
Synthesis, structure characterization, in vitro and in silico biological
evaluation of a new series of thiazole nucleus integrated with
pyrazoline scaffolds

Rajitha Sadashiva a, Damodara Naral b, Jyothi Kudva c, *, S. Madan Kumar d, K. Byrappa e,
R. Mohammed Shafeeulla f, Manjunatha Kumsi g

a Sigma-Aldrich Chemical Pvt. Ltd., Bommasandra-Jigani Link Road, Bengaluru, 560100, India
b Department of Chemistry, Canara Engineering College, Benjanapadavu, Mangaluru, 574219, India
c Department of Chemistry, St Joseph Engineering College, Vamanjoor, Mangaluru, 575005, India
d DST-PURSE Lab., Mangalagangotri, Mangalore University, Mangaluru, 574199, India
e Department of Materials Science, Mangalagangotri, Mangalore University, Mangaluru, 574199, India
f Department of Chemistry, Sahyadri Science College, Shimoga, 577 201, India
g Department of Chemistry, Nagarjuna College of Engineering and Technology, Bengaluru, 562164, India

a r t i c l e i n f o

Article history:
Received 13 March 2017
Received in revised form
15 May 2017
Accepted 15 May 2017
Available online 17 May 2017

Keywords:
Thiazole
Anticancer activity
Molecular docking
Single crystal XRD

a b s t r a c t

In the current study, a series of 2,4-disubstituted-1,3-thiazoles linked with pyrazoline scaffolds 3a-o
were rationally designed and synthesized. The structures of the title compounds were elucidated by
spectroscopic data (UVeVis, IR, NMR and Mass spectra) and elemental analysis. Single crystal X-Ray
diffraction studies revealed that, the compounds 3i and 3k crystallized in monoclinic crystal systemwith
P21/n space group and Z ¼ 4. The molecules 3i and 3k were connected with intermolecular hydrogen
bonds N2dH2 … O1, N3eH3 … Cl1 and short contacts (CeH … p and CeCl … p). Intramolecular
hydrogen bonds, N3eH3 … N5 and C5eH5 ….N1 were also existed. The compounds were evaluated for
their anticancer activity against A549 and MCF-7 human cancer cell lines and in vitro antimicrobial
activity against pathogenic microbial strains. The compounds bearing chloro atom at the para position of
phenyl ring A like 3f, 3j and 3k with the IC50: 7.5, 5.0 and 5.0 mM respectively, exhibited better activity
than standard drug Cisplatin (IC50: 10.0 mM). In addition, the compounds 3a, 3f, 3j and 3l have exhibited
the similar antimicrobial activity as that of standard drug Ciprofloxacin and Fluconazole. Furthermore, to
support the biological potency of the compounds, in silico molecular docking studies were carried out
against the E. coli MurB (PDB code: 2MBR) and Jnk1 inhibitor (PDB code: 3v3v) enzymes. The various
types of interactions between the compounds and amino acid residue of enzymes were also reported.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The global burden of cancer continues to increase largely
because of aging and growth of the population. Cancers figure
among the leading causes of morbidity and mortality worldwide
and the cancer report 2016 byWHO states that, with approximately
14 million new cases and 8.2 million cancer-related deaths in 2012.
The number of new cases is expected to rise by about 70% over the
next 2 decades. Cancer is the second most common cause of death
in the US, exceeded only by heart disease and accounts for nearly 1

of every 4 deaths [1]. The development of new anticancer agents is
becoming the major interest in many academic and industrial
research laboratories all over the world, with the aim to develop
more potent molecules with higher specificity and reduced toxicity.

During the research for an effective anticancer drug, some of the
pharmacologically active heterocyclic compounds having thiazole
moiety were found to have good anticancer potency [2e4]. The
active heterocyclic ring thiazole was found in many potent bio-
logically active molecules, such as Sulfathiazole (antimicrobial
drug), Ritonavir (antiretroviral drug), Abafungin (antifungal drug).
The activity capacity of thiazole nucleus depended on the substi-
tution pattern at thiazole ring [5]. The applications of thiazoles
were found in drug development for the treatment of allergies [6],* Corresponding author.
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ABSTRACT 
A series of thiazole, oxazole and isoxazole derivatives containing sulfonamide moieties were 
synthesized and the structure of the new derivatives was confirmed using FT-IR, 1H NMR, LCMS and 
elemental analysis. The antimicrobial activities of these compounds were evaluated against two 
Gram-positive, two Gram-negative and two fungal strains by disc diffusion method. Thiazole 
derivative containing 4-methoxy phenyl group has observed as a potent antimicrobial agent. 
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INTRODUCTION 

 
The sulfa drugs and their derivatives have a significant position among the class of organic 
compounds, which have broad applications in many biological aspects [1]. The sulfonamides were the 
first drugs wildly employed and systematically applied as preventive against various diseases. These 
compounds display biological activities such as antibacterial, antifungal, antimycobacterial, antiviral 
and antitumor agents because of their specific structure [2-8].  Prontosil was the first antibiotic sulfa 
drug successfully used to treat bacterial as well as fungal infections [9]. After sulfanilamide 
discovery, a number of chemical variations were evaluated and the best therapeutic results were 
selected from the compounds in which one hydrogen atom of the SO2-NH2 group was replaced by 
heterocyclic ring [10]. More advanced studies exposed that modified sulfonamides showed moderate 
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Abstract In the present study, synthesis and characteriza-
tion of pyrazoline derivatives integrated with sulfonamide
scaffold have been performed. The characterization of
the molecules was done by elemental analysis,
ultraviolet–visible, infrared, nuclear magnetic resonance
(NMR), and mass spectra. Crystal structure of compounds
2e and 2g were determined by single crystal X-ray dif-
fraction. In the compounds 2e and 2g, the intra molecular
hydrogen bonds N15--H15…O13 and N14--H14…N1 were
closed to form a S(6) ring motif, whereas the N14--H14…
O17 hydrogen bond links, pairs of molecules related by
inversion, forming the familiar R2

2(10) ring motif. The
Hirshfeld surface analysis comprising of the dnorm surface
plots, electrostatic potentials and two-dimensional finger-
print plots were generated in order to give visual con-
firmation of the intermolecular interactions. The molecules
were screened for their in vitro antitubercular and anti-
microbial activity. The molecules 2n and 2m have shown

high potent against M. tuberculosis and most of the mole-
cules have shown good potential against different bacteria
and fungi.

Keywords Mycobacterium tuberculosis ● Antimicrobial ●

Pyrazolines ● Sulfonamides ● X-ray diffraction analysis

Introduction

Tuberculosis (TB) is a widespread infectious disease caused
by various strains of mycobacterial, which is usually M.
tuberculosis. It remains one of the world’s deadliest com-
municable diseases. TB was slowly declining each year and
it was estimated that 37 million lives were saved between
the year 2000 and 2013 through effective diagnosis and
treatment (WHO Global Tuberculosis Report 2014). There
were very few antimicrobial agents available that can be
used for life-threatening microbial infections. So the
development of an effective antimycobacterial drug is an
emerging opportunity in the field of drug discovery.

Pyrazolines are well known nitrogen containing five-
membered heterocyclic compounds, which possesses a wide
range of biological activity. Pyrazoline derivatives are
known for their prominent property as drugs like, pyr-
azofurin (antibiotic), sulfinpyrazone (uricosurgic), and
metamizole (antipyretic). Numerous studies demonstrated
that, the pyrazoline derivatives exhibit antibacterial (Sha-
haryar et al. 2006; Ali et al. 2007; Siddiqui et al. 2011),
antidepressant (Prasad et al. 2005), anticonvulsant (Batulin
1968; Parmar et al. 1974; Soni et al. 1987), antihypertensive
(Turan-Zitouni et al. 2000), antitumor (Bano et al. 2011)
activity. Some of the pyrazoline derivatives are reported to
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Synthesis, structural, biological and in silico
studies of new 5-arylidene-4-thiazolidinone
derivatives as possible anticancer, antimicrobial
and antitubercular agents†

A. Sunil Kumar, a Jyothi Kudva, *a B. R. Bharath, b K. Ananda, c

Rajitha Sadashiva,d S. Madan Kumar,e B. C. Revanasiddappa,f Vasantha Kumar,g

P. D. Rekhah and Damodara Narali

A new series of halogenated 4-thiazolidinone derivatives bearing the sulfonamide moiety was

synthesized and characterized via FT-IR, 1H NMR, 13C NMR, HRMS and single crystal X-ray analysis. The

newly synthesized target compounds were screened for their in vitro cytotoxicity on the HepG2 and

MDA-MB-231 cell lines, and antimicrobial and antitubercular activity. The compounds showed promising

anticancer activity towards the MDA-MB-231 cell line, and the trichloro derivatives with p-chloro

substitution (6i) and p-hydroxy substitution (7e) exhibited excellent anticancer activity. Compounds 6b

and 7c were observed to be moderate antimicrobial agents. The seven most potent anticancer agents

were further studied for their antitubercular activity against an M. tuberculosis strain and it was found

that compound 7e showed significant antitubercular activity. The potent candidates were also tested for

hemolysis activity against human RBC cells and were found to be non-toxic. The mode of action for the

observed anticancer activity was further supported by molecular docking studies of the potent

compounds against the enzyme Aurora kinase (PDB ID: 4ZTR). Molecular dynamics (MD) simulations

were further performed to study the stability of the ligand–protein complex.

Introduction

According to the WHO (World Health Organization), cancer is
the second most common reason of death in humans after
cardiovascular diseases worldwide. Breast cancer and prostate
cancer have been identified as the most dangerous cancers in
women and men, respectively. Various cancer treatment reports

and literature reveal that there are no anticancer agents available
with 100% efficacy without any side effects. Therefore, there is a
huge thrust for researchers to derive new chemotherapeutic
agents with maximum efficacy and definite their mechanism of
action to defeat the present difficulties related to the currently
used clinical drugs. Small ring heterocyclic compounds containing
nitrogen and sulfur have played an important role in medicinal
chemistry for a long time due to their diverse biological properties.
A survey on thiazolidinone nuclei has shown that they are currently
very important biologically active molecules in medicinal chemistry
research.1–3 Thiazolidinone derivatives and thiazole ring containing
the sulfonamide moiety have shown a wide range of biological
activities such as antibacterial,4,5 antifungal,6,7 anti-tuberculosis,8

anti-inflammatory,9,10 antiviral11 and anticancer.12,13 Sulfa drugs
such as sulfadiazine (against intestinal tract infections), sulfa-
methazine (against urinary tract infections) and sulfathiazole
(against bacterial infections) are the derivatives of sulfonamides.
A huge number of N-substituted sulfonamide derivatives with
potent antitumor activity have been reported. Some of the
candidates such as E7010, ER-34410 and E7070 are examples
in advanced clinical trials.14 The significance of sulfa drugs in
our everyday life encouraged us to synthesize sulfonamide
derivatives with an improved mode of action and marked
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ABSTRACT 

 

A series of Methyl 3-(4-substitutedphenyl)-5-(4-substitutedphenyl)-4,5-

dihydro-1H-pyrazole-1-carboxylate and 2-(5-(4-substitutedphenyl)-3-phenyl-4,5-

dihydro-1H-pyrazole-1-carbonyl)hydrazinecarbothioamide have been synthesized by 

the reaction of substituted chalcones with methylhydrazinecarboxylate and hydrazine 

hydride. The structure of the synthesised compounds was elucidated by IR, 1H NMR, 
13C NMR and mass spectra studies. The purity of the compounds was confirmed by 

elemental analysis. All synthesized compounds were studied for the antioxidant 

activity by DPPH scavenging method. All the compounds have showed the effecting 

radical scavenging capacity. Especially, the compounds with halogen substituted 

phenyl ring have shown the excellent radical scavenging activity, which was similar 

to that of standard BHT in all tested concentrations.  

 

Keywords: Trisubstituted pyrazolines, Chalcones, Antioxidant. 

 

1.  INTRODUCTION 

 

Pyrazolines are well known nitrogen containing five membered heterocyclic 

compounds, which possess many important biological activities. It has been reported that the 

substituted pyrazolines show antibacterial1-3, antidepressant4, anticonvulsant5-7, 

antihypertensive8, antitumor9, antioxidant property10.  Some pyrazoline derivatives reported to 

possess anti-inflammatory11 and antidiabetic activity12. 

           Reactive oxygen species are produced during the cellular metabolism, which includes 
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Synthesis, Characterization, Molecular Docking Studies and
Biological Evaluation of Some Conjugated
Quinazoline-Sulfonamide Scaffold
A. Sunil Kumar,[a] Jyothi Kudva,*[a] B. R. Bharath,[b] Vaishali M Rai,[c] S. Madan Kumar,[d]

Vasantha Kumar,[e] and Shyama Prasad Sajankila[b]

A series of sulfonamides containing 4-aminoquinazoline scaf-
folds 7a-7 l was synthesized, characterized and evaluated for
their in vitro antitubercular, antimicrobial and anticancer
activity. The compounds with 4-nitrophenyl (7c), 3-trifluorome-
thylphenyl (7 f) and 5-chloro-pyridin-2-yl (7h) derivatives have
shown potent antitubercular activity against Mycobacterium
tuberculosis H37Rv strain and the activity was two-fold higher
than the standard drug Ciprofloxacin. The compounds with 4-
chlorophenyl (7a), pyridin-2-yl (7g), 5-chloro-pyridin-2-yl (7h)
and pyrimidin-2-yl (7 i, 7 j and 7k) derivatives were observed as
excellent antimicrobial agents. The preliminary toxicity of

selected potent compounds was also tested on Red Blood Cells
by hemolytic assay and found to be non-toxic even at higher
concentrations. Compounds with 4-nitrophenyl (7c) and 4-
fluorophenyl (7e) substitutions emerged as potent molecules
against MDA-MB-231 cell line. ADME (Absorption, Distribution,
Metabolism and Excretion) screening study revealed that the
compounds are strong candidates for antitubercular activity
with good ADME parameters. In addition, the structure and
antitubercular activity relationship were further supported by
molecular docking studies of the active compounds against the
DNA topoisomerase II (5BTC) enzyme of M. tuberculosis.

Introduction

Tuberculosis (TB) is a main infectious disease threat caused by
slow-growing, acid-fast bacillus Mycobacterium tuberculosis and
the disease has reformed as one of the most lethal bacterial
infections worldwide.[1] The Global Tuberculosis Report 2017 by
WHO gives an estimated incidence figure of 10.4 million cases
of TB globally and India continues to have the highest number
of TB cases in the world.[2] The active TB is presently treated
with a five basic or first-line TB drugs such as Streptomycin,
Rifampicin, Ethambutol, Isoniazid and Pyrazinamide.[3,4] But the
emergence of multi-drug resistant (MDR) and extensively-drug
resistant (XDR) TB has become a more critical issue as it
becomes resistant towards the first line as well as second-line
drugs.[5,6] Bedaquiline (Brand name: SIRTURO) has granted
accelerated approval by FDA due to the lack of drugs to fight

against MDR-TB.[7,8] Hence, there is an urgent necessity of new
antitubercular drugs with a novel mode of action, less toxicity
and good selectivity than the available drugs. Quinazoline
derivatives representing a vital molecular scaffold among
heterocyclic compounds and its derivatives exhibit a wide
variety of pharmacological properties. The researchers have
found the importance of quinazoline derivatives after the
discovery of some approved antitumor drugs, Erlotinib, Ralti-
trexed, Thymitaq, Gefitinib and a second line drug Prazosin for
the management of high blood pressure.[9–11] The literature
reports have explained the broad range biological potential of
quinazoline as well as quinazolinone derivatives, antimicro-
bial,[12] anticancer,[13] antitubercular,[14] antimalarial,[15] antifun-
gal,[16] anticonvulsant,[17] antidiabetic,[18] anti-inflammatory,[19]

antiviral[20] and many other biological activities. The 4-amino-
quinazolines and its N-anilino derivatives were found to be
effective and highly selective inhibitors of Tyrosine Kinase.[21,22]

Therefore; the synthesis of 4-aminoquinazolines has attracted
many researchers in recent years.[23] On the other hand,
sulfonamides and their different derivatives are broadly used in
medicine as antibacterial agents.[24,25]

In view of these facts, we report the synthesis of a new
quinazoline framework bearing biologically active aryl and
heteroaryl sulfonamides.[26–29] The compounds were screened
for the antitubercular, antimicrobial and anticancer activities.
The Mycobacterial activity data was supported by the molec-
ular docking study using DNA topoisomerase II (PDB ID: 5BTC)
enzyme to investigate their mode of action.
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of N-substituted Sulfanilamide derivatives

Manu Lahtinen a, Jyothi Kudva b,⇑, Poornima Hegde b, Krishna Bhat c, Erkki Kolehmainen a,
Nonappa d, Venkatesh e, Damodara Naral f

aDepartment of Chemistry, University of Jyväskylä, FI-40014 JY, Finland
bDepartment of Chemistry, St. Joseph Engineering College, Mangalore, India
cDepartment of Chemistry, NITK, Surathkal, Mangalore, India
dAalto University School of Science, Department of Applied Physics, FI-00076 Aalto, Finland
eDepartment of Chemistry and iNANO, Aarhus University Langelandsgade 140, 8000 Aarhus C, Denmark
fDepartment of Chemistry, Canara Engineering College, Mangalore, India

h i g h l i g h t s

� Synthesized four sulfanilamide derivatives.
� Characterized by IR NMR and Mass spectra.
� Single crystal X-ray diffraction study was done.
� The thermal behavior study was done by TGA and DSC methods.
� Antimicrobial activity was studied.

a r t i c l e i n f o

Article history:
Received 8 August 2013
Received in revised form 17 December 2013
Accepted 18 December 2013
Available online 31 December 2013

Keywords:
Synthesis
Sulfanilamides
Antimicrobial activity
X-ray diffraction
Crystal structure
Thermal analysis

a b s t r a c t

Four sulfanilamide derivatives N-[4-(phenylsulfamoyl)phenyl]acetamide (1), 4-amino-N-phenylben-
zenesulfonamide (2), N-[4-(phenylsulfamoyl)phenyl]benzamide (3) and N-{4-[(3-chlorophenyl)sulfa-
moyl]phenylbenzamide (4) were synthesized and characterized by Infra-Red (IR), Nuclear Magnetic
Resonance (NMR) and UV–visible (UV–Vis) spectra. Also Liquid Chromatographic (LCMS) and High Res-
olution Mass Spectrometric (HRMS) methods were used. Crystal structures of 1–4 were determined by
single crystal X-ray diffraction (XRD) and their conformational and hydrogen bond (HB) network proper-
ties were examined with survey of the literature data. Compounds 1 and 2 crystallize in the same ortho-
rhombic Pbca symmetry with equivalent molecular conformation (tilted V-shape) but showed distinct
packing and hydrogen bonding models. Compounds 3 and 4 crystallize in monoclinic and triclinic crystal
systems, albeit exhibiting identical molecular conformation (L-shaped). Same donor acceptor pairs both
on 3 and 4 result to different kind of HB network. Thermogravimetric (TG) and differential scanning calo-
rimetric (DSC) methods were used to evaluate thermal properties of the substances. All sulfanilamide
derivatives have melting points between195–227 �C, initiation of thermal decomposition between
259–271 �C and enthalpies of fusion DHT

fus = 38.96, 36.60, 46.23 and 44.81 kJ mol�1 were determined
for 1–4, respectively. The derivatives were screened for their antibacterial and antifungal activities
against various bacterial and fungal strains. It is observed that there is no significant antibacterial activity
with the introduction of the benzene ring to CO–NH group or SO2–NH moiety, and none of the com-
pounds exhibited antifungal activity.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Sulfonamides represent an important class of medicinally active
compounds which are extensively used as antibacterial agents. It
interferes with PABA (p-aminobenzoic acid) in the biosynthesis

of tetrahydrofolic acid, which is a basic growth factor essential
for the metabolic process of bacteria. Many biological activities
have been recently reviewed that include endothelia, antagonism,
anti-inflammatory, tubular transport inhibition, insulin release and
saluretic activity [1]. It is well documented [2–5] that toxicological
and pharmacological properties are enhanced when sulfonamides
are administered with amide moiety.

0022-2860/$ - see front matter � 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.molstruc.2013.12.063
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a b s t r a c t

In the present work, two new potentially active quinazolin-4-yl-aminobenzenesulfonamide derivatives,
N-(5-methyl-1,2-oxazol-3-yl)-4-[(quinazolin-4-yl)amino]benzene-1-sulfonamide (4a) and N-(3,4-dimethyl-
1,2-oxazol-5-yl)-4-[(quinazolin-4-yl)amino]benzene-1-sulfonamide (4b), were synthesized and the struc-
tures were confirmed by different spectroscopic techniques like FT-IR, 1H NMR, 13C NMR, HRMS and
elemental analysis. The crystal structures were solved by single crystal X-ray diffraction (XRD) studies.
The single crystal XRD studies revealed that the compound 4a crystallized in monoclinic crystal system
in P 21/n space group with Z¼ 4 and compound 4b crystallized in triclinic crystal system in P-1 space
group with Z¼ 2. The XRD study has explained the intramolecular interactions of the title compounds.
The thermal behaviour was determined with the aid of differential scanning calorimetry (DSC) and
thermogravimetry-differential thermal analysis (TG-DTA). Further, the Hirshfeld surface analysis with
finger plots and the electrostatic potential map has shown the nature of interactions and percentage
contribution from each individual intermolecular contact of these title compounds. The H/H in-
teractions have maximum contributions and C/H, O/H and N/H also have shown major contributions
to the total area of the surface. In vitro antimicrobial activity studies have disclosed that the compound
4b exhibited a moderate antibacterial activity against B. Subtilis and E. Coli strains and excellent activity
against the fungal strain, A. Niger. In vitro anticancer activity of the compounds 4a and 4b was also
screened against MCF 7 and MDA-MB-231 breast cancer cell lines and revealed that there is no signif-
icant effect of substitution on biological activity for the synthesized compounds.

© 2018 Published by Elsevier B.V.

1. Introduction

Quinazolines are representing a vital molecular scaffold among
heterocyclic compounds and they exhibit a wide variety of phar-
macological properties [1]. The literature reports have explained
the broad range biological potential of quinazoline derivatives such
as antimicrobial, anticancer, antitubercular, antimalarial and anti-
fungal etc [2e6]. It is now believed that the biological activity of a
variety of quinazoline derivatives depends on the nature and the

position of the substituent group in their framework. Among the
identified substitution pattern, 4-aminoquinazolines and its N-
anilino derivatives were known to be effective and highly selective
inhibitors of Tyrosine Kinase [7]. On the other hand, the sulfon-
amide derivatives are pharmacologically important due to their
wide applications as antibacterial agent [8]. Quinazoline-4-
sulfonamide derivatives represent an important class of medici-
nally active compounds which are extensively used as antibacterial
agents. These hybrid molecules contain a planar heterocyclic qui-
nazoline ring with a benzenesulfonamide moiety at the 4th posi-
tion. The introduction of an amino group at the 4th positionwill act
as a hydrogen bond donor, which is an essential feature for the* Corresponding author.
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a b s t r a c t

Three quinazolin-4-ylamino derivatives containing phenylbenzenesulfonamides (7a-7c) were synthe-
sized by reacting (E)-N'-(2-cyanophenyl)-N,N-dimethyl formamidine (6) with different 4-amino-N-
(phenyl)benzenesulfonamides (4a-4c) and characterized by different techniques such as HRMS, IR, 1H
NMR and 13C NMR spectroscopy. The structural properties were further examined by single crystal X-ray
diffraction method. The X-ray data shows that compounds 7a and 7c contain two molecules and 7b
contains one molecule in the asymmetric unit. Comparison of conformation of two distinct molecules,
“A” and “B”, in the asymmetric unit of 7a and 7c were studied with the aid of reported literature. The
in vitro antiproliferative activity of the compounds was tested against two breast cancer cell lines (MDA-
MB-231 and MCF7). Compound 7b observed as a highest potent candidate against MDA-MB-231with IC50

of 5.44 mg/mL. Antimicrobial activity was also screened against bacterial and fungal strains. Compound
7a with chloro substitution was observed as the most potent candidate against the Gram-negative
bacterial strains, whereas the compounds showed no significant activity against the fungal strain.

© 2019 Published by Elsevier B.V.

1. Introduction

The biological activity of a variety of quinazoline derivatives
depends on the nature and the position of the substituent group in
their framework. Out of the broadly identified substitution pattern,
4-aminoquinazolines and their N-anilino derivatives were found to
be effective especially as anticancer agents [1,2]. The literature re-
ports also have explained the broad range biological potential of
quinazolinone and quinazoline derivatives in antitubercular [3],
antimicrobial [4,5], antimalarial [6], anticonvulsant [7], antiviral
[8], anti-inflammatory [9], antidiabetic [10] and many other bio-
logical activities. Therefore, the synthesis of 4-aminoquinazolines
has attracted broad attention in recent years [11]. On the other
hand, sulfonamides and their different derivatives are broadly used
in medicine due to their pharmacological properties such as anti-
bacterial activity [12,13].

Sulfonamides act as inhibitors of folic acid synthesis in the living
system which assists in the flourishing condition of bacteria [14].
The existence of donor and acceptor atoms in sulfonamide de-
rivatives helps them to participate in the arrangement of different
hydrogen bond networks. Earlier studies show that this property
enables them to form different polymorphic [15,16] as well as co-
crystal structures [17,18]. Therefore, the sulfonamide derivatives
have more significance not only in the field of studying their bio-
logical application but also their crystal features as well. Our pre-
vious work explained the crystal structure, hydrogen bonding and
molecular contacts of quinazoline scaffold containing oxazole and
fluorophenyl sulfonamide derivatives [19,20]. This work focused on
the quinazoline scaffold containing phenyl sulfonamide derivatives.
The synthesized derivatives were characterized by the HRMS, IR, 1H
NMR, 13C NMR and elemental analysis. The lattice parameters, bond
angles, bond lengths, dihedral angles, torsion angles, hydrogen
bonding (HB) and intermolecular interactions of the grown crystals
were obtained by single crystal X-ray diffraction (XRD). Anti-
proliferative, antibacterial and antifungal activities were also
screened to verify the potency of the compounds.
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Abstract - The present study was carried out to evaluate 
the efficiency of SBR of St. Joseph Engineering College. 
Wastewater samples were collected in daily basis and analysis 
of various water parameters were performed. Such as COD, 
BOD, pH, Specific conductivity, Turbidity and hardness. 
Increase in aeration time resulted in decrease in the values of 
the water parameters. Usage of tubesettlers with algae 
resulted in better water quality. Our study on characteristics 
of wastewater resulted in reduction of aeration time 8hours to 
5 hours.  

Key Words:  SBR; Tubesettlers; Algae; Aeration 
 

1.INTRODUCTION ( Size 11 , cambria font) 
 
Sewage is 99% water carrying domestic water originating in 
kitchen, bathing, urine, washing clothes and night soil. 
Sewage also contains water borne pathogenic organisms of 
typhoid, jaundice, which originate from the night soil of the 
already infected person. 

Sewage treatment is normally carried out by aerobic and 
anaerobic bacteria whereby there metabolize the organic 
matter and multiply themselves and which are settled out 
and disposed as sludge. Treated sewage as effluent can be 
reused to contribute to conservation of water in areas 
suffering from water scarcity. Direct discharge of sewage in 
to nearby natural water body or underground body may be 
one of the reason for water pollution. 

To reduce pollution of the natural water body, treatment of 
sewage water is compulsory. The treatment of sewage is 
possible by various processes like Up-flow anaerobic sludge 
blanket (UASB), Activated sludge process, Oxidation pond, 
Trickling filter, Sequential batch reactor(SBR),Fluidized bed 
reactor, Membrane reactor, combi-treat technology etc. Out 
of these Sequential batch reactor(SBR) and Activated sludge 

process(ASP) have many applications. 

 

1.1 Sequential batch reactor process 

A Sequential batch reactor is a treatment process that 
consists of a sequence of steps that are carried out in the 
same enclosed structure, called as tank reactor. The SBR 
operation is based on “fill-and-draw” principle, consisting of 
five steps ,namely-fill, react, settle, decant and Idle. 

During fill phase the basin receives influent water where 
influent brings  food to the microbes in activated sludge, 
creating an environment for biochemical reactions. During 
react phase,no wastewater will enter the the reactor and 
aeration units and mechanical mixing are switched on. 
During settle phase activated sludge is allowed to settle 
under   inactive state.Clarified treated effluent is removed 
from the tank in decant phase. The idle period is used when 
the system is waiting for enough effluent to process. 
 

 
 

2. LITERATURE REVIEW 

As per the study of Devendra Dohare, Mahesh Kawale 
(2014)on the biological treatment of wastewater using 
activated sludge process and sequential batch reactor 
process. In this paper they provided an overall information 
regarding activated sludge process and sequential batch 
process. When compared to other processes these two 
processes are considered to be widely used. The efficiency of 
the SBR is considered to be greater than that of ASP as it is of 
low cost and consumes less space for both continues and 
intermittent flow, thus SBR is preferred in selection of 
technology for biological treatment of wastewater. 

The oxygen dissolving capacity of SBR is higher than ASP and 
it tends to provide higher Fecal Coliform removal efficiency. 
Expansion of SBR is much more flexible than that of ASP,as 
the Quality of Effluents is better in case of SBR hence the 
quality standards of the water body are maintained in which 
the effluents are to be discharged. Hence it proves SBR to be 
most economical and highly efficient which results in having 
maximum probability in the selection process of technology 
for Biological Treatment of Wastewater. 
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Abstract 

Diaphragm walls are generally constructed using stiff concrete of same stiffness throughout. Research has shown 

that as wall flexibility increases, the stress imposed by the soil redistribute and reduces structural forces on wall. 

Approximately five fold reduction in maximum bending moment occurred when wall stiffness was reduced from 

that of a 1m concrete section to that of a Frodinghamn1N sheet pile. Unfortunately this beneficial effect is 

accompanied by greater wall and soil movements (Potts & Day, 1991). So the diaphragm wall cannot be too 

flexible also. In this paper static analysis of two different diaphragm wall sections of varying stiffness is carried out 

using PLAXIS software for the load condition existing at deep draft berth of New Mangalore Port, and the 

performances of these sections are compared with previous study performed by Yajnheswaran et al. (2015). The 

diaphragm wall sections used in analysis are modeled as single panel. The length of the panel is taken as 5m. 

Anchors are provided at +2.5m. Soil layer details are obtained from boreholes at NMPT.  
 

© 2014 The Authors. Published by Elsevier B.V. 
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Abstract: Continuous simulation of stream flow is useful 
for predicting the stream flow impacts of land-use 
changes and storm water management practices. Basin 
and river management includes precipitation-runoff 
modelling studies. Precipitation-runoff models have 
been widely used through the last century to formulate a 
reliable relationship between the precipitation (input of 
the model) and runoff (output of the model). In this 
study, Nethravathi Basin is selected as the application 
basin with the drainage area of 3000 km2. The 
catchment area has been divided into number of 
divisions. In order to estimate runoff from rainfall 
events, loss rate or infiltration parameters for the basin 
have to be calculated, which is a basic input for further 
rainfall runoff modelling. The infiltration capacity of 
the basin depends on the land use and soil property. 
Curve Number (CN) method is used for estimating 
infiltration characteristics of the watershed, based on 
the land use property and soil property. The results 
from the present study are compared with the results of 
the existing models for the study area.  

Keywords: Hydrological model, Arc-GIS, HEC-HMS, 
Rainfall – runoff, Continuous simulation 

I. INTRODUCTION 

A model is a representation of the reality, built in order to 
study and understand the behaviour of the prototype. 
Although a variety of rainfall runoff models are available, 
selection of a suitable rainfall runoff model for a given 
watershed is essential to ensure efficient planning and 
management of watersheds. Western Ghats is the region 
which receives moderate intensity and long duration spells 
of rainfall. A very thick, highly stable soil mantle on the 
slopes, even under the grasslands can be observed. Due to 
high infiltration rate, catchment runoff is being dominated 
by subsurface flow and flow through pipes dominates the 
subsurface runoff processes [13]. It is observed that a very 
few conceptual models are applied for the region of 
Western Ghats. These models are developed for a particular 
region and are bounded by number of parameters. With this 
in view, this study has been undertaken to make a 
comparative study of hydrological models available for 
Western Ghats and the solution generated by soft 
computing technique which can be useful for sparse data 
set. 

 One such effective tool developed by U.S. Army Corps of 
Engineers (1998) is the HEC-HMS abbreviated as 
Hydrologic Engineering Center Hydrologic Modelling 
System; it is GUI-based user friendly interface available in 
the public domain and has been a useful tool for the 
hydrologists across the globe. HEC-HMS tool provides 
process models that range from simple to detailed. While 
the simple models would be quick and easy to implement in 
a screening study, more detailed models can be included for 
use in design studies.  

The main objective of this study is to understand the 
applicability of HEC-HMS tool for the region of Western 
Ghats in Karnataka and to provide solution using HEC-
HMS tool for Nethravathi river basin.  

In HEC-HMS, model parameter estimation on a regional 
scale is possible and this enables the hydrology community 
to switch over to watershed tools like HEC-HMS and take 
advantage of such high speed computer programs instead of 
sticking to the traditional spreadsheet exercises.  

II. THE HEC – HMS MODEL 

HEC-HMS is the US Army Corps of Engineers’ Hydrologic 
Modelling System computer program developed by the 
Hydrologic Engineering Centre (HEC). The program 
simulates precipitation-runoff and routing processes, both 
natural and controlled. HEC-HMS is the successor to and 
replacement for HEC’s HEC-1 program (USACE, 1998) 
and for various specialized versions of HEC-1. HEC-HMS 
improves upon the capabilities of HEC-1 and provides 
additional capabilities for distributed modelling and 
continuous simulation. HEC-HMS provides a variety of 
options for simulating precipitation-runoff processes. It is 
designed to be applicable in a wide range of geographic 
area for solving the widest possible range of problems; the 
range includes large river basin water supply flood 
hydrology and small urban or natural watershed runoff. 
Hydrographs produced by the program are used directly or 
in conjunction with other software for studies of water 
availability, urban drainage, flow forecasting, future 
urbanisation impact, reservoir spillway design, flood 
damage reduction, flood plain regulation, flood-loss 
reduction studies, environmental studies, reservoir design 
studies and systems operation (Charley et al. 1995). 
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Abstract 

Long-term measurements of river stream flow are essential for numerous applications in water resources. In many parts of the 
world, rivers remain ungauged; stream flow prediction for such ungauged catchment requires information transfer from gauged 
catchments that are perceived to be hydrologically similar to them. Prediction of stream flows at ungauged catchments is 
typically performed through the transfer of hydrologic information (e.g., model parameters, hydrologic indices, stream flow 
values) from gauged to ungauged catchments. This procedure is commonly referred to as regionalization. Hydrologic models 
have been used extensively for the purpose of transfer of hydrologic model parameters from gauged to ungauged catchments and 
these models include HBV, IHACRES and PDM.   
In the present study, for the purpose of regionalisation, a lumped conceptual model namely, IHACRES has been used. IHACRES 
is a parsimonious model having six numbers of parameters and requires small data input. The model parameters are used to 
characterise the daily stream flow of the catchment and are related to the landscape attributes of the catchments. Further, as an 
offshoot, IHACRES provides for base-flow separation and development of unit hydrograph, which becomes an input in other 
hydrological works. 
In the current paper, the model IHACRES is applied at daily time step to six catchments (Malathi, Hemavathi, Lakshmanthirtha, 
Yetthinahole, Kadumanehalla and Kumaradhara) in the region of Western Ghats, Karnataka. IHACRES, being parsimonious, 
requires precipitation and temperature as the only data-input. Information is compiled for physical catchment descriptors using 
the elevation map of the area (DEM) and relationships are developed between the parameters and the descriptors. These 
relationships are validated by modelling daily stream flow of a gauged catchment (Nethravathi). This work proves that as an 
alternative model, IHACRES does well in the domain of flow regionalization with least data inputs. 
 
© 2015 The Authors. Published by Elsevier B.V. 
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Abstract –Flood is overflow of water which has devastating 

effect on society, environment and economy.  It is important to 

study the scenarios of depth and the extent that water flows out of 

its boundary conditions. The present study focuses on finding the 

depth of water level. In this study, Gurupura River is selected to 

perform steady flow analysis. The hydraulic model HEC-RAS along 

with GIS tools is used to perform steady flow analysis. For the input 

of maximum discharge, from results it is observed that the area 

near the river basin is safe from flood effects. 

     Keywords - Hydraulic model, Steady flow analysis, HEC-RAS, 

Gurupura River and GIS tools. 

I. INTRODUCTION  

In India, rainfall is the principal form of precipitation. The 

rainfall is drained off from the catchment through a surface 

channel called as runoff. When this runoff overflows, 

submerges the surrounding land leading to occurrence of 

flood. It is important to study the scenarios of depth and the 

extent that water flows out of its boundary conditions. Steady 

flow is the condition where the depth and velocity at particular 

channel location do not change with respect to time. Flood is 

dangerous to life and this may damage big amount of 

properties. Hence flood plain mapping and flood analysis has 

to be done in order take precautionary measures in advance. In 

this present study we have used HEC-RAS software for flood 

analysis. 

HEC-RAS is a hydraulic model developed by hydrologic 

Engineering Centre (HEC) of the US Army Corps of 

Engineers. It is open source software and analyses the flood 

from the basin with different discharge condition for the urban 

area, and determines water surface elevation.     

 

II. LITERATURE REVIEW 

Anant D. Patel et.al., (2016) conducted a study of flood 

modelling using HEC RAS and Geo Informatics Technology 

in lower reaches of Shetrunji river, Gujarat, India. The main 

scope of the study was to understand the flood hydrology and 

also to reduce the damage caused in the downstream of the 

Shetrunji dam. They developed different water surface profile 

and they were studied using HEC RAS model with Remote 

Sensing and GIS technology. It has been found that the flood 

would be generated when the discharge from the dam raises 

more than 2000 cumecs. 

Goodellet et. al., (2006) examined the steps required to 

perform a flood inundation mapping using HECRAS for 

Backlick Run River (W.C) and evaluated the capabilities of 

HEC-RAS and HEC-GeoRAS. The input for this process was 

cross section data which is extracted from the DEM using 

ARC-GIS tools then the geometry can be entered into the 

model and at all upstream boundaries flow data is entered and 

post processing is done. And they found that HEC-RAS along 

with HEC-GeoRAS extension can be used to develop flood 

plain maps. They compared flood frequency events for 1 year 

and 100 year floods.  

 

Amina Azouaghet et. al., (2018) studied on Floods Modeling 

of Martil River (Northern Morocco) by integrating of GIS and 

HEC-RAS. By using  HEC-RAS modelling method which 

helped in calculating variables, depths, water levels, and flow 

velocities at different locations of the site and different cross-

sectional zones along Martil River. Hence this work represents 

the flood mapping of that area and it also classifies risk areas 

using Geo RAS and HEC-RAS hydraulic modelling tools 

integrated into the Arc GIS. By their work they have got aerial 

photographs which depicts knowledge of morphology and 

river physical characteristics, this helps in taking decision to 

prevent flood in Tetaun. 

  

Kedric Curtis P et. al., (2016) studied on the topic Logan 

river flood plain analysis using ArcGIS, HEC-GeoRAS and 

HEC-RAS. This study was performed to map the floodplains 

of the Logan River between first dams and centre Street using 

ArcGIS. This was accomplished by creating river geometry in 

ArcMap, running a hydraulics model using the (HEC-RAS) 

Hydrologic Engineering Center’s River Analysis System, 

analyzing the results, and creating floodplain maps in 

ArcMap. It was determined that many homes and a preschool 

would be inundated in the event of a 3500 cfs flood. It was 

found from the analysis that there are many land parcels and 

public access locations that could potentially be inundated by 

water in the event of large flows in the Logan River, 

specifically in the area near Riverside Preschool.  

 

Objective 

The main objective of the present study is to analyze river 

flood. Under these objectives following studies were carried 

out: To find Depth of water level in the zone of Gurupura river 

using HEC-RAS Tools and to develop flood plain maps for 

section of the Gurupura river using HEC-RAS Tools. 

III. STUDY AREA AND DATA USED 

River Gurupura catchment is selected as study area in the 

present study which geographically lies between 12°50̍ 57̎ N 

longitude and 74̊ 49̍ 52̎  E latitude of Dakshina Kannada 
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Abstract: In this research, a comparative study is carried out 
between conventional structural system with monolithic 
structural system (reinforced concrete wall structure or shear 
wall). In monolithic construction system all slabs, stairs, wall 
with opening or without opening cast together in one 
operation. The properties shear walls dominate the response of 
the buildings, and therefore, it is important to evaluate the 
seismic response of the walls appropriately. In this paper 
conventional and monolithic structural system for G + 8 
stories were studied with the help of ETABS 

Keywords—Monolithic,Conventional, ETABS, Displacement,Drift 

I.  INTRODUCTION

Generally, a building can be defined as an enclosed structure 
intended for human occupancy. A building has two basic 
parts; Substructure or foundations and Superstructure. Over 
many years, engineers have observed that, there are different 
type of structural system which categorized by construction 
material (e.g. concrete, masonry, steel, or wood) and each 
structural system have different performance against lateral 
forces or gravity loads. Broad categories of structural systems 
are: Load Bearing wall systems (e.g. masonry, concrete), 
Building frame systems (e.g. concrete, steel, and wood), 
Moment-resisting frame systems, Dual systems, Cantilever 
column systems. In this, reinforced concrete shear walls are 
widely used in tall building for its excellent seismic behavior. 
A well designed structure with shear wall can decrease the 
project cost. In this research two different structural systems 
were made, (i ) Beam-column structure (conventional system) 
(ii) Shear wall structure (monolithic system). 

 In Monolithic System; all walls, slabs, stairs, together with 
door and window openings are cast in place in one operation 
at site by use of specially designed, easy to handle with less 
labour and equipment efforts modular form work made of 
Aluminum Plastic composite. In this system the lateral and 
gravity load resisting system consists of reinforced concrete 
walls and reinforced concrete slabs. Reinforced concrete 

structural walls are the main vertical structural elements with a 
dual role of resisting both the gravity and lateral loads. 

II. OBJECTIVES

The objective of the study is to understand the behavior of 
conventional structural system and monolithic structural 
system by comparing storey drift, storey displacement and 
Time Period. 

III. LITERATURE REVIEW

Rajesh M.N. and S.K Prasad (2014) conducted a study on 
pushover analysis for RC wall building and it was analyzed 
using SAP 2000 using layered shell elements. Various 
parameters such as aspect ratio of walls, reinforcement 
detailing aspects and presence of openings are chosen to study 
the seismic performance of RC walled building. Finally 
concluded by, boundary element method, base shear capacity 
increases. 
N. H. Abdul Hamid and M.A Masrom (2012) performed a 
study on research slab-wall joint performance in RC wall 
construction during lateral loading. They prepare a slab-wall 
model and by using linear potentiometers and actuator they 
concluded that, stiffness of wall-slab joint started to decrease 
from 0.2% drift until 2.1% drift and lost it stiffness after 2.1% 
drift. 
H. Gonzales and F Lopez-Almansa (2011) presented a paper 
on numerical seismic assessment of seven existing thin shear–

wall and mid-height buildings which located in Peru. Static 
and dynamic nonlinear analyses have been carried out for both 
system. They concluded that, the seismic strengths of all the 
analyzed buildings are insufficient. In most of the cases the 
Damage Limit States for Life Safety, Immediate Occupancy 
and Collapse Prevention are achieved first in the coupling 
beams. Improvements in seismic performance of building if 
there is doing feasible modification in coupling beam. 
Can balkaya and Erol Kankan (2004) Modeled a 
multistorey reinforced concrete wall building and FEM 
analysis carried out. They concluded that, due to high stress 
concentrations around the openings, the use of the diagonal 
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 ABSTRACT  

Yajnheswaran.B.,parvathy.M., Subba Rao.,2014. Performance of berthing structure under static and 

dynamic loading, Proceedings of the Fifth Indian National Conference on Harbour and Ocean Engineering 

(INCHOE2014), 5-7 Feb.     2014, CSIR-NIO, Goa, India. 

In berthing structures, lateral forces are caused by impact of berthing ships, pull from mooring ropes and 

pressure of wind, current, wave and floating ice, seismic force, active earth pressure and differential water 

pressure, in addition to self-weight of the structure and live load. The analysis is done using the finite 

element software PLAXIS 2D with absence of anchor and varying locations of anchor of diaphragm wall. In 

the case of static loading, the extreme displacement,and bending moment  of the  diaphragm wall were 

found to be about 0.07342m,24936.03knm/m respectively in absence of anchor. In the case of seismic 

loading of the structure,the maximum displacement and bending moment of the diaphragm wall were 

around0.0749m28263.68knm/m in absence of anchor condition.While providing anchor the maximum 

displacement,and bending moment were reduced to 0.00642m. and 11830knm/m respectively. The variation 

of bending moment is 13.34% more in dynamic analysis than static analysis. The variation of diplacement is 

2%more in dyanamic analysis than static analysis. 

ADDITIONAL INDEX WORDS: Diaphragm wall, tie rod, displacement,static and dyanamic. 

 

 

1. INTRODUCTION 

Berthing structures are constructed in ports and harbours to 

provide facilities for berthing and mooring of vessels, loading 

and unloading of cargo and for embarking and disembarking of 

passengers and vehicles. Diaphragm walls and anchor rods are 

sometimes provided to support open berth structures in marine 

soils . In this study the behavior of the piles, diaphragm wall 

and tie rod anchors subjected to static and dynamic loads are 

analyzed. By the accurate estimation of the deflection and 

bending moments induced in diaphragm wall, more cost 

effective construction procedures may be implemented. 

Construction of piles and diaphragm wall supporting open type 

berthing structure on marine soils results in development of 

time dependent vertical and horizontal sub soil displacement. 

Where the land side forms an approach to the berthing structure 

the sub soil displacement may generate axial and lateral loads 

on the piles and diaphragm walls. Sometimes the lateral 

loading may lead to structural distress or failure of the 

structures. Hence the study of effect of lateral loading and 

seismic loading on the piles and diaphragm wall supported 

berthing structure is necessary. 

For the purpose of analysis, diaphragm wall provided in the 

deep draft multipurpose berth of New Mangalore Port Trust is 

cosidered.                       

2. DETAILS OF BERTHING STRUCTURE 

AND SOIL DATA  

The cross section of deep draft berth is shown in Fig.1. The 

tie rod anchor is inclined at an angle of 45°. The dredge level is 

from -10 m to -17 m. Hard rock is found at a depth of -30 m. 

The vertical length of the model is 34.5 m. The chart datum is 

at 0 m. The width of the berthing structure is 33 m. The berth is 

supported by a diaphragm wall and 4 rows of 1000mm 

diameter piles. The piles are terminated at a depth of 30 m. the 

dredge depth is -10m near the diaphragm wall and -17 m near 

the first pile as shown in Fig1. In addition, anchor rods are also 

provided at every 2.5 m. 

  The different soil layers present in the borehole6: fine 

sand  4.5 mto 0m., Medium sand 0m to -6m,Black to bluish 

clay  -6 m to -10 m ,Medium sand -10 m to -12 m,Black to 

bluish clay  -12 m to -18 m,Coarse sand  -18 m to - 25m are 

considered for the analysis. 

 

3. LOADS ACTING ON THE STRUCTURE  

Soil Pressure- The passive and active earth pressure due to 

the soil present on both sides of the structure. 

 Surcharge- A uniform surcharge of 50 kN/m2 acting on top 

of the soil and structure. Uniform load of 50 kN/m2 is 

considered for the analysis because the berth was designed for 

the load. 

 Water Pressure- Water pressure acting on the diaphragm 

wall due to the phreatic level. Since the water level on both the 

sides of the diaphragm wall is considered to be at the same 

height in this analysis, differential water pressure is zero. 

 Seismic loads- The earthquake response spectrum used in 

this analysis is the acceleration-time details of the Imperial 

valley earthquake. The peak acceleration in this case is -

307.053 cm/s2 at 2.15 s 

Model 

PLAXIS Version 8 may be used to carry out two-

dimensional finite element analyses. Finite element models 

may be either Plane strain or Axisymmetric. The default setting 

of the Model parameter is Plain strain. 

A plane strain model is used for geometries with a (more or 

less) uniform cross section and corresponding stress state and 

loading scheme over a certain length perpendicular to the cross 

section (z-direction). Displacements and strains in z-direction 
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ABSTRACT:  In the present study, the treatment of tannery wastewater was performed by electrocoagulation method 
(EC) using aluminum electrodes in a bipolar connection. The removal of COD, Turbidity, TDS and Conductivity was 
experimentally investigated using direct current (DC) electrocoagulation (EC). In the EC of tannery wastewater, the 
effect of pH, electrolysis time and voltage were examined. The batch experimental results revealed that the removal 
efficiency of the overall COD, Turbidity, TDS, Conductivity, Total carbon, Chromium, Sulphate, Total solids and 
Chloride concentration, depend on the nature of the electrode material. The optimum operating range for each operating 
variable was experimentally determined. The highest COD and Turbidity removal efficiency were obtained with the 
use of aluminum electrode. The overall COD and Turbidity removal efficiencies reached 91% and 100%, respectively.  
 
KEYWORDS:  Electrocoagulation, tannery industry wastewater, electrolysis time, voltage, COD, turbidity. 
 

I. INTRODUCTION 
 

India is the third largest leather producer in the world, behind China and Italy. The Indian leather industry is a large 
player in the global market, and a major source of foreign exchange revenues [1]. The leather industry in India 
processes 3000 tons of hide and skins per annum and the total production capacity of India covers about 22% of the 
world market share [2]. On the other hand, tannery wastes are ranked as the highest pollutants among all other 
industrial wastes. There are two types of tanning processes namely, vegetable tanning and chrome tanning. The chrome 
tanning process results in toxic metals especially chromium passing to wastewater and are not easily eliminated by 
ordinary treatment process. Tannery effluents are mainly characterized by high salinity, high toxicity, high organic 
loading and specific pollutant such as chromium. Various chemicals used in tanning are lime, sodium carbonate, 
sodium bicarbonate, common salt, sodium sulphate, chrome sulphate, fat liquors, vegetable oils and dyes. Besides 
these, chemicals such as zinc chloride, mercuric chloride and formaldehyde are also used as disinfectants, sodium 
chloride in curing and as bleaching powder and sodium fluoride to prevent putrefaction. Hence the tannery effluent is 
always characterized by its strong color, high COD, high pH, and high dissolved solids [3]. Considering the large 
amount and the low biodegradability of chemicals present in the tannery productive cycle, tannery wastewater 
represents a serious environmental and technological problem [4]. Therefore, the improvement and development of 
treatment methods for these effluents is extremely necessary to protect the soil and human life. Tannery industry 
effluent is conventionally treated by adopting various physico-chemical and biological methods. These conventional 
processes are often inadequate for complete removal of pollutant in tannery industry [5]. Coagulants in addition to 
increasing the amount of sludge production increase the total solids in the effluents; adsorption process necessitates 
back-washing and use of membranes has the problem of scaling and frequent membrane fouling [6]. Hence 
electrochemical treatment of tannery industry wastewater may be considered as an economical alternative process when 
conventional treatment process fails to decrease the pollution load. The EC technique has been successfully used for the 
treatment of various wastewater  such as sugar wastewater [6], hospital wastewater [7], textile wastewater [8] etc. 
Hence in the present study an attempt was made on the evaluation of the efficiency of the electrocoagulation process on 
treatment of tannery wastewater using aluminum electrodes. 
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Abstract - Culverts are defined as structures which provide 
a passage over a gap without closing the way beneath which 
maybe needed for the passage of railways, roadways, footpath 
and even for the carriage of fluids. The purpose of this project 
is to introduce to the users the systematic methodology for 
problem solving of designing of box culvert for any vent using 
programming language Visual Basic 6.0, one of the most 
popular and widely used computer language. The onus of 
working out the algorithm for solving any problem in 
computer is still on us. This very project provides development 
of designing box culvert by allowing easy access to what was 
once a daunting task. Before developing the program the box 
culvert of one vent is designed manually. The main parameter 
in this program are concrete and steel property, number of 
vents, dimension of the box and height of the earth fills. 

Key Words: Staad.Pro1, Visual Basic2, Analysis3, Loads4, 
Culvert5 

1.INTRODUCTION 
 
      The term "culvert" encompasses particularly all closed 
conducts employed for high way drainage with the exception 
of storm drains. Culverts might be classed as stock products, 
in that standard designs are used repeatedly. This is in direct 
contrast to the situation for bridges that span larger streams, 
for which special designs are made in almost every case. 
Culverts are far more numerous than bridges, and more 
money is spent on them. In fact, about 15% of the highway 
construction, money goes for these smaller drainage 
structures. Clearly, culvert design warrants the serious 
attention of highway engineers. 

For opening of moderate size, box culvert completes for 
favour. For large openings, single or multiple-span box 
culverts are generally use. For installing culverts, particular 
attention is devoted to bedding and to back-fill in order to 
protect the culvert and to prevent subsequent settlement in 
the road way surface. Many agencies specify that back-fill 
materials be brought to the proper moisture content, placed 
in small lifts, and compacted with power-driven tampers. 
Some permit the substitution of clean sand or gravel for the 
regular back-fill material, in which case careful jetting or 
pudding produces satisfactory compaction. Culverts through 
embankments demand particular attention to protect them 
from damage by construction equipment and to secure 
proper soil compaction around them. Some agencies require 

that the embankment first be constructed above the level of 
the culvert crown, after which a trench is dug for the culvert. 

Culverts on steep slope always discharge at supercritical 
velocities and create serious erosion problems in 
unprotected channels. One method of dissipating the excess 
energy is to place a sill across the end of the culvert apron to 
produce a hydraulic jump. Drops in the upstream channel or 
drop inlets to the culvert proper, if designed to produce free 
fall in the stream, sometimes an economical means for 
velocity control. 

To get the best advantage of the capacity of a culvert the 
shape of the entrance should be such as to cause the least 
amount of restriction to the flow of the water. This can be 
achieved in the case of plane face walled culverts by means 
of pitched aprons at both ends and pitched trained banks 
with outward cords which makes an angle of 70 with the 
face wall. 

The aim of the present study is to develop a computer 
program or software on box culvert. Development of such a 
program succeeds only when it meets the needs of the 
people who use it, when it performs flawlessly over a long 
period of time, when it is easy to modify and even easier to 
use- it can and does change things for the better. To build 
computer software like box culvert like build any successful 
product, by applying a process that leads to a high quality 
result that meets the needs of the people who will use the 
product. 

2. LITERATURE REVIEW 
 
Neha Kolate, Molly Mathew, Snehal Mali (2014), deals 

with study of some of the design parameters of box culverts 

like angle of dispersion or effective width of live load, effect 

of earth pressure and depth of cushion provided on top slab 

of box culverts. There is no influence on design of box 

without cushion due to the variation of coefficient of earth 

pressure. The amount of steel required is less in the box with 

no cushion as compared to box culvert with cushion because 

the moment and shear stress is less in box without cushion 

compared to box culvert with the cushion. 

M. G. Kalyanshetti, S. A. Goshavi (2014), have analyzed the 

box structure for various conditions by changing number of 
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Abstract  

The scarcity of water is fast becoming a critical environmental issue worldwide. Any effort targeted at 

conservation of this limited resources, preventing environmental degradation and thereby reducing water 

shortage, is worthwhile. This research therefore focused on the reuse of treated wastewater effluent in place of 

potable water in plain concrete production. The effects of the physico-chemical characteristics of this non-fresh 

water on the concrete strength were studied over time. Water samples were obtained from four sources which 

include: NMAM IT Nitte Campus potable water, Treated domestic sewage water, Service station water (Garage) 

and Dairy water. The samples were all analyzed for pH, total dissolved solids (TDS), chloride, hardness, 

alkalinity, and sulfates. Grade M20 concrete was adopted in the study. Physical tests conducted on the 

aggregates for the concrete mix include specific gravity, water absorption and sieve analysis. Plain cement 

concrete mixtures were prepared using Ordinary Portland Cement, graded aggregates and 100% substitution of 

treated wastewater for the mix. In all 12 concrete cubes were cast and cured for 3, 7 and 28 days. The mix ratios 

and compressive strengths of the cubes were determined using the Standard laboratory method of IS: 10262-

2009. As compared with the USEPA and EU Standards, the general water pollution order observed was: Fresh 

water < Treatment Plant Effluent < Dairy water < Auto-Service effluent. The compressive strength result 

obtained from treated effluent showed an increase in 8.26 % for 28 days compared to fresh water. For garage 

water an increase in 5.14% was observed compared to freshwater. In general, there was no strength reversal 

with longer curing periods. However, for most concrete mixtures the strength tends to level off after one months 

of curing. Most production water mixtures resulted in higher strength measurements than those prepared using 

potable water. It was concluded that the physico-chemical parameters measured in the treated wastewater 

effluents had positively influence on the compressive strength of the plain concrete. From this study, it is 

believed that the recommended reuse of wastewater in plain concrete works will indirectly conserve the scarce 

water resources of the study area, as the regular sources would be concentrated on supply of drinking and other 

potable water usage.  

__________________________________________________________________________________________ 

Keywords: wastewater, effluent, reuse, concrete, compressive strength  

 

INTRODUCTION 

At present, there is paucity of information on the 

quality of water which is acceptable for use as 

concrete mixing water. The allowable impurities in 

concrete mixing water are compiled from the 

literature (Neville, 1997). Some of these limits are 

reflected in current standards which allow the use of 

recycled water. Ainul et.al., 2012 made an attempt to 

study experimental findings regarding the feasibility 

of using treated effluents as alternatives to freshwater 

in mixing concrete. Samples were obtained from 

three effluent sources: heavy industry, a palm-oil mill 

and domestic sewage. The effluents were discharge 

into public drain without danger to human health and 

natural environment. Chemical compositions and 

physical properties of the treated effluents were 

investigated. Fifteen compositional properties of each 

effluent were correlated with the requirements set out 

by the relevant standards. Concrete mixes were 

prepared using the effluents and freshwater to 

establish a base for control performance. The 

concrete samples were evaluated with regard to 

setting time, workability, compressive strength and 

permeability. The results showed that except for 

some slight excesses in total solids and pH, the 

properties of the effluents satisfy the recommended 

disposal requirements. Two concrete samples 

performed well for all of the properties investigated. 

In fact, one sample was comparatively better in 

compressive strength than the normal concrete; a 

9.4% increase was observed at the end of the curing 

period. Indeed, in addition to environmental 

conservation, the use of treated effluents as 

alternatives to freshwater for mixing concrete could 

save a large amount of freshwater, especially in arid 

zones. 
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Abstract: - The scarcity of water is fast becoming a critical 

environmental issue worldwide. Any effort targeted at 

conservation of this limited resources, preventing environmental 

degradation and thereby reducing water shortage, is worthwhile. 

This research therefore focused on the reuse of treated 

wastewater effluent in place of potable water in plain concrete 

production. The effects of the physico-chemical characteristics of 

this non-fresh water on the concrete strength were studied over 

time. Water samples were obtained from four sources which 

include: NMAM IT Nitte Campus potable water, Treated 

domestic sewage water, Service station water (Garage) and Dairy 

water. The samples were all analyzed for pH, total dissolved 

solids (TDS), chloride, hardness, alkalinity, and sulfates. Grade 

M20 concrete was adopted in the study. Physical tests conducted 

on the aggregates for the concrete mix include specific gravity, 

water absorption and sieve analysis. Plain cement concrete 

mixtures were prepared using Ordinary Portland Cement, 

graded aggregates and 100% substitution of treated wastewater 

for the mix. In all 12 concrete cubes were cast and cured for 3, 7 

and 28 days. The mix ratios and compressive strengths of the 

cubes were determined using the Standard laboratory method of 

IS: 10262- 2009. As compared with the USEPA and EU 

Standards, the general water pollution order observed was: 

Fresh water < Treatment Plant Effluent < Dairy water < Auto-

Service effluent. The compressive strength result obtained from 

treated effluent showed an increase in 8.26 % for 28 days 

compared to fresh water. For garage water an increase in 5.14% 

was observed compared to freshwater. In general, there was no 

strength reversal with longer curing periods. However, for most 

concrete mixtures the strength tends to level off after one months 

of curing. Most production water mixtures resulted in higher 

strength measurements than those prepared using potable water. 

It was concluded that the physico-chemical parameters 

measured in the treated wastewater effluents had positively 

influence on the compressive strength of the plain concrete. 

From this study, it is believed that the recommended reuse of 

wastewater in plain concrete works will indirectly conserve the 

scarce water resources of the study area, as the regular sources 

would be concentrated on supply of drinking and other potable 

water usage. 

Keywords: wastewater, effluent, reuse, concrete, compressive 

strength 

I. INTRODUCTION 

t present, there is paucity of information on the quality of 

water which is acceptable for use as concrete mixing 

water. The allowable impurities in concrete mixing water are 

compiled from the literature (Neville, 1997). Some of these 

limits are reflected in current standards which allow the use of 

recycled water. Ainul et.al., 2012 made an attempt to study 

experimental findings regarding the feasibility of using treated 

effluents as alternatives to freshwater in mixing concrete. 

Samples were obtained from three effluent sources: heavy 

industry, a palm-oil mill and domestic sewage. The effluents 

were discharge into public drain without danger to human 

health and natural environment. Chemical compositions and 

physical properties of the treated effluents were investigated. 

Fifteen compositional properties of each effluent were 

correlated with the requirements set out by the relevant 

standards. Concrete mixes were prepared using the effluents 

and freshwater to establish a base for control performance. 

The concrete samples were evaluated with regard to setting 

time, workability, compressive strength and permeability. The 

results showed that except for some slight excesses in total 

solids and pH, the properties of the effluents satisfy the 

recommended disposal requirements. Two concrete samples 

performed well for all of the properties investigated. In fact, 

one sample was comparatively better in compressive strength 

than the normal concrete; a 9.4% increase was observed at the 

end of the curing period. Indeed, in addition to environmental 

conservation, the use of treated effluents as alternatives to 

freshwater for mixing concrete could save a large amount of 

freshwater, especially in arid zones. 

Ooi et.al., 2001 made the feasibility study of using treated 

effluent for concrete mixing was studied. Treated effluent 

from sewage treatment plants in Malaysia is currently being 

wasted through direct discharge into waterways. With proper 

water quality control, this treated effluent can also be 

considered as a potential water resource for specific 

applications. Two tests were carried out namely compressive 

strength test and setting time to determine the feasibility of 

using treated effluent for concrete mixing. The results were 

compared against the tests conducted on control specimens 

who used potable water. The results showed that treated 

effluent increases the compressive strength and setting time 

when compared with potable water. Recent literature (Lobo 

et.al., 2003) focused on the use of partially treated sewage 

water. 

Steinour, 1960 found the following: much larger contents of 

the impurities, in natural water, can be tolerated except for the 

alkali carbonates and bicarbonates which may have significant 

effects even at 2000 ppm; natural fresh water rarely contains 

more than 2000 ppm (0.2%) of dissolved solids, and is 

generally suitable as mixing water; water contaminated with 

industrial wastes, but free of suspended solids, appear also to 

be generally suitable at low concentrations; other inorganic 

impurities, of possible industrial origin, ones that may be 

detrimental at moderate concentrations are the sulfides, 

A 
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Abstract— In  General,  the  structure  in  high  seismic  areas
may  be  susceptible  to  the  severe  damage.  As  compare  to  the
Reinforced  cement  concrete  (RCC)  the  steel  has  got  some
important  physical  properties  like  the  high  strength  per  unit
weight and ductility. These properties of steel are of very much
vital  in  case  of  the  seismic  resistant  design.  To  analysis  the
response  of  symmetrical  building  with  braces  subjected  to
seismic loading using ETABS and to identify the suitability of the
bracing system to resist the seismic loads efficiently and also to
compare the response of  braced and unbraced building  which
subjected to horizontal or lateral loading system. This research
describes  the  analysis  of  steel  framed  building  frame  with
different  bracing  section.  For  present  work  equivalent  static
analysis is carried out for steel framed structure having (G+5)
storey situated in Zone IV. The analyses of building were carried
out  using  Software.  The  main  parameters  found  are  Lateral
displacement,  story  drift  and  Modal  period.  The  models  are
analyze by equivalent static analysis as per IS 1893:2002.

Keywords—Seismic  response;  steel  framed  building;  bracing
system; ETABS; Storey drift

I.  INTRODUCTION 

      There are many natural disasters that occur in this world,
in  which  one  of  them is  earthquakes.  It  occurs  when  rock
underground suddenly breaks the ground experience shaking
due to the effect of earthquakes which causes the structure to
experience high frequency moments. In the present time, there
is a huge scope for steel structures in construction industry.
Previous  earthquakes  in  India  shows  that  not  only  non
engineered structures but also engineered structures need to be
designed  such  a  way that  they  perform well  under  seismic
loading. Steel  braced frame is one of the structural  systems
used to resist the earth loads in multi-storey building.  
      The main objectives of this study are to evaluating the
response  of  braced  and  un-braced  structure  subjected  to
seismic loads, to compare the roof displacement for different
types  of  bracing  systems  and  to  compare  the  percentage
reduction in lateral displacement for the braced frame to that
of un-braced frame. To compare the inter storey drift,  Base
shear, Time period for different types of bracing systems and
 to  identify  the  suitable  bracing  system  for  resisting  the
seismic load efficiently.
  

II. LITERATURE REVIEW

Dr  D.  Brindha   and   Adarsh  Paul  (2017),  they  have
analyzed an G+5 storey steel structure for the seismic zone IV
as  per  IS  1893:  2000  by  using  ANSYS  software.  They
examined usefulness of a variety of type of the steel bracing.
They  observed  that  the  steel  braced  frame  is  one  of  the
structural  system  used  to  counter  earthquake  load  in
multistoried  steel  framed  building.  They  observed  that  the
G+5 steel structure undergoes least deflection when using the
V  braced  structure.  They  concluded  that  the  strain  energy
released in the V braced frame varies greatly, releasing more
than  twice  the  energy,  when  compared  with  the  unbraced
frames. The X bracing system is only slightly higher than that
of the unbraced frame.

Muhammed  Tahir  Khaleel,  Dileep  Kumar  U  (2016),
concluded that the bracing in the building reduces the storey
displacement  in  both  regular  and  irregular  building  as
compared to the building without bracings for lateral  loads,
Cross bracings has more base shear and Knee bracing has the
least amount of base shear and use of bracing system increases
the stiffness  of  the structure  and attracts  more lateral  force.
They have analyzed a G+9 building for the seismic zone V as
per  IS  1893:  2000  by  using  ETABS  software.  They  used
Equivalent Static Method and Response Spectrum Method for
the analysis.

Manish S. Takey and Prof. S.S.Vidhale, In the present study
the author have used G+9 storey building and seismic zone III
as per IS 1893: 2000. They used Response Spectrum method
for the analysis on building models using the software SAP
2000. They concluded that the X braced building better than
other types of braced building and as the size of the bracing
section increases the displacements and storey drifts decreases
for the braced buildings.

Shachindra  Kumar  Chadhar,  Dr.  Abhay  Sharma,  they
have analyzed an G+15 storey building for the seismic zone
IV as per IS 1893: 2000 by using StaadproV8i software and
linear static method for the analysis. They used V type and
inverted V type bracing for the building. They concluded that
an arrangement of bracing systems has considerable effect on
seismic  performance  of  the  building,  inverted  V  bracing
system significantly reduces  the bending moment and shear
force than V type bracing system.

Vivekananda College of Engg. & Technology, Puttur
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Abstract - In General, the structure located in more seismic 
prone zones are more susceptible to the severe damage. Steel 
has got few major physical properties like high strength and 
ductility as compared to reinforced concrete structure.   
Properties of steel are to be considered while designing seismic 
resistant structure. This research explains the analysis of steel 
framed building with different bracings. The analysis of steel 
framed structure is carried out using ETABS Software. In this 
paper, the main parameters evaluated are Base shear, storey 
shear and storey drift for zone IV. The models are analyzed by 
equivalent static analysis as per IS 1893:2002. 

 
Key Words:  Seismic response1, Steel framed buliding2, 
bracing system3, ETABS4, Storey drift5, Storey 
displacement6, Equivalent static analysis7  
 

1. INTRODUCTION  
 
There are many natural disasters that occur in this world, in 
which one of them is earthquake. It occurs when rock 
underground suddenly breaks, the ground experiences 
shaking due to the effect of earthquake which causes the 
structure to experience high frequency movements. At 
present, there is a huge scope for steel structures in 
construction industry. Previous earthquakes in India shows 
that not only non engineered structures but also engineered 
structures need to be designed, such a way that they perform 
well under seismic loading. For construction of multi-storey 
building steel bracings can be used to resist the earth loads.   

The main objectives are evaluating the response of braced 
and un-braced structure subjected to seismic loads, to 
compare the percentage reduction of storey drift for the 
braced frame to that of un-braced frame. To compare the 
base shear, storey shear, Storey drift for different types of 
bracing systems and also to identify  suitable bracing for 
steel structure which resist  the seismic load efficiently.  

2. LITERATURE REVIEW 
 
Dr D. Brindha and Adarsh Paul (2017), they have analyzed  
G+5 storey steel structure for the seismic zone IV as per IS 
1893: 2000 by using ANSYS software. They examined 
usefulness of a variety of type of the steel bracing. They 
observed that the steel braced frame is one of the structural 
system used to counter earthquake load in multistoried steel 
framed building. They observed that the G+5 steel structure 

undergoes least deflection while using the V braced 
structure. They concluded that the strain energy released in 
the V braced frame varies greatly, releasing more than twice 
the energy, when compared with the unbraced frames.  

Muhammed Tahir Khaleel, Dileep Kumar U (2016), 
concluded that the bracing in the building reduces the storey 
displacement in both regular and irregular building as 
compared to the building without bracings for lateral loads, 
Cross bracings has more base shear and Knee bracing has 
the least amount of base shear and use of bracing system 
increases the stiffness of the structure. They have analyzed a 
G+9 building for the seismic zone V as per IS 1893: 2000 by 
using ETABS software. They used Equivalent Static Method 
and Response Spectrum Method for the analysis. 

Manish S. Takey and Prof. S.S.Vidhale, In this study the 
author have used G+9 storey building and seismic zone III as 
per IS 1893: 2000. They used response spectrum method for 
the analysis of building models using the software SAP 2000. 
They concluded that the X braced building is better than 
other types of braced building and as the size of the bracing 
section increases the displacements and storey drifts 
decreases for the braced buildings. 

Shachindra Kumar Chadhar, Dr. Abhay Sharma, they have 
analyzed G+15 storey building for the seismic zone IV as per 
IS 1893: 2000 by using StaadproV8i software and linear 
static method is used for the analysis. They used V type and 
inverted V type bracing for the building. They concluded that 
an arrangement of bracing systems has considerable effect 
on seismic performance of the building. Inverted V bracing 
system significantly reduces the bending moment and shear 
force than V type bracing system. 

3. METHODOLOGY  

       For this study, a G+5 building with lift room, it has storey 
height of 3.5 meters each. Different types of steel bracing are 
provided on various positions of the building. The structural 
models of the structure are modeled using ETABS software. 
The dead load and live load are considered as per IS 875, and 
earthquake analysis is done as per IS 1893 for zone-IV. 
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Diaphragm walls have been used throughout the world to construct deep underground structures, 
conventionally by using the Reinforced Cement Concrete (RCC).Stiffer walls attracts larger 
bending moment than flexible walls (Potts & Day, 1991). Research has shown that increase in 
wall flexibility increases displacement, hence reduction in bending moment. In this paper static 
analysis of diaphragm wall sections having different stiffness are carried out using PLAXIS 3D 
software for the load condition existing in deep draft berth of New Mangalore Port, India. The 
displacement and bending moment are found out for diaphragm wall sections and results are 
compared with the actual diaphragm wall section having 1.1m thick. For analysis, a single panel 
diaphragm wall section having 5m length with 2.5m center to center spaced anchors is modelled. 
Soil properties are considered as per the boreholes data’s obtained from New Mangalore Port. 
The results are validated with values derived from the design chart. 
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