. This interest is a part of the widely spread 
attention directed towards the utilization of wastes and industrial byproducts in order to 
minimize the Portland cement consumption, the manufacture of which is being 
environment damaging. The paper reviews were carried out on the use of FA, SF, MK 
and GGBS as partial pozzolanic replacement for cement in concrete. The literature 
demonstrates that GGBS was found to increase the mechanical and durability properties 
at later age depending upon replacement level. Silica fume concrete performed better 
than OPC concrete even at early period for production of high strength concrete and 
high performance concrete. Fly ash increases the later age strength due to slow rate of 
pozzlanic reaction. Metakaolin was found to improve early age strength as well as long 
term strength but had poor workability. 

1 Introduction  

Cement production is one of the major sources of CO2 emissions in the world. High cement content leads to an increase 
in greenhouse gases emission, which is highly relevant to global warming. Every ton of cement produced liberates about 1 
ton of carbon dioxide [1], and the cement industry is responsible for almost 5% of the total global industrial energy 
consumption [2]. A reasonable solution for these problems is via the substitution of larger portions of the cement by 
supplementary cementitious materials without sacrificing its mechanical and durability properties [3]. Industrial wastes, 
such as blast furnace slag, fly ash and silica fume are being used as supplementary cement replacement materials. In 
addition to these, agricultural wastes such as rice husk ash, wheat straw ash, and sugarcane bagasse ash are also being used 
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Abstract.  The present paper would contribute to the efforts being made in the field of 

concrete technology towards development of concretes possessing good strength and 

durability properties along with economic and ecological advantage. In the present study it 

was found that with increase in amount of coal bottom ash, standard consistency, initial and 

final setting time increase at the same time workability of concrete decreases. Early age 

strength is less for bottom ash concrete compare to control mix, but as the age increases they 

show good improvement in strength due to pozzalanic reaction. Optimum dosage is 

observed to be 10% Grinded Bottom Ash (GBA) which shows about 14 % more strength 

compared to control mix at 56 days. Also 20% replacement by GBA gives results comparable 

to control concrete. GBA concrete shows more resistance to acid attack compared to Original 

Bottom Ash (OBA). Mix M7 with 30 % replacement by GBA shows highest resistance to acid 

attack. With the increase in amount of bottom ash water absorption capacity of concrete 

increases, also as the age increases for all the mix water absorption capacity decreases. It 

was also found that at optimum dosage i.e at 10% replacement of cement with GBA it is also 

economical and also less amount of CO2 is emitted that mean it is also environmental friendly 

compared to control mix. 

Key words: Coal Bottom Ash, Workability, Mechanical, Durability. 

1. Introduction 

Natural resources of aggregate, due to high consumption in construction fields, are getting 

depleted rapidly. Therefore, in the present conditions of inadequate resources of aggregate and 

development in concrete industry, it becomes crucial and necessary to detect ideal substitute 

material in durable concrete for aggregate. The environmentally-friendly solution is to use low-

cost industrial residues or solid wastes in the production of concrete. In so doing, in spite of a 

decrease in the amount of industrial wastes sent to landfills, the impacts of the depletion of 

natural resources, and sever environmental hazards, this is a positive advance in sustainable 

development and opens new market opportunities. Bottom ash (BA) is one of the renowned 

industrial wastes produced at the bottom of coal furnaces. It is originated from agglomerated 

ash particles that are not finer and lighter to be found in the flue gasses. The chemical 

composition of BA includes heavy metals and arsenic. Due to this fact, the stockpiled piles of BA 

in ponds pose health hazards to human and the environment by spreading hazardous 

components and contaminating adjacent soil and underground water. Therefore, it becomes 

essential to recycle effectively and reuse BA due to deficiency of natural resources, economic 

problems and enormous negative impacts on the environment (Nikbin et al., 2016). BA is 

produced by combustion of coal. BA before and after being grounded was used as replacement of 

cement and its physical and chemical properties were studied, it was found that compressive 

strength of mortar containing 20-30% of BA as cement replacement was much less than that of 

cement mortar at all ages, but at 60 days BA concrete has more strength (Jaturapitakkul and 

Cheerarot, 2003). Grinded BA for different periods was used as replacement of cement and its 

mechanical properties, ecological and economical substation was studied. It was found that 

usage of BA in concrete industry help in reducing energy demand as well as CO2 emission; it also 

reduces the price of concrete by 10% (Bajare et al., 2013). Utilization of BA as fine and coarse 

aggregates in high-strength concrete was studied. Firstly, the chemical and physical 
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Abstract
This paper presents an analytical analysis of double flight stair slab without floor landings with boundary condition fixed at extreme
edges. The analysis is based upon finite element method using ANSYS software. The staircase specimen for one storey height of
3m, with mid landing height each at 1.5m from the floor and 100mm thick waist slab has been chosen for a horizontal projection of
2.475m attached with mid landings. The specimen has discretized in to 54 numbers of four noded structural shell elements (shell
181). The specimen has tested under incrementally applied uniformly distributed load over the complete area. Critical value of
bending moment and deflection of support arrangement has been obtained. Variation in moments and deflections at critical
locations, along the stair slab model has been presented in the graphical form.
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Abstract 

Self-compacting concrete (SCC) is a high-performance concrete that is able to flow under its own weight, completely filling the 

formwork without any segregation or bleeding and consolidating without the need of vibration. SCC has a good surface finish, 

construction time is reduced and its production is environmental friendly (no noise, no vibration). 

The objective of the current study is to investigate and compare the influence of glass and polyvinyl alcohol fibres on fresh and 

hardened properties of self-compacting concrete. For this purpose four mixes; control mix, SCC with viscosity modifying 

admixtures (VMA) only, SCC with VMA and glass fibres; and SCC with VMA and polyvinyl alcohol fibres were prepared with 

a water-powder ratio of 0.35. Experiments revealed that after the addition of fibres workability properties (i.e. flow-ability, 

passing ability and resistance to segregation) were reduced but the properties were still in the prescribed range. Hardened 

properties (i.e. compressive strength, split tensile strength, flexural strength and modulus of elasticity) were improved after the 

addition of fibres and this improvement was observed to be more in concrete with polyvinyl alcohol fibres. 

© 2016 Elsevier Ltd. All rights reserved. 
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A B S T R A C T 

An investigation is carried out on the development of Self Compacting Concrete (SCC) 
using copper slag (CS) as fine aggregates with partial and full replacement of sand. Six 
different SCC mixes (60% OPC and 40% Fly Ash) with 0% as control mix, 20%, 40%, 
60%, 80% and 100% of copper slag substituting sand with constant w/b ratio of 0.45 
were cast and tested for fresh properties of SCC. Compressive strength and splitting 
tensile strength were evaluated at different ages and microstructural analysis was 
observed at 120 days. It has been observed that the fluidity of SCC mixes was 
significantly enhanced with the increment of copper slag. The test results showed that 
the compressive strength increases up to 60% copper slag as replacement of sand, 
beyond which decrease in strength was observed. The highest compressive strength was 
obtained at 20% copper slag substitution at different curing ages among all the mixes, 
except for 7 days curing. The splitting tensile strength of the CS substituted mixes in 
comparison to control concrete was found to increase at all the curing ages but the 
remarkable achievement of strength was detected at 60% copper slag replacement. The 
microscopic view from Scanning electron microscopy (SEM) demonstrated more voids, 
capillary channels, and micro cracks with the increment of copper slag as substitution of 
sand as compared to the control mix. 

1 Introduction  

       Self Compacting Concrete (SCC) is a special concrete, characterized for its unique quality to flow and compact by 
itself under its own weight in highly dense reinforcement without any application of external or internal vibration. The use 
of relatively high content of binder as well as high dosages of chemicals admixtures (superplasticizer) as compared to 
conventional concrete, enhances fluidity and maintains its stability without segregation and bleeding. Nowadays, SCC is 
widely used in the development of infrastructure due to various benefits such as high-speed construction, less man power, 
better surface finish and effortless placing. Numerous research work has been carried out to escalate the strength and 
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h i g h l i g h t s

� Increase in the content of copper slag enhanced the fresh properties.
� Minimum depth of carbonation was noticed for 100% copper slag substitution.
� Change in weight and compressive strength were used to assess Sulfate attack.
� The maximum electrical resistivity was observed at 20% copper slag content.
� Sorptivity and initial surface absorption reduced up to 60% copper slag substitution.
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a b s t r a c t

The present study intends to evaluate the durability of Self Compacting Concrete (SCC) containing copper
slag as fine aggregates. A total of six SCC mixes were cast with 0%, 20%, 40%, 60%, 80% and 100% copper
slag substitution at constant w/b ratio of 0.45. The various tests conducted on SCC mixes included fresh
properties, compressive strength, sulfate attack, accelerated carbonation, electrical resistivity, ultrasonic
pulse velocity, initial surface absorption and sorptivity. Results showed that fresh properties enhanced
with increment in copper slag substitution. The maximum compressive strength was noticed for 20% cop-
per slag. In sulfate exposure, gain in weight and decrease in compressive strength was observed for con-
crete mixes. Incorporation of copper slag has significant effect in the reduction of carbonation. The benefit
of utilizing copper slag in construction industry bestows as substitute to fine aggregates, preserves nat-
ural resources and no land management for disposal of copper slag. This study suggests that 60% copper
slag is an optimum content as partial replacement to conventional sand for either enhanced or compara-
ble durability behavior of SCC.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The construction of large structures and mega projects with
highly dense reinforcement has led to the introduction of revolu-
tionary concrete in the construction industry namely Self Com-
pacting Concrete (SCC) in 1988 [1]. SCC does not require any
vibrators or external source of energy to fill the formwork, narrow
openings and congested reinforcement. SCC flows due to its self
weight and high mortar content with lower content of coarse
aggregates while maintaining homogeneity without segregation
and bleeding. One of the drawbacks related to SCC is its high cost
which is due to the utilization of superplasticizer and huge amount
of cement content. To overcome the limitation of SCC, supplemen-
tary cementitious materials are used as partial replacement of

cement to reduce the cost and improve the durability as well as
sustainability.

Durability may be defined as resistance of the concrete to the
chemical attack, biological attack and physical disintegration [2–
4]. The chemical attack may occur in any form such as sulfate
attack [5], acid attack [6], carbonation [7], alkali silica aggregate
reaction and many more depending up on the concrete subjected
to the environmental conditions. The physical disintegration may
be due to overloading of the concrete structures, abrasion, impact,
frost attack and natural calamities such as earthquake, flood, fire
etc. [8]. The biological attack involves deterioration caused by bac-
teria, mosses, lichens, marine borers, boring shells and sponges
[9,10]. However, chemical attack is mostly responsible for the core
destruction of concrete structures [11–13] and durability is the
urgent need to be worked by the researchers [14–16].

Increasing infrastructural growth as a result of mounting urban-
ization, demand for the huge amount of constructionmaterials such

http://dx.doi.org/10.1016/j.conbuildmat.2017.08.074
0950-0618/� 2017 Elsevier Ltd. All rights reserved.
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Abstract 

Framed structures constructed on hill slopes show different structural behavior than that on the plain ground. Since these buildings 
are unsymmetrical in nature, hence attract large amount of shear forces and torsional moments, and show unequal distribution due 
to varying column lengths. In present study, two different configurations of hill buildings have been modelled and analyzed using 
ETABS v 9.0 finite element code. A parametric study has been carried out, in which hill buildings are geometrically varied in 
height and length. In all, eighteen analytical models have been subjected to seismic forces along and across hill slope direction and 
analyzed by using Response Spectrum Method. The dynamic parameters obtained from analyses have been discussed in terms of 
shear forces induced in the columns at foundation level, fundamental time periods, maximum top storey displacements, storey 
drifts and storey shear in buildings, and compared within the considered configurations of hill buildings. At last, the suitability of 
different configurations of hill buildings has been suggested. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of Implast 2016. 

Keywords: Hill buildings, Step-back and Step-back setback, Response Spectrum method, Earthquake analysis. 

1. Introduction 

Economic development of hill areas in the last century has led to the reconsideration of building style, optimum 
use of construction material and method of construction. Due to scarcity of the plain land on hills, houses built on 
steep slopes, pose special structural and construction problems. RC framed structures constructed on hill slopes show 
different structural behavior than on the plain ground. Because of steep slopes, buildings are constructed generally in 
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Abstract 

In the present study, the finite element analysis has been carried out on masonry building subjected to earthquake loading. For 
this purpose, an existing masonry heritage building situated in Aligarh city has been chosen. The time history method using El-
Centro earthquake data has been employed for seismic performance of the chosen building. The maximum principal tensile stress 
and maximum shear stress has been observed and compared with permissible stresses. It has been found that these stresses 
exceed the permissible limit at few locations such as dome-wall junction, wall-roof junctions and the minarets. It has also been 
found that these locations are the most critical portion of the building under earthquake forces. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of Implast 2016. 

Keywords: Masonry heritage building; FEM; earthquake loading; maximum principal tensile stress; maximum shear stress 

1. Introduction 

It is well known fact that the effect of earthquake forces on building is unpredictable and can occur at any time 
and at any place. Masonry building whether residential or historical/heritage have high compressive strength but low 
tensile strength. Analysis and strengthening of heritage building subjected to earthquake loading has always been a 
challenging task because of its geometrical complexity and lack of knowledge about the used material, structural 
modifications during the time and ageing of material. Past studies [1-6] show that the critical issues affecting the 

 

 
* Corresponding author. Tel.: +91-9897903968 

E-mail address: mshariqdce@gmail.com 

© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of Implast 2016



22/01/2020 Controlled failure warning and mitigation of prematurely failing beam through adhesive - ScienceDirect

https://www.sciencedirect.com/science/article/pii/S0263822316306122?via%3Dihub 1/1

Get rights and content

Previous Next 

Composite Structures
Volume 161, 1 February 2017, Pages 119-131

Controlled failure warning and mitigation of prematurely failing beam through
adhesive
Mohammad Arsalan Khan , Vadim V. Silberschmidt , Jamal El-Rimawi 

Show more

https://doi.org/10.1016/j.compstruct.2016.11.049

Abstract
In plated beam, an adhesive is used primarily to adhere the external plate to the concrete beam to achieve a composite action.
Even though some work has been found to indicate that the choice of softer adhesive increased the capacity of beam
(MacDonald & Calder, 1982), relatively stiffer adhesives have been largely assumed to provide better strengthening. Largely, due
to the fact that adhesive has been widely considered as an insignificant structural component towards the capacity of a
composite beam; material capabilities (if not structural) of adhesive have also been ignored for further research towards
studying its effects on premature failures (particularly debonding). Under mixed-mode loading, the adoption through
discretisation of Cohesive Zone Model as a bulk material (indicative of adhesive component) and to simulate interfacial cracks
is shown here to achieve the objectives. The outcomes of the research indicate the critical material properties of adhesive in all
directions, such as stiffness, strength and crack energy, play crucial role in controlling the behaviour of modes of failure.
Further, based on this study, recommendations have been proposed on the choice of adhesive type at different locations of
plated beam so as to capture a failure warning and avoid catastrophic failure.
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Premature failure; Cohesive zone model; Retrofitting; Debonding; Brittleness of failure
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Abstract
Retrofitting of RC beam by gluing a steel plate at the soffit has been a widely adopted technique due to its ease of use,
calculations and having minimal variations on structural aesthetics; hence, a large number of such retrofitted structures exist
today. However, such structures have also failed frequently due to the formation of premature failures such as peeling and
debonding. The further investigations conducted in literature indicated that such undesirable failures can be effected by a
large number of geometrical and material parameters. Although, the characterisation and relative influence of such parameters
on modes of failures remain unknown; as the past studies have been largely case sensitive or focussing on a small set of
parameters. Therefore, to address these issues, a simple but focussed numerical model has been validated through literature
for multiple modes of failures over wide range of possible parameters. Further, targeting the response of beam and its critical
locations, the authors of this study suggest that the understanding of relative impact of effective parameters, in terms of beam
capacity and brittleness of modes of failure, can be broadly utilised to re-evaluate the cause(s) of failure(s) through case studies,
or to predict the future of retrofitted structures/beams.
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TECHNICAL PAPER

Development of analysis curves for reinforced concrete 
beam sections based on simple approach of mechanics 

Arshad K. Hashmi, Syed Muhammad Ibrahim, Mohammed Jameel and Alok Madan

1. INTRODUCTION
Due to the ductile behaviour of steel, the reinforcing steel 
can sustain very high tensile strains.  Following yielding, the 
ultimate strain in the reinforcing steel can be in the range 
of 0.12 to 0.2. However in comparison to reinforcing steel 
the concrete can accommodate very less compressive strains; 
the ultimate compressive strain of concrete is in the range 
����������������	
������������������������������������������
section at ultimate limit state of collapse is caused inevitably 
by the crushing of the concrete in compression, regardless of 
whether the tensile steel has yielded or not [1].

When the steel has not yielded, the true location of neutral 
axis is obtained by a trial-error method, called strain 
compatibility method involving following steps 

�� Assuming the suitable initial trial value of neutral 
axis (xu1)

��������������������!������"�####�$�%&"�'����*$"��������"�������#���

A mechanics based simple approach is presented to develop curves which illustrate primarily the relation between stresses 
in not yielded reinforcement (fst), coefficient of moment of resistance (Ru) and the percentage of tensile and compressive 
reinforcement (fst) for reinforced concrete (RC) sections. The basic principles of mechanics such as equilibrium of forces, 
constitutive relationship of different constitutes materials RC sections and compatibility of strains are used to develop the 
different curves. Prime gain of the proposed approach is that it surpasses the requirement of iterative procedure needed for 
strain compatibility. Accuracy of the method is demonstrated by comparing the results with the actual curves derived based on 
iterative procedure of stain compatibility method. Step wise calculations are illustrated through determining Ru for particular 
value of Pt (e.g. for singly beam sections) and determining Pt and Pc for particular value of Ru (e.g. for doubly beam sections). 

Keywords: Force equilibrium; strain compatibility; constitutive law of materials; ultimate moment of resistance; doubly RC beam; singly RC 
beam. 

�� Determine the strain at tensile reinforcement level by 
considering strain compatibility.

�� +���� ����������/�� ��3� ���� ���� ����������4� ������� ���
steel at  the corresponding strain.

�� Using equilibrium condition (i.e. equating tensile force 
with compressive force) the actual depth of the neutral 
axis (xu) can be found out.

�� If the values of xu and  xu1 are with the chosen range of 
proximity, it is assumed that the assumed trial value of 
neutral axis i.e. xu1���������������������4����������������
in the unyielded reinforcement. Otherwise repeat the 
all above steps with the improved (i.e. average) trial 
value of xu1

Thus determining the strain distribution that is consistent 
with the assumed position of neutral axis is a laborious 
procedure.  Generating the Ru - Pt  and Pt -  Pc curves for 
particular value of Ru involves iterative process and is 
computationally rigorous. To avoid this rigorous procedure 
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Efficient preliminary design of reinforced 
concrete frames with vulnerability indices

Arshad K. Hashmi, Syed Muhammad Ibrahim and Alok Madan

1. INTRODUCTION

In general, stability, strength and serviceability are the 
requisite for the design of the structure. It is a complex 
and iterative process. Limit state method of analysis 
��������	�
� ���������������������������������������
structures; such as Limit Sate of Collapse in Bending, 
Shear, Bond, Compression and Tension. However, in 
������ ������ �� ��������������
� ��� ��� ��������
� �������	
�
Fire Resistance and Durability etc. Latest seismic code 
������������� ����� ����� ���� ����	�� ���� ��������� ����
complex [1, 2]. The serviceability criterion for lateral 
����������������������������������!�������������������

The Indian Concrete Journal, --------- 2018, Vol. 0, Issue 0, pp. 00-00.

Designing a structure is an iterative process, wherein preliminary trial designs have to be evaluated and iterated till the 
performance objectives are achieved. From this viewpoint, development of an efficient (i.e. near optimum) preliminary 
design approach for performance based seismic design considering different structural irregularities with minimum 
number of trials is an important objective. Vulnerability indices can be used as good indicators for the evaluation of the 
structures; thus can be a handy tool for designing the structures. The current paper presents an efficient preliminary 
design procedure for Reinforced Concrete (RC) frames based on vulnerability indices. The efficient design procedure 
was implemented for trial performance based seismic design of regular frame (i.e. Bare RC Frame) and irregular 
frame (i.e. Open Ground Storey RC Frame). The linear (i.e. equivalent static analysis) and nonlinear static analysis (i.e. 
pushover analysis) were used for the investigation of the design procedure. The results show that the proposed efficient 
design procedure is effective in attaining the objectives of the performance based seismic design framework. 

Keywords: Vulnerability index; optimization; near optimum; uniform inter- storey drift; equivalent static method, pushover analysis.  

role in the iterative design process [3]. Satisfying all these 
requirements is a tedious process. Preliminary design 
!���� ���� ��������� ��������������� ������������ �� ��������
���������������������������������������"�

The structural members should be designed for optimum 
use of it’s constitute materials i.e. steel and concrete. 
Similarly, at global level of the structure, design should 
be such that, each member should be used optimally. 
#��� ����� ����� ��� ����� ��������� ��� ��������� ������ ����	��
������ ����� ��� $����	�����������!��������%���������
of strength [4]. The method assures the failure sequence 
of the members of the structures under extreme seismic 
event. But it does not assure uniform deformation under 
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ABSTRACT 

This study was conducted to investigate the strength and water permeation properties of Rice Husk Ash (RHA) 

concrete reinforced with polypropylene fibres (PP). The properties evaluated include compressive strength, 

splitting tensile strength, flexural strength, initial surface absorption test (ISAT) and capillary suction test 

(sorptivity). An experimental program was planned, in which thirteen concrete mixes were prepared. Ordinary 

Portland Cement (OPC) was partially replaced by RHA at 10%, 15% and 20% with addition of PP at 0.5%, 

0.75% and 1% by weight of binder. The water/binder (w/b) ratio was kept constant at 0.38. Super-plasticizer 

was varied from 0.3% to 0.7% by weight of binder for different concrete mixes. The use of RHA in concrete 

mixes was found to increase the compressive strength at later ages and inclusion of higher amount of PP 

decreases compressive strength. The splitting tensile strength was found to increase with RHA as well as PP 

for all concrete mixes. There was significant enhancement in flexural strength with increase in PP content, 

especially at later ages. Initial surface absorption test and capillary suction test showed that as the replacement 

of cement by RHA in concrete mixes increases, water absorption in concrete mixes was found to decrease 

compared to control mix. Addition of PP also decreases ISAT-10 and initial rate of absorption (IRA) values, 

but RHA has more effect on the reduction of absorption characteristics than PP. 

KEYWORDS: Rice husk ash (RHA), Polypropylene fibres (PP), Hardened and durability properties. 

 
INTRODUCTION 

 

The microstructure of cement paste in the interfacial 

transition zone (ITZ) can be significantly improved by 

adding (super) fine materials, such as Fly Ash (FA), 

Silica Fume (SF) , Metakaolin (MK) and Rice Husk Ash 

(RHA). India is the second largest producer of rice in the 

world. Rice husk is obtained from the outer covering part 

of the rice grains which consists of two interlocking 

halves (Xu et al., 2011). It is estimated that 1,000 kg of 

rice grains produce 200 kg of rice husk. After rice husk 

is burnt, about 40 kg would become RHA. It contains 

about 80-85% silica, which is highly reactive depending 

upon the temperature of incineration. It also improves the 

properties of fresh concrete, reduces heat evolution, 

reduces permeability and increases strength at later ages 

(Kishore et al., 2011; Ganesan et al., 2007; De Sensale et 

al., 2006; Sharma, 2013). RHA is a highly reactive 

pozzolanic material produced by controlled burning of 

rice husk. The utilization of RHA as a pozzolanic 

material in cement and concrete provides several 

advantages, such as improved strength and durability 

properties, reduced material costs due to cement savings 

and environmental benefits related to disposal of waste 

materials and to reduced carbon dioxide emissions (Khan 
Received on 20/3/2017. 
Accepted for Publication on 19/7/2018. 
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Abstract Analysis of airflow through elevated windbreaks

is presented in this paper. Permeable nets and impermeable

film increases considerable wind forces on the windbreaks

which is susceptible to damage during high wind. A

comprehensive numerical investigation has been carried

out to analyze the effects of wind on standalone elevated

windbreak clad with various permeable nets and an

impermeable film. The variation of airflow behavior around

and through permeable nets and airflow behavior around

impermeable film were also been investigated. Computa-

tional fluid dynamics techniques using Reynolds Averaged

Navier–Stokes equations has been used to predict the wind

force coefficient and thus wind forces on panels supporting

permeable nets and impermeable film for turbulent wind

flow. Elevated windbreak panels were analyzed for seven

different permeable nets having various solidity ratio,

specific permeability and aerodynamic resistant coeffi-

cients. The permeable nets were modelled as porous jump

media obeying Forchheimer’s law and an impermeable

film modelled as rigid wall.

Keywords CFD � RANS � Windbreak � Solidity ratio �
Pressure coefficient

Introduction

When the wind encounters a porous obstacle, air pressure

increases on the windward side and decreases on the lee-

ward side. So the wind approaching the obstacle is retar-

ded, and the wind flows through the obstacle with

minimum speed in leeward side. Thus the porous obstacle

is termed as windbreak as it retards wind flow significantly

[1].

The windbreak panel consists of steel/timber frame

covered by a permeable woven or knitted net that provides

protection of erodible areas such as open fields, agricultural

fields, industrial stockpiles, and dusty industrial operations

against high wind. As erosion is proportional to wind

speed, a reduction of wind speeds up to 50% using wind-

break would reduce erosion by over 80% [1].

The permeable net cladding increases wind loads on the

windbreak panel leading it susceptible to damage or col-

lapse under high wind. The determination of wind forces is

quite important for the safe design of framed windbreak

panels. Very few experimental and numerical analysis have

done in past concerning the aerodynamic characteristics

and the wind pressure distribution on windbreak panels.

The air permeability characteristics of the cladding mate-

rial determine the performance of windbreak, therefore, the

aerodynamic behavior of the permeable net should be

optimally analyzed.

The efficiency of windbreak has been studied on few net

types by Raine and Stevenson [2] and Gandemer [3], and

concluded that the efficiency of windbreak is directly

related to leeward wind velocity as well as leeward tur-

bulence intensity. By examining velocity drop and turbu-

lence intensity variations with parameters like porosity,

geometry and shape of the windbreak and presented a

number of results on protection area that each windbreak
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a b s t r a c t

Now-a-days, researchers are endeavoring to discover new substitute materials to elucidate the scarcity of
natural aggregates in the construction industry. One such alternative is copper slag (CS) obtained as
byproduct during the matte smelting process of copper metal. The present investigation is aimed to
assess the durability of self compacting concrete (SCC) incorporating copper slag (CS) as fine aggregates
and metakaolin (MK) as substitute to fly ash (FA). A total of seven concrete mixes were prepared. The
control concrete contains 60% ordinary portland cement (OPC), 40% FA and 0% CS whereas other six
mixes contains constant percentage of 60% OPC, 30% FA, 10% MK with different proportions of CS from 0%
to 100%. Results revealed that fresh properties declined with inclusion of MK although escalated with
increment of CS content. All SCC mixes exhibited higher compressive and splitting tensile strength in
comparison to control concrete. The minimum carbonation depth was marked for 100% CS substitution
with 10% MK as replacement to FA. The maximum electrical resistivity and resistance to sulfate attack
were obtained for 20% CS substitution while UPV values of whole mixes were under the excellent quality
of concrete beyond 7 days of curing. On full replacement of sand by CS with 10% MK, initial surface
absorption and sorptivity were significantly lower than control concrete at each curing period. This study
suggests that CS together with MK can be a potential substitute to natural sand in the construction sector
to overcome the scarcity.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Self compacting concrete (SCC) is an innovative concrete,
developed for the first time in 1988 with unique characteristics of
flow and compaction under its own weight (Okamura and Ouchi,
2003). SCC has gained prominence in the construction industry
with time due to its wide applications and advantages over the
conventional concrete. SCC differs from the conventional concrete
in terms of the inclusion of higher proportion of cement, mineral
admixture, fine aggregates, superplasticizer and lower content of
coarse aggregates. Unlike conventional concrete, SCC does not
require any source of vibration or external energy for the
compaction process. In past three decades, SCC has proved its
benefits in exalting the durability of concrete. Though SCC's are
mostly developedwith higherw/b ratioswhich affect the durability
of concrete and present need is to work on durability especially
when new alternative materials either cement or fine aggregate are
utilized.

The construction of concrete infrastructures such as buildings,
bridges, dams and roads in the developing countries leads to the
requirement of huge amount of materials obtained from natural
resources. To preserve the natural resources in present scenario and
forthcoming decades turn out to be challenging while booming in
the construction field. Today's need of construction industry is to
transform into the sustainable rather than consumable industry.
Many countries are witnessed with indigent natural resources and
nations rich in these resources have utilized the same for the
construction purposes. This has marked in the depletion of natural
resources across the world. It has been estimated that about 48.3
billion tons of construction aggregates were produced globally in
the year 2015 (Freedonia, 2012). Now-a-days, extraction of natural
sand from the parent rocks and river beds has been banned in
numerous countries due to over exploitation of instinctive re-
sources. This will lead to the lack of fine aggregates in the con-
struction sector which can be elucidated by utilizing
unconventional materials. To overcome the scarcity of natural fine
aggregates, alternative materials in the form of industrial by-
product, artificial and man-made materials must be consumed in* Corresponding author.
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Abstract Aim of the present study is to determine the

wind loads on the PV panels in a solar array since panels

are vulnerable to high winds. Extensive damages of PV

panels, arrays and mounting modules have been reported

the world over due to high winds. Solar array of dimension

6 m 9 4 m having 12 PV panels of size 1 m 9 2 m on 3D

1:50 scaled models have been simulated using unsteady

solver with Reynolds-Averaged Navier–Stokes equations

of computational fluid dynamics techniques to study the

turbulent wind effects on PV panels. A standalone solar

array with 30� tilt angle in atmospheric surface layer with

the Renormalized Group (RNG) turbulence closure sub-

jected to incident wind varied from - 90� to 90�. The net

pressure, drag and lift coefficients are found to be maxi-

mum when the wind is flowing normally to the PV panel

either 90� or - 90�. The tilt angle of solar arrays the world
over not vary on the latitude but also on the seasons.

Keeping this in mind the ground mounted PV panels in

array with varying tilt angle from 10� to 60� at an interval

of 10� have been analyzed for normal wind incident i.e. 90�
and - 90� using unsteady RNG turbulence model. Net

pressure coefficients have been calculated and found to be

increasing with increase in array tilting angle. Maximum

net pressure coefficient was observed for the 60� tilted PV

array for 90� and - 90� wind incident having value of

0.938 and 0.904 respectively. The results can be concluded

that the PV panels are subjected to significant lift and drag

forces under wind loading, which needs to be quantified

with sufficient factor of safety to avoid damages.

Keywords CFD � Wind loads � Solar arrays �
Unsteady RNG turbulence model

Introduction

Photovoltaic solar panels harness the solar energy and

provide one of the most suitable alternatives of fossil fuel

based energy sources. In recent year production cost of

solar photovoltaic panels have reduced exponentially

which results solar energy as leader in annual installation

of electricity generation and will surpass the conventional

energy sources by 2030. Till June 30th, 2017 India has

crossed 15.614 GW installed capacity of electricity pro-

duction, out of which 1660 MW on rooftop solar and

13,954 MW as utility scale solar [1]. Government of India

has planned to attain 100 GW installed solar energy

capacity by 2022, out of which 40 GW capacity installation

on rooftop solar projects and 60 GW as ground-mounted

solar farms projects (utility scale solar).

Utility scale solar have much higher installed capacity

as well as annual capacity addition, than that of rooftop

solar globally. In 2016 global solar capacity addition for

rooftop solar was 21.6 and 55 GW for utility scale solar

[2].

Ground mounted solar arrays are immersed within the

lowest region of the atmospheric boundary layer (ABL)

where the flow of the wind is highly unpredictable due to

the intense turbulence actions by the ground roughness. PV

panels are vulnerable to wind loading and extensive dam-

ages have been reported the world over, due to high wind.
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Abstract In the present study, experimental investigations

have been carried out to determine the effect of elevated

temperature on the residual properties of quartzite, granite

and basalt aggregate concrete mixes. Ultrasonic pulse

velocity and unstressed residual compressive strength tests

on cube specimens have been conducted at ambient and

after single heating–cooling cycle of elevated temperature

ranging from 200 to 600 �C. The relationship between

ultrasonic pulse velocity and residual compressive strength

of all concrete mixes have been developed. Scanning

electron microscopy was also carried out to study micro

structure of quartzite, granite and basalt aggregate concrete

subjected to single heating–cooling cycle of elevated

temperature. The results show that the residual compres-

sive strength of quartzite aggregate concrete has been

found higher than granite and basalt aggregate concrete at

ambient and at all temperatures. It has also been found that

the loss of strength in concrete is due to the development of

micro-cracks result in failure of cement matrix and coarse

aggregate bond. Further, the basalt aggregate concrete has

been observed lower strength due to low affinity with

Portland cements ascribed to its ferro-magnesium rich

mineral composition.

Keywords Rock aggregates �
Single heating–cooling cycle � Ultrasonic pulse velocity �
Residual compressive strength �
Scanning electron microscopy

Introduction

When we design any structural system, the first consider-

ation is function or use of structure. In the designing of

ware-house structures for storing timber, adhesives used

for pasting soles in foot-wear industry, nut shell storage

structures are prone to fire especially in third world coun-

tries where safety measures are poorly followed. Moreover,

the structures such as nuclear reactor vessels, missile

launching pads, turbo jet runways, and aircraft engine test

cells, where temperature suddenly sore to very high levels.

The behavior of concrete structures exposed to high tem-

perature depends on many simultaneously interacting fac-

tors ranging from composition of materials to the

characteristics of fire and stress conditions. Several inves-

tigations were carried out to investigate the effect of ele-

vated temperature on concrete made with different types of

rock aggregates and under different stress conditions. It

was concluded that the tests result under residual condition

produced less strength loss than the unstressed and stressed

condition up to 300 �C. Beyond this temperature, the trend

is reversed, and the residual tests showed more strength

loss than the unstressed and stressed tests [1]. Similarly,

under unstressed condition and after heating at 800 �C, the
limestone aggregate concrete has retained 40% strength

and the gravel and sandstone aggregate concrete retained

20% strength as compared to the strength at ambient

temperature condition [2]. The performance of light weight

aggregate concrete by testing simultaneously under fire up

to 500 �C and under stressed condition was observed better

than the granite aggregate concrete [3].

The colour changes in concrete after heating are due to

the physical and chemical transformation in the material.

Beyond 400 �C, significant cracking and variation in

mechanical properties of concrete has been observed by
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Abstract: With increase in urbanisation and industrialisation disposal of rubber tyre waste has creates a lot of problems to the 
society. The International Rubber Study Group (IRSG) 2017 report revealed 12.9 million tonnes of global rubber production as 
increased from 12.4 million tonnes in 2016. The objective of this research is to investigate the use of used rubber tyre waste 
pieces of three different dimensions used as coarse aggregate in the concrete consecutively searching an alternate method for 
disposal of non-biodegradable solid tyre wastes. This research mainly focus on the performance of concrete strength parameters 
by incorporating relatively lower percentages i.e. 0.5%, 1% and 2% of discarded tyre rubber pieces of coarse aggregate as 
compared to percentages taken in previous studies compiled in literature and ultimately finding a replacement for cement results 
in reducing cost of construction. Compressive strength test, split tensile strength test and workability test are conducted on 
concrete specimens and results are compared and discussed along with advantages and disadvantages. The results showed that 
with up to 1% replacement, in each set, no major changes on concrete characteristics would occur, however with further 
increase in replacement ratios considerable changes were observed. 
Keywords: Discarded Rubber Tyre waste, Concrete Stabilisation, Rubber disposal using lower percentages, Rubcrete strength 
test 

I. INTRODUCTION 

Concrete can be distinguished in its different types by changing proportions of the main ingredients or substituting the cement and 

aggregate phases. The finished product can be tailored to its application by taking strength, density, as well chemical and thermal 

resistances as variables. The use of recycled materials as concrete ingredients has been gaining popularity because of increasingly 

stringent environmental legislation, and the discovery that such materials often have complementary and valuable properties. 

Mineral admixtures such as fly ash, ground granulated blast furnace slag, silica fumes are becoming more popular for partial 

replacement in recent decades. With reduction in amount of industrial waste, displacement of expensive cement production is 

displaced ultimately results in attaining sustainable development. 

The aim of investigation was to study the deformation properties of Portland cement concrete with rubber waste additives. A lot of 

rubber is produced worldwide. For example, 3.6 million tons rubber is produced annually only in US. It is not possible to discharge 

the rubbers in the environment because they decompose very slowly and cause lots of pollution. So, it is necessary to have a 

relevant use of these wastages.  

These waste materials can be used to improve some mechanical properties of concrete. The present study provided the test results on 

the mechanical and physical properties of lightweight concrete obtained by replacing portions of the conventional fine aggregates 

with crumb rubber pieces from recycling waste tyres. Addition of rubber to concrete results in the, improvement of some 

mechanical and dynamical properties, such as more energy adsorption, better ductility, and better crack resistance. The mechanical 

properties like compressive, tensile strength and workability are determined as per Indian standards code provisions. The test 

program was carried out to develop information about the mechanical properties of rubberized concretes. A control Portland cement 

concrete mix (PCC) is designed usingmix design methods and crumb rubber contents were chosen by partially replacing the fine 

aggregate with used rubber pieces..In this paper, the 7-day and 28-day compressive strength as well as split tensile strength of 

concrete specimens containing 0%, 0.5%,1% and 2% by weight rubber tyre pieces of 3mm thickness and dimension 1cm x1cm, 1cm 

x 2cm & 1cm x 3cmare investigated. For this purpose, 228 concrete specimens (114 cubic & 114 cylindrical specimens) were 

prepared.  

Future objectives of using discarded rubber tyre waste in concrete include quantification of energy absorption capacity of rubcrete 

material under vibrations during earthquake and fatigue. 
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ABSTRACT
Depleting oil reserves in shallow water are opening the avenues of new ventures in deep sea conditions.
India is no exception; deep sea explorations are highly recommended and exercised. As part of the design
process, there are requirements of structural failure criteria, such as rupture by over loading, fatigue failures,
buckling or an unstable fracture. Three-dimensional nonlinear dynamic analysis of riser is obtained in time
domain using finite-element solver ABAQUS/Aqua. The response histories so obtained are employed for the
study of fatigue reliability assessment of risers. Fatigue model is based on a bilinear relationship that gives
the crack growth linked failure criterion to describe the interaction between fracture and plastic collapse.
Uncertainty modelling, especially fatigue crack growth parameters, is undertaken with the help of recently
published data in support of bilinear crack growth relationship. Results pertaining to fatigue reliability and
fatigue crack size evolution are presented using Monte Carlo simulation. The bilinear crack growth model
is found to lead to higher fatigue life estimation as compared to linear fracture mechanics model. Sensitiv-
ity behaviour pertinent to limit state adopted has been thoroughly investigated. These findings implicate
inspection schemes for components of the marine structures to ensure minimisation of the surprises due
to wide scatter of the fatigue phenomenon in marine environment.

Notations
EI flexural rigidity

Te(z) effective tension
mx(z) total mass of riser and its content

fxs externally applied hydrodynamic forces
f frequency in cycles/s

Hs significant wave height in metre
Tz zero crossing periods in seconds

Sηη( f ) PM (single-sided) sea surface elevation spectrum
So static offset

SL, ω1, αl long-term drift motion amplitude, frequency and
phase

U̇i, Üi water particle velocity and acceleration
p j probability of occurrence of an environmental load-

ing during the structure life.
[E(n)] j expected value of number of stress cycles acting on

the structure, for environmental condition j.
[E(Sbai )] j expected value of Sbai , for environmental condition j

fq fraction of time in qth sea state
ν0q mean zero crossing frequency of random stress pro-

cess in qth sea state
σq R.M.S of stress process in qth sea state
p f probability of failure
� cumulative distribution function (CDF) of standard

normal variable

CONTACT Rizwan A. Khan rizwan_iitd@yahoo.co.in, krizwan.cv@amu.ac.in

β reliability index
COV coefficient of variation
f (z) joint probability density function
( da
dN ) crack growth rate
a crack depth
N number of cycles
Ai crack growth rate parameter for segment i
m slope

	Kth threshold of the stress intensity factor range
	Ki point of intersection of two consecutive segments

S far-field stress due to applied load
Y(a) geometry function

E[ath] threshold crack depth

 stress parameter α1, α2…. α5: sensitivity factors

1. Introduction
In order to exploit deeper waters in Indian offshore has resulted
in the installation of a wide variety of deeper and more flexi-
ble offshore platforms under severe environmental conditions.
Marine risers are predominantly subjected to oscillatory envi-
ronmental loads and hence, fatigue characterises a primary fail-
ure mode for their design. The fatigue damage at any point in
the structure will depend on the complete stress history during
its lifetime. The calculation of the stress history and its effects on

©  Informa UK Limited, trading as Taylor & Francis Group
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A B S T R A C T 

 

This current investigation was conducted to explore the influence of graphene oxide (GO) 
on the mechanical and durability properties of normal concrete. A total of five mixes were 
prepared in addition of laboratory synthesized GO ranging from 0-0.8% with an increment 
of 0.02% by weight of cement. The synthesized GO was characterized using SEM, FT-IR 
and XRD techniques.  The workability, initial surface absorption and sorptivity values 
were observed to have reduced with increase in GO content in the cement matrix. 
Whereas, the ultrasonic pulse velocity (UPV), compressive and tensile strength were 
observed to enhance with percentage increment of GO in the concrete compare to control 
mix. The microstructural analysis was performed using SEM/EDX at 90 days curing age. 
The mix with 0.08% GO showed better result compared to rest of the mixes with GO and 
control mix.  

1 Introduction 

Nanotechnology has changed the abilities, expectations and vision to control the material world. The advance in nano science 
may have a great impression in the field of construction materials. The potential of ordinary Portland cement (OPC) which 
is one of the largest possessions consumed by mankind is not completely explored. A new generation of concrete which is 
stronger and more durable with desired stress strain behaviour can be achieved through a better understanding and 
engineering of complex structure of cement-based composites at nano-level. And possibly the whole range of newly 
introduced material might definitely result in “smart” properties [1]. Inclusion of nanomaterials such as carbon nanotubes 
(CNTs), carbon nanofibers (CNFs) nano silica, graphene based derived, graphene oxide (GO) etc. in cement-based 
composites and the study of its influence in the cement matrix was carried out by many researchers [2-3]. The experimental 
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a  b s  t r  a  c t

This article presents the  effect of 1%, 3% and 5% content of nano-TiO2 (NT) on the  fresh,

hardened, microstructural and corrosion resistance properties of cementitious compos-

ites  under different exposure environments (tap water, saline water and acidic solution).

Various investigations such as setting time, compressive strength, scanning electron micro-

scope (SEM), energy dispersive X-ray (EDX), X-ray diffraction (XRD) and potentiodynamic

polarization studies were carried out. The setting time test confirmed that the NT acts as

an accelerator. The 28  days-compressive strength of mortar increased with the addition of

NT. The results of SEM and XRD analyses indicate that NT improved the microstructure and

increased the amounts of desirable hydration products. The 360 days-compressive strengths

of  NT admixed mortar exposed under tap water, saline water and acidic solution were found

to  be higher than control mortar. The corrosion inhibition efficiency of NT was observed to

be  increasing with the  increase in the  dosage, in all the exposure environments.

© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the

CC  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.  Introduction

Reinforced cement concrete is considered as  an ideal com-
posite material and has been used extensively for the
construction of all types of structures. This is  mainly because
of high compressive strength of concrete and  excellent ten-
sile strength of steel. Steel-reinforced concrete structures
were viewed  as  maintenance-free and unlimited service life
until the mid-1970s. Conversely, since then, several durabil-

∗ Corresponding author.

ity  related problems have emerged primarily due to sulphate,
acid, chloride and carbon dioxide attacks [1].  However, sul-
phate and acidic environment mainly degrade cementitious
composite through the chemical reactions between hydra-
tion products of cement and these aggressive environments
[2–4]. On the  other hand, the chloride and carbon dioxide gen-
erally cause corrosion of steel reinforcement. The Cl− ions
usually do not attack the concrete integrity but pass through
concrete pores and attack the steel reinforcement [5–7].  The
CO2 decreases the alkalinity of concrete by reacting with the
hydrated cement and makes favourable environment for cor-
rosion of steel [8–10]. However, among all durability related
problems in steel-reinforced concrete structures, corrosion of

https://doi.org/10.1016/j.jmrt.2019.10.010
2238-7854/© 2019 The Authors. Published by  Elsevier B.V. This is an  open  access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Self-compacting concrete does not need external 

vibration for its compaction, resulting in better durability, 

reduced time required for placing, environmental friendly 

and improved aesthetics (Okamura and Ouchi 2003, Salhi et
al. 2017, Lenka and Panda 2017). Key properties of 

self-compacting concrete are filling ability, passing ability 

and segregation resistance which are achieved by reducing 

the coarse aggregate content, limiting the maximum 

aggregate size, reducing water-binder ratio and using 

superplasticizers. The increased flow-ability of SCC may 

cause segregation and bleeding during its transportation and 

placement which can be overcome by using viscosity 

modifying admixtures (VMA) (Okamura and Ouchi 1998, 

Ahmad and Umar 2018a, Khayat et al. 1999, Ahmad and 

Umar 2018b). 

Silica fume is very fine noncrystalline silica obtained 

from electric arc furnaces as a by-product in the 

manufacturing of elemental silicon or alloys containing 

silicon. It is generally a grey coloured powder, slightly 

similar to some fly ashes or Portland cement. It exhibits 

both cementitious and pozzolanic properties (ACI 234 

1995). Mazloom et al. (2004) studied the compressive 

strength of NVC by replacing 0, 6, 10, and 15%, of cement 

by silica fume with a water-powder ratio 0.35. They 

observed that 28 days compressive strength of concrete 

containing silica fume was 21% higher than that of control 
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concrete. Sobolev (2004) found that NVC with 15% silica 

fume yielded highest compressive strength of 91 MPa at 28 

day followed by 90 MPa at 10 and 20% of silica fume. 

Almusallam et al. (2004) concluded that NVC containing 

silica fume has more splitting tensile strength that of plain 

concrete. They also observed that highest splitting tensile 

strength was found in NVC specimens containing 15% 

silica fume followed by those prepared with 10% silica 

fume. Some researchers showed that use of silica fume in 

SCC as a partial replacement of cement enhances its 

mechanical properties. Bhanja and Sengupta (2005) 

observed that splitting tensile strength and modulus of 

rupture at 28 day of NVC mixtures increased significantly 

when 5, 10 and 15% of the cement was replaced by silica 

fume. This increase was found to be insignificant beyond 

15% replacement. Yazici (2008) replaced 30, 40, 50 and 

60% of cement in SCC by silica fume and fly ash. 

Compressive strength was found to be increased by 26% 

and 7% over control mix for 30% and 50% replacement. 

For 50 and 60% replacement, compressive strength was 

reduced by 4% and 16%, respectively over control mix.  

Splitting tensile strength was found to be increased by 20% 

when 30% of cement was replaced by silica fume and fly 

ash. When 40% of cement was replaced by silica fume and 

fly ash, splitting tensile strength was found to be reduced by 

15%. Jalal et al. (2012) observed that incorporation of 10% 

silica fume in SCC reduced its workability properties. They 

also observed the improvement in compressive and splitting 

tensile strength after the addition of 10% silica fume in 

SCC. Sabet et al. (2013) found that replacement of cement 

by 10% of silica fume increased 28 day compressive 

strength of SCC by 25%. Further, 10% replacement of  

Performance of self-compacting concrete at room and
after elevated temperature incorporating Silica fume

Subhan Ahmad�, Arshad Umar, Amjad Masood and Mohammad Nayeem

Department of Civil Engineering, Aligarh Muslim University, Aligarh, India

(Received December 30, 2017, Revised November 28, 2018, Accepted December 26, 2018)

Abstract.  This paper evaluates the workability and hardened properties of self-compacting concrete (SCC) containing silica

fume as the partial replacement of cement. SCC mixtures with 0, 2, 4, 6, 8 and 10% silica fume were tested for fresh and

hardened properties. Slump flow with T500 time, L-box and V-funnel tests were performed for evaluating the workability

properties of SCC mixtures. Compressive strength, splitting tensile strength and modulus of rupture were performed on

hardened SCC mixtures. Experiments revealed that replacement of cement by silica fume equal to and more than 4% reduced

the slump flow diameter and increased the T500 and V-funnel time linearly. Compressive strength, splitting tensile strength and

modulus of rupture increased with increasing the replacement level of cement by silica fume and were found to be maximum

for SCC mixture with 10% silica fume. Further, residual hardened properties of SCC mixture yielding maximum strengths (i.e.,

SCC with 10% silica fume) were determined experimentally after heating the concrete samples up to 200, 400, 600 and 800°C.

Reductions in hardened properties up to 200°C were found to be very close to normal vibrated concrete (NVC). For 400 and

600°C reductions in hardened properties of SCC were found to be more than NVC of the same strength. Explosive spalling

occurred in concrete specimens before reaching 800°C.

Keywords: self-compacting concrete; silica fume; mechanical properties; elevated temperature
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1. Introduction

In the past decade, nanotechnology research can be 
thought as the most encouraging area in the field of material 
science. Of late, many types of carbon nano filaments have 
raised attention of research community in construction 
industry due to their unique chemical, mechanical and 
electrical properties and remarkable performance in 
reinforcing cementitious materials (Wang et al. 2006, Marrs 
et al. 2007). A high aspect ratio and exceptionally high 
strength of 60 GPa is the characteristic of CNTs (Manzur 
and Yazdani 2016). It also has very high elastic modulus 
around 1 TPa and ductility of 12% (Jean 2002). Such 
exceptional properties confirms the potential of CNTs as an 
excellent reinforcing agent within the cement matrix. 
Therefore, exploration on developing suitable 
nanotechnology using CNTs in mortar is of significant 
interest in the past decade. Mechanical properties of mortar, 
particularly flexural and compressive strength, depends on 
mass transfer and microstructure at nano level (Aiu 2006). 
Moreover, it is established that hydration products can be
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bP.G Student
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modified through nanotechnology. Addition of CNTs can, 
therefore, enhance strength properties apart from improved 
density of composites, as well as lower ductility values. 

Whereas extensive studies on carbon nano tubes has 
been focused on their integration in polymers, less 
consideration has been given on using nano tubes in cement 
mortar. Further, limited research of nano tube effectiveness 
in augmenting flexural strength or toughness has been done. 
Within recent past, several investigators obtained improved 
mechanical properties of cementitious composites by 
incorporating CNTs. Khater and Gawwad (2015) 
investigated the effect of firing temperatures on alkali 
activated geopolymer mortar incorporated with MWCNTs 
and showed reduction in mechanical strength with 
temperature.

Manzur and Yazdani (2016) investigated the effect of 
different sizes and dosage rates of MWCNTs on the 
properties of cement composites, and recommended a CNT 
concentration between 0.1-0.3%. In another study, Al-Rub 
et al. (2012) studied the influence of CNT aspect ratio on 
the mechanical properties of composites. It was found that 
28 days strength in flexure with short and long CNTs was 
improved by 269% and 65%, respectively. Hallad et al. 
(2017) obtained 88% increase in flexural strength by adding 
both carbon micro fibers and MWCNTs as compared to the 
control samples. Manzur and Yazdani (2010) investigated 
the effect of two different MWCNT sizes on compressive 
strength and found 15-25% increase in compressive 
strength. Later, Manzur and Yazdani (2015) in a similar 
study with treated MWCNTs recommended a CNT 
concentration by weight of cement for strength aspects. For 

Effect of diameter of MWCNT reinforcements
on the mechanical properties of cement composites

Mohd Moonis Zaheer�, Mohd Shamsuddin Jafria and Ravi Sharmab

Department of Civil Engineering, Z.H. College of Eng. & Tech., AMU Aligarh-202002, India

(Received June 6, 2019, Revised July 22, 2019, Accepted July 31, 2019)

Abstract. Application of nanotechnology can be used to tailor made cementitious composites owing to small dimension and 
physical behaviour of resulting hydration products. Because of high aspect ratio and extremely high strength, carbon nanotubes 
(CNTs) are perfect reinforcing materials. Hence, there is a great prospect to use CNTs in developing new generation 
cementitious materials. In the present paper, a parametric study has been conducted on cementitious composites reinforced by 
two types of multi walled carbon nanotubes (MWCNTs) designated as Type I CNT (10-20 nm outer dia.) and Type II CNT (30-
50 nm outer dia.) with various concentrations ranging from 0.1% to 0.5% by weight of cement. To evaluate important properties 
such as flexural strength, strain to failure, elastic modulus and modulus of toughness of the CNT admixed specimens at different 
curing periods, flexural bending tests were performed. Results show that composites with Type II CNTs gave more strength as 
compared to Type I CNTs. The highest increase in strength (flexural and compressive) is of the order of 22% and 33%, 
respectively, compared to control samples. Modulus of toughness at 28 days showed highest improvement of 265% for Type II 
0.3% CNT composites. It is obvious that an optimum percentage of CNT could exists for composites to achieve suitable 
reinforcement behaviour and desired strength properties. Based on the parametric study, a tentative optimum CNT concentration 
(0.3% by weight of cement) has been proposed. Scanning electron microscope image shows perfect crack bridging mechanism; 
several of the CNTs were shown to act as crack arrestors across fine cracks along with some CNTs breakage.

Keywords: carbon nano tubes; nano materials; nanotechnology; flexural strength; toughness; ductility
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Abstract
In the present study, the mechanical properties of geopolymer concrete (GPC) has been investigated. GPC represents a 
novel technology that is giving significant concern in industrial construction, especially in term of the current emphasis 
on sustainability. In this study, the NaOH and  Na2SiO3 solutions were used as an alkaline solution in all GPC mixes.  Na2SiO3 
with 10 concentration of molarity, activator-to-FA ratio of 0.4,  Na2SiO3/NaOH ratio of 1.75, and two curing regimes viz., 
ambient curing, and heat curing at 75 °C for 26 h were employed. The experimental results indicated that the geopolymer 
concrete strengths, modulus of elasticity, and other mechanical properties increased with heat curing as compared to 
ambient temperature curing. The elastic modulus of GPC was associated with the compressive strengths and similar to 
those of OPC concrete. Furthermore, the geopolymer concrete mixture requires proper mix proportion and temperature-
controlled curing conditions to accomplish good results.

Keywords Geopolymer concrete · Sustainable materials · Mechanical properties · Flexural strength · Modulus of 
elasticity · Fly ash

1 Introduction

The manufacture of ordinary Portland cement (OPC) con-
tributes about 10% of  CO2 emission to the environment 
and because of a significant demand for construction in 
various sector of industries such as, buildings, transporta-
tion, dams, tunnels, and sewage, etc., there is an urgent 
need for an alternate material binder which can replace 
OPC for a cleaner and sustainable construction [1–6]. 
Geopolymer materials are a novel construction technol-
ogy that could be employed for green construction pur-
poses [7–9]. There are two significant ingredients of geo-
polymer concrete, namely the source material with rich 
Alumina–Silica content such as fly ash (FA), metakaolin 
or GGBFS), and alkali activator, which consists of sodium 
silicate and sodium hydroxide solutions [10–13]. The raw 

material which is rich in Aluminium (Al) and silica (Si) such 
as GGBFS, fly ash, or metakaolin reacts with an alkaline 
solution to produce alumina silicate gel [14–16]. This gel 
behaves as a binder which binds unreacted materials 
(sand and coarse aggregates) to manufacture geopolymer 
concrete (GPC) [17].

The geopolymer concrete is considered as an ideal 
choice not only because it is a sustainable material, but 
because it utilizes waste materials from industries as a 
source material contrast OPC which uses virgin materials 
[9, 18].

Although usage of geopolymer concrete is still in the 
beginning stage, however, recently, many structures have 
been successfully constructed utilizing geopolymer con-
crete [19]. Some of these geopolymer composites are rein-
forced box culverts, concrete pipes, pavements, structural 
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a b s t r a c t

Geopolymer concrete (GPC) has been researched during the past few decades as an alternative to sus-
tainable construction materials, which can minimize CO2 emission for its use of industry by-products.
Past researches on GPC show that it can be suitable for the structural applications, with a workable
slump, and comparable grade of strength to ordinary Portland cement concrete. In this review paper, the
mix design, mechanical properties, durability and microstructure of GPC have been discussed to figure
out and report the last data and information regarding geopolymer concrete. In addition to that, the
microstructure of GPC and OPC concrete have been investigated to understand the internal structure of
GPC and evaluate its engineering properties such as strength and durability etc. Review of literature
revealed that the production of geopolymer concrete requires great care and correct material compo-
sition. During the activation process in making the geopolymer, high alkalinity also requires safety risk
and enhanced energy consumption and generation of greenhouse gases. Furthermore, the production of
GPC is also affected by the curing time and curing temperature. Therefore, there is an urgent need to
develop user-friendly design geopolymer concrete procedure/code that can be used in a variety of
construction areas. In summary, this literature review offers guidance for civil engineers and industrial
community in future researches regarding geopolymer concrete.

© 2019 Elsevier Ltd. All rights reserved.
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Abstract
Steel corrosion is the main source of damage and early failure of reinforcement concrete structures that in turns create huge 

economical loss and creating environmental problems. In the past, several corrosion assessment techniques such as potential 

measurement, gravimetric weight loss measurement, electrical resistivity measurement, sensors and electrochemical methods 

for instance potentiodynamic polarization, linear polarization resistance, galvanostatic pulse, and electrochemical impedance 

have been developed to detect corrosion condition of steel in concrete. Though the potential measurement, resistivity meas-

urement and sensors can only provide the qualitative information about the steel corrosion. The weight loss measurement 

is an efficient technique for corrosion rate measurement of steel, but it is destructive and requires long exposure times. The 

electrochemical techniques are non-destructive in nature and are used to determine corrosion rate of steel in laboratory as 

well as field studies. However each of these methods possesses certain advantages and limitations, therefore a combination 

of these techniques is recommended to use to obtain the corrosion condition of steel. As far as corrosion control techniques 

for steel reinforced concrete are concerned, several methods such as cathodic protection, electrochemical chloride extrac-

tion, surface treatments of the steel, surface treatment of concrete, utilization of mineral admixtures and chemical corrosion 

inhibitors have been developed in the past. Each of these methods offers some advantages and disadvantages. Thus, more 

researches are required to develop such methods of corrosion protection of steel that are economical, durable, environment-

friendly and do not cause any adverse effect on the structural performance of concrete and steel.

Keywords Steel corrosion · Economical loss · Environmental problems · Corrosion assessment techniques · Corrosion 

control techniques

1 Introduction

Prior to the invention of cement, mortars were made by mix-

ing water, sand and slaked lime [1]. John Smeaton discov-

ered hydraulic lime mortars in 1754 [2]. A British mason 

named Joseph discovered the cement in 1824 and filed the 

first patent on Portland cement [3]. However, the objects 

prepared with the use of Portland cement were extremely 

brittle and incapable to tolerate shocks. Joseph Monier, a 

French gardener in 1867 made flowerpots with embedded 

iron nails and consequently observed a remarkable enhance-

ment in the durability of his pots. Afterward, efficient sci-

entific developments in concrete manufacture took place. In 

1911, American Society for Testing and Materials (ASTM) 

formulated a detailed specification for the utilization of steel 

in concrete [4]. Subsequently, various developments ensued 

in designing the steel reinforcement bars in order to pro-

duce stronger and durable concrete structures. Consequently, 

the steel-reinforced concrete became the most widely used 

structural material in the world because of its economical, 

strength and durability properties. Steel-reinforced concrete 

structures were viewed as maintenance-free and unlimited 

service life until the mid-1970s. Conversely, since then, 

several durability related problems have emerged, such as 

alkali-silica reactions, sulphate attacks and corrosion of 

steel reinforcement. Among all durability related problems 

in steel-reinforced concrete structures, corrosion of steel 

reinforcement has been recognized as the main source of 

deterioration [5].

Generally, the corrosion affects our daily lives directly 

as well as indirectly. In direct, it shortens the useful service 
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INTRODUCTION 
Flood is usually high level flow of water in a river which is 
overflowing over its banks while submerging the nearby area. 
Flood problem in India is mostly confined to the states located 
in the Indo-Gangetic plains, north-east India and occasionally 
in rivers of central India. As the bulk of summer monsoon 
rainfall occurs within the period of four months (June to 
September), thus majority of floods occur only during these 
months (Dhar et al. 2003). Flood forecasting and its estimation 
play key role in design of hydraulics structures such as bridges, 
spillways for dams, culvert waterways, roads, railway, flood 
plain zoning, urban drainage systems and economic evaluation 
of flood protection works. Since flood is a very complex 
natural event depending upon characteristics of catchment, 
rainfall conditions and various other factors, thus its analytical 
modelling is very difficult to pursue. However, various 
statistical methods are available for the prediction of peak 
flood. One such method which is widely used in India and UK 

-
Pearson type III distribution method is used in USA. Nadarajah 
et al. (2005) analysed 39 years of flood data of Pachang River 

reasonable model for both flood volume and flood peak. 
Rostami et al. (2007) used L-moment approach for the regional 
flood frequency analysis of Halil river basin. Jery Stedinger et 
al. (2008) was of the opinion that Expected Moments 
Algorithm (EMA) be adopted by the US flood management 
community for flood frequency analysis because it provides a 
direct fit of the LP3 distribution using the entire data set. 
Ladislav Gaal et al. (2010) reviewed methods to incorporate 
historical floods into the at-site flood frequency analysis based 
on Bayesian inference where a likelihood function is built to 
properly handle the information on historical floods. Mujere 
(2011) analysed the 30 year peak flood data of Nyanyadzi 

predicts river flood magnitudes very efficiently. Abbulu et al. 
(2013) carried out flood frequency analysis for  reservoirs in 

Vishakhapatnam in India using probability weighted moment 
methods. They concluded that the L-moment method gives 
better plotting position but have some limitations, so 
Gringorten formula is the best plotting position method with 

 
Recent advancement in soft computing techniques and its 
application in hydraulics engineering have challenged the 
conventional methods of the analysis. Various hydraulics 
engineering problems in general and flood frequency analysis 
in particular, are now being solved using several Artificial 
Intelligence (AI) techniques, viz. Artificial Neural Networks 
(ANN), Genetic Algorithm (GA), Genetic Programming (GP), 
Gene Expression Programming (GEP), Group Method of Data 
Handling (GMDH) etc. The soft computing tool of Genetic 
Programming which is essentially classified as an Evolutionary 
Computation (EC) technique has found its foot in the field of 
Hydraulic Engineering in general and modelling of water flows 
in particular since last 12 years (Shreenivas, 2012). Khalid et 
al. (2008) build a hydraulic jump model using Multiple Linear 
Regression (MLR), compared it with Gene Expression 
programming (GEP) and found that GEP model gave higher 
correlation coefficient than MLR, but was more complicated 
than the MLR model. They have also concluded that GEP is a 
promising AI approach for hydraulic data modelling. 
Azamatullah et al. (2011) used GEP for estimating stage 
discharge relationship for Pahang River in Malaysia and 
compared his results with the conventional methods. They 
observed that the performance of the GEP model was found to 
be substantially superior to both GP and the conventional 
models. Neslihan Seckin et al. (2012) applied GEP and linear 
genetic programming (LGP) in addition to logistic regression 
(LR) to forecast peak flood discharges and found that 
prediction made by GEP was more precise than the LGP and 
LR methods. Mujahid et al. (2012) concluded that the 
performance of GEP was found to be satisfactory and 
encouraging when compared with regression and ANN models 
in predicting bridge pier scour depth. They also mentioned that 
GEP has the unique capability of providing a compact and 
explicit mathematical expression for computing bridge scour. 
Zahiri et al. (2012) used GEP for the prediction of flow 
discharge in compound channels and compared the results with 
vertical divided channel method (VDCM), and concluded that 
GEP model predict discharge more accurately than VDCM, as 
this conventional approach over estimates the discharge ratios 
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APPLICATION OF GENE EXPRESSION PROGRAMMING IN FLOOD 
FREQUENCY ANALYSIS 

Mohd. Muzzammil1, Javed Alam*2 and Mohd Danish3 

ABSTRACT 

Flood frequency and its magnitude are essential for the proper design of hydraulics structures such as bridges, spillways, culverts, waterways, roads, railways, 
flood control structures and urban drainage systems. Since, flood is a very complex natural event depending upon characteristics of catchment, rainfall 
conditions and various other factors, thus its analytical modelling is very difficult to pursue. Recently, artificial intelligence techniques such as gene expression 
programming (GEP), artificial neural network (ANN) etc. have been found to be efficient in modelling complex problems in hydraulic engineering. The 
performance of GEP model has been reported to be better than that of the ANN. Moreover, GEP provides mathematical equation which makes it more superior 
over other soft computing techniques  that do not give any analytical mathematical equation. Therefore, in present study, GEP is implemented in flood 
frequency analysis for typical Indian river gauging station. The results obtained in the present study are highly promising and suggest that GEP modelling is a 
versatile technique and represents an improved alternative to the more conventional approach for the flood frequency analysis. 
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Change Detection Analysis of Yamuna River Flood 
Plain in Delhi Using Remote Sensing Data
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Abstract—Delhi has witnessed a recent blow up in urbanization 
along river Yamuna passing through Wazirabad to Okhla section 
leading to the shrinkage in the flood plain that has considerably 
reduced the water levels within the river section. The present study 
quantifies the changes that have taken place over a period of ten 
years within the flood plains of river Yamuna by using two IRS LISS 
III images of year 2001 and 2011. Land Use Land Cover maps of the 
study area were prepared and areas covered in each land cover class 
in the two images were evaluated and compared in terms of percent 
increase or decrease. Results from the analysis revealed that 
agricultural area lying within the flood plain has been increased to 
234.52 hectares in the year 2011 as compared to 164.5 hectares in 
2001, thereby indicating an overall increase of 42.6%. A significant 
reduction of 61.6% in areas covered under dense trees has also been 
observed during the study period. Further, a notable increase of 
59.5% in the built up/ settlement areas within the flood plain has 
been observed. The overall shrinkage of the flood plain during a 
period of 10 years is observed to have been reduced by almost 
20%.The present study therefore reveals the spatial changes that 
have taken place within the flood plains of river Yamuna passing 
through the Delhi corridor during 10 years and finds its usefulness in 
efficient planning and management of ever shrinking flood plain. 

Keywords: Change detection, Flood plains, GIS and Remote 
Sensing, Urbanization, Yamuna river, Delhi corridor 

1. INTRODUCTION 

Studies have shown that there remains only few landscapes on 
the Earth that are still in there natural state. Due to 
anthropogenic activities, the Earth surface is being 
significantly altered in some manner and man’s presence on 
the Earth and his use of land has had a profound effect upon 
the natural environment and ecology thus resulting into an 
observable pattern in the land use/land cover over time. Land 
use and land cover change has become a central component in 
current strategies for managing natural resources and 
monitoring environmental changes. The advancement in the 
concept of vegetation mapping has greatly increased research 
on land use land cover change thus providing an accurate 
evaluation of the spread and health of the world’s forest, 
grassland, and agricultural resources has become an important 
priority [2]. 

Urbanization is one of the most widespread anthropogenic 
causes of the loss of arable land [3], habitat destruction [4], 
and the decline in natural vegetation cover. One of the major 
reasons of urbanization is rapid population growth in the urban 
areas or metropolitan cities. Apparently, the urban population 
has grown exponentially and by 2030, for the first time in 
human history, more people in the world will be living in 
cities and towns than in rural areas. Furthermore, by 2025 the 
developing world is likely to have become more urban in 
character than rural, therefore, the vast majority of urban 
growth is now occurring in the developing world [6]. The 
spatial information from the remote sensing satellites provides 
more effective solution for sustainable environment and urban 
development [5]. Land use and land cover is an important 
component in understanding the interactions of the human 
activities with the environment and thus it is necessary to be 
able to simulate changes. Inventory and monitoring of land-
use/land-cover changes are indispensable aspects for further 
understanding of change mechanism and modeling the impact 
of change on the environment and associated ecosystems at 
different scales [1]. Remote sensing is a valuable data source 
from which land-use/land cover change information can be 
extracted efficiently. 

The phenomena of accelerated urbanization is the main 
culprit, wherein besides bringing higher standard of living has 
also brought problems of growth of dense and unplanned 
residential areas, environmental pollution, non-availability of 
services and amenities and solid waste generation and growth 
of slums. Therefore, the present study is aimed at assessing the 
effect of urbanization in the flood plains of Yamuna river 
crossing through Delhi corridor over the period of 10 years 
(i.e., from 2001 to 2011) by using remote sensing data and 
spatial functionalities technique in Geographical information 
system (GIS).  

2. STUDY AREA 

The study area covers the flood plain of river Yamuna 
crossing the Delhi corridor, stretching out through the densely 
urbanized region between Wazirabad to Okhla Barrage and 
covering a total span of 22 km. Delhi, the capital city of India 











Abstract- A correct and reliable assessment of scour depth at bridge pier is of prime importance in safe and 
economical design of bridge pier foundation. An attempt was made to develop a reliability-based scour depth 
prediction model at bridge pier in gravel bed-rivers. A developed deterministic scour predictions model by Melville 
and Sutherland (1988) and an object oriented constrained optimization using spread sheet algorithm for FORM have 
been used for the reliability analysis in present study. To achieve a desired safety level in the design of pier foundation, 
reliability based safety factor is proposed. It was found that the reliability index increases rapidly with the increase in 
safety factor whereas, an increase in safety factor results in decrease in failure probability at faster rate. 

 Keywords Reliability, First order reliability method, Bridge Pier, Gravel bed-rivers.  

I.  INTRODUCTION 

Scour at the bridge foundation   is the most common cause 
of bridge failure in the world. Bridge pier scouring is, 
therefore, an important issue in the safety evaluation of 
bridges. To avoid such failures, the pier foundation has to be 
deeper than the maximum possible scour depth. Hence a 
reliable estimate of maximum possible scour depth around a 
bridge pier is essential to assure a safe and economic bridge 
foundation design. The process of scour around bridge pier 
is extremely complex because it involves three- dimensional 
flow with the sediment transport. The boundary layer flow 
past a bridge element undergoes a three-dimensional 
separation. This separated shear layers rolls up along the 
obstruction to form a vortex system in front of the 
obstructing element, which is swept downstream by the 
flow. When viewed from the top, this vortex system has the 
characteristic shape of a horseshoe and is thus called a 
horseshoe vortex. The formation of a horseshoe vortex and 
the associated down flow around the bridge element results 
in increased shear stress and hence a local increase in 
sediment transport capacity of the flow. This leads to the 
development of a deep scour hole around the bridge element. 
The estimation of the scour extent and is depth at bridge sites 
therefore continue to be a major concern of the bridge 
designers. The process of bridge pier scour has been 
investigated extensively and many relationships are now 
available for estimation of the design scour depth for bridge 
piers in alluvial streams. The study on bridge pier scour in 
gravel bed-rivers is relatively scanty.  

II.  CHARCTERSTICS OF GRAVEL BED-RIVERS  

The bed material of gravel bed-rivers is usually 
characterized by relatively large median size and large 
geometric standard deviation. During relatively large flood, 
all the finer particles in the bed material of such rivers move. 
When the discharge reduces, the coarser particles, which 
cannot be moved, accumulate on the bed surface and form a 
layer of non- movable particles on the bed. This is known as 

armour layer or paving. For lower discharges there is no 
sediment transport, since original bed material is overlain by 
the armour layer. The bed material can then be termed as 
layered or stratified material. The standard deviation of the 
top layer is much smaller than that of the original bed 
material and the sediment is usually coarser in size, and the 
top layer that has a thickness of one or two times the largest 
size in the bed material. In case of bridge pier founded in 
gravel-bed rivers, as the scour progresses during the passage 
of flood, coarser particles will accumulate in the scour hole 
than that in alluvial rivers which is generally have relatively 
finer bed material size and more uniform gradation [1]. 
In the upper reaches, riverbeds are commonly composed of a 
mixture of different sizes of sand and gravel. Under the 
varied stream flow velocities, a process of armoring on the 
riverbeds commences, resulting in an exposure of coarser 
particles due to washing out if the finer fraction. The armour 
layer is of concerns to estimate scour depth at bridge pier 
where the pier is embedded in the sand bed overlain by layer 
of gravels. A larger scour depth develops at pier embedded 
in an armored bed unless a secondary armor layer developed 
within the scour hole. This scouring potential was first 
recognized by [2] and the scour at circular piers in armored 
beds was studied by [3].  
The codes namely [4] and [5] that are to be followed in 
engineering practice in India for design against scour, 

the regime depth and involving discharge intensity q, with a 
silt factor of 24 for scour computation in gravel bed-rivers. 
The scour depth below the high flood level (HFL) is 

the river. This raises the basic equation as to whether gravel-
 

Analytical, semi-empirical or empirical scour equations 
based on the mechanics of scour, the dimensional analysis 
and the data correlation of laboratory experiments or field 
observations were developed [6], [7], [8], [9], and [10]. 
Scour Phenomena are complex in nature and consequently 
experimental investigation were limited to certain aspects by 
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ABSTRACT  

 

Evaluation of morphometric characteristics of watershed is the fundamental requirement for sustainable 

planning and development of its resources. Quantitative morphometric characteristics (viz. linear, relief and 

aerial) of Kosi river sub watershed in Ramnagar, Uttarakhand are evaluated by utilizing Cartosat-1 Digital 

using Arc Hydro tools in Arc GIS 9.3 software. Drainage map of the study area prepared reveals a dendritic 

drainage pattern with sixth order stream network comprising of a total of 315 numbers of streams. The length of 

the major sixth order stream of the sub watershed is 4.78 km. The average bifurcation ratio of the basin is 3.2 

which is indicative of the fact that the drainage pattern is not influenced by the geological evolutions and 

disturbances in the recent past. The drainage density of 1.15 km/km2 indicates impermeable subsoil material 

with dense vegetative cover and moderate mountainous relief with low infiltration. The elongation ratio of 0.62 

infers that the basin is closer to a circular shape. In all, a total of 21 morphometric parameters including all 

aspects of the sub watershed have been evaluated and discussed in the present study. Hence, the study concludes 

that GIS techniques prove to be a competent tool in morphometric analysis which is further useful for planning 

rainwater harvesting and watershed management. 

 

Keywords: Morphometric analysis, Drainage characteristics, GIS and Remote Sensing, Aerial, Linear, Relief 

aspects 

 

I.  INTRODUCTION 
 

Watershed morphometric analysis provides the necessary parameters for the assessment of the ground water 

potential zones, identification of areas for implementation of water harvesting structures, water resource 

planning and management, surface runoff characteristics of the drainage system etc. In other words, 

morphometric analysis of a watershed provides a quantitative description of the drainage system, which is an 

important aspect for the characterization of watersheds through the measurement and mathematical analysis of 

the configuration of the earth's surface, shape, dimension of its landforms ([1],[2]). Morphometric analysis 

requires measurement of linear features, aerial aspects and gradient of channel network of the drainage basin 

([3]).  
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ABSTRACT 

A side compound sharp crested weir is a flow diversion structure provided in one or both side walls of a 

channel to spill/divert water from the main channel  Experimental programme for this study were conducted in 

Advance Hydraulic Laboratory of Department of Civil Engineering, Aligarh Muslim University, India. 

Dimensional analysis is carried out to estimate the functional relationship for the coefficient of discharge for 

side compound weir. It is found that the coefficient of discharge depends on the approach flow Froude number, 

the ratio of the weighted crest height of the side weir to the length of the side weir and the ratio of the upstream 

depth in the channel to the length of side weir. On the basis of F-test, it is observed that LP / is the most 

significant parameter for the prediction of Cd. The developed relationship using regression approach for the 

coefficient of discharge for side compound weir gives root means square error is 0.0634. The performance of 

the present model is based on the coefficient of correlation of the non-linear regression line between predicted 

values from the present model and desired output (R=0.8609), average percentage error (APE=-2.356), 

Absolute average deviation (AAD=13.406), Standard deviation (STDV=10.13) and scattering index 

(SI=0.1675). 

Keywords: Coefficient of discharge, Side compound weir, Froude number, Rectangular channel  

 

I.INTRODUCTION 

A side weir is a flow diversion structure, which is widely used in irrigation, environmental and hydraulic 

engineering as a head regulator of distributaries and escapes. Side weirs are also used in channel systems river-

control structures, irrigation canals, water and wastewater-treatment plants and for storm water overflow from 

urban drainage systems. Other hydraulic structures used to divert flow are weirs (Ramamurthy et al. [1]); 

spillways, sluice gates (Swamee et al. [2]); orifices (Hussain et al. [3]), [4], [5])  etc. The flow over a side 

compound weir is a special case of spatially varied flow. A side weir is designed to divert a certain amount of 

flow, and therefore knowing an accurate flow is important. 

Due to the use of numerous geometric and hydraulic shapes of the side weir, and the various cross sections of 

channel in which the compound weir is placed, extensive research work has been conducted from various points 
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view for numerous types of side weir. Most of the earlier experimental studies and theoretical analyses were 

limited to the flow over side weirs in rectangular channel (e.g., De Marchi [6], Emiroglu et al. [7]), triangular 

channel (Vatankhah [8]), trapezoidal channel (Vatankhah [9]), and circular main channels (Uyumaz and Muslu 

[10]). Normally  weirs are rectangular in shape and have a restriction in cases where there is a need to divert 

flow varying from high to low -water levels. Therefore, a new shape of side weirs have been presented known as 

side compound weirs.  

Some researchers have studied flow hydraulics in compound normal weirs, which are built across the channel. 

The first of them was the work of USBR [11], Martinez et al. [12] and Jan et al. [13] on different shapes of 

compound weirs. Their study describes the calibration and design of a normal compound sharp-crested weir 

consisting of two triangular parts with various notch angles. Rahimpour M. et al. [14]  used experimental and 

theoretical approach to estimate the best flow of trapezoidal side weir under subcritical flow conditions. Aydin 

M. C.  [15]  studied the water surface profiles of the (triangular labyrinth side weirs) to describe the flow 

characteristics in the case of sub-critical flow, using CFD with Fluent code. They compared the discharge 

coefficients found from CFD results with experimental data of Aydin et al [16]. Zahiri et al. [17] carried out an 

experimental study on a rectangular compound side weir with variable heights and widths. They found that the 

discharge coefficient of compound side weirs has a high correlation with three dimensionless parameters 

including upstream Froude number (F1), ratio of weighted crest height to upstream flow depth ( P /y1) and the 

ratio of weir length to upstream flow depth (L/y1). 

The present study conducted laboratory experiments on free flow over side weirs that are composed of three 

rectangular weir. The lower weir is suitable for diversion and measurement of low-flow discharges, while the 

upper sections are appropriate for high-flow discharges. The main advantage of this special kind of side weir is 

that overflow discharges are measured and regulated with a reasonable sensitivity over wide flow ranges. 

 

II.DIMENSIONAL ANALYSIS 

There are different parameters involved in achieving the discharge coefficient of side compound weir. The 

physical characteristics of the experimental condition could be mentioned such as average velocity of flow over 

the cross section of the basin ( ), upstream depth of flow in channel (y1), acceleration due to gravity ( ), crest 

length of side weir ( ), width of main channel ( ), weightedcrest height of side weir ( P ), dynamic viscosity of 

water (μ) and density of water (ρ).The schematic view of side compound is shown in Fig. 1.Due to different 

crest heights of upper and lower weirs in a compound weir, the crest height should be replaced with the 

weighted crest height P  as following 

 

 

Where, w1, w2, w3, L1, L2 and L3 are the parts of side compound weir as shown in Fig. 1. 

L

LwLwLw
P 332211 
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Fig. 1:  Schematic view of side compound weir

 

The functional relationship for the compound side weir may be expressed as 

  LyVgBLPfCd ,,,,,,,,, 1                                      (1) 

Non-dimensional equations in functional forms can be written as below: 
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So that F1 represents the approach flow Froude number. Influence of the Reynolds number, Re=ΡVL/μ is 

relatively insignificant, and B/L is constant in the present study, hence, may be dropped from Eq. (2). The final 

functional relationship for Cd may, therefore, be expressed as 

. 
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To see the effect of various parameters on the coefficient of discharge, Cd and to establish relationship among 

the dependent and independent parameters of Eq. (3), experimental programme are carried out in present study. 

 

III.EXPERIMENTAL PROGRAME AND ANALYSES 

1. Set-up and working principle 

Experimental programs have been carried out in the Advanced Hydraulics laboratory of Department of Civil 

Engineering, Zakir Hussain College of Engineering & Technology (A.M.U.), Aligarh, India. The schematic 

representation of experimental set-up i.e. plan are shown in Fig. 2. The set-up consisted of a main channel and 

diverted channel. The length, width and height of main channel were 12.8 m, 0.29 m and 0.39 m, respectively. 

From the upstream end of the main channel at a distance 8.20 m, the side compound weir was provided in the 

right wall of the main channel. Discharge through the side weir was passed into a diversion channel of length, 

width and height were 4.18 m, 0.2 m width and 0.35 m, respectively and, then, move to a return channel. 

Discharge flowing through the side weir (Q3) was measured by a rectangular sharp-crested weir-A2 provided at 

the end of diversion channel. The total discharge measured by a rectangular sharp-crested weir-A1 was provided 

at the end of the channel. Height of weir-A1 and weir-A2 are 20 cm and 10 cm respectively. Weir-A1 and weir-

A2 were calibrated using well. Theoretical discharge through side compound weir has been calculated as Zahiri 

et al. [17]. 
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 In the present work four different weighted crest height i.e. 11.5 cm, 12.5 cm, 13.5 cm and 15.0 cmof side 

compound weir have been used. The width of each side weir was 20 cm. All side weirs were placed in the 

groove and levelled with wall of channel.  

For each set of P  twenty three to twenty five discharge Q1 in the main channel were measured. The nappe were 

fully ventilated during the experimentation. Experiments were performed under free flow through the side weir 

and conducted under subcritical flow conditions only. The range of data collected in the present work have been 

listed in Table 1. 

 

 

Fig. 2 Layout of the experimental setup 

Table 1: Range of data collected for side weir in the present study 

Parameter Unit 
Range of data 

Min. Max. 

Q1 m
3
/s 0.0028 0.0780 

Q3 m
3
/s 0.002 0.031 

B m 0.39 0.39 

y1 m 0.125 0.340 

L m 0.20 0.20 

P  m 0.115 0.15 

F1 - 0.003 0.531 
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2. F-Test 

To seek the importance of different independent parameter in predicting Coefficient of discharge, feature 

selection and parameters screening i.e. F-test have been carried out. When F-value of any variable compared to 

the F-value of other variable is very low. Then the least F value variable is dropped because this variable is 

considered as not affecting the whole value of the equation (Hussain et al. [18], Lomax [19]). All the three 

variables of Eq. (3) were taken for feature selection and variable screening process with Cd as dependent 

variable. The effect of different dimensionless variable i.e., P /L, Y1/L and F1 on the coefficient of discharge 

(Cd) was examined by F-Test is shown in Fig. 3. Figure 3 shows that P /L possesses a high F-value i.e. it is the 

most effecting variable followed by Y1/L and F1. 

 

Fig. 3 Importance of various independent inputs in predicting output (Cd) 

3. Effect of various parameters on coefficient of discharge 

The effect of the dimensionless parameter P /L, y1/L, B/L and F1 as obtained by dimensional analysis on this 

computed Cd is examined. A thorough data analysis reveals that F1, P /L and y1/L is the predominant 

parameters which can affect the Cd. For the range of data used in present study, Cd is unaffected by parameter 

B/L. Variation of Cd with upstream Froude number is shown in Fig. 4, which clearly indicates a  decrease in Cd 

with increase of F1. Variation of Cd with y1/L is shown in Fig. 5, which clearly indicates an decrease of Cd with 

increase of y1/L. Variation of Cd with P /L is shown in Fig. 6, which clearly indicates a increase of Cd with 

increase of P /L. 
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Fig. 4 Variation of Cd with upstream Froude number 

 

Fig. 5 Variation of Cd with y1/L 

 

Fig. 6 Variation of Cd with P /L 
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IV.RESULT AND DISCUSSION 

The present study is aimed at to compile the past observations on coefficient of discharge for side compound 

sharp crested weir, supplement them with new experimental results pertaining to effect of P /L, y1/L and F1 on 

Cd and reanalysing resulting data bases by applying the technique of non-linear regression analysis with a view 

towards seeing if better prediction are possible. On the basis of the dimensional analysis (Eq. 3) and the existing 

relationships, Cd can be expressed in the following linear model form: 
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where k1, k2, k3 and k4 are constant. Using the available experimental data the values of constant k1, k2, k3 and k4 

of above equation may be computed. Regression analysis has been carried out to obtain the values of constant 

k1, k2, k3 and k4 for the prediction of coefficient of discharge of side compound sharp crested side weir, in which 

80% of the available data were selected randomly and contains maximum and minimum values. Following 

equation for the prediction of coefficient of discharge of side compound sharp crested weir has been obtained. 
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Observed and calculated values of coefficient of discharge of rectangular sharp crested weir using Eq. (5) or the 

test data are compared graphically in Fig.7, which revealed that the computed discharge is within ±10% of the 

observed ones, which is a satisfactory prediction of coefficient of discharge for side rectangular sharp crested 

weir. The qualitative comparison in terms of the performance parameters such as coefficient of correlation of the 

linear regression line between predicted values from the present model and desired output (R), mean absolute 

percentage error (MAPE), and root means square error (RMSE) is shown in Table 2 for proposed relationship. 

 

Table 2 Performance parameters of proposed models 

 

Source 
Performance 

R
 

APE MAPE AAD RMSE STDV E SI 

Proposed Eq. 5 

Training 0.860 -2.356 14.284 13.406 0.0634 10.130 0.741 0.1675 

Testing 0.8207 -1.391 14.175 14.263 0.0733 9.7268 0.662 0.1799 

All 0.8609 -2.356 14.284 13.406 0.0634 10.130 0.741 0.1675 
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Fig. 7(a) Comparison between computed and observed values of Cd. using present model for Training 
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Fig. 7 Comparison between computed and observed values of Cd. using present model (b) Validation (c) 

All data set 

V.CONCLUSIONS 

In this study, an experimental investigation was performed to evaluate the discharge coefficient of side 

compound weir. Variation of Cd with Froude number which clearly indicates the decrease of Cd with increase of 

Froude number. It should be noted that the ratio of weighted crest height to crest lenght is an important 

parameter in the flow over a side weir. Therefore, its effect on Cd for side weir is apparent. The variation of Cd 

with P /L indicates Cd increases as P /L increase. The variation of Cd with Y1/L indicates that Cd is inversely 

proportion to Y1/L. Coefficient of discharge value decreases with increase of upstream Froude number which 

shows that coefficient of discharge is inversely proportional to upstream Froude number. Observed and 

calculated values of coefficient of discharge of side compound sharp crested weir using Eq. (5) for the test data 

are compared graphically, which revealed that the computed discharge is within ±20% of the observed ones, 

which is a satisfactory prediction of coefficient of discharge for side compound sharp crested weir. The 

proposed equation in found to produce results with a maximum error of ±20% for almost 100% of the total data. 

The qualitative performance of the present predictor indicates that it has lowest MAPE (14.284), RMSE 

(0.0634) and highest R (0.8609) as compared to other existing predictors. 
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ABSTRACT Submersible hydraulic structures such as Fords and Raptas are preferred mainly in mountainous regions
where hilly roads cross many torrential rivers enroot to save the cost of the highway projects. The proper design and
location of these structures are an important issue as these structures have to serve two main purposes i.e. passing of
river water and also to cater the traffic demand simultaneously. In this paper a critical review of few important
causeways are carried out.  An attempt has been made to critically examine the nature of scour and deposition around
them in various flow conditions and changing geometry of the natural streams. It is found that generally there are two
types of causeways, one in the form of plane concrete slab without any vent over which water and traffic both move while
in another type there are vent for passing water from u/s side to d/s and traffic move over the causeways. In both types
there is scour and deposition which depends upon many factors such as type of causeways, intensity of discharge,
sediment size and curvature of natural stream. Suitable precautionary measures are also suggested to reduce the scour.

KEYWORDS: Submersible structures, fords, causeway, scour, deposition

INTRODUCTION

Causeway is a road or railway route across a broad body of water or wetland raised up on embankment. Some
causeways may only be usable at low tides and the distinction between causeways and via-ducts can become
blurred when flood-relief culverts are incorporated in the structure. A causeway is however primarily
supported on earth or stone, whereas a bridge or via-duct is mainly supported by free-standing piers or arches.
Causeways (or Rapta) were constructed in ancient times by the people to save the enormous cost of
construction of bridges and culverts at many locations where a single highway crosses many water bodies.
The Traffic and cattle can easily cross the ever flowing rivers at very low depths throughout the year. At very
high flow (Monsoon flood), a Rapta may wash away or a subsidized causeway has double functions:

(a) It allows the normal dry weather flow of a river/stream to pass through the culverts(vents) below the
roadway and,

(b) The occasional floods pass both through the culverts and over the roadway.

Because they have this dual functions, causeways present hydraulic problems which are peculiar to this type
of structure and great care should be taken with their construction. Many causeways have failed because of
improper location or an improper design. If the culverts (vents) are concentrated in the centre of the causeway,
the high speed water jets coming out of these culverts will cause heavy scour at the sides of the culverts. This
implies that in designing causeways the culverts (vents) should be distributed evenly throughout the length of
the structure.

TYPES OF CAUSEWAYS

According to IRC: SP: 82-2008(Guidelines for design of causeways and submersible bridges) there are mainly
three types of causeways:
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ABSTRACT
The flow conditions variation around river bends or meanders can lead to riverbanks and structures failure, such as
bridges, river passing pipe lines, diversion dams, water intakes and invert siphon. Rock sills are grade-control structures
which are used to stabilized riverbed, riverbanks and improving aquatic habitat. In this paper an attempt has been made
to develop empirical relationships for maximum scour around the rock sill for the data collected from literature using
various software techniques. Statistical analysis has been done using MINITAB and IBM SPSS Statistics software to
predict the nonlinear equation between the maximum scour depth and flow conditions. The equations predicted by both
the softwares gave satisfactory results. The results predicted by IBM SPSS Statistics software are more accurate than the
MINITAB software. Also Artificial Neuron Network (ANN) technique has been applied to verify the results obtained by
the software. It is found that the so developed relationships predict the values of maximum scour within 10% tolerance
limit. The ANN results are better than the two software analysis, thereby, ANN can be used in designing and solving
complex field problems in water resources engineering.

Keywords Rock Sills, MINITAB, ANN, Scour, IBM SPSS.

INTRODUCTION

Most of the alluvial rivers generally meanders and take sinuous paths on its way. When the flow in such rivers
passes through curved path, secondary flow develops on account of centrifugal force. Thus in the bend portion
the main velocity or the longitudinal velocity overlaps with the transverse velocity thus generating helical
motion throughout the bend.

Secondary flow induced by the streamline curvature to redistribute mass, momentum, boundary shear stress,
and sediment transport and thereby plays an important role with respect to the water quality, velocity
distribution and river morphology.

Due to the transverse velocity, phenomena of scouring and deposition at the outer bend and the inner bend
respectively occurs. The outer banks in channel bends are most vulnerable to scour. Bend effects redistribute
the flow velocity over the river width, causing a velocity increase in the outer half of the cross section and
thus an intensified attack on the outer bank. Moreover they create a typical bar-pool bed topography, with
significantly increased depth near the outer bank due to bend scour, which may undermine the outer bank.
Both bend effects can, to a large extent, be attributed to the secondary flow which is a characteristic feature of
flow in open channel bends. Since secondary currents develops at the bends, their general tendency is to scour
at its outer edge and deposit the same materials at it inner bend. This may lead to the damage of any hydraulic
structures such as bridges, river passing pipelines, diversion dams, water intakes and invert siphons.

Grade control structures are used to stabilized riverbed, riverbanks and improving aquatic habitat. Various
measures have been taken to minimize the scour effects at the curve by protecting the outer bank by footing,
spur dike or by the introduction of J-hook vanes at the curved channels. The protection of river banks against
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ABSTRACT
With the increase of population in urban areas, the demand of water is also increasing drastically. Rain water is the

fresh water available in plenty amount which if harvested will be asset for the use of people in many ways. Aligarh
Muslim University ( AMU) is situated in district Aligarh. The rain fall condition of the city including AMU area is
moderate. During rainy season of four months from June to September, scanty amount of water is available in the are
coming as rain. The ground water table is going below and below drastically due to larger use of this water. This paper
presents the need, design and cost estimate of a surface and sub-surface reservoirs to store rain water during monsoon
periods which may be used in number of ways. For this purpose few larger buildings of AMU are selected and only
detailed design and estimate of one new building (Bibi Fatima Hall for girls students) in Aligarh Muslim University
Campus has been discussed.

KEYWORDS: Rainwater, Rainwater Harvesting System, Storage Tank, Dugwell.

INTRODUCTION

Rain Water Harvesting is an artificial technique which makes use of the collection (trapping) of rain water
during monsoon period from the paved surfaces such as roofs of the buildings, towers and roads where water
cannot infiltrate into the ground directly. The rain water which is a precious commodity and needed
everywhere for a sustainable livelihood for living beings (human and animals) may be used in many ways
such as washing, bathing, irrigating lawns and gardens in general and improving ground water table in
particular by recharging this water directly into ground through various ground water recharging systems.
This technique is also used in many countries such as America, Kenya, Japan, Thailand, Egypt, Indonesia,
Pakistan, Brazil , China etc. For water collection wooden made tanks were used in USA. Fero-cement tanks
were used in Kenya. .  Roman Villas and even whole cites were designed to take advantages of rainwater as
the principal water sources for drinking and domestic purposes since at least 2000 B.C. In the Negev desert
(Israel), tanks (ground reservoirs) for storing runoff from hill sides for both domestic and agricultural
purposes In India in many metropotan cities like Bombay, Delhi, Chennai etc. the rain water harvesting
system from roof catchment of multistoried buildings are in practice. In Darjeeling it is mandatory for each
house hold  not to allow rain water to fall the road aside but to collect it and then either use it or let it to pass
through side drains..In this thesis an attempt has been made to plan, design and construct rain water harvesting
as well as recharging systems for A.M.U. Campus. Few selected buildings of AMU campus have been
selected for the study. The design details of water collecting tanks and estimates of cost  of only only one new
building. has also been presented here.
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1. INTRODUCTION 

Causeway is a road or railway route across a broad body of water or wetland raised up on 
embankment. Causeways mainly serve two functions. Firstly, it allows the normal dry weather flow of 
a river/stream to pass through the culverts (vents) below the roadway and the occasional floods pass 
both through the culverts and over the roadway. Some causeways may only be usable at low tides and 
the distinction between causeways and via-ducts can become blurred when flood-relief culverts are 
incorporated in the structure. A causeway is however primarily supported on earth or stone, whereas a 
bridge or via-duct is mainly supported by free-standing piers or arches. 

Causeways (or Raptas) were constructed in ancient times by the people to save the enormous cost of 
construction of bridges and culverts at many locations where a single highway crosses many water 
bodies. The Traffic and cattle can easily cross the ever-flowing rivers at very low depths throughout 
the year. At very high flow (Monsoon flood), a Rapta may wash away or a subsidized. Few typical 
views of few causeways may be seen in Fig.1. 

Garouti -Tindwari Causeway, Dist. Banda, U.P (India) Kewai Causeway at River Kewai M.P (India)

Abstract: Causeways also known as Rapta are the raised surface generally made of concrete laid on river 
bed across it, where river crosses the roads or highways. Whenever water flows over the causeway, it scours 
the upstream as well as downstream edges of the causeways leading to its structural failure. In this paper an 
attempt has been made to carry out extensive experimental studies on scour around the edges of the 
causeways on its upstream as well as downstream sides. Experiments have been carried out in 20m long, 
0.74m wide and 0.60m deep laboratory flume. Models of Rapta were constructed by concrete blocks in 0.20m 
width with overall depth changing from 0.06m to 0.23m. A constant discharge of 1l/s was passed over the 
causeway maintaining a constant velocity of 0.135m/s and Froude No. as 0.379. Data of scour depths have 
been collected on predetermined nodal points along the edges of the causeways with time varying from one 
hour to 24 hours. The results of scour are presented in the form of graphs. Also, methods have been suggested 
for its mitigation. 

Keywords: Causeway, Scour, Protection, Depth of Flow, Scour depth 
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ABSTRACT
Flow in a curved channel is very complex which follows a helicoidal path. In the curved channel due to the generation of
secondary flow or curvature induced flow the flow characteristics changes significantly. Secondary flow induced by the
curvature streamline redistribute mass, momentum, boundary shear stress and sediment transport. Therefore, secondary
flow plays an important role in water quality, velocity redistribution and river morphology. This paper reviews work
published about the flow characteristics in a curved open channel. Various hydraulic and geometrical parameters like
bend radius, Froude number, sinuosity, width of the channel, angle of the bend has been taken into account by the
previous researchers to study its effect on the lateral velocity, longitudinal velocity, shear stress distribution etc.

Keywords

Curved channel, Secondary flow, Shear Stress, Lateral velocity

INTRODUCTION

In a river corridor system, rivers play an important role in theprovision of water and habitat to the surrounding
fauna and flora. Natural alluvial rivers and streams often exhibit a curved main river and one or two
corresponding floodplains. When a flood occurs, the flow depth increases and the floodplains are submerged
to convey the extra flow, leading to overbank flow in the meandering compound channel. It is important to
note that the flow characteristics in a curved channel are very different to that in a straight one, especially with
regard to the generation mechanism of main channel secondary flows. Accordingly, it is necessary to assess
the changes of the velocity, secondary flow, bed shear stress and discharge in the meandering compound
channels. To determine sediment transport, channel morphology and bank erosion, the lateral distributions of
depth-averaged velocity and bed shear stress are crucial.  These researchers showed that the secondary flows
affect the predictions of velocity and bed shear stress significantly.

Rivers is the main source of providing water supply for domestic, irrigation, industrial consumption or
transportation and recreation uses. River channels do not remain straight for any appreciable distance, the
major problems encountered in many hydraulic structures is the flow separation.

Flow in a curved open channel follows a helicoidal path. Secondary flow is defined as the flow component
perpendicular to the channel axis. Secondary flow induced by the streamline curvature is known to
redistribute mass, momentum, boundary shear stress, and sediment transport and thereby plays an important
role with respect to the water quality, velocity distribution and river morphology.

LITERATURE REVIEW

A brief review of work published about the characteristics of flow in an open curved channel is listed below:-

Sankalp, S. et al. (2015) studied the shear stress distribution in meandering channels from the analysis of data
of previous researchers. Various hydraulic and geometrical parameters such as sinuousity, aspect ratio,
Reynolds no., Froude’s no. have been considered for establishing its relationship with the shear stress. The
results obtained from the study shows that 60% of the total shear force acts on the inner wall of the bend.The
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ABSTRACT  
Dam is a solid barrier constructed at a suitable location across a river valley to store flowing water. Earth Dams are 
mainly built with clay, sand and gravel, hence they are also known as Earth fill dam or Rock fill Dam. They are trapezoidal 
in shape. They are constructed where the foundation or underlying material or rocks are weak to support the masonry 
dam. Earthen dams are relatively smaller in height and broad at the base. Earth Dams are less rigid and hence more 
susceptible to failure. Earth Dams may fail, like other engineering structures, due to improper designs, faulty 
considerations, lack of maintenance etc. The various causes leading to the failure of earth dams can be grouped into three 
categories i.e. Hydraulic failure, Seepage failure and Structural failure. About 40% of earth dams failure have been 
attributed to hydraulic failure. The failure under this category may be due to overtopping, wave erosion, top erosion and 
gullying. Uncontrolled or concentrated seepage through the dam body or through its foundation may lead to piping or 
sloughing and the subsequent failure of the dam. More than 1/3rd of the earth dams have failed because of these reasons. 
About 25% of the dam failures have been attributed to structural failures. Structural failures are generally caused by shear 
failures, causing slides. Various remedial measures has been suggested for controlling dam failures. This includes 
treatment of control of excessive seepage, structural defects failure and non-structural defects failure. This paper deals 
with the various causes of failure of earthen dams and the various remedial measures. 

Keywords  

Earth Dams, Hydraulic failure, Seepage Failure, Structural Failure, Clay core 

 

INTRODUCTION  

Earthen Dams are the dams which are built with highly compacted soil or rock fragments. Earthen dams and 
earthen levees are the most ancient type of embankments, as they can be built with the natural materials with a 
minimum of processing and primitive equipment. This dam is classified as a type of embankment dam, being 
built in the shape of an embankment or wedge which blocks a waterway. These dams have been built by various 
human societies for centuries, and they continue to be produced in some regions of the world when they appear 
to be suitable for the location and intended use. Earth dams can be very cost effective to build, which makes 
them appealing in some regions of the world. They can be made with local materials, cutting down on the 
expenses involved in acquiring and transporting materials to the dam site. In addition to earth, earth dams also 
often contain rock, and may be filled with a core of rock. Clay is another building material utilized in the core 
region of the earth dams to fully cut the seepage through the body of the dams. 

The design of an earth dam may be solid and consistent all the way through, or it may include layers of material. 
Layered materials may create an avenue for drainage which is designed to relieve pressure in emergencies. The 
weight of the dam as a whole creates a tight seal which secures the bottom and sides of the dam and the pressure 
of the water behind the dam can also act to seal the dam in place. Likewise mass concrete dams, earthen dams 
may also be utilized in number of purposes such as flood control, irrigation, domestic water supply and power 
generation etc. Numerous designs can be used and software programs designed for engineering earth dams can 
be utilized to test possible scenarios to confirm that the earth dam will be safe once it is finished. For earthen 
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ABSTRACT
Present paper deals with the results of the experimental investigation regarding the velocity distribution inside the vortex
settling Basins. Data are collected in the laboratory on vortex chamber type settling basins with two geometric
configurations. A Programmable Electro-Magnetic Shunt (P.E.M.S.) flow meter is used to measure the tangential and
radial components of velocity along vertical, tangential and radial directions at well defined nodal points inside the
basins. Graphs for tangential and radial velocities are plotted. at various depths along radius of the basins at 8% water
abstraction ratio. It is found that velocity distribution throughout the chamber is not uniform due to unsymmetrical
positions of inlet, outlet channels and under flow outlet. In some part of the chamber it follows the law of Rankine vortex
type velocity distribution.

KEY WORDS

Velocity Distribution, Vortex Chamber type settling basin, Rankine Vortex, Water Abstraction Ratio, Tangential and
Radial Velocities.

1. INTRODUCTION

To trap the silt from the canals, many silt trapping devices such as conventional settling basin, tunnel
type extractor, vortex tube are in common use. All these devices have their inherent advantages and
disadvantages. It was found after extensive literature survey that about 20 to 25 % canal discharge is needed to
extract the silt from the canal. A vortex chamber type settling basin/extractor is a device which requires only
about 8 to 10 % canal discharge to extract same amount of silt with same silt gradation and silt charge. It is a
fluidic device, which makes use of the vortices of the flow in a chamber or a basin for separation of sediment
particles from the flow. A higher velocity flow is introduced tangentially into a cylindrical chamber/basin
having an orifice/outlet at the center of its bottom. This gives rise to combined vortex conditions (Rankine
vortex) with forced vortex near the orifice at the center and free vortex in the outer region towards the
periphery. Sediment particles being heavier than water are forced towards the periphery of the chamber due to
centrifugal force imparted by vortex flow to them. The secondary flow resulting due to combined vortex
causes the fluid layers near the chamber periphery to move towards the outlet orifice at the center along the
chamber bottom, as a result the sediment particles from the chamber periphery move with the flow along a
helicoidal path towards the orifice, thereby obtaining a settling length which is longer than basin dimensions.
Thus relative higher inflow velocities can be allowed into the chamber. The sediment reaching the center of
the chamber can be flushed out through the orifice continuously. Relatively sediment free water is allowed to
leave the chamber through an outlet channel/pipe taking off from the chamber at a location of relatively higher
elevation.

2. BRIEF REVIEW

The flow mechanism in a vortex chamber sediment extractor is similar to the Rankine Vortex in
which a forced vortex core is surrounded by an irrotational or free vortex zone (Julien, 1985 a & b). Several
investigators for investigating the flow structure and similarity in vortex chambers have conducted
experimental studies. Notable amongst these includes those by Anwer (1965), Cecen (1977), Daggett and
Keulegan (1977), Julien (1985 a and b), Odgaard (1986), Vasistas et al. (1989) and Hite & Mih (1994), Mujib
et al. (2008, 2012). A brief review presented herein indicates that most of the investigators mainly observed
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Streamflow measurements are of utmost importance in water resources engineering. The amount of 
discharge through a particular section of river is the basic data required for planning and design of various 
structures and water resource projects. The discharge in a river is generally estimated by developing a 
relationship between stage and discharge as continuous measurement of discharge is very costly, time 
consuming and sometimes even impractical during floods. The accuracy of estimated discharge depends 
upon the accuracy of method adopted to estimate the parameters of stage discharge relationship. In 
this paper, parameters of stage discharge relationship have been estimated using Pattern Search (PS), 
Levenberg Marquardt Algorithm (LMA) and classical rating curve (RC) method for the stage discharge 
data available in literature (Herschy, 2008). The stage discharge relationship obtained by the three 
approaches were compared based on statistical parameters such as root mean square error (RMSE), 
mean absolute relative error (MARE) and Correlation coefficient. Application of optimization techniques 
results in lower root mean square error and mean absolute relative error and better correlation as 
compared to conventional regression method during calibration as well as testing.

Rating Curve, Optimization, Pattern Search, Levenberg Marquardt.

INTRODUCTION

The amount of discharge through a particular section of 
river is the basic data required for planning and design 
of various structures and water resource projects. 
such as culverts, bridges, operation of hydro power 
plants, flood plain zoning, flood protection works, flood 
warning systems and assessment of available water 

measurement is of paramount importance for economic 
and safe design of water resource project. Development 
of the rating curve for a gauging site is a two step 
procedures. First step is to develop stage discharge 
relationship using historical stage discharge data of the 
gauging site by plotting the graph between the observed 

site. Second step involves the measurement of stage 
and the transforming it to discharge using the established 
rating curve. It is easy to maintain a continuous record 
of stages rather than maintaining continuous record of 
discharges in a river. 

The accuracy of discharge estimated using the stage-
discharge relationships depends on the accuracy of 
method used for stage measurement and development 
of the rating curve. The classical approach of developing 
rating curve by employing regression analysis often 
fails to give stage- discharge relationship accurately as 
the logarithmic transformation of rating curve equation 
introduces a bias in the measurement (Ferguson 

present study was, therefore, to implement nonlinear 
optimization techniques which do not require logarithmic 
transformation to determine the parameters of the stage-
discharge relationship and compare their performance 
with the classical method of establishing rating curves. 

The stage discharge relationship is generally a single 
valued relation for majority of streams and rivers, 
especially non alluvial rivers represented as 

representing the gauge reading corresponding to zero 
discharge; K and n are rating curve parameters. 

Being a hypothetical parameter ‘a’ cannot be determined 
in field. Following methods are available to find the value 
of gauge height corresponding to zero discharge.

Stage discharge relationship has always remained an 
area of interest for hydrologists and many attempts 
have been made by hydrologists to establish reliable 
rating curves. (Herschy, 1995) used graphical method 
to develop stage discharge relationship. Polynomial 
models for stage discharge relationships were proposed 
by (Herschy, 1999). Application of Artificial Neural 
Network (ANN) for modelling hysteresis affected rating 
curves was introduced by (Tawfik et al., 1997) which 
was followed by (Jain and Chalisgaonkar, 2000).  (Jain, 
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Abstract--- The present study intends to quantify the changes 
and transformations in features classes of Yamuna River Flood 
Plain in Delhi. ERDAS imagine 9.2 and Terrset geospatial 
software were used for image processing and quantitative 
assessment, transformation, gain and loss, contribution o net 
change and spatial trend analysis. The Landsat 8 (2018), TM 
(2000) and MSS (1989) images were acquired for assessing 

LULC classification was achieved with kappa coefficient and 
overall accuracy for Satellite images of MSS (1989), TM (2000) 
and Landsat 8 (2018) as 0.781, 0.892 and 0.804and 86.00%, 
92.31%, 86.00% respectively. Analysis reveals the addition of 
built up area up to 25% from year 2000 onwards and loss in 
dense forest from 40% to 30%. Vegetation areas recorded a 
reduction of 15% from 1989 to 2000. Spatial trend reveals the 
qualitative vulnerability of vegetation classes during the study 
period. During 1989-2000, dense forest, vegetation and water 
classes contributed maximum to settlement class and during 
2000-2018 an interchange of dense forest and vegetation was 
witnessed. The study provides an insight to the sustainable 
planning and management of the river ecosystem that is affected 
by population expansion. 

Keywords: Land use land cover, Change detection, MLC 
algorithm, geospatial techniques, Terrset, Yamuna River. 

I. INTRODUCTION 

A precise land use and land cover map is critically 
necessary for sustainable resource utilization and for 
modeling and analyzing the land as a holistic system 
(Ahmad et al., 2012). The exercise of satellites data for the 
mapping of land use was widely appreciated in the last 
decade by researchers (Beuchle et al., 2015). Analysis of the 
data creates impressions of human interaction and nature 
towards land use evolution thereby, assisting in identifying 
the optimal land cover (Ghebrezgabher et al., 2016). 
Changes in flood plain of Yamuna River along Delhi due to 
anthropogenic involvement in unplanned manner have 
shaped the fragile ecosystem whilst posing a severe 
environmental threat to the surrounding areas (Zanetti et al., 
2018).  

With the advancements in geospatial techniques, 
monitoring, mapping and modeling of land use cover has 
afforded a way to enhance the capacity in decision making 
towards sustainable development and management of an 
area involving low cost and higher accuracy (Wu et al.,  
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2017). However, concerns over land form classification 
accuracies have been addressed by various researchers  

detecting change of flood plains in varied environments. 
Image classification techniques based on algorithms 
provides satisfactory results subject to condition of large the 
sample size. However, in Maximum likelihood classification 
(MLC), training sample per pixel signature file is created 
from the real ground information for clustering of those 
pixels having maximum likelihood of the digital numbers 
(DN) falling in a particular land use class (Afify, 2011; Butt 
et al., 2015b). Landsat images offer relatively precise 
analysis of change detection for supervised classification 
performed using maximum likelihood classifier (Lv, Z et al., 
2017).  

The Land Change Modeler (LCM) in TerrSet is used for 
map change analysis and spatial trend analysis for a 
relatively stable land cover which requires relatively low 
data with dynamic utility (Mishra, V.N et al., 2014;Yasmine 
Megahed et al.,2015). Based upon transition potential 
modeling, change prediction and change analysis, future 
land use land cover can also be predicted with the historical 
change of maps (Krishna Rajan et al., 2018).  

This study intends to appreciate the Land cover changes 
over a period of 30 years by utilizing Landsat images and 
employing MLC via supervised classification scheme and 
Land Change Modeler (LCM) in TerrSet. The study 
furnishes an insight towards understanding the changing 
trends that constitutes a crucial prerequisite for efficient 
interdisciplinary policies leading to sustainable regeneration 
of an ecologically fragile flood plain.  

II. MATERIALS AND METHOD 

Study Area 

The study area stretches 22 km flood plain of Yamuna 
River flowing along Delhi state entering at Wazirabad 
barrage and exiting at Okhla

extending an study area of 51.15 km2 (Fig. 1). The 
topography of the area is gently sloped in southwestward 
direction bounded between semi meandering river course 
coupled with straight and curved paths. The climate 
encountered by Yamuna River flowing along Delhi extend  
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ABSTRACT 
The present study deals with the petrographic interpretation of Talchir Formation sandstone, in and around 
Chirimiri area, Koriya district, Chhattisgarh state India located in Son-Mahanadi basin. This basin is an elon-
gate graben showing northwest-southeast trend and considered to be one of the largest intra-cratonic rift basins 
of Indian peninsula. Talchir Formation is the lowermost unit of thick classical Gondwana sedimentary succes-
sion and rests unconformably on Precambrian basement. The petrographic studies consisting of point count 
show the presence of quartz as a dominant framework mineral with subordinate amounts of feldspars and rock 
fragments. The data plot in the fields of cratonic interior and transitional margin of continental block prove-
nance. In the Qt (quartz)-F (feldspar)-L (lithic fragments) triangular diagram, indicating the source of these 
sediments was located in transitional margin and continental block provenance. The petrographic classification 
suggests that this formation in the study area dominantly contains compositionally immature to submature ar-
kosic, sub-arkosic and lithic-arkosic sandstones. The bivariate plot between Qp/(F+R) vs. Qt/(F+R) indicates 
changes in climatic conditions from semi-arid to semi-humid during Permo-Carboniferous period. 
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1. Introduction 
The compositions of sandstone have been widely used by 
sedimentologists during past several decades to decipher 
the provenance, paleoclimate and tectonic setting of the 
source areas [1-9]. The characters of detrital framework 
grains are substantially affected by the nature of proc-
esses that act in the depositional basin and also by the 
type of transporting medium and distance of transport 
[8,10]. Determination of different aspects of provenance 
viz its location with respect to depositional basin, lithol-
ogy, climate and tectonic setting is some of the important 
parameters of basin analysis [11].  

The Gondwana sediments of Peninsular India mark the 
resumption of sedimentation during Permo-Carbonifer- 
ous after a long hiatus since Proterozoic. The sedimenta-
tion in Gondwana basins of India evolved through a 
complex interplay of faulting, changes in sea level and 
climate [12]. The basinal geometry was modified by tec-
tonic movement during different periods. Indian plate is 
an assembly of several micro continents, sutured along 
early/middle Proterozoic Mobile belts [13-15]. These 
mobile belts became the locales of rift nucleation and 
played a fundamental role in the mechanism of rift pro- 
pagation along reactivated ancient shear zones [15-18]. 
These intra-cratonic rifts are referred to as Gondwana 
basins.  *Corresponding author. 
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Abstract—The The nuclear power is considered to be an efficient, 
reliable and cheapest source of energy, however, due to the 
associated risk of nuclear radiation, the production of nuclear energy 
is considered to be highly controversial throughout the globe. In view 
of the previous incidents of missile and aircraft attacks on important 
structures and the associated very high risk of failure the present 
study has been designed to evaluate response of nuclear containment 
structure against aircraft crash. The outer containment of a typical 
BWR nuclear power plant has been modeled. The numerical 
simulations have been carried out using the implicit and explicit 
integration schemes of ABAQUS finite element code. The effect of fire 
induced due to aircraft crash has been studied against Boeing 707-
320 aircraft. The Concrete Damaged Plasticity model for concrete 
and Johnson-Cook elastic-visco plastic model for reinforcement were 
employed to predict the behavior under impact loading, while for 
heat transfer and thermal stress analysis, the concerned material 
properties have been taken at elevated temperature form Eurocode 2. 
The impact of aircraft was considered to occur up to the point the 
engines came in contact. Thereafter the fire was assumed to have 
spread out since majority of the aircraft fuel is stored in and around 
the wings. The fire effect was considered to be most severe at the 
bottom of containment up to 10 m height from the base. After 15 mint 
of exposure to fire the temperature in the concrete element at the 
height of 10 m from the base of the containment has been noticed to 
be 1094 °C against the selected fire scenario. However, due to sharp 
fall in the thermal gradient across the thickness of the containment, 
the damage has been limited to few centimeters depth only. 

1. INTRODUCTION

As of now the fire is not considered a design parameter for the 
nuclear containment structure. Hence, the assessment of fire 
resistance has not been established yet for nuclear safety 
related structures. As such the temperature limits have been 
well established for the normal operation and the shutdown 
conditions during a test. However, the most sever temperature 
in case of an internal accident such as loss of coolant and main 
line break (175 ºC) is significantly lesser than the fire spread 
due to an aircraft crash. According to Nuclear Energy Institute 
(2009) guideline both external and internal fires may be 
erupted as a result of an aircraft crash over a containment 
structure. The response of the containment structure exposed 

to the external fire due to an aircraft crash will depends upon 
the size, velocity and fuel capacity of aircraft as well as the 
strike location and weather conditions.  

Although the fire spread in a containment structure due to 
aircraft crash has been studied earlier (Contri et al., 2005; Jeon 
et al., 2005 & 2012) however, a coupled analysis of aircraft 
crash and the induced fire effect has not been dealt in the 
literature. The crash induced fire will be ignited as a result of 
the breach of the fuel tank as soon as the wings come in 
contact. Therefore, in order to obtain a more realistic response 
of containment for the crash induced fire the effect of impact 
loading must be considered. In the present study therefore 
initially the Boeing 707-320 and Boeing 747-400 aircrafts 
have been considered to hit the containment at the mid height 
of the cylindrical wall (23 m from the base) and the fire has 
been assumed to break out as soon as the wings come in 
contact. The impact analysis has been carried out using the 
reaction-time response approach discussed in the previous 
chapter. The deformed state of the containment obtained 
through the impact analysis has been considered as the initial 
state for the thermal stress analysis. Before performing the 
thermal stress analysis however, the heat transfer analysis has 
been carried out in order to obtain the nodal temperature 
variation with respect to time in the containment structure. It 
should be noted however, that the heat transfer analysis is not 
supported by the ABAQUS/Explicit. Therefore the impact 
analysis performed in the previous chapter was repeated using 
the ABAQUS/Implicit. Thereafter the heat transfer analysis 
and thermal stress analysis was carried out using 
ABAQUS/Implicit. 
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Abstract—Nuclear energy presently contributes more than 17% of 
global energy demand. There are 20 working, 7 proposed and 5 
under construction Nuclear Power Plants (NPP) in India. In view of 
the recent nuclear disasters, safety concern in nuclear structures is 
on the rise. In this study, safety analysis of the outer containment of a 
typical NPP has been carried out using finite element code ABAQUS 
6.10. To maximise the impact effect, the wall is considered as flat in 
the present study. However, to perform a system efficient simulation, 
only a quarter of the wall has been modelled.
A 1.2 m thick doubly reinforced concrete wall has been simulated. 
The behaviour of concrete has been incorporated using Concrete 
Damaged Plasticity model while that of the reinforcement Johnson 
Cook elastic-visco plastic model. The material parameters at 
elevated temperature have been taken from Eurocode 2. Reaction 
time response curve of Boeing 707-320 has been employed to find the 
response of containment against aircraft crash. Thermal stress 
analysis has been performed by combining the impact and heat effect 
together. It has been assumed that fire starts 0.16 sec. after the 
application of impact load. A maximum deformation of 48 mm has 
been noticed. Maximum temperature was found to be 974 °C.

rehan.sadique@gmail.com  

1. INTRODUCTION

The safety assessment of important structures, such as a 
nuclear power plant, for the crash of a large commercial 
aircraft has been performed worldwide after the terrorist attack 
that occurred in the U.S. on September 11, 2001. However, 
many important studies on this subject were carried out much 
before these attacks in order to study the effect of accidental 
crash of various aircraft on important structures (e.g. Riera 
1968, 1980; Abbas et al. 1996; Arros and Doumbalski 2007). 
The nuclear containment is constructed in two layers of 
reinforced concrete shell. The purpose of the inner 
containment is to control the emission of radioactive radiation 
while the outer containment provides safety against possible 
external threat. For the external containment wall, aircraft 
crash and its subsequent fire effects on a nuclear containment 
structure may present the most serious threat to its integrity 
and stability. However, taking into consideration the massive 
cost and human efforts required, it becomes extremely 
difficult to study the behaviour of the containment for both the 
impact and thermal effect through experiments. Therefore, 

many researchers have attempted to numerically simulate the 
response of containment during an aircraft crash. An analysis 
of an air-craft crash on an outer containment of a nuclear 
power plant by taking into account the result of target yielding 
simultaneously with the reaction time in a time marching 
scheme was done by Abbas et al. 1995. Studies have also been 
performed for determining the response with changed cracking 
strains and different locations of aircraft impact for different 
aircraft. Kukreja 2005 analysed Indian nuclear containment 
using load by time history for Boeing 707-320 and other 
aircrafts. Similarly, Jeon et al. 2012 evaluated the fire 
resistance of a nuclear power plant subjected to a large 
commercial aircraft crash. A 3-D FEM model of the 
containment and auxiliary building was prepared and used for 
the heat transfer and thermal stress analysis, taking in account 
the material properties at an elevated temperature. It was 
found that a considerable magnitude of section forces such as 
bending moment and axial force were generated by the 
internal and external restraints imposed by the thermal 
deformation. The magnitude of these forces was quite large; 
thereby, these were regarded as the primary forces in safety 
assessment.

The present study focuses on the studying the behaviour of a 
nuclear containment of outer concrete layer 1.2 m thick and 
30m high against the impact of an aircraft and its subsequent 
fire induced stresses. As discussed earlier, some work has 
already been done on this type of problem where the force 
history curves obtainable by many authors or an actual/ 
arbitrary model of an aircraft was made to hit over the outer 
containment wall to see the behaviour of the structure and its 
failure. It has also been known by many researchers that the 
concrete material exhibits dissimilar behaviour under different 
conditions of loading such as compressive or tensile loading, 
rate of loading, strain rate variation, temperature etc. Aircraft 
crash on containment is a complicated subject where such 
varied behaviour is encountered. Thus the plastic behaviour of 
the concrete has been integrated in the present study using the 
concrete damaged plasticity model available in 
Abaqus/Implicit, a finite element solver software. The change 
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WKH�VLWH�LQGLFDWHV�IDYRXUDEOH�FRQGLWLRQV��IRUPXODWLQJ�EHWWHU
VWDELOLW\�DQG�OHDVW�OHDNDJH�IURP�WKH�UHVHUYRLU��8WDUL�GDP�LV�D
VPDOO�ZDWHU�FRQVHUYDWLRQ�GDP�FRQVWUXFWHG�IRU�WKH�SXUSRVH
RI�LUULJDWLRQV��VR�KXJH�UHVHUYRLU�LV�QRW�UHTXLUHG�DQG�VRPH
DGYHUVH� FRQGLWLRQ� UHODWHG� WR� VORSH� LQVWDELOLW\� FDQ� EH
PDQDJHG�

5RFN�PDVV�UDWLQJ�IRU�FKDUDFWHUL]DWLRQ�RI�VORSH�UHYHDOHG
WKDW� WKH� URFN�PDVV� OLHV� XQGHU� JRRG�JUDGH��+RZHYHU�� WKH
GLVFRQWLQXLWLHV�LQWHUVHFWLQJ�WKH�XSVWUHDP�IDFH�RI�WKH�8WDUL
GDP�VKRXOG�EH�DQDO\VHG�SURSHUO\�DQG�WUHDWHG�XVLQJ�URFN�PDVV

7DEOH����6SHFLILFDWLRQV�RI�8WDUL�GDP��VRXUFH��ZZZ��LUULJDWLRQ�XS�QLF�LQ�

7\SH (DUWKHQ�GDP

/HQJWK �����.P
3XUSRVH ,UULJDWLRQ
&DWFKPHQW�DUHD ��������0LOH
*URVV�6WRUDJH�FDSDFLW\ ��������+D�0
/LYH�VWRUDJH�FDSDFLW\ �����+D�0
7\SHV�RI�JDWHV 9HUWLFDO
1XPEHU�RI�JDWHV �
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3HWURIDFLHV�DQG�7HFWRQR�3URYHQDQFH�RI�WKH�6DQGVWRQHV�RI
-DUD�'RPH��.DFKFKK��*XMDUDW

6+$,67$�.+$1���0��$'1$1�48$6,0��$��+��0��$+0$'� $1'�0��0��$/$0�

��'HSDUWPHQW�RI�*HRORJ\��$OLJDUK�0XVOLP�8QLYHUVLW\��$OLJDUK�����������8�3��
��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��=�+��&ROOHJH�RI�(QJLQHHULQJ��$OLJDUK�0XVOLP�8QLYHUVLW\��$OLJDUK���������

(�PDLO��VKDLVWD�NKDQV��#JPDLO�FRP��DGQDQTXDVLP#JPDLO�FRP

$EVWUDFW� 7KH�5LGJH�DQG�$WKOHWD�6DQGVWRQH�PHPEHUV�RI�-DUD�'RPH�KDYH�EHHQ�DQDO\]HG�IRU�WKHLU�SHWURIDFLHV�
SURYHQDQFH�DQG�WHFWRQLF�VHWWLQJ��9DULRXV�IDFWRUV�UHVSRQVLEOH�IRU�PRGLILFDWLRQ�RI�WKH�RULJLQDO�GHWULWDO�FRPSRVLWLRQ
RI� WKH� VDQGVWRQHV� KDYH� EHHQ� FULWLFDOO\� H[DPLQHG�� ,Q� DGGLWLRQ�� KHDY\�PLQHUDOV� KDYH� DOVR� EHHQ� VWXGLHG� WR
VWUHQJWKHQ�WKH�LQWHUSUHWDWLRQ�RI�WKH�SURYHQDQFH��7KHVH�VDQGVWRQHV�ZHUH�GHULYHG�IURP�D�PL[HG�SURYHQDQFH
LQFOXGLQJ�JUDQLWHV��JUDQLWH�JQHLVVHV��ORZ�DQG�KLJK�JUDGH�PHWDPRUSKLF�DQG�VRPH�EDVLF�URFNV�RI�WKH�$UDYDOOL
5DQJH�DQG�1DJDUSDUNDU�0DVVLI��7KH�SHWURIDFLHV�DQDO\VLV�UHYHDOV�WKDW�WKHVH�VDQGVWRQHV�EHORQJ�WR�WKH�FRQWLQHQWDO
EORFN��UHF\FOHG�RURJHQ�DQG�ULIWHG�FRQWLQHQWDO�PDUJLQ�WHFWRQLF�UHJLPH��7KH�ILUVW�F\FOH�DQG�UHF\FOHG�GHWULWXV�ZDV
IXUWKHU�LQWHQVHO\�PRGLILHG�DV�D�UHVXOW�RI�ZHDWKHULQJ�XQGHU�ZDUP�KXPLG�FOLPDWH�DQG�WUDQVSRUW�EHIRUH�EXULDO�
WKHUHE\�SURYLGLQJ�PLQHUDORJLFDO�PDWXULW\�WR�WKH�VDQGVWRQHV�RI�WKH�-DUD�'RPH�

.H\ZRUGV��3HWURIDFLHV��7HFWRQR�SURYHQDQFH��5LGJH�DQG�$WKOHWD�6DQGVWRQH��-DUD�'RPH��.DFKFKK��*XMDUDW�
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7KH�JRDO�RI�SURYHQDQFH� VWXGLHV� LV� WR�GHGXFH� WKH
FKDUDFWHULVWLF� RI� VHGLPHQW� VRXUFH� DUHDV�� 3HWURJUDSKLF
DQDO\VLV�LV�D�VWDQGDUG�PHWKRG�IRU�VWXG\LQJ�SURYHQDQFH
�'LFNLQVRQ�DQG�6XF]HN��������,QJHUVROO�DQG�6XF]HN��������
'XULQJ�WKH�ODVW�WZR�GHFDGHV��VHYHUDO�DXWKRUV��6FKZDE�
������'LFNLQVRQ�DQG�6XF]HN��������'LFNLQVRQ�HW�DO��������
9DOORQL��������KDYH�GHPRQVWUDWHG�D�FORVH�FRUUHODWLRQ
EHWZHHQ� FRPSRVLWLRQ� RI� WHUULJLQRXV� VHGLPHQWV�
VHGLPHQWDU\� URFNV� DQG� SODWH� WHFWRQLF� VHWWLQJV�� 7KH
UHODWLYH�SURSRUWLRQV�RI�GHWULWDO�IUDPHZRUN�JUDLQV�SORWWHG
RQ� WULDQJXODU� GLDJUDPV� DUH� EHOLHYHG� WR� GLVFULPLQDWH
DPRQJ�YDULHW\�RI�SODWH�WHFWRQLF�VHWWLQJV��,QJHUVROO�������
/DVK��������-HWW�DQG�+HOLHU��������$NKWDU�DQG�$KPDG�
������$KPDG�DQG�%KDW��������4XDVLP�DQG�$KPDG��������
+RZHYHU��WKH�FRUUHODWLRQ�EHWZHHQ�WHFWRQLF�VHWWLQJ�DQG
VDQGVWRQH�SHWURIDFLHV�PD\�QRW�DOZD\V�EH�YDOLG�GXH�WR
PRGLILFDWLRQ�RI�LWV�FRPSRVLWLRQ�E\�UHF\FOLQJ��WUDQVSRUW
DQG� SRVW�GHSRVLWLRQDO� SURFHVVHV�� 7KH�PRVW� QRWDEOH
PRGLI\LQJ�DJHQWV�DUH�LQWHQVH�FKHPLFDO�ZHDWKHULQJ�XQGHU
WURSLFDO�KXPLG�FOLPDWH�DQG�ORZ�UHOLHI��6XWWQHU�HW�DO��������
%DVX��������*UDQWKDP�DQG�9HOEHO��������*LUW\��������
GLIIHUHQWLDO� DEUDVLRQ� GXULQJ� SUHGHSRVLWLRQDO� DQG� SUH�
EXULDO� WUDQVSRUW��/XFFKL��������(VSHMR�DQG�*DPXQGL�
������ DQG� GLDJHQHVLV� �0F%ULGH�� ������� 6HGLPHQW
UHF\FOLQJ��&R[�DQG�/RZH���������PL[LQJ�RI�GHWULWXV�GHULYHG
IURP� WZR� VRXUFHV�� WHPSRUDO� FKDQJH� LQ� WHFWRQLF� VW\OH
�0DFN��������DQG� ORQJ�VHGLPHQW� WUDQVSRUW�DFURVV� WKH
µPRWKHU¶�SODWH�WR�WHFWRQLFDOO\�DOLHQ�EDVLQV�DOVR�KLQGHU
WKH� LGHQWLILFDWLRQ� RI� µJHQHULF¶� WHFWRQLF� VHWWLQJ� DQG
SURYHQDQFH��7KLV�SDSHU�DWWHPSWV�WR�VWXG\�SHWURIDFLHV�

SURYHQDQFH� DQG� WHFWRQLF� VHWWLQJ�RI� WKH� VDQGVWRQHV�RI
-DUD�'RPH��7KH�SHWURIDFLHV�RI�WKLV�EDVLQ�LV�LQWHUSUHWHG
LQ�WKH�OLJKW�RI�NQRZQ�JHRWHFWRQLF�RI�WKH�$UDYDOOL�FUDWRQ�
NHHSLQJ�LQ�YLHZ�WKH�YDULRXV�PRGLI\LQJ�IDFWRUV�WKDW�FRQWURO
DQG�LQIOXHQFH�WKH�RULJLQDO�GHWULWDO�FRPSRVLWLRQ�

7(&721,&�6(77,1*

7KH� -XUDVVLF� VHGLPHQWV� RI�.DFKFKK� UHSUHVHQW� D
WKLFN� SLOH� RI� URFNV� UDQJLQJ� LQ� DJH� IURP�%DMRFLDQ� WR
7LWKRQLDQ��6LQJK�HW�DO����������ZKLFK�UHVW�XQFRQIRUPDEO\
RQ� WKH� 3UHFDPEULDQ� EDVHPHQW� �7DEOH� ����7KH� EDVLQ
GHYHORSHG�SULPDULO\�GXH�WR�ULIWLQJ�RI�$IULFD�DQG�,QGLD�LQ
WKH�/DWH�7ULDVVLF�WLPH�GXULQJ�WKH�IUDJPHQWDWLRQ�RI�WKH
*RQGZDQD� 6XSHUSODWH� �%LVZDV�� ������� 7KH� WRWDO
WKLFNQHVV� RI�0HVR]RLF� VHGLPHQWV� LQ�.DFKFKK� UDQJHV
IURP������WR������P��%LVZDV�DQG�'HVKSDQGH���������7KH
VHTXHQFHV�ZHUH� GHYHORSHG� GXH� WR� UHSHDWHG�PDULQH
LQFXUVLRQV� GXULQJ� WKH�0LGGOH� -XUDVVLF� WR� /RZHU
&UHWDFHRXV�SHULRG�IROORZHG�E\�PDMRU�WHFWRQLF�PRYHPHQWV
DQG�'HFFDQ�7UDS�YROFDQLVP�LQ�WKH�/DWH�&UHWDFHRXV�WLPH�
7KH�EDVLQ�LV�ERUGHUHG�E\�WKH�VXEVXUIDFH�1DJDUSDUNDU
PDVVLI�LQ�WKH�QRUWK��5DGKDQSXU�%DUPHU�$UFK�LQ�WKH�HDVW
DQG�.DWKLDZDU�XSOLIW�WR�WKH�VRXWK��%LVZDV���������7KH
0HVR]RLF� VHGLPHQWV� DUH� H[SRVHG� LQ� WKH� .DFKFKK
0DLQODQG�� 3DWFKDP��.KDGLU�� %HOD��:DJDG�� &KRUDG
,VODQGV�LQ�WKH�³*UHDW�5XQQ�RI�.DFKFKK´��)LJ������7KHVH
VHGLPHQWV�DUH�GRPLQDQWO\�UHSUHVHQWHG�E\�VLOLFLFODVWLFV�
)XUVLFK� HW� DO�� ������� LQWHUSUHWHG� WKHVH� VLOLFLFODVWLFV
UHSUHVHQWLQJ� D�ZLGH� UDQJH� RI� GHSRVLWLRQDO� VHWWLQJV
LQFOXGLQJ�FRDVWDO�DQG�HVWXDULQH�HQYLURQPHQWV��VXEWLGDO
EDU�VWRUP� LQIOXHQFHG� VKDOORZ� VKHOI� DQG�PLG�VKHOI

-RXU��,QGLDQ�$VVRFLDWLRQ�RI�6HGLPHQWRORJLVWV��9RO������1RV����	������������SS�������
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6KDK]DG�$QZDU�� 0��$��.KDQ� DQG ,��.��.KDQ�
�0�7HFK��6WUXFWXUH���'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��$�0�8��$OLJDUK����������83��,QGLD

���3URIHVVRU��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��$�0�8��$OLJDUK����������83��,QGLD
$EVWUDFW�6RPHWLPHV� IRXQGDWLRQV� RI� EULGJHV�� DTXHGXFWV� DQG� FXOYHUWV� QHHG� VNHZ� IRRWLQJV�� 6KDSH�
IDFWRUV�IRU�UHFWDQJXODU��FLUFXODU�DQG�VTXDUH�IRRWLQJV�KDYH�EHHQ�JLYHQ�E\�YDULRXV�LQYHVWLJDWRUV��7R�WKH�
NQRZOHGJH� RI� WKH� DXWKRU�� QHLWKHU� DQ\� DQDO\WLFDO� RU� HPSLULFDO� IRUPXOD� IRU� DVFHUWDLQLQJ� WKH� XOWLPDWH�
EHDULQJ�FDSDFLW\�QRU�VKDSH�IDFWRU�KDV�VR�IDU�EHHQ�JLYHQ�E\�DQ\�RQH�IRU�VNHZ�IRRWLQJV��7KH�DXWKRU��
WKHUHIRUH�KDG�DWWHPSWHG�WR�LQYHVWLJDWH�WKH�EHKDYLRXU�RI�VXFK�IRRWLQJV�H[SHULPHQWDOO\� ,Q�WKH�SUHVHQW�
VWXG\��DQ�HIIRUW�KDV�EHHQ�PDGH�IRU WKH�VWDELOLW\�DQG�VHWWOHPHQW�EHKDYLRXU�RI�WKH�VNHZ�PRGHO�IRRWLQJV
RI�ZLGWK��%� ����PP�����PP�DQG�����PP�HDFK�KDYLQJ��VNHZ�DQJOHV�RI���R����R DQG���R UHVWLQJ RQ
EHG� RI FOD\�� VDQG� DQG� VDQG�FOD\� OD\HUV�� 7KLV� VWXG\� LV� EDVHG� RQ� QRQ�GLPHQVLRQDO� WHFKQLTXH�� 7KH�
SK\VLFDO�YDULDEOHV�LQFOXGHG�LQ�WKHRUHWLFDO�DQDO\VLV�DUH�WKH�ZLGWK�DQG�VNHZ�DQJOH�RI�WKH�VNHZ�IRRWLQJV�
DQG�VRLO�SDUDPHWHUV��DQJOH�RI�VKHDULQJ�UHVLVWDQFH�DQG�XQLW�ZHLJKW�RI�FOD\��VDQG�DQG�VDQG�FOD\�OD\HUV��
.H\ZRUGV� 6NHZ�)RRWLQJV��1RQ�GLPHQVLRQDO�WHFKQLTXH��3URWRW\SH�DQG�VPDOO�VFDOH�PRGHO�WHVWV�

,��,1752'8&7,21

6RPHWLPHV� IRXQGDWLRQV� RI� EULGJHV�� DTXHGXFWV� DQG� FXOYHUWV� HWF�� QHHG� VNHZ� IRRWLQJV�� )RU�
IRXQGDWLRQ�VKDSHV�RWKHU�WKDQ�VWULS�IRRWLQJV��DQDO\WLFDO�VROXWLRQV�RI�XOWLPDWH�EHDULQJ�FDSDFLW\�SUREOHP�
LV� FRQVLGHUDEO\� GLIILFXOW�� %DVHG� RQ� VRPH� SXEOLVKHG� �*ROGHU�� ��������� DQG� VNHPSWRQ�� ������ DQG�
XQSXEOLVKHG�WHVW�UHVXOWV��7HU]DJKL��������JDYH�VHPL�HPSLULFDO�IRUPXODH�IRU�XOWLPDWH�EHDULQJ�FDSDFLW\�
RI� FLUFXODU� DQG� VTXDUH� IRRWLQJV�� 'H� %HHU� DQG� 9HVLF� ������� KDYH� DOVR� VXJJHVWHG� VKDSH� IDFWRU� IRU�
UHFWDQJXODU��FLUFXODU�DQG�VTXDUH�IRRWLQJV��EDVHG�RQ�H[WHQVLYH�H[SHULPHQWV��7R�WKH�NQRZOHGJH�RI�WKH�
DXWKRU��QHLWKHU�DQ\�DQDO\WLFDO�RU�HPSLULFDO�IRUPXOD�IRU�DVFHUWDLQLQJ�WKH�XOWLPDWH EHDULQJ�FDSDFLW\�QRU�
VKDSH� IDFWRU� KDV� VR� IDU� EHHQ� JLYHQ� E\� DQ\� RQH� IRU� WKH� VNHZ� IRRWLQJV�� ([SHULPHQWDOO\� DOVR�� QR�
LQYHVWLJDWLRQ�VHHPV� WR�KDYH� \HW�EHHQ�FDUULHG�RXW� IRU� VWXG\LQJ� WKH�EHKDYLRXU�RI� VNHZ�IRRWLQJV��7KH�
DXWKRU�� WKHUHIRUH�� KDV� DWWHPSWHG� WR� LQYHVWLJDWH� WKH� EHKDYLRXU� RI� VXFK� IRRWLQJV� H[SHULPHQWDOO\� 7KH�
GHVLJQ�RI�EULGJHV�RQ�VWUDLJKW�DOLJQPHQWV�ZLWK�VXSSRUW�VNHZV�EHWZHHQ���DQG����GHJUHHV��)RU�EULGJHV�
RQ� VWUDLJKW� DOLJQPHQWV�ZLWK� VXSSRUW� VNHZV� H[FHHGLQJ� ��� GHJUHHV�� WKH� GHVLJQHU� VKRXOG� XVH� D VNHZ�
IRRWLQJ�WR�PRUH�DFFXUDWHO\�FDSWXUH�WUXH�ORDG�GLVWULEXWLRQ� )RU�WKH�VXSHUVWUXFWXUH��LW�ZDV�DVVXPHG�WKDW�
VXSSRUW� VNHZ� GRHV� QRW� DIIHFW� WKH� GLVWULEXWLRQ� RI� ORDGLQJ� UHVSRQVH� DFURVV� WKH� VHFWLRQ� ZLWK� WKH�
H[FHSWLRQ�RI�VKHDU��,Q�D�VNHZHG�EULGJH��ORDGV�WHQG�WR GLVWULEXWH�WR�WKH�VXSSRUWV�LQ�D�GLUHFWLRQ�QRUPDO�
WR�WKH�VXSSRUWV��7KLV�FDXVHV�D�JUHDWHU�SURSRUWLRQ�RI�WKH�ORDG�WR�FRQFHQWUDWH�DW�WKH�REWXVH�FRUQHUV�RI�
WKH� VSDQ�DQG� OHVV� DW� WKH�DFXWH�&RUQHUV� 'HSHQGLQJ�RQ� WKH�FRQWUDFW�� WKH� FHQWUHOLQHV�RI� FRQVWUXFWLRQ��
VWUXFWXUH��DQG�URDGZD\�PD\�EH�WKH�VDPH�OLQH�RU�WKUHH�GLIIHUHQW�OLQHV��)RU�H[DPSOH��D�WZR�ODQH�EULGJH�
ZLWK� QR� VKRXOGHUV� RU� ZLWK� VKRXOGHUV� RI� HTXDO� ZLGWKV� ZRXOG� SUREDEO\� KDYH� RQH� OLQH� IRU� DOO� WKUHH�
UHIHUHQFHV�� ,Q�PRVW�FDVHV��KRZHYHU��RQH�RU�PRUH�FHQWUHOLQHV� LV�GLIIHUHQW� IURP�WKH�RWKHU�FHQWUHOLQHV��
&HQWUHOLQHV�RI�EHDULQJ�DUH�WUDQVYHUVH�OLQHV�WKDW�ELVHFW�WKH�EULGJH�VHDWV�RU�EHDULQJ�DUHDV�RQ�DEXWPHQWV�
DQG�SLHUV�DQG�LQWHUVHFW�WKH�ORQJLWXGLQDO�FHQWUHOLQHV��*HQHUDOO\��LI�WKH�FHQWUHOLQHV�RI�EHDULQJ�LQWHUVHFW�
WKH�ORQJLWXGLQDO�FHQWUHOLQHV�DW�DQ�REOLTXH�DQJOH��DQ�DQJOH�RWKHU�WKDQ�D�ULJKW�DQJOH���WKH�EULGJH�LV�VDLG�
WR�EH�VNHZHG�RU�EXLOW�RQ�D�VNHZ��,I�WKH�FHQWUHOLQHV�RI�EHDULQJ�LQWHUVHFW�WKH�ORQJLWXGLQDO�FHQWUHOLQHV�DW�
ULJKW�DQJOHV�� WKHUH�LV�QR�VNHZ� )RU�WKLV�VWXG\�� LQYHVWLJDWLRQV�ZHUH�FDUULHG�RXW�E\�VPDOO�VFDOH�PRGHO�
IRRWLQJV�WHVWV�RQ�FOD\��VDQG�DQG�VDQG�FOD\�OD\HUV��LQ�ODERUDWRU\��7KUHH�VL]HV�RI�IRRWLQJV�����PP�����
PP�DQG�����PP��HDFK�KDYLQJ�VNHZ�DQJOHV�RI��������� DQG���� ZHUH�WHVWHG��6LQFH�WKH�WHVW�UHVXOWV�RI�
VPDOO�VFDOH�PRGHO� WHVWV�DUH�TXLWH�RIWHQ�ORRNHG�ZLWK�VXVSLFLRQ�� WKH�GLPHQVLRQDO�DQDO\VLV�ZDV�FDUULHG�





ϭ

5HVRO�EDVHG�FKLWRVDQ�QDQR�K\GUR[\DSDWLWH�QDQRHQVHPEOH�IRU�HIIHFWLYH�%RQH�

WLVVXH�HQJLQHHULQJ

0RKDPPDG�6KDNLUD�5HVKPD�-ROO\D��$LMD]�$KPHG�.KDQE��6\HG�6D\HHG�$KPHGF���6KDULTXH�

$ODPF���0RKG��$KPDU�5DXI�G��0RKG��2ZDLVG��0RKG��$KPDGXOODK�)DURRTLH

D,QRUJDQLF�FKHPLVWU\�/DERUDWRU\��'HSDUWPHQW�RI�&KHPLVWU\��$08��$OLJDUK���������,QGLD�

E1HXURDQDWRP\� /DERUDWRU\�� 'HSDUWPHQW� RI� $QDWRP\�� -�� 1�� 0HGLFDO� &ROOHJH�� $08�� $OLJDUK�

�������� ,QGLD�

F�'HSDUWPHQW� RI� RUDO� DQG� PD[LOORIDFLDO� VXUJHU\�� �'HSDUWPHQW� RI� FRQVHUYDWLYH� GHQWLVWU\� 	�

HQGRGRQWLFV��'U��=LDXGGLQ�$KPDG�'HQWDO�&ROOHJH��$08��$OLJDUK���������,QGLD�

G0ROHFXODU�,PPXQRORJ\�JURXS�/DE��,QWHUGLVFLSOLQDU\�%LRWHFKQRORJ\�8QLW��$08��$OLJDUK���������

,QGLD�

H'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ� =DNLU�+XVDLQ�&ROOHJH�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��$08��

$OLJDUK����������,QGLD�

$XWKRU�IRU�&RUUHVSRQGHQFH��VKDNLU���#\DKRR�FRP

3KRQH�1R����������������

+LJKOLJKWV�

x EŽǀĞů͕�ůŽǁ�ĐŽƐƚ�ĂŶĚ�ĞĨĨĞĐƚŝǀĞ�ƐǇƐƚĞŵ�ǁŚĞƌĞ�ZĞƐŽů�ŝƐ�ĞŵƉůŽǇĞĚ�ĨŽƌ�ƚŚĞ�ĨŝƌƐƚ�ƚŝŵĞ�ŝŶ�ƚĞƌŶĂƌǇ�
ŶĂŶŽĞŶƐĞŵďůĞ�ŚǇďƌŝĚ�ǁŝƚŚ�ŶĂŶŽͲŚǇĚƌŽǆǇĂƉĂƚŝƚĞ�ĂŶĚ��ŚŝƚŽƐĂŶ�ĨŽƌ��ŽŶĞ�ƚŝƐƐƵĞ�ĞŶŐŝŶĞĞƌŝŶŐ�
ĂƉƉůŝĐĂƚŝŽŶƐ͘�

x ,ĞŵŽĐŽŵƉĂƚŝďůĞ�ƐǇƐƚĞŵ�ǁŝƚŚ�ĂĚĞƋƵĂƚĞ�ŵĞĐŚĂŶŝĐĂů�ƐƚƌĞŶŐƚŚ͘
x �ǆĐĞůůĞŶƚ ŝŶͲǀŝƚƌŽ ďŝŽŵŝŶĞƌĂůŝǌĂƚŝŽŶ�ĂŶĚ�ŝŶͲǀŝǀŽ ƐƚƵĚŝĞƐ�ĚĞŵŽŶƐƚƌĂƚĞĚ�ŽƵƚƐƚĂŶĚŝŶŐ�ĂďŝůŝƚǇ�ƚŽ�ƌĞƉĂŝƌ�

ĐƌŝƚŝĐĂů�ƐŝǌĞ�ĚĞĨĞĐƚ�;ϴŵŵͿ�ŝŶ�ĂůďŝŶŽ�ƌĂƚ�ǁŝƚŚ�ůĂƚĞŶƚ�ƉĞƌŝŽĚ�ŽĨ�Ϯ�ǁĞĞŬƐ͘
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Response of Pile foundation to Horizontal Load: A Review 
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ABSTRACT 

Deep foundation has a significant role in sustainable and safe development of infrastructure. The present study 

dealt about the behavior of laterally loaded pile foundation. Initially, a review of several recommendations and 

guidelines made by industry consultants for lateral bearing capacity of pile in clay has been summarized. A 

typical inconsistency has been found in these hypotheses. The paper further investigated the various factors 

influencing the behavior of laterally loaded pile foundation. It may be concluded that the interaction of vertical 

loads reduces bearing capacity of laterally loaded pile. Furthermore, the presence of clay layer in sand deposit 

effects lateral behavior significantly. Extra deflection may be observed when pile installed in group as 

compared to single pile due to increase in flexibility. 

Keywords: Pile foundation, Lateral loading, Layered soil, Bearing capacity, Group effect. 

I. INTRODUCTION 

Pile foundations have been in practice since long, to transfer the load of superstructures to the deep compatible 

soil or rock strata. High rise buildings, offshore platforms, bridges, defence structures, dams, metro projects, 

transmission towers, earth retaining structures, wharfs and jetties were few important structures, where pile 

foundation were frequently used to support vertical and lateral loads. Nevertheless, in all these structures, piles 

had to carry not only the axial loads, but also the lateral (horizontal) forces and moments.  More precisely, in 

structures like oil production platforms, earth retaining structures, wharfs and jetties, the primary function of 

piles is to resist the lateral loads for safety of the structure. For tall buildings and transmission towers, wind 

action may be regarded as the main source of horizontal loading, while, in case of offshore structures, oil 

extraction platforms, quays, harbors, wharfs and jetties, wave action has the significant contribution as 

horizontal force. Further, in design consideration seismic forces may come into picture according to the seismic 

zonation of particular project. 

II.MECHANISM OF LOAD TRANSFER IN LATERALLY LOADED PILES  

Laterally loaded piles have load transfer mechanism similar to a transversely loaded beam. They transfer the 

load to the adjacent soil mass by using the lateral resistance of soil. When a pile is loaded laterally, a part or 

whole of the pile tries to shift horizontally in the direction of the applied load, producing bending, rotation or 

translation of the pile (Fleming et al.1992, Salgado 2008). The soil in the front i.e. in direction of applied load 

has been pushed by the pile, which generates compressive and shear stresses and strains in the soil that offers 
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STRESS ANALYSIS OF TUNNEL IN SOFT SOIL: A STATE 

OF ART REPORT 
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ABSTRACT 

Underground facilities are an important part of the infrastructure of modern world and are used for extensive 

range of applications, including material storage, sewage, subways, railways, highways and water transport. In 

general, various factor are essential to consider while designing the tunnel in soft soil to optimise the cost of 

construction and safety also. Loads for underground structures are considered in terms of the strains and 

deformations imposed on the structure by the adjacent ground, often due to the collaboration between the two. 

The report discusses the various factor responsible for the stresses in tunnel lining in soft soil. This paper also 

gives brief idea about the method of analysis and construction of tunnel developed in recent year. 

Keywords:Method of tunnelling, Numerical modeling, Seismic effect on tunnel, Soil-structure 

interaction, tunnel boring machine  

I.INTRODUCTION  

A tunnel has been described as a long, narrow, mostly linear excavated underground opening, in which one 

dimension i.e. length greatly exceeds other two i.e. opening width or height. (Walhstrom, 1973). Factors like 

urban development, population growth and limited space have emphasised a considerable growth in tunnel 

construction for subways, underpasses and urban highways for providing the better services to transportation all 

around the world. Engineers and Planners has shown interest in shallow tunnels for modern sustainable 

development of cities due to the fact that underground structure performed better than superstructure during an 

earthquake. However, limiting the surface and subsurface settlement and stresses in lining produced due to 

tunnelling in shallow and soft ground has been perceived as  the main challenge of any geotechnical engineer. 

Due to the advancement and development of technology better solution are available to overcome the problems 

faces during the tunnelling. The present paper is an attempt to summarize the importance of tunnel construction, 

method of soil tunnelling and analysis of stresses in tunnel lining to economise the tunnel construction. Several 

essential parameters influencing the planning and design of tunnel in soft soil has been discussed. 

II.METHOD OF TUNNELLING  

Construction of tunnel in soft ground has always been challenging due to stability issue of tunnel face, 

settlement of nearby sub-surface soil and tunnelling-induced damage to superstructures.  It is essential to select 

the suitable technique of excavation by keeping the various factor in mind regarding stand-up time, access for 
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ABSTRACT: The need for electricity and communication 
network connectivity is increasing with the day. The erection 
of transmission towers in remote hilly areas is a challenging 
task due to difficult terrain and topology. Therefore, the study 
of the stability of slope having a foundation on top of it is 
necessary. In this paper, the maximum deflection in slope is 
studied by varying joint dip and distance of footing from the 
edge of the slope by keeping the footing size at 4.5 m x 4.5 m. 
The maximum footing size for the transmission tower is taken 
from the standards. The number of joint sets considered is one. 
The slope taken is a stair-steps slope having a road on one step 
and bottom step as riverbed and with the slope angle taken as 
75 degrees with the horizontal. The analysis is done using 
ABAQUS, a finite element method based software. It is found 
that the maximum deflection is observed in the case when the 
distance of footing from the edge is 4.5 m (d=1) and the joint 
set angle is 45 degrees with respect to the slope. The 
maximum deflection observed is 2.66 mm on the far 
extremafrom the edge of top horizontal extent and deflection 
just beneath the footing is 1.71 mm. 

 

KEYWORDS:Slope Stability, Transmission Tower, 
Footing, ABAQUS, FEM 

 

1 INTRODUCTION 

The rapid increase in population in the recent decades has 
made the people move to farther places in search of living 
space. Thereby, increasing the electricity demand, leading to 
the execution of hydroelectric power projects. The 
hydropower plants work on the principle of harvesting the 
potential energy of falling water. This necessitates the 
construction of the reservoir. The location of reservoir and 
dam are normally in the mountainous region.Therefore, the 
transmission of electricity needs erection of thetransmission 
towers on the hills and slopes. The construction of 
transmission tower in the hilly region is a challenging task, it 
needs the excavation of slope and its stability for the 
successful erection and working of these towers.The stability 
of slope depends upon its material properties, geological 
conditions, topology and the structural elements like joints, 

fault system, folds and shear zones etc. The presence of joints 
is one of the parameters controlling the stability of slope [1]. 
In addition to joints, the bedding plane and foliation also affect 
the stability of rock slope under static or dynamic load [2]. 
Therefore, the analysis of slope stability is an important task 
before the proper design of the system. Hence, in this paper, 
the instability of slope due to discontinuities and foundation of 
transmission tower has been considered. 

Numerical methods like finite element analysis are widely 
used to analyze the stability of rock slopes [3]. Finite element 
methods have proved accuracy, robustness and fast computing 
over the conventional method of limit equilibrium [4]. The 
assumptions made in limit equilibrium methods can lead to 
unreliable results for anisotropic rocks [5]. Therefore, the FE 
methods are becoming a handy tool for practising engineers 
[4]. The analysis of rock or soil slope can be done using finite 
element packages like ABAQUS, ANSYS, Phase2, etc[6].This 
paper presentsa case study of slope from the site at Karcham  
Wangtoo in Himachal Pradesh, India. The stability of slope 
having a foundation of transmission tower is studied in terms 
of maximum deflection for the varying joint set orientation 
and the distance of foundation from the tip of the slope. The 
most unstable combination of these two parameters is found 
out,though factor of safety is not calculated. The main reason 
behind this is to focus only on finding the condition which will 
lead to minimum FOS for slope stability. Another reason to 
avoid the calculation of FOS is to speed up the computation 
without compromising the end result. 

 

2 NUMERICAL MODEL  

2.1 Geometry 

The geometry of the model is based on the actual 
geological conditions of the slope at Karcham Wangtoo. The 
slope is having 75-degree dip angle and the width of the road 
as 15 meters and the width of a neighbouring river as 20 
meters. The elevation at which the transmission tower is 
established from the river bed is 40 meters. The analysis is 
carried forward for basalt rock mass. The footing of the 
transmission tower is taken as 4.5m x4.5m. Joint orientation 
parallel to the slope named as 0 degrees. The orientation is 
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h i g h l i g h t s

� Studied the effect of high temperature on age-dependent strength of fly ash mortar.
� Fresh, age-dependent, microstructure properties were investigated up to 500 �C.
� Fly ash mortar after exposure to elevated temperature showed better performance.
� Formation and growth of micro-cracks is larger in OPC than fly ash mortar at 500 �C.
� A model is proposed to predict fly ash mortar strength at elevated temperature.
� Model is useful in concrete construction, contributes in sustainable development.
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a b s t r a c t

The impact of high temperature on the fresh, age-dependent strength and microstructure properties of
low and high content fly ash mortars has been examined in the current investigation. Cement was
replaced with fly ash by 0%, 10%, 25%, 40% and 50% on an equal weight basis. The mortar specimens were
prepared using blended cement (i.e. cement + fly ash): fine aggregate proportion of 1:3 and water to bin-
der proportion ranging from 0.415 to 0.44 and cured under water for the ages varying from 7 to 90 days.
Then, the specimens were dried and then exposed to one heating-cooling cycle of high temperatures
starting from 100 �C to 500 �C at an interval of 100 �C for 3 h. The residual strength of blended mortar
in compression was measured and compared with plain mortar strength. The morphological character-
istics using scanning electron microscopy has also been observed. The blended mortar containing 10%
fly ash when exposed up to 500 �C temperatures gives better performance. The microstructure analysis
showed that plain mortar at 500 �C is having larger micro-cracks formation and growth than blended
mortar containing 10% fly ash. A model is proposed for the prediction of age-dependent compressive
strength of blended mortar after heating at high temperature and found good agreement with experi-
ments. The proposed model will be useful in concrete construction and also contribute to sustainable
development. Using the proposed model, the age-dependent strength of fly ash mortar at elevated tem-
perature can be predicted, when 28 days strength of plain mortar at ambient temperature is available.

� 2019 Elsevier Ltd. All rights reserved.

1. Introduction

The cement mortar plays an important role in concrete con-
struction and can be used to cover the gaps between construction
units, grouting in the pre-stressed concrete works and repair of
concrete works. In addition, cement mortar can also be used to pre-
pare building units such as bricks made with cement mortar. Thus,
cement mortar properties may directly influence the concrete
properties. The Portland cement is prominent amongst the most

expendedmaterials in mortar and concrete. It is utilized as the fun-
damental binder material in civil engineering construction work
over the globe but also responsible for CO2 gas emission. Therefore,
to decrease the utilization and reliance on cement, usage of poz-
zolanic materials, for example, fly ash (FA) as valuable cementi-
tious material has turned into the vital research in the field of
civil engineering materials such as concrete in late pasts. Extensive
research revealed that the accumulation of FA into mortar
improves the mechanical and durability properties of concrete.

In past research, it was discovered that the properties of mor-
tars with FA substitution is influenced by the hydration response,
materials packing and pozzolanic activity [1]. The FA properties
may vary and rely on the container from where it is procured.

https://doi.org/10.1016/j.conbuildmat.2019.06.167
0950-0618/� 2019 Elsevier Ltd. All rights reserved.
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A STUDY ON ECONOMIC TREATMENT OF 
DISTILLERY EFFLUENT
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ABSTRACT
The present study was conducted to find out the economic pollution reduction technique of distillery effluent that possesses a se-
rious environmental problem. The distillery effluent is generally highly acidic (pH 3.8 - 4.4) with high rates of BOD 45000- 60000 
mg/l & COD 70000 – 98000 mg/l and also suspended solids (2000 -14000 mg/l). Currently different treatment techniques are 
used to treat distillery effluent which includes fungal treatment, adsorption techniques, Electrosorption, filtration, biological treat-
ment, etc. but no treatment method alone give the desired goal to treat the distillery effluent effectively and efficiently therefore 
further research study in this area should be carried out to prevent surface and ground water pollution.
Key Words: BOD, COD, Adsorption, Electrosorption, Filtration etc.
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INTRODUCTION

Water is one of the most important compounds required 
for every existing of life therefore adequate supply of 
fresh and clean water is a basic need for all human beings 
but According to the Natural Environmental Engineering 
and Research Institution (NEERI) Nagpur about 70% of 
all available water in India is polluted and therefore two 
third of all ailments in India such as Typhoid, Jaundice, 
Cholera, Diarrhea and Dysentery system is caused by 
contaminated water. These water borne diseases claims 
1.5 million lives in India every year, which means three 
people die every 10 minutes due to contaminated water.
[9] The fact behind this is rapid industrialization which 
is one of the major causes of water pollution. The dis-
charges of untreated and partially treated wastewater 
from various industries like chemical, pesticides, ferti-
lizer, pulp and paper and sugar, etc., have polluted the 
aquatic bodies such as a river, pond and ditches. [10] 
Alcohol production from sugarcane molasses is an im-
portant distillery industry posses a high load of water 
pollution. In India there are around 295 distilleries with 
a total installed capacity of 3198 million liters per annum 
and a current yearly production of 1587 million liters al-
cohols [1]. Liquid wastes from breweries and distilleries 
possess a characteristically high pollution load and have 
continued to pose a critical problem of environmental 
pollution. The high temperature of the waste waters may 
instantaneously kill fish and other aquatic organisms, 
thus destroying the flora and fauna of a river, when the 

wastewater is discharged into it. The spent wash gen-The spent wash gen-
erated is highly Acidic in nature (pH 4.0-4.3), Due to 
decomposition of soluble and suspended organic matters 
present in the wastewaters, high BOD (Biochemical Oxy-
gen Demand) (45000-60000 ml/l) and COD (Chemical 
Oxygen Demand) (750000-98000 mg/l) of the waste- (750000-98000 mg/l) of the waste- of the waste-
waters results, causing rapid depletion of the oxygen 
content of the water, thus creating a foul smell [2&9]. 
This required that the effluents of the distillery are either 
treated or utilized profitably.

SCHEMATIC OF ALCOHOL MANUFACTURING PRO-
CESS [3].

IJCRR
Section: Healthcare

Sci. Journal 
Impact Factor 

4.016



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Accepted Manuscript

Dependence of enhanced biological nitrogen removal on carbon to nitrogen and
rbCOD to sbCOD ratios during sewage treatment in sequencing batch reactor

Anwar Khursheed, Rubia Zahid Gaur, Meena Kumari Sharma, Vinay Kumar Tyagi,
Abid Ali Khan, A.A. Kazmi

PII: S0959-6526(17)32348-X

DOI: 10.1016/j.jclepro.2017.10.055

Reference: JCLP 10847

To appear in: Journal of Cleaner Production

Received Date: 27 August 2017

Revised Date: 4 October 2017

Accepted Date: 6 October 2017

Please cite this article as: Khursheed A, Gaur RZ, Sharma MK, Tyagi VK, Khan AA, Kazmi AA,
Dependence of enhanced biological nitrogen removal on carbon to nitrogen and rbCOD to sbCOD
ratios during sewage treatment in sequencing batch reactor, Journal of Cleaner Production (2017), doi:
10.1016/j.jclepro.2017.10.055.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



Accepted Manuscript

Reduced sludge growth at high bulk liquor dissolved oxygen induced by increased 
secondary cell maintenance

Anwar Khursheed, Vinay.Kumar Tyagi, Rubia.Z. Gaur, Meena.Kumari Sharma, 
Abid.Ali Khan, A.A. Kazmi

PII: S0045-6535(17)30933-5

DOI: 10.1016/j.chemosphere.2017.06.031

Reference: CHEM 19425

To appear in: Chemosphere

Received Date: 09 April 2017

Revised Date: 20 May 2017

Accepted Date: 08 June 2017

Please cite this article as: Anwar Khursheed, Vinay.Kumar Tyagi, Rubia.Z. Gaur, Meena.Kumari 
Sharma, Abid.Ali Khan, A.A. Kazmi, Reduced sludge growth at high bulk liquor dissolved oxygen 
induced by increased secondary cell maintenance,  (2017), doi: 10.1016/j.Chemosphere
chemosphere.2017.06.031

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



Constructed wetlands and solar-driven disinfection

technologies for sustainable wastewater treatment and

reclamation in rural India: SWINGS project
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P. Molle, N. Khalil, I. Ameršek, V. K. Mishra, C. Jorgensen, A. Garfi,

P. Carvalho, H. Brix and C. A. Arias

ABSTRACT

SWINGS was a cooperation project between the European Union and India, aiming at implementing

state of the art low-cost technologies for the treatment and reuse of domestic wastewater in rural

areas of India. The largest wastewater treatment plant consists of a high-rate anaerobic system,

followed by vertical and horizontal subsurface flow constructed wetlands with a treatment area of

around 1,900 m2 and a final step consisting of solar-driven anodic oxidation (AO) and ultraviolet (UV)

disinfection units allowing direct reuse of the treated water. The implementation and operation of

two pilot plants in north (Aligarh Muslim University, AMU) and central India (Indira Gandhi National

Tribal University, IGNTU) are shown in this study. The overall performance of AMU pilot plant during

the first 7 months of operation showed organic matter removal efficiencies of 87% total suspended

solids, 95% BOD5 and 90% chemical oxygen demand, while Kjeldahl nitrogen removal reached 89%.

The UV disinfection unit produces water for irrigation and toilet flushing with pathogenic indicator

bacteria well below WHO guidelines. On the other hand, the AO disinfection unit implemented at

IGNTU and operated for almost a year has shown to produce an effluent of sufficient quality to be

reused by the local population for agriculture and irrigation.
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Abstract

The present study was conducted to treat primary and secondary treated sewage for its reuse in irrigation, soil
enrichment and aquaculture activities. The study involves treatment of this sewage through a subsurface hori-
zontal gravity-fed gravel filter bed with an area of 35 m2. The effluent was then subjected to filtration by
zeolite medium and disinfection by inline electrolytic production of chlorine. In order to provide pathogen-free
water, an anodic oxidation (AO) disinfection system was implemented, treating a flow of up to 10 m3/d. The grav-
ity-driven constructed wetland and solar-driven disinfection systems were evaluated for their treatment capacity
for various physico-chemical and biological parameters. The wetland removed almost 84% of the nitrate (NO3

�)
and 77% of the phosphate (PO4

3�). Five-day biological oxygen demand was reduced from 48 mg/l to 10 mg/l
from the secondary treated wastewater. The wetland was able to remove 65–70% of bacteria in the wastewater,
whereas the AO disinfection system removed the bacterial content to below the detection limit. The implemen-
tation of the systems will provide a suitable option for the treatment of wastewater in a very economical and
sustainable way.

Key words: constructed wetland, disinfection technology, electrochemical disinfection, sewage treatment, solar
energy supply, wastewater treatment

INTRODUCTION

Current scenario of wastewater treatment in India

Water resources in India are under serious threat due to the discharge of wastewater into aquatic eco-
systems. With the rapid expansion of cities and domestic water supply, the quantity of domestic
wastewater is increasing day by day. As per recent estimates made by the Central Pollution Control
Board of India (CPCB), about 70% of total water supplied for domestic use is then disposed of as
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ABSTRACT

An attempt has been made to study the impact of treated brewery wastewater discharge on surface
and ground water quality. Surface water samples were drawn from upstream and downstream of
discharge point from the Kali Nadi river water situated near the brewery industry. Ground water
samples were drawn from government and private hand pumps surrounding villages and nearby
location around the brewery industry.The surface water sampleswere found high concentration of
alkalinity, total dissolved solid, BOD and COD. The effluent concentrationincreases after the
industry treated effluent mixes in river. However with time and distance the COD, BOD values
starts decreases. In ground waterthe concentration of alkalinity, fluoride, total hardness andtotal
dissolved solid in some of villages are observed beyond permissible limit.

KEY WORDS : Brewery wastewater, Physico-chemical analysis, Surface and ground water
quality.

INTRODUCTION

Most of the environmental problems faced by the
world are management of waste water. Industries
discharge a wide range of wastewater pollutants,
which are not only difficult but costly to treat.
Characteristics of wastewater and concentration of
pollutants vary significantly from industry to
industry. To overcome this problem emphasis is laid
on waste minimization and revenue generation
through by-product and energy recovery. Pollution
prevention focuses on preventing the toxic effect of
produced wastewater on the environment, while
waste minimization refers to reducing the volume
or toxicity of hazardous wastes by water recycling
and reuse, process modifications and by by-product
recovery (Vandana, 2015. Ajmal 1984. Orhue, 2005).
Production of ethyl alcohol in distilleries based on
cane sugar molasses constitutes a major industry in
Asia and South America.  The aqueous distillery
effluent stream known as spent wash is a dark
brown highly organic effluent and is approximately
12-15 times by volume of the product alcohol.  It is
one of the most complexes, troublesome and
strongest organic industrial effluents, having

extremely high COD and BOD values (Pattlota, 214).
The brewing industry is one of the largest users of
water. The coliform bacteria were recorded (1-2
MPN 100 mL-1) during monsoon seasons due to run
off and possibility of mixing of sewage water
(Senthilraja, 2013; Henry, 2013). Release of industrial
effluents causes indicative changes in nutrient
cycling and organic matter processing (Sohail, 2014
and 2015). The physico-chemical properties of
effluent from Mohan Meakin Breweries Ltd,
Ghaziabad, UP, India (MMBL) have been
determined, and its effects, directly on fertile soil
and indirectly on wheat Triticum aestivum and pea
Pisum sativum crops, have been studied. The effluent
was found to be acidic in nature, and had high BOD
and COD due to the presence of large amounts of
solids. The effluent was rich in ammonia-nitrogen,
nitrate-nitrogen, phosphorus and potassium, so that
its application to the soil increased the values of
available nutrients in the soil. The upper soil had
high values of N, P, K and organic matter compared
with the lower soil in the pots used. The highest
perturbance was observed in the available
potassium of the soil, when 100% effluent was used
for irrigation followed by 75%, 50% and 25%, and
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