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Abstract- Recent deadly 7.8-magnitude earthquakes in Nepal on 

April 24, 2015, destroyed numerous homes and claimed many 

lives. Poor building practises and the use of heavy building 

materials are to blame for these numerous losses. Earthquakes in 

wealthy nations like China, Japan, and others do not claim lives 

or devastate homes. This is due to the fact that they forgo using 

bulky concrete building structures in favour of pre-fabrication 

building methods and steel or aluminium frame structures.  

The prefabricated house is built using a light steel 

frame, sandwich panels for the building envelope, a standard 

module for space series combination of components, bolt 

connections and a new idea in prefabricated housing for 

environmental protection. The prefabricated parts are delivered 

to the location, where they are assembled using building blocks. 

Work can be finished in 30 to 45 working days and is never 

delayed by curing time or a lack of supplies. According to 

additional research, it can also reduce project costs overall by 

12% when compared to typically built homes made of CHBs 

(Concrete Hollow Blocks).  

This essay contains an examination of pre-fabricated 

and steel constructions. Many people were asked about the types 

of homes they want in a broad poll, and earthquake-resistant and 

affordable homes were frequently mentioned as preferences. This 

essay also compares and contrasts conventional versus 

prefabricated buildings in terms of cost, quality, strength, 

environmental friendliness, and cost. The study intends to 

introduce and provide more information on modular homes to 

the market and to satisfy the need for a lovely, reliable, and 

inexpensive shelter shared by all facets of society, especially those 

in economically disadvantaged places. 

Keywords: pre-fabrication, aluminum frame structures, 

earthquake resistant structures, economical houses, environment 

friendly, CHB, affordable shelter 

I. INTRODUCTION 

Steel buildings are now a significant part of the 
construction industry. Because of its adaptability, steel is 
frequently used to create massive structures such as buildings, 
malls, convention centres, hospitals, bridges, underground 
works, railway stations, stadiums, industrial buildings, multi-
level parking complexes, etc.     

     

 

The availability of cutting-edge design software, 
technology, and equipment for fabrication and erection has 
tipped the scales in favour of using steel structures more and 
more, creating new difficulties. One immediate example is the 
use of pre-engineered buildings everywhere in the world. This 
allows flexibility in shape and size to the appropriate degree 
while also saving time. 

For those who need affordable housing quickly, 
modular construction is quite popular. This technique may 
also be very helpful for the rapid design and construction of 
emergency healthcare facilities. Building multi-story buildings 
using the modular concept is a current trend. in order to meet 
the enormous housing and commercial needs.  

The term "modular construction" is used to indicate the usage 
of factory-produced Pre-engineered building units are 
transported to the construction site and combined to form huge 
volumetric components or important building components. 
The modular modules can make up entire rooms or stand 
alone, heavily maintained units like bathrooms or lifts. The 
collection of discrete modular parts typically comes together 
to form a self-supporting structure, while distant buildings 
could rely on a separate structural framework.  

The preliminary, transportation, and erection stages 
are all a part of modular construction. We can categorically 
state that modular construction has the advantage of being 
quick. The time required to build a unit of structure can be cut 
in half with effective planning of the entire construction 
process. For instance, modular construction allows for the 
construction of 300 homes as opposed to the conventional 
construction method's limit of 200. This reduces overhead 
costs associated with the employees' idle time at the project 
while also decreasing worker wages as the task is completed 
piecemeal. In traditional building, the walls cannot be built 
until the roof is installed, and the floor cannot be finished until 
the walls are installed. All of this work may be finished 
quickly and affordably by using modular construction. 

 

II. EASE OF USE 

Benefits of Modular Construction Compared to 

Traditional Construction: 



● Modular construction offers several advantages over 
traditional construction techniques. These include: 

● Construction delays due to adverse weather and other 
onsite issues are not an issue with factory 
manufacture, eliminating many potential delays to 
project completion dates. 

● Factory conditions allow for a higher quality product 
with improved operating procedures and monitoring, 
while employees are able to work in a more 
comfortable environment. Construction can also 
more easily be extended 24/7 if required to complete 
a project. 

● Material supplies are easier to control in a factory 
setting, reducing wastage and thereby cost, as well as 
lowering the environmental impact of a build. The 
UK group WRAP, estimates that this can equate to 
up to a 90% reduction in material use as compared to 
traditional builds. 

● Manufacture of the modules can begin before onsite 
preparations, such as foundation complete, speeding 
up the whole build process. 

● Modular construction allows for different parts of the 
building to be built at the same time - further 
reducing the time taken to complete a project 

● Modular construction is highly suited to remote 
locations where onsite building could prove difficult 
or expensive. Building away from these locations 
also means that staff can work in places where 
medical and sanitary provision is more readily 
available if required 

● Modular structures can be added to over time or even 
be treated as a relocatable building which can also be 
readily refurbished to meet a new need 

● Because modular units need to meet regulations for 
travel and assembly, the final product can end up 
being more durable than a traditional build that didn't 
have to be assessed part by part 

● Many modular units use Structural Insulated Panels 
which are light yet durable and provide improved 
thermal insulation as well as damp and cold 
resistance when compared to materials like timber. 
The factory construction also removes the potential 
for high levels of moisture being trapped inside the 
construction, improving the quality of the product 

● Modular constructions have been shown to offer time 
savings of more than 50% when compared to 
traditional builds, with the inherent cost savings this 
provides. 
 
 

● Applications: 

● Where modular building used to be associated with 
design and unit sizes mean that this type of 
construction continues to find new applications. 
From offices to homes and even larger builds like 
sports halls, the uses of modular construction are 
constantly growing. 

● No longer associated with small, low cost structures, 
the modern wave of modular buildings are proving 

that they can be used for any number of applications 
while offering cost and time savings along with 
comparable levels of quality to traditional builds. 

III. ANALYSIS OF G + 4 MULTI-STORIED 

MODULAR STEEL FRAME   BUILDING  STRUCTURE 

● GENERAL 

The analysis of design of modular multi-storied steel 
frame building is done through three stages which are 
Transportation, Erection and In-field stage. 
    In transportation the steel structure is transported 
from factory to the site. The process is carried out 
further by next stage that is Erection, and the steel 
structure is erected. In the in-field stage the steel 
structure is analysed for service loads like usual 
structures so this stage is also known as service stage. 
Further all the stages will be discussed in detail. 
 

 

 

 

TRANSPORTATION STAGE 

In transportation stage, modules are premanufactured 



in a factory miles away from the job site where they need to 
be transported either directly to the job site or staged at a place 
nearby and then set in place. Modules sizes are usually limited 
first by allowable sizes on road (may be 10m wide by 10m 
long) and capacity available crane (to lift as much as 25 
tonnes) across the depth of a project site. 

While in transportation stage, the structure is divided 
module by module and then the module is uplifted with the 
help of crane, the lifting is done. 

The lifting is done according to the following span, 
horizontal span of 8m, vertical span of 10m and the width of 
8m. 

Transportation analysis is carried out using 
STAAD.pro software. Module is considered to be transported 
in horizontal position. It is assumed that all equipments and 
cables are tied suitably during transportation. Hinge supports 
are considered at four points. While travelling, self-weight and 
acceleration loads are considered. 

 

 

ERECTION STAGE 

Erection of structural 
steelwork consists of an 
assembly of steel 
components into a frame on 
site. The processes involves 
lifting and placing 
components into position 

then connecting them together. Generally this is achieved 
through bolting but sometimes site welding is used. 

 While erection, module is erected according to the following 
span, horizontal span of 8m, vertical span of 10m and the 
width of 8m. 

Module is suspended from the top with the help of cables and 

tied with one fixed support. 
There is no horizontal movement while erection. Self weight 
and gravity loads are considered.  

 

IN-FIELD STAGE 

In In-field stage, analysis of steel structure is carried out after 
transportation and erection just like other in-situ structures for 
gravity and other loads.Sizes of beams and columns are 
assigned on the basis of preliminary design based on simple 

analysis. The end conditions for a steel frame structure at the 
base are assumed to be hinged as shown in the fig No.5.7. The 
sizes assigned to staad model will be finally checked next for 
max. values of actions or forces from all three stages.   

 

 

 

 

 

 

 

STRUCTURAL MODELLING 

The structural Modelling deals completely with the modelling 
aspects of the building using 
software STAAD.Pro. 
Various facilities available in 
STAAD are utilized along 
with process of modelling 
structural component. 

 

 

 

 

 

 

 

 

 

IV. RESULT AND DISCUSSION 

                    In this paper, after carrying out the Modular 
Erection of steel structure of G +4 steel building by limit state 
method. The results obtained by these methods will be 
presented and compared. Also compared at first are the results 
obtained by hand calculations and by software. It is necessary 
to use software for this kind of structures. Here an attempt is 
made to analyse such structures by softwares to insure 
whether the use of software is reliable to provide desired 
results for this kind of structures. 

Modular steel buildings are fast evolving, as an 
effective alternative to conventional onsite steel buildings but 
knowledge of their behaviour is limited at this time. There is 
also no record on the performance of Modular steel building 
under past earthquakes since it is a relatively new 
technique.The main assumption that governs the use of this 
approach may hold for this 



Frame type but special vertical connections of units 
of the MSB frame seem to impose additional demand on 
columns located at lower levels of the frame It is shown that 
the use of the direct summation approach, where vertical 
components of yielding/buckling brace forces are added 
directly to determine brace induced column actions for design 
may compensate this additional demand. The analysis also 
revealed that care must be taken in the ductility design of 
beams in braced frame configurations with non-braced bays. 
For such beams within non braced bays, the effect of 
redistributed loads due to brace buckling or yielding cannot be 
reliably accounted for in their designs unless the complete 
failure mechanism on the entire frame including the sequence 
of plasticization is known. This can be possible. only after a 
complete nonlinear analysis to failure is conducted. Assigning 
these beams with sections obtained from the capacity design 
of beams in braced bays, although appear convenient, may 
lead to undesirable response of the entire frame since such 
beams could be more critical and govern the design of floor 
beams at any level. 

 

V. CONCLUSION 

The primary benefit of modular construction is time 
saving and faster return on investment. Since modular 
construction allows for industrialized assembly that happens 
concurrently with site preparation, the total time it takes to 
build a structure can be dramatically reduced. 

The modular construction institute reported that 
modular construction allowed projects to be completed in a 
half the time of the conventional construction, with the 
conclusion that the modular construction eliminated weather 
delays because 60%–90% of the construction work was 
achieved inside the factory. 

Modular construction technique is a technique that 
uses prefabricated modules/units and it is a technique that has 
perfect solution in remote, rural and urban areas where 
conventional or traditional construction may not be possible. 
Modular construction technique should be adopted for 
construction of buildings such as churches building, temple, 
mosque, medical and healthcare facilities and retail shops, fast 
food joints, etc. also the modular construction technique 
generate less waste on-site because building elements are 
prefabricated in the factory and then transported to the site for 
their final installation; therefore, saving time and money. 
Therefore modular construction technique is much more 
efficient and sustainable. 

The module-to-module combination of the units 
appears to have provided an inherently rigid system that 
performed much better than conventional buildings. Modular 
construction is a construction method in which all of the 
pieces of a building, known as modules, are manufactured in a 
factory and then delivered to a job site to be put in place by a 
crane. Modular construction incorporates skilled labour, 
assembly line production, high efficiency, consistent quality, 
and speed. Modular construction is not a new building 
method. It has been used to manufacture prefabricated homes. 

temporary offices, and mobile homes. Manufacturing takes 
place in a large factory where each module is sent down an 
assembly line. Work is completed at each station along the 
assembly line by skilled professionals. Division of labour 
amongst skilled laborers ensures that all work is done quickly 
and with great precision. Modular construction generates a lot 
less waste than stick-built construction. Because modular 
construction is completed inside a controlled environment, 
there is no risk of having materials damaged by moisture 
penetration. This gives modularly built projects an interior air 
quality that is greatly superior to stick-built construction. 
Because of all of these things, modular construction is 
considered much "greener". 

In the Design of modular multi- stored steel frame building we 
have used STAAD PRO V8i software to design the steel 
frame then we have done the calculation by using limit state 
method and then further checks are done. This modular 
construction is done by three stages and design is also done 
stage wise firstly preliminary design is done. 

Then the transportation is done of the entire structure 
by using crane. Then comes the service stage the final stage, 
and the erection is done of the structure.  

The conclusion may be generalized and then reported 
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      Abstract— This project work was experimentally done 
to study the effects of partially substituting local ingredient 
Rice Husk Ash (RHA) for regular Portland cement (OPC), 
which is known to be extremely pozzolanic in concrete when 

used at the right replacement percentage. Utilizing agricultural 
outputs and industrial trash is quite beneficial. Due to their 
pozzolanic behavior, many industrial wastes and agricultural 
byproducts, such as Fly Ash, Rice Husk Ash, Silica Fume, and 
Slag, among others, which ordinarily need huge tracts of land 
for dumping, can be employed as cementing materials. The 
primary sources of such alternative materials can be large 
quantities of wastes that are produced as byproducts by 

various businesses. The anticipated annual global rice crop is 
738.1 million tons, and India is with a yearly production of 
152.6 million tons, India is the second-largest producer of rice 
in the world. In this project, a feasibility study is conducted to 
determine whether rice husk ash may be added to Portland 
Pozzolana Cement, which has previously been replaced with 
rice husk ash, to increase the concrete's compressive strength. 
The IS technique of mix design is used for control concrete, 
and the replacement method's mix design was created using 

this as a foundation. For the study regarding replacement 
method, three alternative replacement levels—0%, 10%, and 
20%—were picked. The current study takes a wide range of 
curing periods—starting at 7 days and going up to 28 days—
into account. 

Keywords— RHA, OPC, Fly ash, Pozzolana, Silica Fume,  

I. INTRODUCTION  

Green Concrete is the revolutionary topic in the history 
of concrete industry, this was first invented in Denmark in 
year 1998.Green concrete has nothing to do with colour. 
Green concrete is the type of concrete which is much like the 
conventional concrete but the production of such concrete 
require minimum amount of energy and causes least harm to 
environment. It is a concept of using eco-friendly materials 
in concrete, to make the system more sustainable. Green 
concrete is very often and also cheap to produce, because for 
example, waste products are used as a partial substitute for 
cement, charges. The size of construction industry all over 
the world is growing at faster rate. The huge construction 
growth boosts demand for construction materials. 
Aggregates are the main constituent of concrete. Due to 
continuously mining the availability of aggregates has 
emerged problems in recent times. To overcome this 
problem, there is need to find replacement to some extent. 
Nowadays, there is a solution to some extent and the solution 
is known as “Green Concrete”.  

 

II. LITERATURE REVIEW 

Neeraj Agarwal , Nikhil Garg (2018) has founded that it 
use of recycled aggregates and materials, will reduces the 
extra load in landfills and mitigates the wastage of 
aggregates. Thus, the net CO2 emission are reduced. The 
reuse of materials also contributes intensively to economy. 
They concluded that We can replace cement by (glass + fly 
ash) upto 30%. 

Supriya Kulkarni (2018) The study shows that 
Geopolymer concrete is more resistant to corrosion and fire, 
and has high compressive and tensile strengths, it also gains 
its full strength quickly (cures fully faster). The shrinkage is 
also less compared to standard concrete. Thus, taking 
account these structural advantages it may be concluded 
that, in near future Geopolymer concrete may find an 
effective alternate to standard cement concrete. These 
constituents of geopolymer concrete are capable of being 
mixed with low alkali activating solution and are curable in 
short time, under natural conditions. 

Shaswat Kumar Das, Jyotirmoy Mishra, Syed 
Mohammed Mustakim (2018) They presented that An 
overview of recent advances in geopolymer in terms of fresh 
concrete properties: setting time and workability and 
hardened concrete properties: compressive strength and 
durability. it is concluded that geopolymer concrete provides 
tremendous potential to be used as a construction material in 
the coming future. Setting time, workability and durability 
characteristics of Geopolymer concrete proved to be better 
than OPC based concrete. However certain limitations need 
to be overcome which will lead to a better acceptance of 
geopolymer concrete. 

Adanagouda ,Pampapathi G S , A.Varun , 
RamyaMadagiriMeruguKeerthan (2017) This research 
work was to produce a carbon dioxide emission free 
cementitious material. The geopolymer concrete is totally 
cement free concrete. In this present study the main 
limitations of fly ash based geopolymer concrete are slow 
setting of concrete at ambient temperature and 11 
Granulated Blast Furnace Slag (GBS) as replacement for 
natural sand. The strength of geopolymer concrete was 
increased with increase in percentage of GBS in a mix. The 
samples were stored in a controlled environment to test 
time. The results show that the addition of RHA has shown 
better results for 20% replacement level OPC 90 days. In the 
durability test all samples passed for 20 cycles. 
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III. GREEN CONCRETE  

Concrete which is made from concrete wastes that are eco-
friendly are called as “green concrete”. Concrete that uses 
less in energy in its production and produces less carbon 
dioxide than normal concrete is green concrete. The other 
name for green concrete is resource saving structures with 
reduced environmental impact for e.g. energy saving, co2 
emissions, waste water. Green concrete is very often also 
cheap to produce because for example, waste products are 
used as a partial substitute for cement, charges for the 
disposal of waste are avoided, energy consumption in 
production is lower, and durability is greater. Green 
concrete is a type of concrete which resembles the 
conventional concrete but the production or usage of such 
concrete requires minimum amount of energy and causes 
least harm to the environment. The co2 emission related to 
concrete production, is between 0.1 and 0.22 t per tonne of 
produced concrete. However, since the total amount of 
concrete produced is so vast the absolute figures for the 
environmental impact are quite significant, due to the large 
amounts of cement and concrete produced. Since concrete is 
the second most consumed entity after water it accounts for 
around 5% of the world’s total co2 emission. The solution to 
this environmental problem is not to substitute concrete for 
other materials but to reduce the environmental impact of 
concrete and cement. The potential environmental benefit to 
society of being able to build with green concrete is huge. It 
is realistic to assume that technology can be developed, 
which can halve the co2 emission related to concrete 
production. During the last few decades society has become 
aware of the deposit problems connected with residual 
products, and demands, restrictions and taxes have been 
imposed. The goal of the centre for green concrete is to 
reduce the environmental impact of concrete. To enable this, 
new technology is developed. The technology considers all 
phases of a concrete construction’s life cycle, i.e. structural 
design, specification, manufacturing and maintenance, and it 
includes all aspects of performance, i.e. 1. Mechanical 
properties (strength, shrinkage, creep, static behaviour etc.) 
2. Fire resistance (spalling, heat transfer etc.) 3. 
Workmanship (workability, strength development, curing 
etc.) 4. Durability (corrosion protection, frost, new 
deterioration mechanisms etc.) 5. Thermodynamic 
properties (input to the other properties) 6. Environmental 
aspects (co2-emission, energy, recycling etc.) 
Environmental benefits to using green concrete 1. Lasts 
longer: green concrete gains strength faster and has a lower 
rate of shrinkage than concrete made only from portland 
cement. Structures built using green concrete have a better 
chance of surviving a fire, as it can withstand temperatures 
of up to 2400°f. It also has a greater resistance to corrosion, 
which is important with the effect pollution has had on the 
environment. Acid rain greatly reduces the longevity of 
traditional building materials. All of those factors add up to 
a building that will last much longer than one made with 
ordinary concrete. Similar concrete mixtures have been 
found in ancient roman structures. This material was also 
used in the ukraine in the 1950s and 1960s. Over 40 years 
later, those ukrainian buildings are still standing. If 
buildings do not constantly have to be rebuilt, fewer 
construction materials are needed. The impact on the 

environment is reduced. 2. Reduces energy consumption: if 
you use less Portland cement and more fly ash when mixing 
concrete, then you will use less energy. The materials that 
are used in Portland cement require huge amounts of coal or 
natural gas to heat. Fly ash already exists as a byproduct of 
another industrial process, so you are not expending much 
more energy to use it to create green concrete. Another way 
that green concrete reduces energy consumption is that a 
building constructed from it is more resistant to temperature 
changes, thus saving heating and cooling costs. 3. Reduces 
carbon dioxide emissions: among the main ingredients in 
ordinary cement are pulverized limestone, clay, and sand 
which are heated to a high temperature. This process is 
responsible for between 5and 8% of all carbon dioxide 
emissions worldwide. The manufacturing of green concrete 
releases up to 80% fewer carbon dioxide emissions. As a 
part of a global effort to reduce emissions, switching 
completely to green concrete for construction will help 
considerably.  
Application of green concrete  
• it is used in the construction of bridges 
 • it is widely used in the building construction 
 • it is used in the construction of column  
• it can be used in the road construction advantages of green 
concrete  
• much change is not required for the preparation of green 
concrete compared to conventional concrete.  
• reduces environmental pollution 
 • have good thermal and acid resistance. 
 • compressive and split tensile strength is better with some 
materials compared to conventional concrete.  
• reduces the consumption of cement overall. 
 • green concrete is economical compared to conventional 
concrete.  

 
green concrete having better workability than conventional 
concrete. Concrete is widely and globally used throughout 
the history of humankind. Concrete is a mixture of sand and 
coarse aggregate combined together by a hardened paste of 
cement and water. The increased use of concrete is going to 
grow the demand for its ingredients’ resources (cement, 
sand, and gravel). The high rate of concrete constituents is 
increasing rapidly and hence there is a requirement for an 
unconventional material that is low-cost and readily 
presented that will also give a similar or greater strength 
when used for concrete. Cement is one of the constituents of 



ICIRTES – 2023  

concrete which is costly and its production releases large 
amounts of co2 during its manufacturing. Manufacturing 
one tonne of cement releases about one tonne of co2 in the 
atmosphere while 1.6 tonnes of natural resources are 
required to produce about one tonne of cement. In many 
studies the cement is partially replaced by 
agricultural/industrial waste such as glass powder, sugar 
cane bagasse ash, rice husk ash (rha), blast furnace slag, 
maize cob ash, millet husk ash, fly ash etc. In order to 
reduce cost, waste and co2 emissions while these resources 
are easily available.  rice husk ash rice husk ash (rha) fillers 
are derived from rice husks, which are usually regarded as 
agricultural waste and an environmental hazard. Rice husk, 
when burnt in open air outside the rice mill, yields two types 
of ash that can serve as fillers in plastics materials. The 
upper layer of the rha mound is subjected to open burning in 
air and yields black carbonized ash. The inner layer of the 
mound being subjected to a higher temperature profile 
results in the oxidation of the carbonized ash to yield white 
ash that consists predominantly of silica. Concrete is the 
most essential aspect of any construction. And widely used 
material in the construction industry. Selection of concrete 
depends on various factors like environment, energy 
consumption, budget and technical aspects. Hence the 
concrete technology stepped towards the development of 
alternative building material which can fulfil these aspects 
and are locally available so as to reduce the cost of 
construction. Many materials are used for these purposes 
like ground granulated blast furnace slag (ggbs), rice husk 
ash (rha), silica fume, fly ash etc. All these materials are 
categorized as pozzolanic admixtures or mineral admixtures. 
They are also known as a supplementary cementitious 
material. Rice husk ash is a by-product of agriculture and is 
generated in rice mills. Rice husk (rice hull) is the coating of 
seeds or grains of rice. This coating protects the seed or 
grain during the growing season. The husk converts to hard 
materials, including opaline silica and lignin. When properly 
burnt, rice husk contains high amounts of silica (sio2). 
Hence it can be used as supplementary cementitious 
material in combination with cement to make concrete 
products. When paddy is milled, 80% of the weight is of 
rice and 20% of the weight obtained is husk. This husk can 
also be used as a fuel for steam or power generation and 
other purposes. The rice husk ash has good reactivity when 
used as a partial substitute for cement. These are prominent 
in countries where the rice production is abundant. The 
properly rice husk ashes are found to be active within the 
cement paste. So, the use and practical application of rice 
husk ash for concrete manufacturing are important 

IV. METHODOLOGY  

a) Mix design 

Concrete mix design is the process of choosing suitable 
ingredient of concrete and determining their relative 
quantities with the object of producing as economically as 
possible concrete of certain minimum properties, notable 
workability, strength and durability M20 grade concrete has 
a notional cement-to-sand-to-aggregate-to-water ratio of 
roughly 1:1.5:3, with the water-cement ratio being kept 
between 0.4 and 0.6. It is composed of a mixture of cement, 
sand (fine aggregates), and coarse aggregate. M20 concrete 
mix ratio: M20 concrete is a 1:1.5:3 mixture of cement, 

sand, and aggregate, where cement makes up one part, sand 
makes up 1.5 parts, and aggregate or stone makes up the 
remaining three parts. 
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V. RESULT 

a) Compressive strength 

 
 

 
Compressive strength of concrete mixes made with and 
without rice husk ash with different percentage were 
determined at 7, 14, and 28 days of curing. The test results 
are given in table. The maximum compressive strength was 
obtained for a mix having a 10% rice husk ash by weight 
and increase in strength over plain concreteThe results of 

compressive strength presented in Table. The test was 
carried out obtain compressive strength of concrete at the 
age of 7 and 28 days. The cubes were tested using 
Compression Testing Machine (CTM) of capacity 2000KN 
available in structures lab. The compressive strength is up to 
13.92 N/mm2 and 22.97 N/mm2 at 7 and 28 days. The 
maximum compressive strength is observed at 10% 
replacement of rice husk ash. If higher percentages of rice 
husk ash were used, then compressive strengths 
decreased.The 7 day compressive strength of rice husk ash 
concrete was found to be high as 14.90 Mpa. This is more 
than ordinary concrete. Similarly, 28 day compressive 
strength was found to be about 22.97 Mpa which is more 
than that of ordinary concrete. The effect of replacement of 
cement with three percentages of Rice husk ash on the 
compressive strength of concrete . It is clear that the 
replacement of cement with 20 % of Rice husk ash reduced 
the compressive strength of concrete. 

VI. CONCLUSION 

 
The result of study shows that there are good prospects of 
using Rice husk Ash (RHA),as a pozzolana combination 
with ordinary Portland cement (OPC) in the Concrete cube. 
M-20 grade concrete cube is casted and its compressive 
strength is determined. The combination of0%, 10% and 
20% cement replacement Mix is prepared by using 
agricultural waste. Compressive Strength of concrete 
increased with increasing percentage mix give good 
compressive strength. When Rice Husk Ash replaces cement 
in concrete it has been observed that its 10% and 20% mix 
gives good compressive strength. Concrete is a versatile 
building material which is largely used in construction. 
When cement is replaced by these waste material up to 10%. 
From the study conducted, it was clearly shown that Rice 
husk ash (RHA), are pozzolanic material and can contribute 
to the sustainability to the construction material 

 At all the cement replacement levels of Rice husk ash, the 
rate of development of compressive strength up to 28 days is 
slower as compared with that of concrete in which RHA 
content is zero, while the rate of development of strength 
gradually increases after 28 days 

 The compressive strength of concrete having 10% 
replacement was found to be more than the other levels of 
replacements. (1.e. 0% & 20% ). 

 For the desired strength, the water content required in 
case of RHA mixed concrete was more than in normal 
concrete. This is because RHA is finer than cement & the 
fact is that RHA particles being finer it has more surface 
area and hence water required is comparatively more, 

 The addition of RHA increases the degree of hydration of 
cement at the later period. This positive effect of RHA on 
the hydration of cement is possibly attributed to the 
pozzolanic reaction and the absorbed water in the porous 
Structure of RHA. Thus, such a concrete is very useful in 
conditions of hot weather & in mass concreting. 

 By using this Rice husk ash in concrete as replacement 
the emission of greenhouse gases can be decreased to a 
greater extent. As a result there is greater possibility to gain 
more  
 
number of carbon credits. 35 
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 The technical and economic advantages of incorporating 
Rice Husk Ash in concrete should be exploited by the 
construction and rice industries. 
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Abstract— Water is the one thing that all living creatures 
must have. Water is used for irrigating, industrial, and 
domestic purposes. To meet the expanding population, a water 
distribution system should be built in the most straightforward 

way imaginable. An improved environment can be supplied by 
sufficient installation. The water's quality shouldn't deteriorate 
due to the distribution pipe. For each distribution point to 
receive enough pressure, a good water distribution system 
utilizes minimal loss. An effective water distribution system 
satisfies customer demand when it is needed. Planning and 
analyzing a water distribution network could be a difficult 
process. Water delivery systems use a variety of water sources, 

including groundwater and surface water. The water is often 
then cleaned. For Fluoridation is occasionally used in 
disinfection. To a reservoir, which may be at the bottom or 
elevated like a reservoir, treated water is either gravity-fed or 
pumped there. The water is then fed into the distribution 
system. Pumps, valves, tanks, basins, pipes, and other elements 
of hydraulic infrastructure a part of the water delivery system. 
The production of water for consumers requires the use of 
distribution mains, arterial mains, storage basins, and system 

components such valves, hydrants, mainline metres, service 
connections, and backflow preventers. Distribution main refers 
to the complex of pipes that make up the distribution system. 
They deliver water from water sources or water treatment 
facilities to clients. A service connection connects a private 
building or other plumbing systems to the distribution system 
mains. the water.  

Keywords— Aeration, Coagulation and Flocculation, 
Sedimentation, Filtration, Chlorination  

I. INTRODUCTION  

Different regions of the world endure varying degrees of 
water scarcity. Water shortages are a common occurrence in 
some nations, whereas they only last a brief time in others 
when one or more system components fail. The simplest way 
to address a source water shortage is to distribute the 
available water equally among the consumers. The design of 
a water distribution network that can provide an equal supply 
during a shortage in addition to delivering satisfactory results 
in non-deficit conditions is the subject of this article. A 
example water distribution network's performance under 
conditions of source water shortage is described in depth. 
The real supply from each node to consumers is calculated 
using head dependent outflow analysis and extended period 
simulation. duration and relationship For understanding the 

behaviour, the amount and volume of supply available at the 
source as well as supply from each node are established. the 
network when there is a shortage of supply. The largest 
disparity in supply-demand ratios across various consumers 
is referred to as "inequity" in this context. This is based on 
the network's actual performance rather than surrogate 
measurements, which are typically employed for reliability. 
It is demonstrated that a single analysis can be used to 
predict the highest "inequity" in supply in a network over the 
course of supply. The design of a water distribution network 
is described, taking equity into account in addition to cost 
reduction and the minimum head requirement. This multi-
objective problem is solved using a genetic algorithm. Two 
benchmark problems serve as illustrations for the solution 
methodology namely the Hanoi network and two loop 
networks. Results indicate that equitable supply can be 
greatly improved. 

 

II. LITERATURE REVIEW 

G. ANISHA et all [2], This research is all about the 
analysis of the existing network and concludes about the 
reliability on the network for the future. The analysis is 
carried out based on various public demands, quantities of 
inflows and out flows of the over-head reservoirs. This 
analysis provides the information about various demands, 
losses, and uses of the public. The design of a new network 
of supply will make the municipality be aware of the new 
demands, rate of increase in the demands. The design is 
made keeping in view of the population growth rate, and the 
developing town.The design brings out an improvement in 
the existing network. 
Dr. G. Venkata Ramana et all [3], This paper highlights 
only the effective design and distribution of network of 
pipes 
using EPANET tool. The residual head at each and every 
node was found out by having the elevation as input and 

 

III.  METHODOLOGY 

Saigaon Gram panchayat is located in Koregoan tehsil of 
Satara district. Saigaon gram panchayat has an area of 1.3 sq. 
Km. Saigaon is located at a distance of 17 km to the 
southeast of Satara and 14 km south of Koregaon. The study 
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area covers 7 zones of Saigon village and some eastern parts 
of Dahmer village attached to Saigaon village. The current 
population of the study area is 840. 

 

Fig. No. 1 

A. Population Forecasting Methods of population 
forecasting 

1)  Arithmetical increase method.  
2) Geometrical increase method.  
3)  Incremental increase method.  

As saigaon is a small village but the migration rate of 
population from karnataka as daily wedge labor is more 
here. These migrated people work on construction sites or in 
midc area near satara. So here we adopting a method for 
population forecasting is the “incremental increase method”. 
The design period for proposed water distribution supply 
scheme is 30 years. So population forecasting have to be 
done for the year 2050. 

B. Location 

  

 
 

C. Flow Chart. 
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When the water comes in close contact with the 
technique, oxygen is absorbed and up to 20% of the carbon 
dioxide is liberated. To get rid of the smell, it eliminates 
hydrogen sulphide.While the activities are being carried out, 
water is pouring from this cascade equipment. Add some 
alum to the water after aeration to get rid of the bacteria. And 
TCI with same proportion. 

• Coagulation and Flocculation 

 

Broadly speaking, coagulation and flocculation are physical 
and chemical processes that combine water with coagulants 
and flocculants. The main goal is to create particles that are 
large enough to be eliminated by the settling or filtration 
procedures that come next. Coagulation, flocculation, 
sedimentation, and filtration are methods for removing 
colloids, suspended matter, bacteria, and other organisms 
from source water. These particles' sizes can differ by several 
orders of magnitude. Through the production of particles 
during the coagulation and flocculation processes, some 
dissolved material can also be eliminated.The process of 
coagulation uses the aluminium sulphate salt known as alum 
[Al2(SO4)3.14H2O], which forms a variety of chemical 
species known as aluminium hydrolysis products. These 
species develop both during and following the period. The 
cleaned water is combined with the alum.A gentle mixing 
process called flocculation transforms submicroscopic 
microfloc into observable suspended particles. The lengthy 
mixing process brings the microflocs into contact with one 
anothe  

• Sedimentation 

 

The water is kept in the basin during this plain sedimentation 
treatment method so that the suspended particles can only 
fall by gravity.  This plant makes use of circular tanks with 
radial flow. This tank has a MID capacity. The water enters 
the tank through the centre lintel pipe, which is positioned 
inside the deflector box. The water is deflected to the bottom 
side of the box, where it exits through the role. From the 
deflector hox, water radiates outward towards the tank's 
circle, where an outlet is situated on the fall. The sloping 
floor sees all of the suspended particles fall to the bottom. 

• Filtration 

  

The water is kept in the basin during this plain sedimentation 
treatment method so that the suspended particles can only 
fall by gravity.   This plant makes use of circular tanks with 
radial flow. This tank has a MID capacity. The water enters 
the tank through the centre lintel pipe, which is positioned 
inside the deflector box. The water is deflected to the bottom 
side of the box, where it exits through the role. From the 
deflector hox, water radiates outward towards the tank's 
circle, where an outlet is situated on the fall. The sloping 
floor sees all of the suspended particles fall to the bottom 

 Chlorination 
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The process of adding chlorine compound such as 
sodium hydrochloride to water. This method is used to kill 
bacteria and other microbes in top water.In this plant, used 
gas chlorination process to removal of bacteria. The doses of 
chloride gas are depending upon the turbidity of water. In 
plant, the turbidity of water count by the site laboratory. This 
process is automatically run on the site when chlorine gas 
may first be dissolved in the small quantity of water and the 
solution is prepared to point.  

 water pump house 

 

IV. DATA ANALAYSIS 

 
a). Past Increase in Population 

 

Past Increase In Population 

 

B. IMPLEMENTATION OF WATER DISTRIBUTION 
NETWORK 
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WATER STORAGE IN ESR 

 

 
 

C.  Distribution network design 

V. CONCLUSION 

The water distribution network has been designed and 
analyzed successfully using the EpaNET software for the 
village Saigaon. At the end of analysis it was found that to 
supply water from source well to ESR , we have to provide 
90 mm PE-100 HDPE pipe with 2.5 HP water pump. And 
for the distribution network, main distribution pipe should 
be 110 mm dia. and sub main distribution pipes should be 
90 mm dia. . ESR should be constructed 10 m elevated from 
ground level with 1 lakh capacity. In the analysis its found 
that residual pressure is greater than 15 m at each node. And 
IS 1172 recommends minimum residual pressure of 7m, so 
end user will get water with sufficient pressure. So, it is 
concluded that design can be able to supply water for 24 
Hour to village saigaon for the next 30 years to the 
population of 1210. 
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Abstract - Automated highway system (AHS), which 

promises an increase in traffic capacity. The core of this 

protocol to achieve a fully automated highway system is 

four-layer hierarchical control architecture. Automated 

Highway System, abbreviated as AHS is newly developed 

idea which uses different sensors and microprocessors 

for automatic design process. The management and 

control of traffic system using roadside controllers and 

intelligent vehicles is innovative technique for the design 

of highway system. The Automated Highway System is 

the design concept introduced to enhance safety, 

efficiency and many other vehicular as well as user 

characteristics of highways. This concept has introduced 

for the improved architectural layout of highway design 

and also helped in reducing the environmental effects of 

the vehicles running on the highways  

Key Words: AHS Functional Evolution, Incremental 

Deployment, Reducing Accident Rate, Smart Highway. 

 

 

1. INTRODUCTION 

The Automated Highway System (AHS) 

concept defines a new relationship between vehicles 

and the highway infrastructure. AHS refers to a set of 

designated lanes on a limited access roadway where 

specially equipped vehicles are operated under 

completely automatic control. AHS uses vehicle and 

highway control technologies that shift driving 

functions from the driver/operator to the vehicle.  

Throttle, steering, and braking are automatically 

controlled to provide safer and more convenient travel. 

AHS also uses communication, sensor and obstacle-

detection technologies to recognize and react to 

external infrastructure conditions. The vehicles and 

highway cooperate to coordinate vehicle movement, 

avoid obstacles and improve traffic flow, improving 

safety and reducing congestion. In sum, the AHS 

concept combines on-board vehicle intelligence with a 

range of intelligent technologies installed onto existing 

highway infrastructure and communication 

technologies that  

2. LITERATURE REVIEW 

[1] Shivam B. Gawande, Prof. Y. S. Khandekar, 

Prof. Ashish R. Bijwe 

In this paper author discuss about the problems 

associated with the annual growth of automobile 

transport start spreading from large metropolitan cities 

to small towns. For many years, scientists and 

engineers have envisioned building an automated 

highway system (AHS) to increase both the safety and 

efficiency of the nation's highways. In such a system, 

the vehicles become driving robots, capable of sensing 

and reacting to the surrounding environment while the 

driver is free to do other tasks. Automating the vehicle 

has significant potential it can reduce accidents caused 

by driver error and can potentially increase 
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trafficcarrying capacity and fuel economy by 

eliminating human driver inefficiencies.  

[2] T. Ajay Kumar Dayma , Arihant Verma  , h way 

System Mr. Arun Bihani  

In this paper author proposed Automated 

highway system (AHS) is an intelligent transportation 

system, which removes human drivers from the 

operation of vehicles during driving. AHS includes 

control problems from the vehicle level to the highway 

network and its challenging opportunities for 

intelligent mechatronics. This technology requires 

extreme accuracy in vehicle location within the least 

times. AHS refers to a set of designed lanes on a limited 

access roadway where specially equipped vehicles are 

operated under completely automatic control. It can 

help reduce fuel consumption and individual vehicle 

discharge. The AHS designed requires advanced 

sensors, actuators, and communication technologies. It 

managed transportation systems for traffic problems in 

big cities, congestions, accidents, delays.  

[3] Shivam B. Gawande, Prof. Y. S. Khandekar, Prof. 

Ashish R. Bijwe 

Automated highway system (AHS), which 

promises an increase in traffic capacity. The core of this 

protocol to achieve a fully automated highway system 

is four-layer hierarchical control architecture. 

Automated Highway System, abbreviated as AHS is 

newly developed idea which uses different sensors and 

microprocessors for automatic design process. The 

management and control of traffic system using 

roadside controllers and intelligent vehicles is 

innovative technique for the design of highway system. 

The Automated Highway System is the design concept 

introduced to enhance safety, efficiency and many other 

vehicular as well as user characteristics of highways. 

This concept has introduced for the improved 

architectural layout of highway design and also helped 

in reducing the environmental effects of the vehicles 

running on the highways. 

 

 

[4] Namratha M M, Navya M N, Niharika R, Namitha N 

V 

Road safety is a concern of everyone in the 

current scenario of increased vehicular traffic. Internet 

is part of our daily life and available in most of the places 

because of revolution of electronic communication. It 

has become an integral part of 

our lives. We are living in a world of automation. Almost 

everything around, us is automated. Automation plays 

an important role in the field of transportation. As of 

now, vehicles are just monitored but not automatically 

controlled pertaining to the road safety rules. In this 

work a system is designed for automatic control of 

vehicles in restricted areas, where the safety signage 

boards are installed. The four applications namely speed 

control, hump detection, no parking and no horn zone 

are implemented using IoT. 

. 

3. Methodology. 

 

Fig 1. A concept drawing of an Automated Highway 

System with dedicated lanes in the centre of the 
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highway. 

As shown in figure, a driver electing to use 

such an automated highway might first pass 

through a validation lane, similar to today's high-

occupancy-vehicle (HOV) or carpooling lanes. 

The system would then determine if the car will 

function correctly in an automated mode, 

establish its destination, and deduct any tolls from 

the driver's credit account. Improperly operating 

vehicles would be diverted to manual lanes. The 

driver would then steer into a merging area, and 

the car would be guided through a gate onto an 

automated lane. An automatic control system 

would coordinate the movement of newly entering 

and existing traffic. Once travelling in automated 

mode, the driver could relax until the turnoff. The 

reverse process would take the vehicle off the 

highway. At this point, the system would need to 

check whether the driver could  

retake control, then take appropriate action if the 

driver were asleep, sick, or even dead. The 

alternative to this kind of dedicated lane system is 

a mixed traffic system, in which automated and 

non-automated vehicles would share the roadway. 

This approach requires more-extensive 

modifications to the highway infrastructure, but 

would provide the biggest payoff in terms of 

capacity increase. In fact, a spectrum of 

approaches can be envisioned for highway 

automation systems in which the degree of each 

vehicle's autonomy varies. On one end of the 

range would be fully independent or "free-agent" 

vehicles with their own proximity sensors that 

would enable vehicles to stop safely even if the 

vehicle ahead were to apply the brakes suddenly. 

In the middle would be vehicles that could adapt to 

various levels of cooperation with other vehicles 

(platooning). At the other end would be systems 

that rely to a lesser or greater degree on the 

highway infrastructure for automated support. In 

general, however, most of the technology would be 

installed in the car. 

4. Control design of an automated highway System 

The Control design of an Automated Highway system 

can be looked upon the basis of a 5 layer theory which 

together comprise the two systems viz. the On-board 

Vehicle System and the Roadside System. The control 

design is explained with the aid of the figure : 

 

Fig 2. The Control Design of an Automated Highway 

System 

 The Five Layer Theory 

The physical layer comprises all the on-board vehicle 

controllers of the physical components of a vehicle. 
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These include the engine and transmission, brake and  

steering control systems, as well as the different lateral 

and longitudinal vehicle guidance and range sensors. 

The main function of the physical layer is to decouple 

the longitudinal and lateral vehicle guidance control 

and to approximately linearize the physical layer 

dynamics. The regulation layer is responsible for the 

longitudinal and lateral guidance of the vehicle, and 

the execution of the manoeuvres ordered by the 

coordination layer. The regulation layer must carry out 

two longitudinal control tasks. The first task is  

that of a vehicle follower in a platoon and consists in 

maintaining a prescribed constant spacing from the 

preceding vehicle. The second task is that of a platoon  

leader or free agent and consists in safely and 

efficiently executing a manoeuvre commanded by the 

coordination layer. The coordination layer is 

responsible for selecting the activity that the vehicle  

should attempt or continue to execute, in order to 

realize its currently assigned activity plan. It 

communicates and coordinates its actions with its 

peers—the coordination layers of neighboujring 

vehicles—and supervises and commands the 

regulation layer to execute or abort manoeuvres. It 

also communicates with the link layer roadside control 

system, from which it periodically receives an updated 

activity plan.There is one link layer controller for each 

0.5 to 5 km-long segment of the highway, called a 

link. Its task is to control the traffic flow within the 

link so as to attain its full capacity and minimize 

vehicle travel time and undesirable transient 

phenomena, such as congestion. A link is itself 

subdivided in sections, one per lane. A link receives 

and discharges traffic flow from and to neighbouring 

links, as well as AHS entrances and exits. The 

controller measures aggregated vehicle densities in 

each of the link’s sections. These densities are specific 

to vehicle type, including origin and destination, and 

whether the vehicle is a platoon leader, follower or is 

changing lanes. It broadcasts commands in the form of 

a specific activity plan for each vehicle type and 

section, to the vehicle coordination layer controllers. 

The link layer controller receives commands from the 

network layer in the form of demands on the inlet 

traffic flows at the AHS entrances, and outlet flow 

constraints at the AHS exits, as well as desired inlet-to-

outlet traffic flow split ratios, in case a vehicle can take 

more than one route to each the same destination, while 

travelling in that highway link, The task of the network 

layer is to control entering traffic and route traffic flow 

within the network of highway links that constitute the 

AHS, in order to optimize the capacity and average 

vehicle travel time of the AHS and minimize transient  

congestion in any of its highway links. 

5. CONCLUSION 

Automated Highway Systems brings major 

transportation benefits in terms of safety, efficiency, 

affordability and usability, and environment in order to 

achieve its development goals. A key feature of the 

control design architecture is the separation of the 

various control functions into distinct layers with well-

defined interfaces. Each layer is then designed with its 

own model that is suited to the functions for which it is 

responsible. The models at the various layers are 

different not only in terms of their formal structure 

(ranging from differential equations to state machines to 

static graphs), but also in the entities that have a role in 
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them. The AHS is a complex large-scale control system, 

whose design required advances in sensor, actuator, 

and communication technologies (not discussed here) 

and in techniques of control system synthesis and 

analysis. It is a measure of the advanced state of the art 

that these techniques have reached a stage that they 

could be successfully used in the AHS project. Though it 

has been said so, the reasons why many federal 

programs like the National Automated Highway System 

Research Program (NAHSRP) failed was that the 

program was trapped in technology-optimism. Several 

U.S. DOT reports on AHS show that there are no 

technical and non-technical showstoppers. However, 

legal,institutional, and societal challenges just as critical 

as technical issues. Moreover, these institutional and 

societal issues cannot be settled in one day, because 

they are much to do with people’s perception, behavior, 
consensus and social changes based on those. 
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Abstract—  The plastic waste is the hazardous problem in 
today’s world. This is most dangerous problem in front of 
humanity. These plastic mixed in the soil, it directly effects 
on fertility of the soil. Nowadays, the large amount of plastic 
is deposited into sea. This plastic wastes gives hazardous 
effect on the aquatic life . So, we try to finding efficient way 
to solve this problem of plastic waste. So, we added this 
plastic wastes into the bricks and create the bricks by using 
plastic wastes. It is most economical solution present in the 
construction industry and it is also economical and 
environment friendly solution of the plastic wastes. 

INTRODUCTION — 1) General - Plastic is a very 
common material that is now widely used by everybody in 
the world. Plastic plays a predominant role in reusable in 
this era, as it is compact and light in weight. Common 
plastic items that are used are covers, bottles, and food 
packages. The great problem with plastic is its 
decomposition. Plastic is made of polymer chemicals and 
they are non-biodegradable. This means that plastic will not 
decompose when it is placed in earth. Though plastic Is a 
very useful material that is flexible, robust and rigid they 
become waste after their use and they pollute the air and 
land. Recycling is processing use waste materials into new 
products to prevent waste of potentially useful 
materials.Thus disposal of waste plastic is a serious problem 
globally, since they are non biodegradable and also 
researchers have found that the plastic materials can remain 
on earth for 4500 years without degradation. Plastic have 
many good characteristics which include versatility, 
lightness, hardness, and resistant to chemicals, water and 
impact There  is considerable imbalance in the conventional 
building materials; there is a great demand in recent past 
years. In quarries while cutting out the lateritic stone with 
help of cutting machines which produces 15- 20% of soil 
wastes which poses a problem of disposal & utilizing the 
quarry waste. The quantity of plastic waste in municipal 
solid waste collection is expanding rapidly ,the rate of 
expansion is double for every 10 years .                                                                                           
..  2)   Present scenario of waste generation in India - 
Growth of population has increased our urbanization as a 
result rising standard of living due to technological 

innovations have contributed to an increase both in the 
quantity and variety of solid wastes generated by industrial, 
agricultural activities, mining and domestic. Globally the 
estimated quantity of wastes generation was  billion tones in 
the year 2002 of which 11 billion tones were industrial 
wastes and 1.6 billion tones were municipal solid wastes 
(MSW). About 19 billion tons of solid wastes are expected 
to be generated annually by the year 2020.Annually, Asia 
alone generates 4.4 billion tons of solid wastes and MSW 
comprise 795 million tons of which about 48 (6%) MT are 
generated in India. MSW generation in India, is expected to 
reach 300 Million tones and land requirement for disposal of 
this waste would be 169.6 km2 as against which only20.2 
km2 were occupied in 1997 for management of 48 Million 
tones. As it is studied that apart from municipal wastes, the 
organic wastes from agricultural sources alone contribute 
more than 350 million tons per year. 

   LITERATURE  REVIEW                                       
2.1Critical review on types of bricks type 14: Plastic sand 

bricks: 1) Manish Kumar Sahu, 2)Lokesh Singh: volume- 5, 
issue-11, nov.-2017) 

2.2Manufacturing and Testing of Plastic Sand Bricks 1) Mr. 
N. Thirugnanasambantham, 2) P. Tharunkumar, 3) R. 
Sujithra, 4) R. Selvaraman, 5) P. Bharathi 

2.3Utilization of Waste Plastic in Manufacturing of Plastic 
Sand Bricks Mohammad sultan 1) Rahul jaiswal ,2) Roshan 
Jaiswal, 3) Falgunee Ram Sahu, 4) Devannand, 5) Megha 
Sahu 
 2.4 Utilization Of Waste Plastic In Manufacturing Of Bricks 
1) K.B. Manjunath ,2) Dasharatha T H, 3) Mahendra H N, 3) 
Sneha K R, 4) Bhavani G T, 5) Keerthi H   
2.5Fabrication and Testing of Plastic Sand Bricks S S 
Chauhan, Bhushan Kumar, Prem Shankar Singh, Abuzaid 
Khan,Hritik Goyal, Shivank Goyal Department of 
Mechanical Engineering, G.L. Bajaj Institute of Technology 
& Management, Greater Noida, India 

 
 

 



Objective  

  

1) To develop and efficient way to utilize the waste 
plastic. 

2) To produce cost effective material. 
3) To reduce disposal problem of plastic waste. 
4) To prevent the consumption of natural resources. 

 

Methodology 1 The Methodology Adopted : -                      
 Collection of Materials.  

  Preparation  of brick mould. 

   Batching. 

   Melting. 

   Mixing.  

  Moulding.  

  Curing.             

   

  Collection of materials : -  

The process is incredibly simple. Put the dustbin in 
the canteen for collection of waste bottles. Select the 
plastic bottles of cold drinks and water from canteens. 
Bring river sand for plastic brick. IS2386 (Part- I) The 
more you collect the more plastic you will divert from 
the landfill or clean up out of the environment.  

 

  

Plastic  
 

  

Sand  

Preparation of brick mould : - The moulds used are 
wooden moulds and are made in the carpentry shop. All the 
sides and surfaces of the mould should be even for the brick 
to have better surface finish. Both fixed and movable moulds 
can be used for the purpose. Wooden mould will be cost 
effective and serve the purpose whereas if better surface 
finish is needed then cast iron moulds can be used. 

Mould 
size would be (230*100*75) mm.  

     Batching : -  
         Measurement of materials for making brick is 
called batching. After collection of materials we 
separate the types of plastic and remove any other waste 
presented in the collected material and check that any 
water content in in sample collected ten proceed for 
burning.   

 

                                           Manual                  
Mechanical  

Sand Sieving Process 

  



     

   Burning of waste plastic : - After completion batching 
the plastic waste were taken for burning in which the plastic 
bags are drop one by one into the container and allowed to 
melt. These would be done in closed vessel because to prevent 
the toxic gases released into atmosphere. These will be at the 
temperature of 90-110 degrees centigrade.  

 

 Mixing : - 

Mixing of materials is essential for the production of uniform 
and strength for brick. The mixing has to be ensure that the 
mass becomes homogeneous, uniform in colour and 
consistency. Generally, there are two types of mixing, Hand 
mixing and mechanical mixing. In this project, we adopted 
hand mixing. until the entire plastic content required for 
making plastic brick of one mix proportion is added into it. 
then these plastic liquids thoroughly mixed by using trowel 
before it hardens. The mixture has very short setting bags are 
turned to molten state; the river sand is added to it. The sand 
added is mixed time. Hence mixing process should not 
consume more time. 

  

 Moulding : -       

After completion of proper mixing we place mix into required 
mould. In these projects we use the normal brick sizes (19x9x9 
cm). after 2 days remove the brick from the mould and then 
done curing 

.  
 

. Curing : -  
        The test specimens after moulding were allowed to 
dry for a period of 24 hours. The specimens were kept 
in curing tank and allowed to cure for a period of 24  
hours.   

s  
 

1  Tests carried on plastic bricks : -  

1. Compressive strength  

2. Water absorption  

3. Soundness  

4. Colour   

5. Efflorescence  

6. Hardness  
  

Compressive strength : -  
In this test, the cubical brick specimen is placed 

in the compression strength testing machine. After 
placing it we will apply the load on the brick without 
any shock. The load will be increased at a rate of 
140kg/cm2 min continuously till the specimen’s 
resistance to increasing load breaks down and it cannot 
withstand any greater load further. Recording the 
maximum load applied to the brick specimen and the 
appearance and type of failure is also noted along with 
any unusual features.  



 
 
 

 Result of compressive strength 
 

 

 

Water absorption : -  

In this test at first the bricks are weighed in total dry 
conditions. Then they will be allowed to be dipped in 
fresh water for about 24 hours in a container. The 
bricks are taken out of the water after 24 hours and are 
wiped with a cloth. The wet brick is weighed using a 
weighing machine. For the calculation of water 
absorption, the difference between wet brick and dry 
brick is done. The difference is the amount of water 
absorbed by the brick. After that the percentage of 
water absorption is calculated using the data.  

3 

Soundness : -  
The soundness test is also done in the field. 

After the manufacturing of the brick are allowed to 
dry in air for 2 days. Then the bricks are made to hit 
each other the ring sound produced during the 
process, which denotes the quality of the brick that 
it is good. Good quality bricks produce the clear 
ringing sound. In our project both fly ash bricks and 
plastic sand bricks clear ringing sound produced.  
  

Result of soundness test : -  

  
Ringing sound produced and bricks are not 
break.  
  

 

   Colour Test : -  

 Result of colour test : -  

Mud colour as present on plastic pieces and present 
even after 24 hours in water.  

  

 

 
Plastic Sand 

ratio  

Compressive Strength (N/mm²)  

Plastic Sand brick  Normal 
burnt clay 

brick  

1 : 3  7.7  7.9  

1 : 4  10.6  7.9  

1 : 5  9.8  7.9  

 

 

 
 

 
 

  



 

 6 Hardness : -  

In this test a scratch is made on brick 
surface with steel rod (any hard material can be 
used) which was difficult to imply the bricks or 
blocks were hard. This shows the brick possess high 
quality.  

Result of hardness test : - little bit scratch visible 

 

Conclusion : -  
1) Waste plastic, which is available everywhere, may be put 
to an effective use in brick/tiles making.  
2 ) Plastic sand brick possesses more advantages which 
includes cost efficiency, resource efficiency, etc.  
3) Plastic sand bricks/tiles can help reduce the environmental 
pollution, thereby making the environment clean and 
healthy.  
4) Plastic sand bricks/tiles reduce the usage of clay in 
making of bricks/tiles.  
5) Plastic sand bricks/tiles give an alternative option of 
bricks/tiles to the customers on affordable rates.  
6)Water absorption of plastic sand brick is 2 %.  
Compressive strength of plastic sand brick is more when 1 : 
4 ratio of plastic to sand is taken i.e 20 % plastic and 80 % 
sand.   
7) We conclude that the plastic sand bricks are useful for the 
construction industry when we compare with Fly Ash bricks 
and 3rd class clay bricks.  
8)This method is suitable for the countries which   has the 
difficult to dispose /recycle the plastic waste.  
9)Owing to numerous advantages further research would 
improve quality and durability of plastic sand bricks.  

  
  

Future scope : -  

           The plastic bricks used for further in 
construction projects due to its light weight and 
economic purpose. It give us hope and a way to 
work on innovative things related to the plastic and 
to try to invent some new civil engineering 
materials which shows some remarkable response 

in future industry and Changes the thoughts of the 
researchers, users and industries. Such as, in going 
for plastic sand wall in framed structures as a 
partition wall, plastic sand benches in the parks, 
plastic sand tracks for running and jogging in place 
of concrete or stone tracks.  

 Plastic sand bricks give us hope and a way to work 
on innovative things related to the plastic and to try 
to invent some new civil engineering materials 
which shows some remarkable response in future 
industry and changes the thoughts of the 
researchers, users and industries. Such as, in going 
for     

Plastic sand wall in framed structures as a partition 
wall.  

Plastic sand benches in the parks.  

Plastic sand tracks for running and jogging in place 
of concrete or stone tracks.   

Research on Composition of plastic with fly ash, 
Quarry dust etc.  
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I. RLATED WORDS 

 Abstract— Cell-filled concrete pavement is 

the technology developed by IIT Kharagpur, 
which has proved to be a very promising 
solution for overloaded vehicles, inadequate 
drainage facilities, and waterlogging problems. 
Cell-filled concrete pavement consists of 
formwork of plastic cells over the compacted 
subgrade / sub-base, filled with concrete or 
stones. 

 

To explore the possibility of using plastic cell 
filled concrete block pavement (PCCBP) as 
overlay in pavement construction, an 

experimental investigation has been carried out 
by comparing the structural behaviour (layer 

elastic moduli) of a ∼ 50 mm thick PCCBP 
overlay and a conventional bituminous surface 
of similar thickness. To economise the cost of 
construction of PCCBP, an attempt has also 
been made to use waste stone dust in place of the 
traditional river sand as fine aggregates in 
concrete. 

 

Introduction 

the rural road network has experienced aconsiderable 
growth. The good quality roads beingconstructed, immensely 
contribute in the progress of thecountry. 

 Most of the low volume village roads being constructed are 
flexible pavements provided with a thin bituminous surface  
.Quite often these roads get damaged due to overloaded 
vehicles, inadequate drainage facility and water logging 
problems, and hence require early periodic maintenance. 

 The technology developed by IIT Kharagpur, known as cell 
filled concrete pavement, has proved to be very promising 
solution for this issue. It provides long lasting concrete 
pavements (permanent asset) at low initial cost which are 
almost maintenance free. This also generates employment 
opportunities in rural areas. 

Cell-filled concrete pavement consists of formwork of 
plastic cells over the compacted subgrade 

"Cell filled concrete pavement/plastic road/plastic cell 

Plastic in road construction,cell filled’ 
 
 

Specification of our cell filled concrte pavement 
 

MATRIAL – 
1. Bottel cap/plastic cell 
2. Concrte- mix of cement,sand,aggregate 

 
   Length- 400mm 

   Width -30mm 
 

 
 

 
 
            
 
     3.CONSTRUCTION OF CELL  FILLED 
CONCRTE PAVEMENT 

 
A] SUBGRADE- 
1.The subgrade forms the top 300 mm thick portion of the 
embankment. The embankment subgrade is compacted in two 
layers, usually to a higher standard than the embankment. 
 
2.If the embankment soil is poor, the top 300mm of the subgrade 
may consist of good quality material from borrow pits with CBR 
exceeding five. The subgrade shall be compacted to at least 100 
percent of Maximum Dry Density per IS:2729 (Part 7). 
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3 .The subgrade shall be compacted to at least 100 percent of 
Maximum Dry Density per IS:2729 (Part 7). The expansive 
black cotton soil (BCS) should be compacted to a minimum of 
95% of the maximum dry density with moisture content 2% 
higher than the optimum. 

 

4. The subgrade soil of existing roads is expected to have 
attained the required stability due to traffic, and the CBR test 
should be done at in situ dry density and moisture content after 
four days of soaking.  
 

 

B] SUB-BASE COARSE – 

1.The subbase consists of laterite boulder 
consolidation, water-bound macadam, wet mix 
macadam, crusher run macadam, lime-fly ash-
aggregate mixtures, lime stabilized soil, cement 
stabilized soil, and others with proprietary 
stabilizers.  

2. Locally available aggregates such as murrum 
and kankar mixed with lime fly ash may also be 
used. 

 
If the number of commercial vehicles is more than fifty per 
day, 150mm of cementitious sub base with a minimum 7-day 

strength of 1.5 MPa is recommended. 
 
 The subbase should be provided with stone/concrete block, or 
Brick on edge should be laid on either side of the carriageway 
projecting 50 to 100 mm above the subgrade/subbase for the 
confinement and protection.  
 

 Stone/ concrete block or Brick on end edge should be laid on 
either side of the carriageway projecting 50 to 100 mm above 
the subgrade/subbase for confinement and protection. 
 
 

C] PLASTIC CELL 
 

The plastic cells act as both the form and reinforcement for 
the pavement. The plastic cells are made from reclaimed 
high-density polyethylene (HDPE) sheets of thickness 0.22 
mm to about 0.25mm.  
 
These plastic cells can be supplied as rolls of strips 50mm to 
100mm wide, depending upon the depth requirement. The 
strips can be heat-welded or stitched to form cells. 
 

 
 
   
 
 

 
BOTTEL CAP 
 
In this project we have used a bottle cap because 
this our project was small scale   
 
Bottle cap and plastic cell is made of a similar 
material so not big difference between them 

 
 

               
 

 
         After This plastic bottle cap layer completely filled with 
aggregates. 
 
 

  
 
 

This layer works/acts like sub- base layer of pavement 
 
CONCRTE – 
 
Conventional pavement concrete with 28-day strength of 30 
MPa with a slump of about 30 to 50mm can fill up the cell. 
 
Pourinig concrte done into the cell with well compaction. 
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ACTUAL CONSTRUCTION PROCESS 
 
 

1. The construction of embankment, subgrade, and 
subbase should be done as per Specifications for 
Roads. 

2. A proper camber as applicable to rural roads shall be 
provided. Drainage layer should be provided in high 
rainfall areas (annual rainfall exceeding 1000 mm) as 
laid down in Road Manual. 

3. Stone/concrete block or Brick on end edge should be 
laid on either side of the carriageway projecting 50 to 
100 mm above the subgrade/subbase for the 
confinement and protection of cell-filled concrete. 

4. A hard shoulder with proper cath is necessary for the 
concrete blocks' stability since trucks traveling close 
to the edge may damage the unconfined concrete 
blocks. 

5. The width of the hard shoulder should be about 0.85 
m on either side of the pavement. 

6. Formwork of plastic cells shall be laid across the 
compacted subbase and put under tension with iron 
spikes so that cells are close to squares in plan. 

7. Nylon threads passing at 10 mm below the top of the 
cells shall prevent the cells from collapsing while 
filling the cells with concrete. 

8. If any stitch of the cells opens up during tensioning, 
it should be stapled near the top, middle, and bottom. 

9. The concrete shall be filled into the cells to a depth 
of 120 mm, which is about 20 mm higher than the 
cell's depth. 

10. The iron spikes shall be removed after the cells are 
filled up with concrete. For RCC, two passes of the 
roller in static mode followed by two passes in 

11. The number of passes in static and dynamic modes 
depends upon the texture of aggregates and moisture 
content. 

12. Pan vibrators can be used to compact the 
conventional concrete having a slump of about 30 to 
40 mm. 

 

 

13. The number of roller passes, the amplitude of 
vibrations, the depth of loose concrete in cells, and the 
amount of water to be added shall be determined from 
the trial run.  

14. The concrete's surface shall be covered with wet jute 
mats or paddy straw to prevent drying during hot 
weather. 
 

 

 
 
 

ADVATAGES OF CELL FILLED CONCRTE 
PAVMENT 

 

1. Use of recycled plastic. 

2. As the expansion or contraction joints are not required, 
and hence maintenance of joints is eliminated. 

3. The cost of construction is considerably reduced when 
compared to conventional cement concrete pavemet 

4. The consumption of aggregates is almost reduced to 50% 
when compared to normal CC pavements. 

5. If the individual block fails, it can be easily replaced 
without much effort and with the least cost. 

 

DISADVANTAGES OF CELL FILLRD CONCRTE 
PAVEMENT 

1. The preparation of the cells is cumbersome. 

2. There are high chances of cells getting disturbed while 
placing the concrete, and hence proper care is required. 

3. Due to slow progress, the men and machinery's 
efficiency is less than the normal. 
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Features of cell filled pavement  - 
 

1. Long-lasting 
2. Reduces rutting and is maintenance-free 
3. Employment generation 
4. High strength and sustainability 
5. No cracking 
6. Fast to deploy and install even in remote areas 
7. Uses onsite fill, confines, and stabilizes soil. 
8. Greatly extends pavement life 
9. Permeable infill leads to cooler pavements 

 
APPLICATION – 
 

1. Most beneficial in rural areas 
2. It is essentially the best cost-efficient alternative 

solution to areas with technical challenges 
3. Overlays on damaged tar roads 
4. Pavements and footpaths 
5. Container yards 
6. Parking area for heavy vehicles 
7. The plastic cell filled concrete finds excellent utility 

in road surface stabilization, road shoulder 

stabilization, or road base stabilization. 

INVIROMENTAL IMPACT 

Cell are made with reused plastic so it well help the 
utilization of plastic 

They require less maintenance, and the plastic is immune 
to weathering, unlike asphalt. However, plastic roads have 
some potential environmental impacts that are important to 
consider. 

By combining recycled plastic with other sustainable 
materials, plastic roads can provide an environmentally-
friendly solution for roads and pavements. 
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CONCLISION 

 
Cell Filled concrete pavement can be recommended for weak 
base and subbase layers instead of flexible pavement, since it 
showed resistance to structural durability. 
 
Cell filled pavement has very little effects to the riding 
comfort in terms of roughness 
 
Construction of cell fill concrete pavement is advantageous 
compared to conventional and asphalt pavement since cell 
filled roads are economical ( cost per km) to conventional 
concrete roads and they need very less annual maintenance (as 
per good PCL rate) compared to flexible roads. 
 
Conventional and cell filled concrete roads could be a solution 
for the rural roads because of the life of concrete roads it 
beneficial to use cell filled in low volume traffic condition. 
 
Cell filled concrete roads is a challenge in the rural road 
construction with the effective diversion of traffic. 
 

 
 

 

 
  

 
VIII FUTURE SCOPE 

 
This new plastic cell filled pavement technology can be used for 
high volume roads to resist higher vehicular loadings. 
 
Replacement of the self curing admixture polyethylene glycol-
400 can be done to make it more compelling with strength and 
workability. 
Measures on methods can be taken to make the initial costing of 
the plastic cell concrete pavement mush less as till now it is more 
as initial stages.  
 These plastic cells can also be used at the sub-grade level of the 
foundation to make the soil erosion resistant beneath the concrte 
pavement
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ABSTRACT 

The usage of the unreinforced masonry infills between the column frames has been in 

practice from a long time even if the area is seismically active. Masonry infills are provided 

within a structure without realizing that during the seismic action they act as single unit 

i.e., a combination of brick elements and the concrete. The masonry infills provides enough 

stiffness and strength to the structure. Hence, helps in reducing the drift. The infills up to 

certain height are sometimes unwittingly removed for different purpose such as window, 

better ventilation purpose etc. due to which, the resistance against the lateral loads is 

reduced. From earthquake history it is seen that the partial infilled frames do not behave as 

expected and undergo short column effect. The present study is dedicated towards reducing 

the shear force in columns of the partial infilled frame. 

Here the building models with variation in their masonry infills are considered as basic 

models. The percentage of the infills are varied only on the outer periphery of the models. 

The infills are modelled as masonry infill panels.To mitigate the short column effect, four 

different structural forms i.e. building with additional infills to the adjoining columns, 

structure with bracing, frame-shear wall structure and composite column structure with 

partial infilled masonry are considered to assess their performance in reducing the shear 

force in the column. 

The G+7 storied buildings considered are modelled and analyzed using ETABS20 by 

response spectrum method as per IS 1893:2016. The behaviour is studied in terms of shear 

force in column, storey shear, base shear, storey displacement, storey drift and time period 

of the structure. The results show that when compared to the other methods, the method of 

providing additional infills adjoining to the short column in the partial infilled frames 

mitigates the shear force effectively. The reduction in shear force for varying (25,50,75) 

percentage of infill models are 283.82%, 536.54%, 835.85% respectively. 
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CHAPTER 1 

 

 
1.1 GENERAL 

 
INTRODUCTION 

 

The term "masonry infill" refers to the process of using masonry to fill openings in 

R.C. structural frames. In multistorey buildings, they are employed as exterior walls and 

interior partitions to constitute a portion of the building envelope. Typically, masonry infills 

are added to reinforced concrete structures without considering them to be a composite of 

brick and concrete elements, even though they actually function as a unit during 

earthquakes. The infills are important in increasing the overall structure's lateral rigidity 

[3]. 

When the gravity loads are applied, there is addition in the infills’ self-weight. When 

exposed to seismic forces, an infill wall usually interacts with the frame. The strength 

gained from the masonry infills can improve the performance of structures; however, this 

strength gain also results in increase of the structure's initial stiffness, which may draw in 

more lateral inertia forces from earthquakes. The structures' strength and rigidity are 

significantly increased by the infill walls, and failure to maintain them will result in many 

failure of multi-storey buildings. Infills are generally not provided for all frame components 

because they depend on the functional and architectural requirements. According to the 

requirements for the provision of partitions, doors, and windows, infills are provided fully 

or with openings. The types of frames - bare frame, fully infilled frame, partial infilled 

frame and window opening in the infilled frame. 

To build partial infill frames, the bare frame is filled with masonry of brick to a 

specific height along its entire length. In many different types of buildings, partial infilled 

walls are widely employed, with the incomplete height typically being attributed to window 

apertures. For example- Hospitals, Academic Institutions, Business Buildings, etc. 

 
 

1.2 SHORT COLUMN EFFECT 
 

As the name suggests, a column that is prevented from moving laterally over a 

portion of its height is known as a short column. This might happen if a column's lateral 

deformation is restricted over a portion of the column's height by non-structural features 

[21]. According to the historical experience of various earthquakes, structures with partially 

filled frames are negatively impacted. These walls are seen to play a paradoxical role in 



 

increasing the lateral rigidity of the structure while also having a negative effect known as 

the "short column effect"[3]. A short column might experience substantial damage at the 

time of an earthquake if it is not properly built to withstand such a powerful impact. These 

short columns frequently sustain X-shaped cracking damage, which results from shear 

failure. 

 
 

 
Figure 1.1: Short column [21] Figure 1.2: Partial infilled wall - short column 

formed [21] 

 
 

Causes for the formation of the short column are listed below.[21] 

 The addition of partially-height walls between the columns to make room for slit 

windows that give in natural light. An example of this is when small windows are added 

to a basement wall that rises above ground level as shown in figure 1.2. 

 Partial height walls are provided along the corridors. 

 Foundations at various levels. 

  A column's height is divided by a beam supporting a stair landing; or the addition of a 

mezzanine floor. 

 
 

Some examples of building constructions that have suffered damage as a result of short 

column effect shown in the figure 1.3- figure 1.6. By looking at these photographs, the need 

to study on short column effect for lateral loading may be justified. 



 

  
 
 
 

Figure 1.3: Shear failure in short column [20] Figure 1.4: Partial infilled frame [3] 

 
 
 
 

  
 
 

Figure 1.5: Short column failure [2] Figure 1.6: Damaged column [3] 
 
 

1.3 SHORT COLUMN BEHAVIOUR 
 

Consider a partial height wall that is constructed to allow for a window to fill the rest 

height. As the walls are present, the adjacent columns function as short columns. Because there 

are no adjacent walls, other columns in the same storey are frequently of standard height.During 

an earthquake, the floor slab vibrates, displacing the upper ends of the columns. However, the 

rigid walls prevent the lower portion of a short column from moving horizontally and deform 

completely across the short height next to the opening of the window.[19] 



 

  
 

Figure 1.7: Lateral deformation in bare frame[3]     Figure 1.8:Lateral deformation in partial infilled frame[3] 
 
 

Over their entire height, regular columns are deformed. A short column provides 

more resistance to horizontal ground motion and attracts a greater force than a regular 

column since the effective height across which the column could freely bend is constrained 

(Figure 1.9). The entire column height is considered while calculating stiffness. The 

lowered column's lateral stiffness varies with the cube of their effective height (12EI/L3- 

for both ends fully fixed). A column's stiffness, however, increases if it is later stiffened by 

deep spandrel beams, intermediate bracing, partial height infill walls, stairs, etc. This 

causes the column to attract stronger shear pressures, which can lead to shear failure.[21] 

 
Figure 1.9: Short Column attract large lateral forces [19] 

In comparison to the shear needed to produce a flexural yield in a full-length column, the shear 

needed to develop flexural yield in an effectively shorter column is significantly larger. Shear 

failure may begin before flexural yield and frequently fail in a brittle way if this influence of 

the infill is not taken into account.[20]. 

1.4 STRUCTURAL FORMS 
 

Various structural forms have evolved and are commonly adopted to resist gravity and 

seismic forces. Few of the structural forms can be modified so as to reduce or eliminate the 

short column effect. A detailed study on such forms is required. Few such structural forms 

taken into consideration in the current study are discussed here. 



 

1.4.1 ADDITIONAL INFILLS 
 

It has been customary to fill the spaces between frame columns with inflexible, 

unreinforced masonry to create a building envelope. Even though the nonstructural 

masonry walls may have a lesser strength than the column, during lateral deformations, the 

resulting "nonstructural" walls frequently have enough stiffness to change the behaviour of 

the column. As a result of this type of building envelope's significant contribution to frame 

rigidity, drift. Since the nonstructural walls effectively restrict the lower portion of the 

column, damage to the short upper segment of the column typically occurs before the 

failure of confining wall. 
 

 

 
1.4.2 BRACING 

Figure 1.10: Additional infill frame 

When a structure is subjected to lateral loads, bracings are used. These bracing are 

resistive to earthquake forces and wind loads. They improve the structural strength. Here, 

the foundation receives the lateral loads from the bracing. Bracing creates a laterally very 

rigid construction with the least amount of weight addition. As a result, they are regarded 

as a particularly cheap structural type for buildings of any height. 

Steel bracing improves the stiffness, strength, and bending capabilities of the R.C. 

multistorey construction. They increase the stability of the structure [22]. 
 

 
Figure 1.11: X-Bracing 



 

The type of bracing adopted is based on the architectural requirements. 

The bracing types are: 

a) Concentric type bracing: the ends of the diagonal brace join at the beam-column 

connection which creates a stiff frame. 

b) Eccentric type bracing: the ends of the diagonal brace joins at an offset from the 

connection between beam and column. 

Of the various kinds of bracings, X bracings are frequently utilized. 
 

It should be highlighted that the bracings are beneficial as they: avoid weak columns 

thereby increasing strength; Boost the building's stiffness and capacity. They don't require 

a lot of labor, offer the structure good stabilization, and are cost-effective. 

 
 

1.4.3 SHEAR WALL 
 

A shear wall is a structural element in reinforced concrete frame construction that 

resists lateral loads. They minimize lateral displacements and can sustain the majority of 

the lateral shear forces produced by earthquakes. To lessen the torsional loads, shear walls 

are normally symmetrically positioned in both directions in the building's layout. Shear 

wall systems are more cost-effective up to 35 stories and more rigid horizontally than rigid 

frames [23]. 

Shear wall systems are one of the most well-liked and dependable lateral load 

resisting techniques in medium- to high-rise buildings. Shear walls are substantially more 

earthquake resistant than columns. They are a component that resists lateral forces, sustains 

vertical loads, shear forces parallel to the length of the wall, and bending moments about 

the strong axis of the wall. 

 

 
Figure 1.12: Shear wall 



 

It can give the building the necessary strength and stiffness to withstand seismic and wind 

loads. It is commonly known that stiffer structures absorb more seismic forces as long as a 

good design is taken into account i.e. both strength and ductility [23].Shear walls are 

divided into the following categories: plain rectangular kind and flanged walls, Coupled 

walls that shear, walls with a rigid frame, walls supported by columns, walls of the core 

kind. 

Shear walls provide several benefits – Provides significant stiffness, stability, and strength 

in the direction of orientation, considerably lessens lateral sway, effective in reducing 

earthquake damage and is efficient in terms of cost of construction, Structural and non- 

structural damage is minimized. 

 

1.4.4 COMPOSITE COLUMN 

A composite column is a compression member which consists of concrete and structural 

steel. They are typically employed as a load-bearing part in a framed structure. Composite 

columns can support significantly more loads than conventional reinforced concrete 

columns because of the composite effect involved. Concrete and steel interact with one 

another through bond and friction to resist external loads. 

The different types of R.C.-Steel composite columns that are commonly found are : 

Completely encased sections; Partially encased sections and; Concrete filled section. 

 

Figure 1.13: Types of composite column 
 
 

Some of the advantages of composite sections are, 

 They have a high load-carrying capacity for a given section dimensions 

 They have high structural stiffness, 

 There is exceptional ductility under powerful dynamic excitations, 

 There is overall reduction in the weight of the structure. 

 They are an economised building material. 

 The concrete encased column shows good resistance against fire and corrosion protection. 



 

CHAPTER 2 

 

 
2.1 GENERAL 

 
LITERATURE REVIEW 

 
 

 

Studies on the short column effect have been investigated experimentally and through 

analytical models as the occurrence of such failures during earthquakes are severe. The 

various work on the short column effect in a multi-storey building located in earthquake 

prone regions is studied, and the brief review is presented here. 

 
 

 Alqatamin et.al. (2009) This paper studies the response of short columns in R.C. 

buildings to seismic forces in buildings with intermediate floors, mezzanines, 

partial masonry infills, as well as buildings constructed on sloping ground. Further, 

suggests solution short column effect according to which in new buildings, extra 

care should be given during the architectural design stage and structural design by 

providing special confining reinforcement, and in existing buildings, strengthening 

measures such as retrofit techniques which are well-known should be employed. 

 
 Ismail Hakki Cagatay et.al. (2010) To avoid short column effect, this research 

demonstrates an economical approach of placing segments of additional infill wall 

bounding the short column. A study is conducted out for a single-storey infilled 

frame with a number of bays ranging from one to five, using the number of spans 

and additional infill wall percentage bounding the short column as the parameters, 

to demonstrate the role of adding an infills in the effective reduction of the shear 

force in the short column. The investigation is broadened to include a case study 

of a G+1 building in Turkey that was damaged by the short column effect in the 

Adana-Ceyhan earthquake,1998. The findings demonstrate that adding additional 

infill walls to a structure is an efficient technique to reduce shear force. 

 
 P. M. Pradhan et.al. (2012) This work represents the importance of interpreting 

partially filled frames. It summarises the results of various academic studies on 

how partially infilled frames behave under lateral loads. It is noticed that the 

structural strength is improvised by the addition of infills. To realise the combined 

action of the frame and masonry infill, it is necessary to fully comprehend the 



 

contribution of partial infill walls while analysing models for real constructions. 

Furthermore, it is important to identify a strategy to model such structures to 

reduce the structure's earthquake risk. The ductile detailing might be provided to 

columns over their whole height that are prone to be subjected to the short column 

effect. Additionally, it underlines the necessity for more research on the short 

column effect. 

 
 

 Md Irfanullah et.al. (2013) Analysis is on G+10 R.C.C. framed building is 

modelled using on ETABS to investigate the outcome of masonry infills on the 

bare frame, fully infill, soft ground floor, soft basement and infill in swastika 

pattern in the ground floor. The structural parameters, Base Shear, Storey 

displacement, inter storey displacement are considered. According to the results, 

the introduction of the infills improves the performance in terms of storey 

displacement and drift control. 

 
 Mohammed Tosif Ahmed et.al. (2014) To understand the right procedure and 

impact of masonry infill panels, an analysis was performed on several models of 

G+10 R.C. framed buildings with the soft storey and shear walls. The equivalent 

double diagonal strut method and modelling of infill wall panels are carried out. 

According to the findings, the double diagonal strut has a greater value of storey 

drift and storey displacement than models with an infill panel. Also, the 

fundamental time period is reduced when the R.C. shear wall and the masonry 

infill stiffness are considered. It has been discovered that models with masonry 

infills show more strength and stiffness than double diagonal struct models, 

suggesting that masonry infill panels could be a useful way to simulate masonry 

infill. 

 
 

 Mohammad H. Jinya et.al (2014) The paper's major goal is to make the building 

industry's analysis idea simpler. Additionally, carry out the static linear analysis 

and time history analysis of G+9 R.C.C. building using a single diagonal strut 

technique in using IS 1893:2002 and IS 456:2000, which are modelled in ETABS. 

In this instance, peripheral walls have varying percentages(15% and 25%) without 

strut and with strut of infill wall of centre openings. The factors considered in the 

current study are storey displacement, base shear, storey drift, and axial force with 



 

and without soft stories while taking into account the effects of infill walls with 

various opening percentages. In this study, conclusions are drawn after discussing 

the outcomes of the bare frame, soft story, and infill wall panel. Acoording to 

which the diagonal strut will impact the seismic performance in the R.C. buiding. 

There is increase observed in axial force in the column and also due to the higher 

stiffness of infill the base shear increases, and storey drift and storey displacement 

decreases. Also, there is a reduction in the lateral stiffness due to an increase in 

percentage of opening. 

 
 

 Chidananda HR et.al. (2015) Infill walls without openings, infill walls with 

central opening in the outer periphery and partial opening are all subject to 

analysis. Models of G+14 R.C. framed buildings are analysed in ETABS software 

using the Equivalent Static Lateral Force method and the Response Spectrum 

method using IS 1893: 2002, which includes p-delta effects. The criteria 

considered in this study include storey displacement, storey shear, and storey drift 

with soft storey. The strut width has been determined for modelling purposes using 

FEMA 273, utilising the equivalent diagonal strut approach. The P-delta effect 

results from the investigation revealed very little variance in which time period 

had considerable changes, and it might be taken into consideration for higher- 

storey buildings. The reduction is indicated on measurements for displacement due 

to the addition of infill whereas displacement is increased due to the openings. 

 

 
 Sristi Gupta et.al. (2016) This research is a study of general seismic behaviour 

resulting from a change in level on sloping lots, particularly in hilly places. As a 

result of the increased rigidity of the structure, infill panels have a significant 

impact on the behaviour of frames under seismic events. When compared to an 

infilled frame, the bare frame has a larger deflection. Shear walls braced frames, 

and composite columns could also be useful in preventing excessive shear in 

columns. 

 
 Mehrzad Mohabbi Yadollahi et.al. (2016) The influence of the infill wall on the 

formation of a short column at the G+3 military aid watchtower in Turkey was 

investigated. The collected data is compared to the consequence of earthquakes 

that have been seen following an earthquake. Structural drift and shear force are 



 

among the parameters investigated. The results reveal that the insertion of infills 

reduces structural drift due to reduced column ductility, and the presence of infills 

increases the shear force in the short column, causing the structure to fail. Due to 

partially infilled structures, incorrect shear flow during lateral loads will damage 

the short column, resulting in structural failure. 

 

 
 Md. Rokanuzzaman et.al. (2017) An Analysis of G+15 model is carried out by 

using the equivalent static method in ETABS 9.6.0. Models without shear wall and 

with shear wall at the central portion on the periphery sides and with shear wall at 

corners in the form of L-shape are considered. The parameters considered are base 

shear and displacement under lateral loading. According to the results, the model 

with a shear wall placed at the central portion on the periphery sides performs 

better. 

 
 Rakshith K L et.al. (2017) An investigation of G+9 regular and vertically 

irregular buildings,both with and without bracing systems, was carried out. A 

response spectrum analysis for the models that use different bracing strategies are 

employed. The results of ETABS in terms of displacement, storey shear, storey 

drift in seismic zones III and V are considered. In R.C. frame construction with 

different kinds of bracing systems, displacement and storey drift are reduced, while 

base shear increases. When X-bracing is compared against regular R.C. frame and 

irregular R.C. frame systems, it is proven to perform better. 

 
 Mouzzoun Mouloud et.al. (2019) The strut model is used in the study to analyse 

the seismic response of multistorey R.C. frames with masonry infill and capture 

the overall impact of the infill. The seismic behaviour of two eight and ten-storey 

R.C. Building models have been assessed using nonlinear pushover analysis in 

ETABS20. The outcomes of numerical simulations demonstrate that the infill walls 

significantly impact the seismic response. It would not be prudent to avoid these 

impacts, and these factors should be considered while designing and evaluating 

seismic systems. The reinforced concrete frame's time period with bare frames is 

decreased by the use of infill panels. A bare frame idealisation results in an 

overestimation of natural periods and an underestimating of the design lateral 

forces. Pushover analysis findings indicate that the infilled frame has greater 



 

energy dissipation, initial stiffness and strength, than the bare frame. Under various 

earthquake intensities, it was found that entirely masonry infill panels performed 

noticeably better than the bare frame. 

 

 
 Sachin Patel et.al. (2019) In the present study, a method is developed in which 

seismic analysis of R.C. frame structures is carried out while complete infills, 

without infills, and partially infills are all taken into consideration. Software called 

STAAD PRO is employed in this investigation. In this study, linear static analysis 

in zone IV is utilized to examine floating column constructions with and without 

bracing systems and infill walls under seismic parameters as per IS-standards in 

STAAD PRO. From the analysis above, the following conclusions are be made: 

An increase in lateral stability of the structure is demonstrated by infill wall 

structure, which aids in resisting high storey displacement and huge storey drift. 

 

 
 Preetha V et.al. (2020) The linear static and response spectrum analysis of a G+10 

building with a R.C.C. column, an encased column, and an infilled rectangular 

tube is performed in ETABS. The study's characteristics include displacement, 

storey drift, and time period. According to the findings, storey shear and storey 

drift decrease in the composite column, the time period is reduced in the R.C. 

column, and storey displacement increases in the composite column. 

 

 
2.2 SUMMARY AND LITERATURE GAP 

 
Numerous research has been done to understand the behaviour of masonry infills. It was 

noted that the buildings with partial in-filled masonry frames undergo short column effect. 

To understand the behaviour of the structure undergoing short column effect it is important 

to rightly represent the masonry in-fills in the building model. Therefore, masonry infills 

are modelled as panels. In order to mitigate the short column, effect the addition infill walls 

around short column are provided in above research papers. In the present study an attempt 

is made to study various other methods to mitigate this short column effect. 

 
 

. 



 

CHAPTER 3 

PROBLEM STATEMENT, OBJECTIVES & 

SCOPE OF THE STUDY 

 
3.1 PROBLEM STATEMENT 

From the reference of various above papers, we understand the behavior of masonry infills 

in the structures under the action of seismic forces. The papers conclude that the partial 

infilled frames undergo short column effect. As there is reduction in the height of column 

due to partial infills there is increase in the stiffness. When this column deforms laterally 

under seismic forces they attract larger shear forces. Therefore, it becomes necessary to 

understand the behaviour of such column and reduce the shear force in them. Hence in the 

present study, it is attempted to reduce the shear forces in partial infilled columns affected 

by short column effect. 

 
 
 

3.2 OBJECTIVES 

With the main objective to reduce the shear in the column affected by short column effect, 

the following objectives are framed: 

1. To model RC bare-frame and frame with masonry infills of varying height using 

ETABS20. 

2. To assess the short column effect in RC bare-frame building and building with masonry 

infills of varying height. 

3. To evaluate and compare the performance of the following structural forms in mitigating 

the short column effect in buildings with masonry infills of varying height. 

i. Additional infills adjoining the short column 

ii. RC frame with bracing 

iii. RC frame and shear-wall structure 

iv. Composite column construction 



 

3.3 SCOPE OF THE STUDY 
 

The analytical study is carried out on building frames with masonry infills. Masonry infills 

are modelled as panels instead of representing the masonry by diagonal strut method. The 

plan area of 20m x 20m having G+7 stories using ETABS20. The building with additional 

infills adjoining the short column, bracings, shear wall and composite column construction 

were modelled and analyzed. The parameters evaluated in the present study are Shear force 

in column, Storey shear, Base shear, Storey Displacement, Storey Drift and time period 

parameters are evaluated. 

 
 
 

3.4 ORGANISATION OF THE DISSERTATION 

 Chapter one titled “Introduction” consists of an introduction to the topic. 

 Chapter two titled “Literature review” consists of work done on the masonry 

infills, short column effect, additional infills, bracing, shear wall and 

composite column by researchers composed from diverse journals. 

 Chapter three is “Problem Statement, Objectives and Scope of study” which 

includes problem statement, objectives, scope and organisation of the 

dissertation 

 Chapter four is “Methodology” describes the problem, the approach 

followed, Seismic Analysis using software, loading parameters, 

Measures/structural forms investigated. 

 Chapter five is “Modelling and Analysis” deals with the procedure for 

modelling and analysis used in the study. 

 Chapter six “Results and Discussion” 

 Chapter seven “Conclusions” deals with the final concluding remarks. 



 

CHAPTER 4 

 

 
4.1 GENERAL 

 
METHODOLOGY 

 

With the objective to study the behaviour and to mitigate the short column effect, an 

analytical study was taken up on partially infilled masonry frames. The analytical study is 

carried out on a building frame with plan area 20m x 20m with G+7 stories using 

ETABS20. 

 
 

ASSESSMENT OF SHORT COLUMN EFFECT: 
 

To evaluate the short column effect in buildings with partially infilled masonry, R.C. frame 

buildings with 25, 50 and 75 percentage of infills are investigated. The partial infills were 

considered on outer periphery of the building 

Since it is difficult to predict the failure of a structure due to the short column effect, 

however the short column effect can be assessed by the shear force in the column members. 

In the present study Shear force in column, Storey shear, Base shear, Storey Displacement, 

Storey Drift and time period parameters are evaluated. 

 
 

MITIGATION OF SHORT COLUMN EFFECT 
 

A building with infill walls of varying height, is vulnerable to the short column effect. 

Elimination or reduction of short column effect in such buildings is very challenging and 

various methods have been suggested. 

In the present study, various measures of modifying the structure such as additional infills 

adjoining the short column, bracings, shear wall and composite column construction are 

studied. 

The extent of mitigation of each type is evaluated and results compared with respect to the 

various parameters i.e., Shear force in column, Storey shear, Base shear, Storey 

Displacement, Storey Drift and time period parameters are evaluated. 

4.2 SEISMIC ANALYSIS: 
 

The seismic analysis as per IS:1893-2016 is done by Response Spectrum method and the 

parameters considered for the the study include shear force, storey shear, base shear, storey 

displacement, storey drift and time period. The Equivalent static method evaluates the 



 

linear seismic behaviour of the building. The linear static method is used for regular 

structures where height is limited. It is the simplest method with less computations as per 

IS:1893-2016. It can be applied for regular buildings with height less than 15m in the 

seismic zone II. In the present study, the building is 24 m and is located in seismic zone 

IV. Hence, the linear static method cannot be applied. Hence, linear dynamic analysis is 

carried out. The linear dynamic analysis is performed by response spectrum method (mode 

superposition method). The response spectrum method plots the response of the structure 

for displacement, velocity and acceleration. 

 
 

4.3 ETABS20 
 

General-purpose civil engineering software ETABS20 is excellent for structural system 

analysis and design. A practical and user-friendly object-based modelling environment that 

streamlines and simplifies the engineering process can be used to model, analyze, design, 

and optimize basic and advanced systems, spanning from 2D to 3D, of simple geometry to 

complex. 

As part of the modelling process, ETABS20 is used for gravity and lateral load analysis in 

accordance with the IS codes that are available. Here, an effort is made to comprehend how 

partially infilled masonry frames behave and reduce the Short Column effect that develops 

in them as a result of the accumulation of significant forces in the column. 

After analysing the structure by adding gravity and lateral loads with the proper load 

combination, Excel is used to represent the graphs and results of shear force in column, 

storey shear, base shear, storey displacement, storey drift and time period. 

 
 

4.4 LOADING PARAMETERS 
 

The loads on the structure include gravity and seismic loads. The load consideration for the 

structure is carried out in accordance with IS:875(part I, part II), IS:1893-2016. Here, load 

combinations are incorporated for design as per IS:1893-2016. 



 

4.5 MEASURES / STRUCTURAL FORM INVESTIGATED 
 

Various structural forms have evolved and commonly adopted to resist gravity and seismic 

forces. Few of the structural forms can be modified so as to reduce or eliminate the short 

column effect. A detailed study on such forms is required. Few such structural forms 

considered in the present study are discussed here. 

 
 

4.5.1 ADDITIONAL INFILLS ADJOINING THE SHORT COLUMN 
 

Here, In the study an additional infill of length of 20% of the bay length is considered 

referring to a literature. The additional infills are provided adjoining the column of partial 

infilled frame models with varying height of masonry infill in the outer periphery as shown 

in Figure 3.8, 3.12, 3.16. 

It is seen that, though the masonry do not have strength as much as the columns they still 

have enough strength to impact the column behaviour during seismic tremors. It is known 

that the masonry infills improve the stiffness of the structure, here their contribution for the 

same in the models with partial infilled frame are checked. 

 
 

4.5.2 R.C. FRAME WITH BRACING 

In this study, X- bracings are offered for the models with partially infilled frames with 

varied infill heights in the alternative bay in both the X and Y directions. By using the trial- 

and-error process, the bracing section selected are ISA 130x130x12 and ISA 150x150x12. 

As far as lateral load resisting systems go, bracing is acknowledged to be one of the most 

popular techniques. It can be observed that bracing increases column strength since it 

connects at the joints where the beam and column intersect, improving the overall stiffness 

of the frame. It is also a cost-effective solution since it offers good resistance even with 

only a slight increase in the structure's weight. 

These bracing system characteristics were some of those discovered to be beneficial in 

lowering the high shear force concentration seen in the columns of the partial infilled 

frames as a result of the short column effect on the structure's outer periphery. 



 

4.5.3 R.C. FRAME AND SHEAR - WALL STRUCTURE 
 

In this study, shear wall of 180 mm was placed orthogonally in both X and Y direction in 

the central bay. The shear wall is assigned as a shell element. And is provided with 

reinforcement in both the direction i.e. longitudinally and transversely. It is the most used 

lateral load resisting system and it efficiently transfers load to foundation. It improves the 

building's serviceability factor. The shear wall functions as a form of fuse, delaying the 

column's failure. 

Therefore, the shear wall are used to check the effectiveness against the reduction of large 

accumulated forces in the short columns in the models with partial infilled frames with 

varying height of infills on the outer periphery. 

 
 

4.5.4 COMPOSITE COLUMN CONSTRUCTION 

In this study All the R.C.C columns are substituted by steel concrete composite column. 

The sectional dimensions of the column are reduced from 450x450mm to 380x380mm with 

encasement of structural steel section of ISMB 300. 

The composite sections have good ductility which helps the structure to undergo 

larger deformations without any failure, stiffness helps in limiting the demands of 

deformation in the structure and are known for the better overall performance of the 

structure. 

Therefore, in order to check the improvement in resistance against the larger forces 

attracted in the short columns the composite columns are used. 



 

CHAPTER 5 

STRUCTURAL MODELLING AND ANALYSIS 

 
5.1 DESCRIPTION OF STRUCTURE: 

 
The aim of the present study is to develop and evaluate a 3D model on an eight-storey 

building with a symmetrical layout in the X-Y direction using the ETABS20 software. The 

model does not depict any specific real-world construction that has been designed or 

constructed. However, the dimensions and other features were chosen to depict a building 

where it would be simple to study the masonry in-fills. The storey height under 

consideration is 3 m. Models considered include bare frames, frames entirely filled with 

masonry infill, and frames partially filled with masonry in-fills (i.e., 25%, 50%, or 75%) 

on the outer periphery. 

In the present study R.C. frame building is considered having 8 stories with a total height 

of 24m and of plan size 20m x 20m. The height considered for each storey is 3m. The 

frames are placed in 4m x 4m bays, having 5 nos. of bays in each orthogonal direction. A 

foundation level of 1.2m below the ground is considered. The supports are assigned to be 

fixed. Analysis carried out are equivalent linear static analysis and response spectrum 

analysis (mode superposition method). The study takes into account the loads caused by 

gravity and earthquakes. 

An important objective of the present study is to study different structural forms to reduce 

the short column effect, and accordingly, the partial in-filled frames with Additional in- 

fills, Bracings, Shear Wall and Composite Column respectively are modelled to reduce the 

large forces attracted in the partial in-filled frames due to short column effect. 

For the basic building model, a beam of size of 300 mm x 450mm, and column size 

of 450mm x 450mm and a Slab thickness of 150 mm is considered. The masonry are 

modelled as shell elements with a thickness of 230mm. 

For the braced frame, the bracings considered are ISA 130x130x12 and ISA 

150x150x12 as per the requirement. Shear force reduction for the various sections of 

bracing are checked initially. Similarly, for the RC frame shear-wall, the shear wall are was 

checked from a minimum value of 150mm as per the IS code and the section provided is 

180mm, orthogonally in the central bay of the RC building. For the Composite Column 

structural form, the composite column made up of ISMB300 encased in a concrete section 

of 380mm x 380mm was examined as it is one of the commonly used sections. 



 

b mo 

5.2 PROPERTIES OF MASONRY IN-FILL 
 

As the masonry panels are modelled, it is crucial to understand the precise properties that 

must be entered in order for them to function as they would in reality. 

According to IS 1893(part1):2016, the modulus of elasticity of the infill is given by 

fm = 550fm where, fm is the compressive strength of masonry prism (IS 1905-1987), 

fm = 0.433f 0.64f 0.36
 

f
b = Compressive strength of brick 

fmo = Compressive strength of mortar 

 
Table 5.1 : Input values in ETABS20 

 
Density of brick infill 20 KN/m3 

Compressive Strength of brick, fb (IS:1077-1992) 7.5 N/mm2 

Compressive Strength of mortar, fmo (IS:1905-1987) 3 N/mm2 

Compressive Strength of masonry, fm (IS:1893-2016) 2.335 N/mm2 

Modulus of elasticity of brick infill, Em (IS:1893-2016) 1284.25 N/mm2 

Shear Modulus, G 513.7 N/mm2 

Grade of concrete M25 

Grade of steel Fe 500 



 

5.3 MODEL CONFIGURATION 
 
The structural models with the following variations are investigated. 

 
A) Basic models of building with infill wall 

Model 1 - Bare frame [BF] 
 
Model 2 - Fully in-filled frame [F-IF] 

 
Model 3 - 25% Partially in-filled frame [P-IF-25] 

Model 4 - 50% Partially in-filled frame [P-IF-50] 

Model 5 - 75% Partially in-filled frame [P-IF-75] 

B) Models of buildings with additional in-fills adjoining the column 

Model 6 - 25% Partially in-filled frame with additional in-fills adjoining the column [P-IF-25-AI] 

Model 7 - 50% Partially in-filled frame with additional in-fills adjoining the column [P-IF-50AI] 

Model 8 - 75% Partially in-filled frame with additional in-fills adjoining the column [P-IF-75AI] 

C) Models of buildings with bracings 

Model 9 - 25% Partially In-filled Frame with Bracings [P-IF-25-B] 

Model 10 - 50% Partially In-filled Frame with Bracings [P-IF-50-B] 

Model 11 - 75% Partially In-filled Frame with Bracings [P-IF-75-B] 

D) Models of buildings with shear wall 

Model 12 - 25% Partially In-filled Frame with Shear Wall [P-IF-25-SW] 

Model 13 - 50% Partially In-filled Frame with Shear Wall [P-IF-50-SW] 

Model 14 - 75% Partially In-filled Frame with Shear Wall [P-IF-75-SW] 

E) Models of buildings with composite column 

Model 15 - 25% Partially In-filled Frame with Composite Column [P-IF-25-CC] 

Model 16 - 50% Partially In-filled Frame with Composite Column [P-IF-50-CC] 

Model 17 - 75% Partially In-filled Frame with Composite Column [P-IF-75-CC] 



 

Here are some of the views of the R.C building models which are modelled and analyzed 

in ETABS20 

 
Figure 5.1: Plan of the building 

 
 
 
 
 
 

 
Figure 5.2: Elevation of the bare frame model Figure 5.3: 3D View of the bare frame model 



 

  
 
 

Figure 5.4: Elevation of fully infill model 

Figure 5.5: Elevation of 25% partial infill model 
 
 
 
 
 

 
 
 

Figure 5.6: Elevation of 50% partial infill model 

Figure 5.7: Elevation of 75% partial infill model 



 

  
 

Figure 5.8: Elevation of 25% Partially in-filled frame with additional in-fills adjoining the column 
 

Figure 5.9: Elevation of 25% Partially in-filled Frame with Bracings 
 
 
 
 
 

 
Figure 5.10: Elevation of 25% Partially in-filled frame with shear wall 

 
Figure 5.11: Elevation of 25% Partially in-filled frame with composite column 



 

  
 

Figure 5.12: Elevation of 50% Partially in-filled frame with additional in-fills adjoining the column 
 

Figure 5.13: Elevation of 50% Partially in-filled Frame with Bracings 
 
 
 
 
 
 

 
Figure 5.14: Elevation of 50% Partially in-filled frame with shear wall 

 
Figure 5.15: Elevation of 50% Partially in-filled frame with composite column 



 

  
 

Figure 5.16: Elevation of 75% Partially in-filled frame with additional in-fills adjoining the column 

Figure 5.17: Elevation of 75% Partially in-filled frame with bracings 
 
 
 
 
 

 
Figure 5.18: Elevation of 75% Partially in-filled frame with shear wall 

Figure 5.19: Elevation of 75% Partially in-filled frame with composite column 



 

5.4 LOAD COMBINATION 
 

The loads acting on the structure include gravity and seismic loads. The load consideration 

for the structure is carried out in accordance with IS:875(part I, part II), IS:1893-2016. 

Here, load combinations are incorporated for design as per IS:875 (part V). The dead load 

of the structure is assessed according to the self-weight and floor finish of the structure. 

Self-weight of the structural members is computed by the software itself. 

 

Table 5.2: Loads considered 
 

1 Dead Load (Floor Finish) - 1 KN/m2 

2 Live Load - 3 KN/m2 

3 Earthquake X 
4 Earthquake Y 
5 Response Spectrum X 

6 Response Spectrum Y 
 
 
 
 

5.5 SEISMIC ANALYSIS: 
 

The Equivalent static method evaluates the linear seismic behaviour of the building. The 

linear static method is used for regular structures where height is limited. It is the simplest 

method as it requires less computations as per IS:1893-2016. It can be applied for regular 

buildings with height less than 15m in the seismic zone II. In the present study, the building 

is 24 m and is located in seismic zone IV. Hence, the linear static method cannot be applied. 

Hence, linear dynamic analysis is carried out. The linear dynamic analysis is performed by 

response spectrum method (mode superposition method). The response spectrum method 

plots the response of the structure for displacement, velocity and acceleration. 

By using a scale factor (SF), the acquired response spectrum values must be transformed 

to the particular set of units utilized throughout the model. The scale factor in the first run 

should have the value SF = I*g/(2R), where I is the importance factor, R is the response 

reduction factor. The base shear should be checked after the first run, and if it is less than 

the minimum value specified by the code, then increase the scale factor of the first run until 

the resulting base shear complies with the code's requirements. 



 

The parameters considered in the study are shear force in the column, storey shear, base 

shear, storey displacement, storey drift and fundamental time period. 

Table 5.3: Seismic consideration 
 

Seismic Zone IV 

Seismic Zone Factor, Z 0.24 

Importance Factor, I 1.2 

Response Reduction Factor, R 5 

Soil Type II (Medium) 

Damping ratio 5% 



 

CHAPTER 6  

RESULTS AND DISCUSSION 
 

After the analysis of the models for the specified building, the performance of each 

model was assessed based on six different parameters: the shear force in the column, storey 

displacement, storey drift, base shear, storey shear, and the time period of the structure. 

The comparison of parameters was made on the basis of the maximum response of the 

structure. This chapter provides a brief review of the findings from response spectrum 

analysis for the specified building models with partial infills as well as the various 

mitigation approaches used. 

 
 

6.1 RESULTS FOR BASIC MASONRY INFILL MODELS 
 

6.1.1 SHEAR FORCE IN THE COLUMN 
 

Seismic forces in terms of shear force in each column, at the base and every story level, are 

considered important parameters in the seismic design stages. The obtained values of shear 

forces considering and ignoring the effect of different percentages of masonry infill walls 

with different techniques are presented. The values of shear force presented indicate the 

maximum shear obtained in the columns. Also, it is noted that the maximum shear force in 

all the cases is observed in the ground story. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.1:Shear Force variation for different percentages of masonry infills 
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The results show that the completely infilled model has a 62.49 % lower shear force 

than the model with no infills. In comparison to the fully infilled model, the shear force has 

increased by 283.82%, 536.54 %, and 835.85 % for the 25%, 50%, and 75% infilled 

models, respectively. 

Now, in the models where the masonry percentage is reduced, there are significant 

forces concentrated into the columns as a result of the column's restriction to lateral 

deformation due to the partial confinement of the masonry wall. The rigidity of the columns 

increases as the overall height of the column decreases. The lowered column's lateral 

stiffness varies with the cube of their effective height. It is important to reduce such force 

concentration in the column. 

 
 

6.1.2 STOREY SHEAR AND BASE SHEAR 

The storey shear is the sum of design lateral forces at all the levels above the 

considered storey. Base shear is the calculation of the maximum lateral force that is 

anticipated to occur on a structure's base as a result of ground motion during an earthquake. 

The ground begins to move as a result of seismic activity. The ground's movement causes 

a lateral force to be generated in the opposing direction of motion. Base shear refers to the 

lateral force produced by seismic motion at the base of the structure. 

Buildings are designed for base shear values. The building is constructed so that it 

can withstand lateral loads or earthquake-related loads equal to the base shear of the 

structure. The structure collapses as a result of lateral force that exceeds base shear. 

 
The variation of storey shear and base shear for basic models is tabulated in Table 6.1 and 

is graphically represented by Figure 6.2 and Figure 6.3. 

 
 

Table 6.1: Storey Shear variation for models with different percentages of masonry infills 
 

Storey 

Level 

(m) 

 
Bare 

frame 

Fully 

infilled 

frame 

 
75% infilled 

frame 

 
50% infilled 

frame 

 
25% infilled 

frame 

0 1534.410 6034.010 5795.430 5557.160 5318.720 
3 1458.869 5976.842 5742.006 5506.448 5270.354 
6 1345.364 5814.682 5588.474 5360.661 5131.581 
9 1205.994 5489.236 5278.842 5066.026 4851.221 
12 1045.003 4944.198 4758.881 4570.609 4379.839 
15 854.840 4123.263 3974.362 3822.477 3667.998 
18 623.388 2970.126 2871.056 2769.696 2666.263 
21 333.879 1428.480 1394.734 1360.333 1325.196 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.2: Storey shear variation for different percentages of masonry infills 
 

 

Figure 6.3: Base shear variation for different percentages of masonry infills 
 
 

From the findings of the model with variation in the percentage of masonry infills 

in the outer periphery only it is noted that the base shear is minimum for the bare frame 

model and maximum for the model where there is complete inclusion of the masonry in the 

frame. The base shear goes on increasing as the percentage of the masonry infills is 

increased. It increases by 74.57% after the inclusion of the masonry infills. 

The base shear reduces by 11.85% for 25% infilled frame, 7.90% for 50% infilled frame, 

3.95% for 75% infilled frame when compared to the fully infilled model. 
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6.1.3 STOREY DISPLACEMENT AND STOREY DRIFT RATIO 

It is important to take the storey's deflection in relation to the structure's foundation 

into account. It depends on how rigid the structure is. As stiffness increases, less 

displacement will be produced in the building and vice versa. As we proceed further up the 

structure, we can anticipate increasing total displacement values. 

The lateral displacement of the adjacent stories in relation to the storey height is known as 

"storey drift." A storey drift ratio is defined storey drift divided by the storey height. The 

variation of storey displacement and storey drift ratio for basic models is tabulated in 

Table 6.2 and Table 6.3 which is graphically represented by Figure 6.4 and Figure 6.5. 

Table 6.2: Storey Displacement for models with variation in percentage of masonry infills 
 
 

STOREY 

LEVEL 

(m) 

Storey Displacement (mm) 

Bare 

Frame 

25% Infilled 

Frame 

50% Infilled 

Frame 

75% Infilled 

Frame 

Fully Infilled 

Frame 

0 0.434 0.364 0.348 0.326 0.562 
3 3.986 2.18 2.045 1.907 1.912 
6 8.279 3.778 3.567 3.301 3.245 
9 12.589 5.373 5.077 4.689 4.586 
12 16.706 6.949 6.568 6.062 5.912 
15 20.458 8.439 7.975 7.361 7.171 
18 23.651 9.765 9.226 8.519 8.295 
21 26.066 10.84 10.237 9.459 9.212 
24 27.535 11.589 10.937 10.115 9.854 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.4: Storey Displacement variation for different percentages of masonry infills 
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From the above findings, it is clear that the displacement in the bare frame model is greater 

than the models with various infill percentages. Additionally, the model with a fully infilled 

frame has least displacement as the infills provide enough stiffness. Since the other models' 

infill percentages have decreased (i.e., for 25%,50%,75% partial infilled frames), it is seen 

that the displacement is increasing in comparison to the model with fully infilled frame. 

Table 6.3: Storey Drift ratio for models with variation in percentage of masonry infills 

 
 

STOREY 

LEVEL 

(m) 

Storey Drift Ratio 

 
Bare 

Frame 

 
25% Infilled 

Frame 

 
50% Infilled 

Frame 

75% 

Infilled 

Frame 

Fully 

Infilled 

Frame 

0 0.000000 0.000000 0.000000 0.000000 0.000000 
3 0.001184 0.000916 0.000721 0.000480 0.000450 
6 0.001431 0.000986 0.000756 0.000501 0.000444 
9 0.001437 0.000973 0.000750 0.000500 0.000447 

12 0.001372 0.000934 0.000727 0.000491 0.000442 
15 0.001251 0.000857 0.000673 0.000462 0.000420 
18 0.001064 0.000734 0.000583 0.000408 0.000375 
21 0.000805 0.000558 0.000450 0.000325 0.000306 
24 0.000490 0.000363 0.000294 0.000222 0.000214 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.5: Storey Drift ratio variation for different percentages of Masonry infills 
 

Storey drift ratio is observed to be more for bare frame models and less for completely 
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increasing. According to the results, the inclusion of an infill wall enhances lateral 

stiffness and drift and displacement control. 

 
6.1.4 FUNDAMENTAL TIME PERIOD 

It is the property of the structure which depends on the mass and the stiffness. Here, 

the approximate method to find the time period proposed by design codes is not used as it 

provides constant natural periods. This can be due to the approximate method being 

dependent on an empirical formula influenced by key factors of total height and the type of 

the structure. The empirical expressions for the approximate method provide computed 

natural periods of 0.813 sec for bare frame model which is significantly shorter than that 

the obtained value. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.6: Fundamental Time Period variation for different percentages of Masonry infills 
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natural period provided by the fully infilled frame model. 
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masonry infill is ignored at that level leading to a reduction in the lateral stiffness. 

It is noted that the time period increases by 16.85%, 5.17%,1.12% for 25%, 50%, 75% 

partial infilled masonry frames, respectively. 
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6.2 RESULTS FOR 25% PARTIAL INFILLED FRAME 
 

6.2.1 SHEAR FORCE IN THE COLUMN 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.7: Shear Force variation for 25% partial infilled frames with different methods adopted 

 
From the above findings, it is clear that the availability of various techniques aids in the 

decrease of shear force in the column with a 25% partial infilled frame. It should be noted 

that compared to the 25% partial-infilled frame, there has been a reduction in the shear 

force for the provision of additional infill frame by 47.65%, bracing by 40.89%, shear wall 

by 11.02%, and composite column by 14.56%. 

 

6.2.2 STOREY SHEAR AND BASE SHEAR 
 

The variation of storey shear and base shear for models with 25% partial infilled frames 

with different methods adopted is tabulated in Table 6.4 and is graphically represented by 

Figure 6.8 and Figure 6.9. 

Table 6.4: Storey Shear variation for models with 25% partial infilled frames with different methods 
adopted 

 

Storey 

Level 

(m) 

25% infilled 

frame 

Additional 

infills 

 
Bracing 

Shear 

Wall 

Composite 

Column 

3 5318.720 5604.660 5334.363 5415.439 5207.190 
6 5270.354 5412.888 5286.127 5366.255 5159.863 
9 5131.581 5280.462 5147.022 5224.723 5023.861 
12 4851.221 5122.113 4865.928 4939.006 4749.29 
15 4379.839 4631.303 4393.248 4458.828 4287.828 
18 3667.998 3888.241 3679.384 3733.916 3591.154 
21 2666.263 2840.711 2674.739 2713.997 2610.948 
24 1325.196 1436.497 1329.714 1348.795 1298.888 
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Figure 6.8: Storey Shear variation for models with 25% partial infilled frames with different methods 
adopted 

 

 

 
Figure 6.9: Base Shear variation for models with 25% partial infilled frames with different methods 

adopted 
 
 

From the results obtained it is noticed that the base shear value when compared to the 25% 

partially infilled frame, increases by 5.38% for additional infill frames, 0.29% for bracing, 

1.82% for shear wall and 2.09% for composite column. 
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6.2.3 STOREY DISPLACEMENT AND STOREY DRIFT RATIO 
 

The variation of storey displacement and storey drift ratio for basic models is tabulated in 

Table 6.5 and Table 6.6 which is graphically represented by figure 6.10 and figure 6.11. 

 
 

Table 6.5: Storey displacement Variation For models with 25% partial infilled frames with different 
methods 

 

 
STOREY 

LEVEL (m) 

STOREY DISPLACEMENT (mm) 

25% 

Infilled 

Frame 

Additional 

infill 

Bracing Shear Wall Composite 

Column 

0 0.364 0.373 0.361 0.241 0.286 
3 2.180 2.323 1.890 1.954 2.378 
6 3.778 3.976 3.310 3.370 3.995 
9 5.373 5.652 4.729 4.766 5.615 

12 6.949 7.305 6.138 6.124 7.220 
15 8.439 8.866 7.476 7.378 8.740 
18 9.765 10.253 8.673 8.454 10.097 
21 10.840 11.374 9.654 9.262 11.204 
24 11.589 12.146 10.352 9.768 11.979 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.10: Storey displacement variation for 25% partial infilled frames with different methods adopted 
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The results show that when compared to the 25% partially infilled frame model, the 

maximum displacement for models with 25% Partially infilled Frame with Additional 

infills adjoining the column and composite column increased by 4.8% and 3.36% and 

decrease in models with bracing, shear wall by 10.67% and 15.71% respectively. 

 

Table 6.6: Storey drift ratio variation For models with 25% partial infilled frames with different methods 
adopted 

 

STOREY 

LEVEL 
(m) 

Storey Drift Ratio 

25% Infilled 

Frame 

Additional 

infill 

 
Bracing 

 
Shear Wall 

Composite 

Column 

0 0.000000 0.000000 0.000000 0.000000 0.000000 
3 0.000916 0.000650 0.000510 0.000571 0.000697 
6 0.000986 0.000551 0.000473 0.000472 0.000539 
9 0.000973 0.000559 0.000473 0.000465 0.000540 

12 0.000934 0.000551 0.000470 0.000453 0.000535 
15 0.000857 0.000520 0.000446 0.000418 0.000507 
18 0.000734 0.000462 0.000399 0.000359 0.000452 
21 0.000558 0.000374 0.000327 0.000269 0.000369 
24 0.000363 0.000257 0.000233 0.000169 0.000258 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.11: Storey drift ratio variation for 25% partial infilled frame with different methods adopted 
 
 

It is observed that the maximum drift is due to the 25% partially infilled frame model. 
 

The minimum drift is observed due to the addition of shear wall in the 25% partially infilled 

frame model. 
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6.2.4 FUNDAMENTAL TIME PERIOD 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.12: Time Period variation for 25% partial infilled frames with different methods adopted 

 
 

According to the results, when compared to the 25% partially infilled frame model, the 

time period has increased by 4.42% and 5% for models with additional infills and 

composite column, and reduced by 12.69% and 12.88% for models with bracing and shear 

wall respectively. 

6.3 RESULTS FOR 50% PARTIAL INFILLED FRAME 
 

6.3.1 SHEAR FORCE IN THE COLUMN 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.13: Shear Force variation for 50% partial infilled frames with different methods adopted 

 
 

From the above findings, it is clear that the availability of various techniques aids in the 

decrease of shear force in the column with a 50% partial infilled frame. It should be noted 
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that compared to the 50% partial-infilled frame, there has been a reduction in the shear 

force for the provision of additional infill frame by 40.13%, bracing by 31.76%, shear wall 

by 21.5%, and composite column by 6.31%. 

 
 

6.3.2 STOREY SHEAR AND BASE SHEAR 
 

The variation of storey shear and base shear for models with 50% partial infilled frames 

with different methods adopted is tabulated in Table 6.7 and is graphically represented by 

Figure 6.14 and Figure 6.15. 

 
 

Table 6.7: Storey Shear variation for models with 50% partial infilled frames with different methods 
adopted 

 
 
Storey 

Level 

50% 

Infilled 

Frame 

 
Additional 

infills 

 
 

Bracing 

 
 

Shear Wall 

 
Composite 

Column 

3 5557.160 5747.73 5575.365 5606.21 5445.56 
6 5506.448 5551.175 5524.725 5555.075 5396.018 
9 5360.661 5347.085 5378.514 5407.821 5253.132 

12 5066.026 5196.872 5082.969 5110.508 4964.491 
15 4570.609 4748.539 4585.97 4610.865 4479.276 
18 3822.477 3985.087 3835.399 3856.619 3746.672 
21 2769.696 2908.59 2779.137 2795.5 2715.86 
24 1360.333 1461.889 1365.066 1375.235 1336.025 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.14: Storey Shear variation for models with 50% partial infilled frames with different methods 
adopted 
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Figure 6.15: Base Shear Variation For 50% partial infilled frames with different methods adopted 
 
 
 

From the results obtained it is noticed that the base shear value when compared to the 50% 

partially infilled frame, increases by 3.43 % for additional infill frames, 0.33% for bracing, 

0.88% for shear wall and 2.01% for composite column. 

 

6.3.3 STOREY DISPLACEMENT AND STOREY DRIFT RATIO 
 

The variation of storey displacement and storey drift ratio for basic models is tabulated in 

Table 6.8 and Table 6.9 which is graphically represented by Figure 6.16 and Figure 6.17. 

Table 6.8: Storey displacement variation for models with 50% partial infilled frames with different 
methods adopted 

 

 
STOREY 

LEVEL (m) 

Displacement (mm) 

50% 

Infilled 

Frame 

Additional 

infill 

Bracing Shear Wall Composite 

Column 

0 0.348 0.414 0.426 0.313 0.409 
3 2.045 2.146 1.852 1.849 2.228 
6 3.567 3.73 3.226 3.209 3.776 
9 5.077 5.307 4.593 4.545 5.315 

12 6.568 6.862 5.947 5.843 6.836 
15 7.975 8.33 7.231 7.038 8.276 
18 9.226 9.634 8.377 8.058 9.558 
21 10.237 10.687 9.31 8.812 10.599 
24 10.937 11.414 9.967 9.276 11.323 

Composite 
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Figure 6.16: Storey displacement variation for models with 50% partial infilled frames with different 
methods adopted 

 
 

The results show that when compared to the 50% partially infilled frame model, the 

maximum displacement for models with 50% Partially infilled Frame with Additional 

infills adjoining the column and composite column increased by 4.36% and 3.53% and 

decrease in models with bracing, shear wall by 8.87% and 15.21% respectively. 

 
 

Table 6.9: Storey drift ratio Variation For models with 50% partial infilled frames with different methods 

adopted 

 
STOREY 

LEVEL (m) 

Storey Drift Ratio 

50% 

Infilled 

Frame 

Additional 

infill 

Bracing Shear Wall Composite 

Column 

0 0.000000 0.000000 0.000000 0.000000 0.000000 
3 0.000721 0.000577 0.000475 0.000512 0.000606 
6 0.000756 0.000528 0.000458 0.000453 0.000516 
9 0.000750 0.000526 0.000456 0.000445 0.000513 

12 0.000727 0.000518 0.000451 0.000433 0.000507 
15 0.000673 0.000489 0.000428 0.000398 0.000480 
18 0.000583 0.000435 0.000382 0.000340 0.000427 
21 0.000450 0.000351 0.000311 0.000251 0.000347 
24 0.000294 0.000242 0.000219 0.000155 0.000241 
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Figure 6.17: Storey drift variation for 50% partial infilled frames with different methods adopted 
 
 

It is observed that the maximum drift is due to the 50% partially infilled frame model. 
 

The minimum drift is observed due to the addition of shear wall in the 50% partially infilled 

frame model. 

6.3.4 FUNDAMENTAL TIME PERIOD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.18: Time Period variation for 50% partial infilled frames with different methods adopted 

 
 

According to the results, when compared to the 50% partially infilled frame model, the 

time period has increased by 2.14% and 3.85% for models with additional infills and 
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composite column, and reduced by 4.48% and 5.55% for models with bracing and shear 

wall respectively 

6.4 RESULTS FOR 75% PARTIAL INFILLED FRAME 
 

6.4.1 SHEAR FORCE IN THE COLUMN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.19: Shear Force variation for 75% partial infilled frames with different methods adopted 
 
 

From the above findings, it is clear that the availability of various techniques aids in the 

decrease of shear force in the column with a 75% partial infilled frame. It should be noted 

that compared to the 75% partial-infilled frame, there has been a reduction in the shear 

force for the provision of additional infill frame by 46.23%, bracing by 30.33%, shear wall 

by 6.28%, and composite column by 2.52%. 

180.676 
169.329 

176.126 

125.882 

97.135 

75% Ifilled 
frame 

Additional 
Infills 

Bracing Shear Wall Composite 
Column 

S
H

E
A

R
 F

O
R

C
E

 (
k

N
) 



 

6.4.2 STOREY SHEAR AND BASE SHEAR 
 

The variation of storey shear and base shear for models with 75% partial infilled frames 

with different methods adopted is tabulated in Table 6.10 and is graphically represented by 

Figure 6.20 and Figure 6.21. 

Table 6.10: Storey Shear variation for models with 75% partial infilled frames with different methods 
adopted 

 
 

Storey 
Level 

75% Infilled 
Frame 

Additional 
infills 

 
Bracing 

 
Shear Wall 

Composite 
Column 

3 5795.430 5890.81 5813.83 5796.216 5684.02 
6 5742.006 5840.57 5760.588 5743.455 5631.656 
9 5588.474 5691.939 5607.173 5589.882 5481.171 

12 5278.842 5388.34 5297.425 5280.389 5177.75 
15 4758.881 4830.985 4776.926 4760.869 4668.278 
18 3974.362 4095.813 3991.261 3977.215 3899.644 
21 2871.056 2996.675 2886.012 2875.32 2818.735 
24 1394.734 1522.14 1406.761 1401.075 1372.437 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.20: Storey Shear variation for models with 75% partial infilled frames with different methods 
adopted 
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Figure 6.21: Base Shear Variation For 75% partial infilled frames with different methods adopted 
 
 
 

From the results obtained it is noticed that the base shear value when compared to the 75% 

partially infilled frame, increases by 1.65% for additional infill frames, 0.32% for bracing, 

0.13% for shear wall and 1.92% for composite column. 

For additional infills since the mass of the structure is increased by adding the infills 

adjoining to the column, increase in the base shear is observed 

In Bracing, steel angle sections are added in the second and fourth bay of the models. Shear 

wall of size less than the masonry infill is placed orthogonally on the central bay of the 

model. Therefore, no much increase in the mass is observed. The Sections of the composite 

column are reduced, thereby reducing the mass of the structure. Hence, a considerable 

decrease is observed. 
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6.4.3 STOREY DISPLACEMENT AND STOREY DRIFT RATIO 
 

The variation of storey displacement and storey drift ratio for basic models is tabulated in 

Table 6.11 and Table 6.12 which is graphically represented by Figure 6.22 and Figure 6.23. 

 
 

Table 6.11: Storey displacement Variation For models with 75% partial infilled frames with different 
methods adopted 

 

STOREY 

LEVEL (m) 
Displacement (mm) 

 75% 

Infilled 

Frame 

Additional 

infill 

Bracing Shear Wall Composite 

Column 

0 0.326 0.494 0.534 0.43 0.605 
3 1.907 2.028 1.781 1.747 2.061 
6 3.301 3.506 3.117 3.028 3.468 
9 4.689 4.984 4.459 4.292 4.869 

12 6.062 6.444 5.787 5.522 6.258 
15 7.361 7.825 7.042 6.655 7.575 
18 8.519 9.055 8.157 7.619 8.752 
21 9.459 10.051 9.06 8.328 9.712 
24 10.115 10.742 9.692 8.752 10.385 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.22: Storey displacement Variation For models with 75% partial infilled frames with different 
methods adopted 

 
 

The results show that when compared to the 75% partially infilled frame model, the 

maximum displacement for models with 75% Partially infilled Frame with Additional 
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infills adjoining the column and composite column increased by 6.19% and 2.67% and 

decrease in models with bracing, shear wall by 4.18% and 13.47% respectively. 

 
 

Table 6.12: Storey drift Variation For models with 75% partial infilled frames with different methods 
adopted 

 

 
STOREY 

LEVEL 

(m) 

Storey Drift Ratio 

75% 

Infilled 

Frame 

Additional 

infill 

 
Bracing 

Shear 

Wall 

Composite 

Column 

0 0.000000 0.000000 0.000000 0.000000 0.000000 
3 0.000480 0.000511 0.000416 0.000439 0.000485 
6 0.000501 0.000493 0.000445 0.000427 0.000469 
9 0.000500 0.000493 0.000447 0.000421 0.000467 

12 0.000491 0.000487 0.000443 0.000410 0.000463 
15 0.000462 0.000460 0.000418 0.000378 0.000439 
18 0.000408 0.000410 0.000372 0.000321 0.000392 
21 0.000325 0.000332 0.000301 0.000236 0.000320 

24 0.000222 0.000230 0.000211 0.000141 0.000224 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.23: Storey drift ratio variation for 75% partial infilled frames with different methods adopted 
 
 

It is observed that the maximum drift is due to the 75% partially infilled frame model. 

The minimum drift is observed due to the addition of shear wall in the 75% partially infilled 

frame model. 
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6.4.4 FUNDAMENTAL TIME PERIOD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.24: Time Period variation for 75% partial infilled frames with different methods adopted 

 
 

According to the results, when compared to the 75% partially infilled frame model, the 

time period has increased by 3.11% and 2.88% for models with additional infills and 

composite column, and reduced by 4.22% and 4.67% for models with bracing and shear 

wall respectively. 
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CHAPTER 7  

CONCLUSIONS 
 

In the present analytical study, a G+7 storied building model with varying percentage of 

masonry infills are considered as the basic models. The aim is to mitigate the short column 

effect in the columns due to the partial infilled masonry. Therefore, several common 

methods such as providing additional infills to the adjoining columns, bracing, shear wall, 

composite column are provided in the models with partial infills. The results are obtained 

from the response spectrum analysis. With the help of various parameters like shear force 

in column, storey shear, base shear, storey displacement, storey drift and time period the 

following outcomes can be listed. 

The results of partial infill frames with varying percentage of infills reveal that maximum 

shear force in the structure with 75% infill is 835.85% greater as compared to fully infilled 

frames. Similarly for structure with 50% and 25% infill, it is greater by 536.54% and 

283.82% respectively. The magnitude of increase in the shear force for Partial infill frames 

make it vulnerable for failure due to short column effect. This behaviour confirms with 

similar investigations on short column effect [21] 

 
 

Partial infill structure with 25% infill masonry: 
 

The increase in shear force in the columns is 283.82% when compared to fully infilled 

structure and 43.94% when compared to bare frame structure. 

As compared to the fully infilled structure, the shear force is reduced for the four different 

types of structural forms. The percentage reduction in shear force was: 

Structure with additional infill adjoining to the column = 47.65%. 

Structure with Bracing = 40.89% 

Structure with Shear Wall = 11.018% 

Structure with Composite column = 14.56%. 

 
The other parameters when compared with that of fully infilled structure indicate 

that the base shear increases and storey drift ratio decreases for all the four types of 

structural forms. The storey displacement are higher for Structure with additional infill 

(4.8%) and Structure with Composite column (3.36%), whereas lower in the case of 

Structure with Bracing (10.67%) and Structure with Shear Wall (15.71%). Similarly, Time 



 

period of the building is higher for Structure with additional infill (4.42%) and Structure 

with Composite column (5%), whereas lower in the case of Structure with Bracing 

(12.69%) and Structure with Shear Wall (12.88%). 

 
 

Partial infill structure with 50% infill masonry: 
 

The increase in shear force in the columns is 536.54% when compared to fully infilled 

structure and 138.7% when compared to bare frame structure. 

As compared to the fully infilled structure, the shear force is reduced for the four different 

types of structural forms. The percentage reduction in shear force was: 

Structure with additional infill adjoining to the column = 40.13%. 

Structure with Bracing = 31.76% 

Structure with Shear Wall = 21.5% 

Structure with Composite column = 6.31%. 

 
The other parameters when compared with that of fully infilled structure indicate 

that the base shear increases and storey drift ratio decreases for all the four types of 

structural forms. The storey displacement are higher for Structure with additional infill 

(4.36%) and Structure with Composite column (3.53%), whereas lower in the case of 

Structure with Bracing (8.87%) and Structure with Shear Wall (15.21%). Similarly, Time 

period of the building is higher for Structure with additional infill (2.14%) and Structure 

with Composite column (3.85%), whereas lower in the case of Structure with Bracing 

(4.48%) and Structure with Shear Wall (5.55%). 

 
 

Partial infill structure with 75% infill masonry: 
 

The increase in shear force in the columns is 835.85% when compared to fully infilled 

structure and 250.94 % when compared to bare frame structure. 

As compared to the fully infilled structure, the shear force is reduced for the four different 

types of structural forms. The percentage reduction in shear force was: 

Structure with additional infill adjoining to the column = 46.23%. 

Structure with Bracing = 30.33% 

Structure with Shear Wall = 6.28% 

Structure with Composite column = 2.52%. 



 

The other parameters when compared with that of fully infilled structure indicate 

that the base shear increases and storey drift ratio decreases for all the four types of 

structural forms. The storey displacement are higher for Structure with additional infill 

(6.19%) and Structure with Composite column (2.67%), whereas lower in the case of 

Structure with Bracing (4.18%) and Structure with Shear Wall (13.47%). Similarly, Time 

period of the building is higher for Structure with additional infill (3.11%) and Structure 

with Composite column (2.88%), whereas lower in the case of Structure with Bracing 

(4.22%) and Structure with Shear Wall (4.67%). 

 
CONCLUSION IN NUTSHELL 

 On comparing the partial infill structures with additional infills, bracings, shear wall, and 

composite column respectively, for different structural parameters, it is clear that the 

additional infills mitigate shear force effectively. 

 In the models with additional infills base shear increases due to the addition of mass to the 

structure. The storey displacement and storey drift ratio are observed to be comparatively 

more but are within the permissible limit (0.004). Also, there is increase in the time period 

when compared to other models. 
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Abstract—The main aim of this study is to test the ratios of 

glass fibre and steel fibre, when mixed together and to determine 

which ratio provides best concrete properties in various 

conditions. By the inclusion of these fibers cracks can be 

removed to a considerable extend. concrete is brittle in nature 

and weak in tension and is often subjected to shrinkage and 

creep. These factor have led to the development of fibre 

reinforced concrete. The fibre reinforcement concrete has so far 

been successfully used in slabs on grade, architecture panels, 

precast  products, offshore structurs, structures in seismic 

region, thin and thik repairs, crash barriers etc.  

Keywords—Fibre, Steel, Glass, Concrete, Super plasticizer.  

I. INTRODUCTION  

      concrete is most widely used man made material. It's 
applications in infrastructure development has provided the 
desirable properties like high compressive strength, 
stiffness, durability under usual as well as harsh 
environment conditions.  
 
      It is obtained by mixing cementing materials, water and 
aggregates, and sometimes admixtures, in required 
proportions.  
 
     The mixtures when placed in forms and allowed to cure 
hardens into a rock like mass known as concrete. One of the 
undesirable characteristics of the concrete as a brittle 
material is it's low tensile strength, and strain capacity.  
 
     Conventionally, this reinforcement is in the form of 
continuous steel bars placed in the concrete structure in the 
appropriate positions to withstand the imposed tensile and 
shear stesses.  
 
     Fibres, on the other hand, are generally short, 
discontinuous, and randomly disturbed  throughout the 
concrete member to produce a composite construction 
material known as Fiber Reinforced Concrete (FRC).  
     Experimental research results have been shows 
considerable improvement in the post-cracking behavior of 
concretes containing fibers.  
      Therefore, compared to plain concrete, fiber reinforced 
concrete is much tougher and more resistant to impact. 

 
     In addition to strength characteristics,concrete should 
have adequate durability to perform in accordance with its 
intended level of functionality and Serviceability over an 
expected or predicted life cycle.  
 
     Durable concrete must potentially have the ability to 
withstand expected exposed deteriorative conditions.  
 
     Addition of steel fiber to concrete increases water and 
gas permeability, irrespective of the fiber amount ot fiber 
length.  
 
     The plain concrete has been replaced by fiber reinforced 
concrete from past years.  
 
     The inclusion of fibres in the concrete decrease the 
Brittleness and advances the mechanical properties.  
 
     Steel Fiber Reinforced Concrete ( SFRC) is defined as 
the concrete made with hydraulic cement containing fine 
and course aggregate and discontinuous discrete steel fibre.  
 
     In SFRC, thousands of small fibers are dispersed and 
distributed randomly in the concrete during mixing, and thus 
improve concrete properties. SFRC is being used to improve 
static and dynamic tensile strength, energy absorbing 
capacity and better fatigue strength. steel fibers are the 
strongest commonly available fibre, and come in different 
lengths and shapes.  
 
     Glass fiber is an inexpensive and corrosion proof fiber, 
but not as strong as steel. The design of glass fiber 
reinforced concrete proceeds from knowledge of its basic 
properties under tensile,compressive,bending and shear 
forces, coupled with estimates of behavior under secondary 
loading effects such as creep, thermal response and moisture 
movement 
.  
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                      II.        Problem Statment 

 

Owing to the lower modulus of elasticity the FRP-RC beams 
exhibit lower serviceability performance compared to steel 
bars. 

The rigid and brittle behaviour of FRP bars forces the FRP-
RC beams to be designed as over reinforced making the failure 
by crushing of concrete.  

The bond between the FRP bars and the concrete is affected 
by various factors. 

 
                   III.     Research/Project Area 
 
 As all of us know that concrete is brittle in nature and 
also we know that it is weak in tension. 
 
The benefit of reinforcing technology using metal 
reinforcement as excessive tensile metal wires. 
 
 FRC is a concrete which have fibrous material in 
concrete that increases the structure integrity. 
 
 It is a comparatively new material in construction field.  
 
                  

                   IV.    Working Principal 

 

  •Research in going on the basis of percentage method. 

 •For this we worked on strength of each material I. e. glass & 
steel fibre.  

 •in this research we are used fibre like steel fibre and glass 
fibre to know the effect of those fibres in concrete 

 

                        V.     MATERIAL USED  

 
 According to IS:456:2000     
 cement OPC Grade 43,Specific Gravity-3. 15 
 Fine Aggregates Size<4.75mm 
 Course Aggregates Size 10-20mm 
 are:-Steel (length 50mm, dia 0.5mm), Glass (Size12mm)  
Anti alkalineTop Admixture used is Glenium 51 
(Polycarbolic Ether Hyper Plasticizer)  
 Fibres used water (Temperature varied at late  stages of 
experiment).  

 

VI.     EXPERIMENTAL PROGRAMME 

 

 

         

METHODOLOGY 
 

(a) STIPULATIONS FOR PROPORTIONING 

 

• Grade designation:M30 

• Type of cement:OPC 43 grade  

• Maximum nominal size of aggregate:20mm 

• Minimum cement content:320kg/m^3................(From 
Table 5 of IS 456:2000)  

• Maximum water-cement ratio :For M30 =0.40 

• Workability:100mm(Slump)  

• Exposure condition:severe 

• Method of concrete placing :manual 

• Type of aggregate :crushed angular aggregate 

• Maximum cement content:450kg/m^3 

• Chemical admixture type:Super plasticizer 

•  

 (b)TARGET STRENGTH FOR MIX PROPORTIONING 
:M30 

 

      F'CK=fck+1.65s 

Where, F'CK= target average compressive strength at 28 days,  

 fck= characteristic compressive strength at 28 days,  

 s=standard deviation 
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  From table 1 standard deviation (s) = 4 N/ mm^2 

  Therefore, target strength =30+1.65×4= 38.25N/mm^2. 

 

             VII.        ESTIMATION OF MIX DESIGN  

Volume of concrete required for 12 numbers of cubecubes 
(15cm×15cm× 15cm) assuming 25℅ wastage  .  

(a)Volume of concrete = 1m^3 

(b) Volume of water =(mass of water /specific gravity of 
water) ×(1/100) =(140/1) ×(1/100) =0.41m^3 

(c) Volume of cement=(mass of cement/specific gravity of 
water) ×(1/100) =(350/3.15) ×(1/100) =0.111m^3 

(d) Volume of chemical admixture(super plasticizer) 
@2.0℅by mass of cementitious 
material=350×2℅=7kg/m^3=(7/1.145) ×(1/100) =0.006. 

(e) Volume of total aggregates =a-(b+c)=(1-
0.111+0.140+0.006)  

=0.742m^3.  

(f) mass of course aggregate= (e × volume of course aggregate 
× specific gravity of course aggregate × 
1000=0.742×0.576×2.84×1000 

=1213.79kg/m^3. 

(g) Mass of fine aggregates= (e × volume of fine aggregate × 
specific gravity of fine aggregate × 1000) =830.56kg/m^3. 

 

                VIII.        PROJECT SETUP 

 

       

(a) Design of concrete mixes as per Indian Standard method 
IS 10260: 2009: 

1.The Indian standard code IS 10260: 2009 presents 
guidelines for the design of normal concretes.  
2.The basic assumption made in the mix design is that 
compressive strength of workable concrete is high.  
 3.In this method, W/C cement ratio is selected depending on 
the grade of concrete and type of exposure.  
  4.Water content is selected on the basis of nominal coarse 
size aggregate and slump.  
 5.Volume of coarse aggregate depends on the zone of fine 
aggregate as per IS 383 and nominal maxi. size. 
 6.The batch weight of the material per unit volume is 
calculated by absolute volume method.  
 7.There are various other factors which affect the property of 
concrete such as the grade of cement, quantity of cement, 
water, aggregate size, and shape, etc.  

(b) Cube casting and curing procedures: 
     Apparatus  

   •Cube Moulds: 150 x 150 x 150 mm 
   •Brick Towel, Wooden or Metal float 
   •Compaction equipment: Tamping rod 
    (c) Cube Preparation : 
   •Ensure that the test moulds are clean. 
   •Ensure that all the mould sides are at 90° angles with the 
base plate.  

    (d) Handling and demoulding of cubes 
• Store cubes in a cool place for 24 hours. 
• Store cubes indoors, out of direct sunlight, wind or extreme 
temperatures. 
• The storage area should be free of vibration, with a relative 
humidity of at least 90% and a temp. of 22°C - 25°C. 
• Demould /strip cubes 24 hours after manufacturing. 
• Ensure cube sides are not scratched or damaged during 
demoulding. 
• Then the specimens remove from the mould and curing in 
water for 28 days. 
• After 28 days remove it from water 

 and left to air dry at room temperature 

 condition. 

 

 

(e) Procedure for Concrete Cube Compression Test 
1. Remove the specimen from the water after specified curing 
time and wipe out excess water from the surface. 
2. Take the dimension of the specimen to the nearest 0.2m 
3. Clean the bearing surface of the testing machine 
4. Place the specimen in the machine in such a manner that the 
load shall be applied to the opposite sides of the cube cast. 
5. Align the specimen centrally on the base plate of the 
machine. 
6. Rotate the movable portion gently by hand so that it touches 
the top surface of the specimen. 
7. Apply the load gradually without shock and continuously at 
the rate of 140 kg/cm²/minute till the specimen fails. 
8. Record the maximum load and note any unusual features in 
the type of failure. 

 

 

Identify applicable funding agency here. If none, delete this text box. 
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                           Cube Testing On UTM 

 

IX. Result -      
       The main objective of this research is to compare 
mechanical properties of glass fiber reinforced concrete with 
Steel fiber reinforced concrete. So for that we need to perform 
the compressive strength test on cubes with respective 
additional fiber mix design. 
       Three specimens of each cubes were casted. Similarly for 
mix M30 only cement was partially replaced by 20% of Glass 
fiber crush and also Steel fiber crush. The casting of all 
specimens was completed within 2 days and the demolition is 
done after 24 hr of casting. After that cubes were put in curing 
tank for 28 days. After 28 days of curing the specimen were 
removed from tank and let too dry then got tested. The cube 
were tested on UTM for compression test. 

 

(A)Readings of Compression test for Glass fiber 
reinforcement: 

 
 
       (B)Readings of Compression test for Steel fiber 
reinforcement: 

 

         

X. Cost Estimation 

 

 

                  XI.         CONCLUSION 

 

  A brief state-of-the-art report on fiber reinforced concrete 
is presented. Our understanding of fiber-matrix interaction, 
reinforcement mechanisms and performance characteristics is 
fairly advanced. Fiber reinforced concrete is a promising 
material to be used in the Middle-East for sustainable and 
long-lasting concrete structures. Its performance has already 
been proven in other hot and arid climates and in other 
chemically deleterious environments. 
            Fiber reinforced concrete pavements prove to be more 
efficient than conventional RC pavements, in several aspects 
Compressive strength for fiber reinforced concrete is seen to 
be improved. It can be clearly seen that strength at 28 days for 
CSFRC 1% is better than other cases hence recommended. 

 

               XII.    FUTURE SCOPE 
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The cracks developing reinforced concrete members extend 
freely until encountering a reinforcing bar . 
 We need arrest the cracks to increase the life of structures.  
The need of multi directional and closely spaced 
reinforcement for concrete arises here.... 
Fiber reinforced concrete FRC is a concrete mis that contains 
short discrete fibers they are uniformly distributed. 
The fibers are classified into four types mainly such as 
steel,glass, synthetic and natural. 
Orientation of these fibers are commonly in random. 
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ABSTRACT: Recent years have seen a tremendous increase in the need for studying and developing natural absorbents due to 
the huge negative environmental impact of oil spills. An assessment of the negative effects of oil spills in the past, the effects of 
oil spills on plants and animals, different methods adopted to control and clean them, including mechanical devices and sorbent 
materials, is presented in this paper. Additionally, it emphasized the importance of developing available materials in various 
parts of the world, particularly in tropical areas. As a result, sugarcane waste, corn waste, and tea waste are proposed as 
promising oil absorbent materials. 

 
KEYWORDS: Marine Pollution, Oil Spillage, Activated Carbon , Adsorbent. 

1) INTRODUCTION 

 
All of the oceans on Earth are interconnected. In the year 2000, there were four perceived seas: Indian Ocean, Arctic, Pacific, 

and Atlantic The International Hydrographic Organization established a brand-new ocean in the spring of 2000. Called the 
Southern Ocean, it surrounds Antarctica and reaches 60 degrees latitude. Additionally, there are numerous smaller ocean 
branches. Land frequently partially encloses seas. The South China Sea, the Caribbean Sea, and the Mediterranean Sea are the 
largest seas. 

 
The risk of oil spills is rising as a result of the growing industrial activity in many parts of the world and the daily consumption 
of a large quantity of crude oil from numerous offshore and onshore oil fields and the transportation of crude and its product. 
One of the most widespread forms of pollution that has a negative impact on marine life and the ecosystem is the oil spill. 
Among all unique adsorbent, Bio-mass waste is liked as on oil tidy up innovation because of its Profile Debasement and 
lightness. This study examines the adsorption of raw petroleum by getting ready attractive enacted carbon utilizing sugarcane, 
corn, and tea squander. The pH, DO, BOD, COD, hardness, and turbidity of the water, as well as oil spillage characteristics, 
were collected, treated, and analyzed. Results showed that there was very little change in the pH, turbidity esteems but rather 
there was a slight expansion in the Body and COD qualities. On correlation with the three oil expulsion techniques, the 
adsorption utilizing the attractive enacted carbon - tea has higher assimilation limit. 

2) OBJECTIVE 

    To learn about the different sorts of marine contamination. 
Using magnetic activated carbon, sugarcane waste, tea waste, corn waste, and other waste, and absorption to treat the marine 
water contaminated by oil spills 

    To analyze the qualities of treated oil spilled water with the current qualities.  

 

3) RELATED WORK 

Major environmental issues abound in the vast, dynamic, and complex marine environment. There is proceeding with strain 
on the marine climate from clashing exercises including hydroponics, horticulture, fisheries, urbanization, modern turns of 
events, transportation, preservation and the travel industry. There are more and more legal challenges, and the scale and public 
opinion regarding individual development projects are unprecedented. 

Most of the time, management in the marine environment is scattered, complicated, and poorly understood. A survey of 
logical and famous writing tracked down instances of fantastic, dubious and lacking undertakings in marine and seaside 
regions.

mailto:patilpd4545@gmail.com
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 marine environment is a complex web of habitats and species intertwined by intricate physical and ecological processes 
that interact with humans and their activities on numerous levels. The open ocean, the deep sea, coral reefs, salt marshes, 
rocky shores, and other marine habitats are frequently grouped into ecosystems. despite the fact that they are all 
interconnected and the effects of one ecosystem on another. Biological system construction and capability are significant 
elements while surveying influences. Ecosystem services are the numerous benefits these habitats and communities 
provide to humans. The clearer of these are the fish, shellfish and different food sources that we eat, and the sporting or 
tasteful advantages we get from the ocean. In addition, a lot of coastal communities have deep spiritual and cultural ties 
to the sea. However, there are numerous additional services that are less obvious. 

4) METHODOLOGY 

1) Perform a sample test with sugarcane 
 

 
2) Conduct a test on a sample using corn waste and tea waste 
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1) Determination of Turbidity: - 

5)   RESULT 

Turbidity measured this way uses an instrument called a nephelometer. With the detector set up to 
the side of the light beam. More light reaches the detector if there are lots of small particles 
scattering the source beam than if there are few. The units of turbidity from a calibrated 
nephelometer are called nephelometric Turbidity Units (NTU). Sample is taken and kept in 
nephelometer to determine turbidity. Thus the turbidity value for sample is as follows. 

 

SR.NO SAMPLE TURBIDITY 
(NTU) 

1 Marine Water 6 

2 Marine Water + Oil Mixing 8 

3 After removing oil by using sugarcane waste 6.32 

4 After removing oil by using corn waste 6.67 

5 After removing oil by using tea waste 7 

 
2) Determination of pH: - 

The pH value of marine water indicates the negative log of hydrogen ion concentration present in 
marine water. Sample is taken in a beaker and then pH paper was inserted and pH was determined. 
The value of pH measured for adsorption is as follows. 

 

SR.NO SAMPLE pH VALUE 

1 Marine Water 7.44 

2 Marine Water + Oil Mixing 6.56 

3 After removing oil by using sugarcane waste 7.22 

4 After removing oil by using corn waste 7.1 

5 After removing oil by using tea waste 7.31 



 

3) Determination of Biological Oxygen Demand (BOD): - 

Biochemical oxygen demand (BOD) is a measure of organic pollutants, one of the causes of water 
pollution. In the organic carbon cycle, organic pollutants in water are oxidized by aerobic bacteria 
using dissolved oxygen. 

 

SR.NO SAMPLE BOD 
(mg/l) 

1 Marine Water 26 

2 Marine Water + Oil Mixing 130 

3 After removing oil by using sugarcane waste 90 

4 After removing oil by using corn waste 115 

5 After removing oil by using tea waste 80 

 
• The BOD efficiency after treatment using sugar cane is 30.8 %. 
• The BOD efficiency after treatment using corn waste is 11.53 %. 
• The BOD efficiency after treatment using tea waste is 38.5 %. 

 
 

4)  Determination of Chemical Oxygen Demand 

The chemical oxygen demand (COD) is the amount of oxygen consumed to completely chemically 
oxidize the organic water constituents to inorganic end products. It was carrying out to determine 
the organic oxidize able matters content of water samples. 

 

SR.NO SAMPLE COD 
(mg/l) 

1 Marine Water 234 

2 Marine Water + Oil Mixing 550 

3 After removing oil by using sugarcane waste 492 

4 After removing oil by using corn waste 300 

5 After removing oil by using tea waste 224 
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5) Determination of Dissolved Oxygen: - 

Dissolved oxygen is a measure of the amount of oxygen dissolved in the water column, and is a 
fundamental requirement for the maintenance of balanced populations of fish, shellfish, and other 
aquatic organisms, in marine water. The value of the Dissolved Oxygen (DO) measured for 
adsorption is as follows. 

 

SR.NO SAMPLE DO 
(mg/l) 

1 Marine Water 4 

2 Marine Water + Oil Mixing 3 

3 After removing oil by using sugarcane waste 3.4 

4 After removing oil by using corn waste 3.6 

5 After removing oil by using tea waste 3.72 

 
6) Determination of Hardness:- 

The ability of the water to form lather with the soap solution. This is due to the presence of 
carbonates and bicarbonates of calcium and magnesium. 
Hardness in mg/l of CaCO3 = Volume of EDTA x 1000/Volume of sample. The value of the 
hardness measured for adsorption is, 

 

SR.NO SAMPLE HARDNESS 
(mg/l) 

1 Marine Water 4350 

2 Marine Water + Oil Mixing 4370 

3 After removing oil by using sugarcane waste 4365 

4 After removing oil by using corn waste 4361 

5 After removing oil by using tea waste 4355 



 

6. CONCLUSION 

 

• The characteristics of the water collected from the coast were examined. On a laboratory scale, 
oil spilled into marine water was treated with the help of the preparation of magnetic activated 
carbon. 
• Attractive initiated carbon is ready with the utilization of three kinds of Bio-mass squanders, 

for example, sugarcane, corn and tea squanders. 
• In the wake of treating the oil spilled marine water with attractive actuated carbon (ready 

with three sort of waste). The pH, BOD, and COD of the treated sample are compared to those of 
the untreated sample for analysis. 
• The system's "use of Bio-Mass Waste" treatment of oil spilled marine water has been 

demonstrated. In this water lacking world it is so useful to treat the oil spilled marine water. 
• In addition to drinking, the treated water can be used for domestic purposes. 
• The successful development and implementation of guidelines and regulations for the control of 

ballast water depends on the early involvement of all parties who are interested. The transfer of non- 
indigenous species is a problem that affects society as a whole and not just the shipping industry. 
• At the moment, turbidity may be the most reliable indirect sign that ballast water may contain 

living organisms. Automatic inline equipment that provides continuous readouts for subsequent 
computer storage or direct transmission to the shore can be used to monitor basic parameters of 
water quality. 
• The refinement interaction of water might decrease the grouping of particulate matter 
including suspended particles, parasites, microorganisms, green growth, infections, organisms; and a 
variety of dissolved and particulate materials derived from surfaces with which rainwater may have 
come into contact. 
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Abstract—  Waste electrical and electronic equipment 

(WEEE) is becoming major thread to the whole world. 

Its toxi emissions mixed with virgin soil and air and 

causing harmful effects to the entire biota either directly 

or indirectly. Direct impacts include release of acids, 

toxic compounds including heavy metals, carcinogenic 

chemicals and indirect effects such as bio magnification 

of heavy metals. Many private firms are involved 

incollecting, dismantling, separation and exporting e-

wastes for recyclers. However, strict regulations are 

currently being followed as on approval of such firms 

such as e-steward certification by Basel action network 

in US, they also involved in public awareness programs; 

this review is based on collected information from 

various  journal articles, websites etc 

         It consists of a wide range of elements and 

compounds including both valuable and hazardous 

materials. E-waste can contaminate the environment and 

threaten human health through its improper recycling 

and disposal methods. Moreover, E-waste represents a 

significant potential source of valuable materials to 

make the recycling of this waste economically 

fascinating. This chapter presents an overview of E-

waste treatment technologies including sanitary landfill 

and recycling of precious metals, non metal elements, 

plastics, and glasses. The recycling of E-waste has 

become a significant issue because of the strange growth 

in the production of E-waste and increased awareness 

among people regarding environmental protection. 

Consequently, the primitive treatment technologies 

cannot reach the future obligations of industry because 

of the potential risk of environmental contamination, 

high cost, and low efficiency. An effective utilization of 

the reusable resources is therefore a prerequisite for 

developing new technologies to treat E-waste. 
 

INTRODUCTION 

E-waste is an abbreviation for electronic waste. The term is 
applied to discarded electrical or electronic equipment that 
is unfit for further use because of malfunctioning, lack of 
repair or spare parts, or is too outdated to be sold 
commercially efficiently. E-waste has a major impression on 
the environment. Every year millions of tons of e-waste 
enter landfills, and some of them end up in the waterways, 
seas , and oceans. The e-waste emits toxic substances such 
as mercury, lead, cadmium, polychlorinated biphenyls, 
benzene, and dioxins, polluting soil and water, threatening 
water and air quality, and harming the health of humans and 
the environment. What is e-waste: E-waste consists of 
devices and appliances that are no longer needed or are 
malfunctioning.it includes the materials that are no longer 
used or are obsolete. 
 
 
 

PROBLEM STATEMENT  
E Waste can be nand onsudefined as business cmer 
electronic equipmet that is not working, unwantedr has 
reached the end of its useful life. E Waste is a persistent and 
significant issue that is prevalentin today's technologically 
inclined society                .E-waste is broadly divided into 
three types:  
         
1 .Cooling equipment such as fridges and freezers 
 
   2.Telecommunications and communication equipment  
 
3.Consumer electronics devices (Phones, Laptops , 
Monitors, and TV’s)  
                               
 Each of these categories require a personalized method of 
disposal due to the differences in thematerials that they 
constitute. In this proposal, we will highlight the types of 

mailto:rajendrasapkal81@gmail.com


e waste that will befound in an educational community and 
what we SScan do to minimise it 
  
 .An educational community is a significant source of E 
waste as we have a prevalent need of multiple electronic 
devices that are up to date and functioning properly. E-waste 
is not generated only by the personal devices of each of the 
students but also includes the large number of printers, fax 
machines ,optical fibres (for wireless communication) and 
various other devices that are available for use for the 
general public. A typical college student, in their 4 years of 
under graduate studies, have at least 2electronic devices - 
smartphone and laptop. Along with that public printers and 
charging wires are used. With a laptop or smartphone, once 
their lifespan ends, they are typically either sold for 
spare parts or stay on a shelf in the house collecting dust. 
But old charging cables tend to find their way to the bottom 
of a dustbin where they prove to be environmentally 
hazardous. Looking at this example and magnifying it to 
other electronic devices we use in our daily lives, we can 
see how E-waste is a huge problem.- and spread awareness 
on the detrimental effects of E-waste, within people ver a 
range of velocities. Landslides may be triggered by 
earthquakes, rain, permafrost thaw, deforestation, and by 
other factors. Damaging wildfires, floods, volcanic 
eruptions, and earthquakes are often made worse by 
subsequent landslides. Submarine landslides, or surface 
landslides, that move into water may trigger tsunamis. 
Although landslides can result in significant human and 
economic losses, they also play a role in maintaining 
ecological diversity. A number of landslide mitigation 
techniques are explored. 

 

OBJECTIVES OF PROJECT 
 

The objective of e-waste management is to safely 
and responsibly dispose of or recycle electronic 
devices and components that are no longer in use. 
This helps to prevent pollution and conserve natural 
resources by reducing the need for mining new 
materials for new products. Additionally, many 
electronic devices contain valuable materials like 
gold, silver, and copper which can be recovered and 
reused through proper e-waste management. 

 
 
 

 

 

 METHODOLOGY 
 

1)Recycling  

Recycling is an essential element of e-waste 

management. Properly carried out, it should greatly reduce 

the leakage of toxic materials into the environment and 

mitigate against the exhaustion of natural resources. 

However, it does need to be encouraged by local 

authorities and through community education. One of the 

major challenges is recycling the printed circuit boards 

from the electronic wastes. The circuit boards contain such 

precious metals as gold, silver, platinum, etc. and such 

base metals as copper, iron, aluminium, etc. One way E-

waste is processed is by melting circuit boards, burning 

cable sheathing to recover copper wire and open- pit acid 

leaching for separating metals of value. India has emerged 

as fifth largest electronic waste producer in the world. 

Computer devices account for nearly 70% of E-waste, with 

the contribution of telecom sector being 12%, medical 

equipment being 8%, and electric equipment’s being 7% of 

the annual e-waste production.    

2)Repair 

 One of the factors which compound the e-waste problem is 
the diminishing lifetime of many electrical and electronic 
goods. There are two drivers (in particular) for this trend. 
On the one hand, consumer demand for low cost products 
mitigates against product quality and results in short product 
lifetimes. On the other, manufacturers in some sectors 
encourage a regular upgrade cycle, and may even enforce it 
though restricted availability of spare parts, service manuals 
and software updates, or through planned obsolescence. 
Consumer dissatisfaction with this state of affairs has led to 
a growing repair movement. Often, this is at a community 
level such as through repair cafės or the "restart parties" 
promoted by the Restart Project The "Right to Repair" is 
spearheaded in the US by farmers dissatisfied with non-
availability of service information, specialised tools and 
spare parts for their high-tech farm machinery. But the 
movement extends far beyond farm machinery with, for 
example, the restricted repair options offered by Apple 
coming in for criticism. Manufacturers often counter with 
safety concerns resulting from unauthorised repairs and 
modifications. 
 

3 Landfilling 

This refers to the practice of essentially digging a 

massive hole in the ground, filling it with waste and 

then covering it back up with soil. While the pits are 

lined with clay or plastic with a leachate basin to 

prevent toxic waste from leeching into the 

surrounding environment, some substances such as 

cadmium, lead, and mercury inevitably finds their 



way into the soil and groundwater, causing 

contamination. 

 

4 Acid Bath 
 

Soaking electronic circuits in powerful sulphuric, 
hydrochloric, or nitric acid solutions separates metals from 
the electronic pathways. The metals can then be recycled 

and used in the manufacture of new products. However, the 
highly hazardous acid waste needs to be very carefully 

disposed of to prevent it from finding its way in… 
 

5 Burning 
: 
 Commonly referred to as smelting. Although the process is 

quite dangerous, if done correctly, it can be done very 
cleanly and produces the most valuable of the metals in the 

most efficient way 
  

6 Dumping: 
 

  This  involves  filling  old  containers,  making a  hole  in  
the  ground, and dumping the material there. Usually, the 
location is not chosen carefully and may contain several 
contaminants. ➢ Disposal: Several companies in the UK 
offer a collection service and disposal, or do it for you, 

either in a safe manner or with others who are less careful 

 
 

CONCLUSION 
  
The disposal of electronic waste is hazardous to people and 
the environment. In addition, it is a significant source of 
pollution. However, if you recycle electronic waste 
properly, there will be many benefits. The disposal of 
electronic waste can also pose a health risk to humans. 
Although most electronic wastes can be recycled, only a 
limited amount of electronic waste can be recycled. Thus, it 
is necessary to ensure that electronic wastes are recycled 
appropriately and safely. For instance, certified electronic 
waste facilities can safely dispose of electronic waste. In 
addition, the certified electronic waste facilities are 
equipped with the equipment required to recycle the 
electronic waste. As a result, the certified electronic waste 
facilities will reduce pollution in the environment and keep 
humans safe. Therefore, you can rest knowing that you 
safely dispose of electronic waste.  
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Abstract—  
Water's subsequent in enlargement of weights on 

the allowed freshwater assets. Old  

technique for damming waterway and transporting 

water to urban zone has its own issues  

of everlasting inconveniences of social and political. 

Keeping in mind the end goal to save 

and take care of our day by day demand of water 

prerequisite, we have to think for elective 

savvy and generally less demanding mechanical 

techniques for monitoring water. Rain Water 

reaping is outstanding amongst other techniques 

satisfying those necessities.  
Keywords – Rain,Borewell ,Rainwater. 

I. INTRODUCTION 

The term Rainwater Harvesting is usually 

taken to mean the immediate collection of 

rainwater running off surfaces upon which 

it has fallen directly. This definition 

excludes run-off from land Watersheds 

into streams, rivers, lakes, etc. 

It includes water that is collected within the 

boundaries of a property, from roofs and 

surfaces. 

The Rainwater harvesting is the simple 

collection or storing of Water through 

scientific techniques from the areas where 

the rain falls. 
It involves utilization of rain water for the 

domestic or the agricultural purpose. 

The method of rain water harvesting has 

been into practice since ancient times. 

II. AIM & OBJECTIVE 

A. Aim & Objective  

Aim - Feasibility of rain water harvesting. 

Objectives: - 

1) To modify and develop the Rain Water harvesting system. 

2) To make aware about our product. 

3) To implement our product in various states of India. 

B. Ways Of Water Harvesting 

1) Capturing run-off from rooftops, roads. 

2) Capturing run-off from local catchments. 

3) Capturing seasonal flood water from local streams.  

4) Conserving water through watershed. 

management. It involves utilization of rain. 

Water for domestic or agricultural purpose. 

III. ADVANTAGES & DSIADVANTAGES 

Advantages: - 

1) Reduces Flooding & Erosion. 

2) Reduces Water Bills. 

3) Reduces Demand On Ground Water. 

4) Can Be Used For Non Drinking Purposes. 

Disadvantages: - 

1) Supplies can be contaminated by bird/ animal 

droppings on catchment surfaces and guttering 

structures unless they are cleaned / flushed 

before us. 

2) Poorly constructed water jars/containers can 

suffer from algal growth and invasion by 

insects, lizards and rodents. 

3) They can act as a breeding ground for disease 

vectors if they are not properly maintained. 

A. Ways Of Water Harvesting 

1) Surface Run Off Harvesting: - 
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It Is A Method In Which Rainwater Flowing As 
Surface Runoff Is Caught & Used For Recharging 
Aquifers By Adopting Appropriate Methods. 

2) Roof Top Rain Water Harvesting: - 
In Rooftop Harvesting, Roof Becomes The 
Catchment & The Rainwater Is Collected From 
Roof Of The House/Building. It Can Be Either 
Stored In Tank Or Diverted To Artificial Recharge 
System 

 

B. Techinuqes Of Rain Water Harvesting  

 
1) Storage Of Rainwater On Surface For Future Use: -  

It is a method in  which rainwater 

flowing as surface runoff is 

caught and used for recharging 

aquifers by adopting appropriate  

methods. 

2) Recharge To Ground Water: - 
The collected rainwater is transferred to the ground 
through suitable means for recharging the depleting 
aquifers. 

 

C. Process 

A rainwater harvesting system has three main stages: 
1. Collecting & transporting rainwater: 

This is done through catchment areas & 

conduits. The catchment of a water 

harvesting system is the surface which 

receives rainfall directly. It can be a paved 

area like the terrace or courtyard of a 

building. Conduits are the pipelines that 

carry rainwater from the catchment or 

rooftop to the harvesting system. 

2. Filtration: A filter unit is a chamber filled 

with filtering media to remove debris and 

dirt from water before it enters the storage 

tank or recharge structure. 

3. Storage in tanks for reuse / 

recharging the groundwater levels: The 

harvested water can now be stored in 

storage tanks for immediate usage, which 

are designed according to the water 

requirements of the society. Existing non-

potable water storage tanks in the society 

can also be used to store the harvested 

rainwater. The collected rainwater can also 

be used to recharge the groundwater levels 

by using structures like dug wells, bore 

wells, recharge trenches and recharge pits. 

D. IMPLEMENTATION OF RAIN WATER 
HARVESTING 

  Rainwater harvesting (RWH) system is a 

technology that focuses on 

sustainability and support the 

sustainable environment development. 

The implementation of RWH systems 

provides many environments and 

financial benefits. Some of the 

environment benefits of RWH system 

are the reduction of surface runoff, 

reduce the burden of soil aquifer, and 

provide the availability of clean water. 

This study analyzed the RWH system 

implementation benefits both in 

environment and financial side. The 

financial benefits of RWH system 

implementation are calculated based on 

a number of rainwaters that can be used 

to replace the need for clean water. The 

environment benefits defined by the 

reduced of main water tap use and the 

reduced of generated roof runoff 

volume. This study used a simple RWH 

system that uses the roof as a catchment 

area, the pipeline as a distribution 

system, and tank as the storage system. 

The water use is for domestic potable 

and no potable for a household with up 
Identify applicable funding agency here. If none, delete this text box. 
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to four occupants in Bandung. The 

catchment area is taken 70 m2. A water 

balance model for various scenarios was 

developed to calculate the algorithm of 

the system. The costs taken in RWH 

system include the construction, 

installation, maintenance and 

operational costs. The analysis shows 

that the implementation of RWH 

systems provides advantages over the 

use of conventional systems. It can save 

clean water use up to 54.92% and 

provide runoff reduction up to 71.53%. 

RWH system applied requires  

Additional costs approximately only 

0.66% from the value of the 

house. It was found that it is 

possible to achieve payback in 

RWH system implementation 

under several scenarios. 

 
 

E. How To Create Rooftop Rainwater Harvesting 
System for Your Client 
• Check the roof surface first. Whether it is suitable 

to collect quality rainwater. 

• Install gutter meshes to prevent blocking gutters from 
leaves and debris. 

• Fit gutter outlets. 

• Install first flush water diverters to prevent the first 
flush of most contaminated rainwater from entering the 
tank 

• Install tank screen to keep mosquitoes and pests out. 

• Select the right size of the water tank. Consider annual 
rainfall, roof catchment area, and water usage. 

• Fit insect-proof screen to the end of all pipes 
and to tank overflow outlets. 

• Install a pump system to distribute the water inside and 
outside of the premises. 

• Fit insect-proof screen to the end of all pipes 
and to tank overflow outlets. 

• Fit a water level indicator to help monitor water usage. 

IV. DESIGN, PROCESS & IMPLEMENTATION 

➢ Design Of Recharge PIT: 

1) The recharge pit should be filled 

with the metal, to recharge slit free 

water. 

2) Hence the materials to be filled in the 

pit are 60 mm metal, 40 mm metal, 20 

mm metal, fine sand. The material 

should be filled depth wise in the pit. 

The coarser material should be filled at 

the bottom and finest on the top. The 

uppermost fine sand layer can be 

separated from the 20 mm metal layer 

by using non corrosive wire mesh. It 

will help for the yearly maintenance. 

Depth of material for recharge pits:  

 

➢ Result And Discussions: 

  Design of the rainwater harvesting 

system of GECA campus is 

Material 

to be 

filled 

% 

Depth 

of 

material 

Depth 

(in m) 

60 mm 

metal 
30% 0.45m 

40 mm 

metal 
30%      0.45 m 

20 mm 

metal 
20% 0.30 m 

Fine 

sand 
20% 0.30 m 
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done using Geographic 

Information System (GIS). 

  For Catchment 1: Runoff potential for one storm of 
two hours = 5, 09,018 litres 

For recharge, Size of recharge pit (1and 2) is taken as = 
10 m X 10m X 

1.5 m % of runoff from rainfall obstructed and recharge in 
pit = 58.9% = 2,99,811 litres 

For Catchment 2 : 

Runoff potential for one storm of two hours = 

2, 36,232 litres For                        recharge, size of recharge pit (3) 

is taken as= 5 m X 5 m X 1.5m 

% of runoff from rainfall obstructed and recharge 

in pit = 15.87%      = 37,490 litres 

Total annual runoff potential from catchment 

area considered (1 and 2): 1, 19, 24,000 litres 

Total annual recharge through pits: 53, 96,816 litres 

Filter material for filling the recharge the pit is decided as 

60 mm metal (30% depth), 40 mm metal (30% depth), 20 

mm. 

Approximate expenditure for: 

Recharge pit 1: Rs. 1, 

44,637.5/- Recharge pit 2: Rs. 1, 

44,637.5/- 

Recharge pit 3: Rs. 37,409.375/- 
Approximate expenditure for underground storage tank (5m 
X 5 m X 1.5 m) (Optional) is Rs. 1, 82,052.875/- 
Recharge pit/ underground tank can be connected to bore 
wells for bore well recharge. 
 
 
 
CONCLUSION 
 
In This Roof Top Rain Water Harvesting Project There Is 
Small Baby Steps To Be Take Care Of & A lot Of Benefits 
Can Be Availed. Water harvesting improves the use of 
available water from precipitation and run-off by 
concentrating it for immediate use and storage. The control 
systems that are implemented can divert water to decrease 
erosion and flood risk. Under climate change, water 
harvesting will improve resilience to stresses from droughts 
and extreme rainfall. Water harvesting can also recharge 
depleted groundwater sources. 
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Abstract- Retrofitting is a technique of modification of
existing structure to make them more resistant to seismic
activity, ground motion or soil failure due to many reasons
such as earthquake, bad quality of workmanship, design,
environmental effects, etc. This project addresses methods
of Analysis & methods of retrofitting. The safety of non-
engineered structures against many reasons is a great
concern because most losses of lives during earthquakes
have occurred in such buildings. It is used to improve the
structural capacities including strength, stiffness, ductility,
stability of a building found to be deficient. Retrofitting is a
special challenge if the structure is a historically
significant.So many expansive methods are available for
retrofitting & choice is a challenge.The fibre reinforced
polymer composites has embraced by construction industry
as alternate of repairing & strengthening of rcc
structures.The research summarise the methods of
retrofitting & behaviour of rc elements after they retrofitted
with FRP.

( Keywords—RC, Retrofitting, FRP )

I. INTRODUCTION

A . Genaral Concept :
In the current scenario, deterioration of rc structures is a

worst problem. Many buildings are informally constructed
in a traditional manner without formal design by qualified
Engineers or Architects. Such buildings involve stone, brick,
concrete blocks, rammed earth, wood posts and thatch roof
or combination of some or all the above materials. They are
built with mud, lime or cement mortar. Some times
combination. of mortars having a mix is also used., The
safety of these non-engineered buildings against earthquakes
is of great concern especially because because most losses
during earthquakes occurred in such a buildings.
Modification of existing structure to make them more
resistant to seismic activity,ground motion or soil failure
due to many reasons such as earthquake bad quality of
workmanship design environmental effects and etc. The
purpose is to make the building safer and less prone.

Retrofit strategy refers to options of increasing the strength,
stiffness and ductility of the elements or the building as a
whole. In retrofitting, the structure must be designed so it is
in keeping with its purpose of use and is both safe and
durable, with consideration given to the ease of retrofitting
construction and post-retrofitting maintenance,as well as
overall economy and environment-friendliness.It aims to
strengthen a structure to satisfy the requirements of the
current codes for seismic design. In respect , seismic retrofit
is beyond conventional repair or even rehabilitation, refer to
the goals, objectives and steps such as condition assessment
of the structure, evaluation for seismic forces The extent of
modification has to be determined based on the principle of
introducing sufficient anchorage of all elements, providing
bracing to vertical load carrying members in order to avoid
premature mode of failure and to ensure continuity of all
structural components in a building. The seismic resistance of
buildings is lowered with passage of time due to material
property degradation and structural strength loss.

Many options for retrofitting a structure are possible; the
ones which are used traditionally for a long time now such as
Addition Of New Shear Walls. Addition Of Infill Walls,
Addition Of Wing (Side) Walls, Addition Of Buttresses,
Jacketing Of Reinforced Concrete Members, Propping up,
Steel collars, Casing, Building up, Bonding Steel Plates or
Steel Jacketing. However, with increase in research and
introduction of new materials and technology there are new
ways of retrofitting the structure with many added advantages.
Introduction of Fibre Reinforced Composites being one of
them.

TERMINOLOGY
Buildings decay due to weather, lood effects and foundation
settlement etc. The types of intervention necessary to enhance
the performance of the building can be broadly grouped under
three categories Repair, Restoration and Strengthening..

REPAIR:
The purpose of repairs is to rectify the observed defectsrs
and bring the building to reasonable architectural shape so
that all services start functioning Repairs do not improve
structural strength or stability. I t may hide the structural
defects. Outwardlyand it may appear good. It may suffer
from structural weakness.

mailto:kishorirajmane2000@gmail.com
mailto:kishorirajmane2000@gmail.com
mailto:rutujajadhav207@gmail.com
mailto:kishorirajmane2000@gmail.com
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Repairs include following interventions:
i ) Patching cracks and plastering, ii) Fixing doors, windows,
broken glass panes. i) Setting right electrical installation,
wiring etc. iv) Fixing services such as gas lime, plumbing
services including water pipes, sewerage line etc. v)
Rebuilding non- structural walls, partition walls, plastering
etc. vi) Re-fixing roof tiles vii) Repair to flooring and
correcting slope for drainage etc. viii) Providing decorative
finishes, white washing, ix) Painting wood work. x)
Attending to root leakage during rain etc.

Restoration:
The main purpose is to structurally treat the building

with an aim to restore its original strength. This intervention
is undertaken for a damaged building if one is sure that the
original strength provides an adequate level of safety for
future earthquake disaster
Some of the common restoration techniques are:

i) Removal of a partition or defective wall and rebuilding it
with richer mortar
ii) Crack scaling using epoxy to regain the strength of a
structural component.
iii) Adding wire mesh on either side of a cracked component,
crack stitching etc, with a view to strengthen

STRENGHTENING IS NOTHING BUT RETROFITTING.

Fig. Retrofitting-for structures by Strengthening

GOALS AND PRINCIPLES :

1. Increasing the lateral strength and stiffness of the building, the
ductility
and enhancing the energy dissipation capacity.
2. Giving unity to the structure.
3. Eliminating sources of weakness or those that produce
concentration of
stresses
4. The retrofit scheme should be cost effective.
5. Each retrofit strategy should consistently achieve the
performance objective.
6. Many environmental and natural disasters, earthquake being
the most affecting of all, has also produced a need to increase the
present safety levels in buildings.

Performance objectives :
The goal is to protect human life, ensuring that the structure will
not collapse upon its occupants or passers by, and that the
structure can be safely exited. Under severe seismic conditions
the structure may be a total economic write-off, requiring tear-
down and replacement.

Structure survivability - The goal is that the structure, while
remaining safe for exit, may require extensive repair (but not
replacement) before it is generally useful or considered safe for
occupation. This is typically the lowest level of retrofit applied to
bridges Structure functionality. A high level of retrofit, this
ensures that any required repairs are only "cosmetic" for example,
minor cracks in plaster, drywall and stucco. This is the minimum
acceptable level of retrofit for hospitals .

NEED OF RETROFITTING :

The retrofitting is one of the best options to make an existing
inadequate building safe against future probable earthquake or
other environmental forces, following are some deficiencies for
which failure & damage is occurred.

BUILDING DEFICIENCIES The building deficiencies can be
broadly classified as Local Deficiencies and Global Deficiencies.

Local Deficiencies : Local deficiencies lead to the failure of
individual elements of the building. The observed deficiencies of
the elements are summarized.

Columns - Inadequate shear capocity, b Lack of confinement of
column core. Lack of 135° hooks, with adequate hook length, c.
Faculty location of splice just above the floor, with inadequate
tension splice length. d. Inadequate capacity of corner columns
under biaxial seismic louds. e. Existence of short and stiff
columns .

Global Deficiencies : Global deficiencies can broadly be
classified as plan irregularities and vertical irregularities, as per
the Code. The items left out are listed under miscellaneous
deficiencies. Some of the observed irregularities are as follows.

Plan Irregularities a. Torsional irregularity due to plan symmetry
and eccentric mass from water tank. b. Frequent re-entrant
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comers c Diaphragm discontinuity due to large openings or
staggered floors, along with the absence of collector elements.
d. Out-of-plane offset for columns along perimeter.

Vertical Irregularities - Stiffness irregularity, soft storey due
to open ground storey, b. Mass irregularity c. Vertical
geometric irregularity from. set-back towers. d. In-plane
discontinuity for columns along the perimeter of the building
e. Weak storey due to open ground storey.

ADVANTAGES OF RETROFIT :

Strengthening or Retrofitting Versus Reconstruction
Replacement of damaged buildings or existing unsafe
buildings by reconstruction is, generally, avoided due to a
number of reasons, the main ones among them being

a) Higher cost than that of strengthening or retrofitting. In
most instances. however, the relative cost of retrofitting to
reconstruction cost determines the decision. As a thumb nale,
if the cost of repair and seismic strengthening is less than
about 50 percent of the reconstruction cost-the retrofitting is
adopted.

b) Preservation of historical architecture, and

c) Maintaining functional social and cultural environment
This shall also require less working time and much less
dislocation in the living style of the population. On the other
hand reconstruction may affer the possibility of modernization
of the habitat and may be prefered by well-to-do communities.

III. LITERATURE SURVEY

Author Name - Minakshi V. Vagbani,Sandip A. Vasanwala,
& Atul K. Desai
Title - Advanced Retrofitting Techniques for RC Building
Publication Year- 2014
Technology Used - the different retrofitting techniques
available and its suitability for particular conditions.
Jacketing is excellent for column but it may not be too
effective for beam or slab Finally, selection criteria for
retrofitting technique are briefly discussed. A higher degree
of damage in a building is expected during ant earthquake if
the seismic resistance of the building is inadequate. The
decision to strengthen it before structural system of deficient
building should be adequately strengthened in order to attain
the desired level of seismic resistance.

Author Name - Dr. Gopal Rai
Title - New and emerging technologies for retrofitting and
repairs
Publication Year- 2018
Technology Used - To meet up the requirements of advance
infra structure new innovative materials/technologies in civil
engineering industry has started to make its way. Any
technology or material has its limitations and to meet the
new requirements new technologies have to be invented and
used.

Author Name - Giuseppe Oliveto & Massimo Marletta
Title - Seismic Retrofitting of RC buildings using traditional
and innovative techniques.
Publication Year- 2005
Technology Used - After an introduction which explains why
there are so many vulnerable structures in areas of high or
moderate seismic hazard around the world, the authors consider
the specific case of Easter Sicily. The paper proceeds with an
illustrative description of the seismic action and then addresses
the problem of evaluating the seismic resistance and
vulnerability of engineering structures. The application of the
methodology presented to reinforced concrete buildings in
Eastern Sicily clarifies the concepts discussed. In particular, the
concepts of seismic resistance, seismic vulnerability and
seismic over-resistance become easily understood and
appreciated.

Author Name - Amlan K. Sengupta, Chemuru Srinivasulu
Reddy, Badari Narayanan V T and Asokan A

Title - Seismic Analysis and Retrofit of existing multi-
storeyed buildings in India - An overview with a case study
Publication Year- 2019
Technology Used - The paper presents a review of the existing
retrofit strategies that are applicable for multi-storeyed
residential reinforced concrete buildings addressed in the
project. It also presents a case study of a three storeyed building,
located in an urban area in earthquake zone III. After the
earthquake in Bhuj, Gujarat, in 2001, there has been a concerted
effort to address the seismic vulnerability of existing buildings
in India. This paper is part of a project, whose aim is to evolve
methodologies to assess the seismic vulnerability of reinforced
concrete three- to ten- storeyed, residential and commercial
buildings and to propose retrofit measures for the structurally
deficient buildings .

Author Name - E. Brühwiler ,Ecole Polytechnique Fédérale de
Lausanne
Title - Rehabilitation and strengthening of concrete
structures using Ultra-High Performance Fibre Reinforced
Concrete
Publication Year- 2012
Technology Used - An original concept using Ultra-High
Perform-ance Fibre Reinforced Concrete (UHPFRC) for the
rehabilitation and strengthening of concrete structures has been
developed and validated by means of site applications.
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IV . PROPOSED METHODOLOGY

METHOD OF ANALYSIS -

components of seismic evaluation methodology:

The evaluation of any building is a difficult task,
which requires a wide knowledge about the structures,
cause and nature of damage in structures and its
components, material strength etc. The proposed
methodology is divided into three components:

1] Condition Assessment based on :
(i) data collection or information gathering of
structures from architectural and structural drawings.
(ii) performance characteristics of similar type of
buildings in past earthquakes,
(iii) rapid evaluation of strength, drift, materials
structural components and structural details. This
component of methodology is primarily based on
ATC-14 project and is used basically for undamaged
existing structures.

2] Visual Inspection/Field Evaluation based on
observed distress and damage in structure Visual
inspection is more useful for damaged structures
however it may also be conducted for undamaged
structures.

2] Non-Destructive Evaluation (NDE) is generally
carried out for quick estimation of materials strength,
determination of the extent of deterioration and to
establish causes remain out of reach from visual
inspection and determination of reinforcement and its
location. NDT may also be used for preparation of
drawing incase of non- availability.

METHODS OF RETROFITTING

Fig. FLOWCHART

SELECTION OF RETROFITTING METHOD :

In selecting the retrofitting method, the current status of the

existing concrete structure as determined through inspection, the

performance of the structure, the performance required of the

structure after retrofitting. the conditions for retrofitting

construction work, the ease of maintenance. economy and other

factors shall be considered include the effectiveness of the

various retrofitting methods with respect to the required

performance improvements, the viability of execution of the

retrofitting work, the impact of the retrofitting work on the

surrounding environment.

Fig.Retrofitting of a bridge

Fig. Structural-Damage
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NEW EMERGING TECHNIQUE :FIBRE
REINFORCED POLYMER (FRP)-

Concept Of FRP :

To retrofit or strengthen a sound structural member to resist
increased loads due to changes in use of the structure or to
address design or construction errors.

Composite material made of fibers in polymeric resin. Le all
fibers & resins used to create the composite laminate
Commonly used forms of FRC viz. Pre cured CFRC (Carbon
Fibre.Reinforced Composite), Glass Fibre Reinforced polymer
Composites (GFRC) rebar, glass fibre roll, etc.

-All applicable resins are used to bond it to the concrete
substrate .

Fibre Reinforced Polymer (FRP) composites comprise fibres
of high tensile strength within a polymer matrix such as
vinylester or epoxy. The role of FRP for strengthening of
existing or new reinforced concrete structures is growing at an
extremely rapid mainly to the ease and speed of construction,
and the possibility of application without disturbing the
existing functionality of the structure. FRP composites have
proved to be extremely useful for strengthening of RCC
structures against both normal .

CHALLENGES AND TECHNICAL ISSUES

-The main concem with FRP composites is long-term
durability because the materials do not have sufficient
historical performance data in bridge applications. There is a
concern among bridge engineers for the long-term integrity of
bonded joints and components under cyclic fatigue loading
There are concerns with improper curing of the resins and
moisture absorption and/or ultraviolet light exposure of
composites that may affect the strength and stiffness of the
structural system. Certain resin systems are found ineffective
in the presence of moisture, In the case of a glass fibre
composite, moisture absorption may affect the resin and allow
the alkali to degrade the fibres.

-It is not recommended to use these system as compressive
reinforcement. While FRP materials can support compressive
stress, there are numerous issues surrounding the use of FRP
for compression, Microbuckling of fibre can occur if any resin
voids are present in the laminate, themselves can buckle if not
properly adhered or anchored to substrate

-The high strength, high fatigue resistance, lightweight, and
corrosion resistance of composites are highly desirable
characteristics for bridge applications. Currently, these new
materials are a direct technology transfer from the aerospace
industry, and they are far more advanced than those required
by civil applications. Most of the advanced composite.
materials that are cured at high temperature produce high
quality components and possess excellent characteristics.

Fig. Carbin Fibre Reinforcement

Fig.Carbon Fibre components

Fig. Glass Fibre
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CONCLUSION :

Many environmental and natural disasters, earthquake
being the most affecting of all, has also produced a need to
increase the present safety levels in buildings. The
understanding of the earthquakes, world over, is increasing
day by day and therefore the seismic demands imposed on
the structures get revised frequently. Similarly, the design
methodologies value with the growing research in the area
of seismic engineering and certain popular old design
philosophies, such as multi storey structures, are no longer
considered acceptable for earthquake resistant design. Many
of the existing lifeline structures were analyzed, designed
and detailed as per the recommendations of then prevalent
codes. Such structures, pose a need to undergo re-evaluation
process, say, every ten years. Such structures frequently
may not qualify to current seismic requirements and
therefore, retrofitting of the solution.
Any technology or material has its limitations and to meet

the new requirements new technologies have to be invented
and used. With structures becoming old and the increasing bar
for the constructed buildings the old buildings have started to
show a serious need of additional retrofits to increase their
durability and life.
The retrofitting is one of the best options to make an existing

inadequate building safe against future probable earthquake or
other environmental forces.
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Abstract—  The term landslide refers to several forms of mass 

wasting that include a wide range of ground movements, such as 

rock falls , deep seated slope failures, mudflows and debris flows 

.Landslides can occur underwater in coastal and onshore 

environments, in which case they are called submarine 

landslides . Although the action of gravity is the primary driving 

force for a landslide to occur, there are other contributing 

factors affecting slope stability . Typically, pre-conditional 

factors build up specific surface or sub-surface conditions that 

make a slope prone to failure, whereas the actual landslide often 

requires a trigger before being released. 

INTRODUCTION 

The investigation and study of landslides is to find 
suggestive methods to reduce their damages. This objective 
is possible by different ways such as landslides hazard 
zonation for determining the hazardous areas and providing 
recipes and regulations for appropriate uses of these areas or 
for keep away from them. It can be also earned by studying 
a one landslide and presenting ways to control it. Most of 
earth sliding problems occurred along roadways and railway 
route. The number of unusual incidents like soil slides, rock 
fall, soil mixed boulder slide, spread along the track causes 
extensive damages to the track structure and human lives. 
Thousands of passenger travel by railway which passes 
through deep cuttings along its route with gentle to steep 
slopes, loose rock and also some soil part and extreme 
climatic conditions. 

LITERATURE SURVEY 

A. The following research papers were referred and studied 
in detail. They were found to be relevant to the present 
study . 

Kishor Kumar, P. Subramanya Prasad (Rockfall and 
Subsidence on Mumbai-Pune Expressway) (International 
Journal of Geoengineering Case Histories ©, Vol. 2,29 
October 2010, Issue 1,Pg.2, line 7- 11) stated that the hill 
slope geometry at Adoshi tunnel site is such that rock blocks 
fall directly onto the expressway. There is no space or slope 

bench on the side of the expressway and the hill; as a result, 
there is no reduction in the momentum of the detached rock 
when it plummets toward the expressway at this location. 
This direct fall makes the impact more dangerous and more 
potentially fatal when rock blocks impact a running vehicle. 
Such incidences are particularly frequent during the rainy 
season 

Review of Literature Survey . 
 ▪ High density of joints. 
 ▪ Presence of a prominent joint/fracture between the two      
separate layers of basalt. 
 ▪ Weak sub-horizontal layer dividing two basaltic layers, 
day lighting on the face of the slope and continuously 
getting weathered and eroded resulting in failing of 
overlying jointed rock mass. 
 ▪ A smooth joint surface or sheet joint acting as a sliding 
surface through which most of the material slides down in 
various situations. 
 ▪ Loose overburden with big boulders.  
 ▪ High precipitation (2000mm annual) with high intensity. 

SCOPE OF STUDY 

1) Study of area prone to rock falls along with existing field 
conditions like geology, topography, morphology, etc. in the 
study area. 
 2) Finding out the probable and most significant causes for 
the present disasters. 
 

 

mailto:rajendrasapkal81@gmail.com
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 3) Carrying out laboratory tests to find out geotechnical 
parameters of the rock samples.  
4) Design mountain slopes identified for the study and 
delineating the critical sections. 
 5) Study of various remedial techniques and suggesting best 
suitable measures for the prevention in the study area.  
 

Abbreviations 

 
Landslides affect many regions around the globe. There 
are many types of landslides – occurring in a variety of 
materials and traveling over a range of velocities. 
Landslides may be triggered by earthquakes, rain, 
permafrost thaw, deforestation, and by other factors. 
Damaging wildfires, floods, volcanic eruptions, and 
earthquakes are often made worse by subsequent 
landslides. Submarine landslides, or surface landslides, 
that move into water may trigger tsunamis. Although 
landslides can result in significant human and economic 
losses, they also play a role in maintaining ecological 
diversity. A number of landslide mitigation techniques 
are explored. 

 
REMEDIAL MEASURES  

 

• Remedial measures not implemented due to low 
feasibility 

• Restraining Structures 

Restraining structures such as masonry walls, concrete 
retaining walls, gabion/sausage walls are generally 
used to control slope stability problems where the 
height is less than 4 meters. In case of the Mumbai 
Pune Expressway, the rock slopes have a height of 
even more than 30 meters. Also the road width at the 
highway is restricted by steep valleys and hence, the 
restraining structures cannot be constructed at the cost 
of the road width. Construction of rigid structures 
requires a great deal of manual and skilled labour, 
expensive planking and formwork leading to stopping 
of vehicular traffic. They are very costly as concerned 
with cost/m of the project. (Ref: IS 14680:1999 
Landslide Control- Guidelines Pg.8)  

• Construction of piles. 

The Piles for remediation are metal beams that are 
driven into the soil or placed in drill holes. They 
are driven into the competent bedrock layer below 
the landslide occurs. But the necessary condition 
for driving the piles is that the material in which it 
is driven should be elastic in nature. Then the piles 
hold the entire material as a block. The pile 
construction in the strong basaltic rocks is itself so 
difficult and it will induce fractures and cracks in 
the basaltic layers leading to a weak material. 
Hence the construction of piles in basaltic rocks is 
not feasible. (Ref: IS 14680:1999 Landslide 
Control- Guidelines Pg.8) 

 

 

 

Factor of safety 

 

 
 

Geological Investigation 

   The ground conditions in the study area are dominated by 
basalt, which is an extrusive rock created by the outpouring of 
volcanic magma. The magma cools quickly, allowing only 
small crystals to form. Basaltic lava flows for great distances 
before solidifying. Successive eruptions of basalt have formed 
the Deccan plateau region of southwest India, including the 
current study area. The area is conspicuously uniform, 
consisting of series of Deccan Trap flow (Upper Cretaceous 
to Lower Eocene age), which are occasionally intruded by a 
number of basic intrusive. The basalts are mainly capped by 
lateritic . 

NECESSITY OF STUDY 

 

Prediction of rockfall hazard is very complex because a 
number of factors contribute to mass movements. The 
understanding of this phenomenon requires a large number of 
input parameters and analysis techniques which are also costly 
and time consuming. In the present study a scientific approach 
has been taken to evaluate the triggering factors which cause 
rockfall and save the human population in the affected areas 
For a long time, rockfalls have had disastrous consequences 
causing enormous economic losses and affecting the social 
fabric, due to the complexity in prediction of the hazard as a 
result of a number of contributing factors 

( Types of technique to avoid landslides ) 

 
 SR 
NO.  

HAZARDS TYPE TECHNIQUE 

1 ROCK SLOPE PROTECTION  1.GROUTING  

2. PROVISION OF ROCK 
COLLECTING TRANCES 

2 PASSIVE PROTECTION SYSTEM  1.TRANCHES AND ROCK FENCES  

2.ROCK FALL PROTECTION  

3 EMBANKMENT  1.SURFICIAL REVETMENTS  

2.TIE BACK ANCHORS 

4 BENCHING OF SLOPES  1.PROVISIONOF ROCK FALL 
FENCES  

2.PROTECTION SHADES 

5                         WALL  1.LIVE CRIB WALL 

2.VEGETATED ROCK GABIONS  

 

( Affected area of tunnel ) 
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Abstract— The massive sugar industries 

release high amount of bagasse in the 

surrounding and study reveals that the 

bagasse possesses good binding properties so 

in this project an attempt is made to reduce 

cement content used during paving tiles 

production by replacing them with industrial 

waste Bagasse. During this experimental 

study, bagasse is used as replacement for 

cement. Various mix design for paving tiles 

will be considered and the experiments that 

will be conducted on paving tiles will be 

Compressive strength Test, Flexural test, 

Abrasion test & Water absorption test. 

Designing paving tiles using industrial waste 

bagasse is a great way to promote 

sustainability and utilize renewable 

resources. Bagasse is a byproduct of 

sugarcane processing and can be an excellent 

alternative to traditional paving materials 

such as concrete or clay. 

• Introduction 
Bagasse is the fibrous residue that remains after sugarcane or 

other similar plants have been crushed to extract their juice. It is 

a byproduct of the sugar and ethanol production industries. 

Bagasse consists of plant fibers, such as cellulose and lignin, 

and is typically discarded as waste. However, bagasse has 

gained attention as a valuable resource due to its potential for 

various applications. Here are a few uses of bagasse: 

1. Energy Generation: Bagasse is commonly used as a 

biofuel for the production of heat and electricity. It 

can be burned in boilers to generate steam, which 

powers turbines to produce electricity. This helps 

reduce reliance on fossil fuels and promotes 

renewable energy. 

2. Construction and Packaging: Bagasse can be 

processed and molded into various construction 

materials and packaging products. For example, it can 

be transformed into biodegradable disposable plates, 

cups, and food containers. 

3. Industrial Absorbents: Bagasse can be converted into 

absorbent materials for industrial applications. Its 

high porosity and absorbent properties make it 

suitable for absorbing oil spills, moisture, and other 

liquids. 

                    It's important to note that bagasse utilization helps 

reduce waste and contributes to a more sustainable and circular 

economy. By finding innovative uses for bagasse, we can 

reduce environmental impact and maximize the value of this 

agricultural residue 

                     The fibrous residue of sugarcane after crushing and 

extraction of its juice, known as ‘bagasse’, is one of the largest 

agriculture residues in the world. Literature illustrates the 

versatility of sugarcane residue usages; through its conversion 

inclusive but not limited to paper, feed stock and biofuel. The 

utilization of these waste materials in the manufacture of 

concrete provides a satisfactory solution to some of the 

environmental concerns and problems associated with waste 

management. Agro wastes such as rice husk ash, wheat straw 

ash, hazel nutshell and sugarcane bagasse ash are used as 

pozzolanic materials for the development of blended cements. 

Few studies have been reported on the use of bagasse ash as 

partial cement replacement material in respect of cement 

mortars. In this project, the effects of bagasse ash as partial 

replacement of cement on strength and durability properties of 

hardened concrete paver blocks are studied.  

mailto:rajatjadhav2001@gmail.com
mailto:warimaniheera@gmail.com
mailto:saishmore0007@gmail.com
mailto:jaydippatil1924@gmail.com
mailto:parthjadhav2002@gmail.com
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1.2 Effects and Advantages of Sugarcane Bagasse Ash: 

 

               Ordinary Portland Cement (OPC) is recognized as 

a major construction material throughout the world. 

Researchers all over the world today are focusing on ways 

of utilizing either industrial or agricultural waste as a source 

of raw materials for construction industry. This waste 

utilization would not only be economical, but may also 

result in foreign exchange earnings and environmental 

pollution control. Industrial wastes, such as blast furnace 

slag, fly ash and silica fume are being used as 

supplementary cement replacement materials. therefore it is 

possible to use sugarcane bagasse ash as cement 

replacement material to improve the quality and reduce the 

cost of construction materials such as mortar, concrete 

pavers, concrete roof tiles and soil cement interlocking 

block 

A few studies have been carried out on the ashes obtained 

directly from the industries to study pozzolanic activity and 

their suitability as binders, partially replacing cement and the 

results proved to be beneficial. The test results indicate that 

bagasse ash is an effective mineral admixture, with 20% as 

optimal replacement ratio of cement. When pozzolanic 

materials are added to cement, the silica present in these 

materials reacts with free lime released during the hydration of 

cement and forms additional calcium silicate hydrate as new 

hydration products, which improves the mechanical properties 

of concrete formulation. Partial replacement of cement by 

sugarcane bagasse ash increases workability of fresh concrete; 

therefore use of super plasticizer is not necessary. The density 

of concrete decreases with increase in sugarcane bagasse ash 

content, therefore low weight concrete is produced in the 

society with waste materials. The rate of bleeding is reduced 

and better of-shutter finish is possible without affecting the 

aesthetics. Improved long term strength and durability 

performance is observed by replacing cement partially with 

bagasse ash. Lower shrinkage, lower porosity, lower 

permeability, better resistance to chloride ingress and sulphate 

attack and lower heat of hydration in thick sections are some of 

the advantages for using bagasse ash in concrete paver blocks5 

Adding sugar cane bagasse ash as a replacement for cement 

may provide additional enhancements in resistance to chloride 

ion penetration and water-proofing properties. Reduced alkali 

silica reactivity is studied by partially replacing cement with 

sugarcane bagasse ash. The chemical composition of bagasse 

ash indicates that there is zero lime content and reduced carbon 

content. The use of sugar cane bagasse ash as a partial 

replacement of cement has a beneficial effect to protect the steel 

rebar from corrosion because it reduced the pore size in the 

cement paste, which minimized the ingress of aggressive ions 

into concrete. Another advantage of using this material is the 

fact that India, especially Tamil Nadu, already has a well-

established and growing sugarcane ethanol industry. It also 

places a significant advantage on the environment, particularly, 

as the pollution caused due to the manufacturing of cement 

continues to be criticized from a sustainability perspective. he 

compressive strength tends to be less at the early stage but 

increases at later stage, meaning that the bagasse ash can be 

used as an effective replacement material for cement. In this 

study the attempt is made to study the use of bagasse ash in 

production to paver tiles. 

 

 

 

Name of content Percentage 

Cellulose 45-55% 

Hemicellulose 20-25% 

Lignin 18-24% 

Ash 1-4% 

Waxes <1% 

 

                                   Table.1: Chemical Composition of          

Bagasse 

One of bagasse’s primary uses is in the paper industry. 

The method of using bagasse for paper production 

was invented by Clarence Birdsong in a small 

laboratory in ‘Hacienda Paramonga’, a sugar mill 

in Peru. With this promising discovery at hand, the 

company bought an old paper mill in New Jersey 

and shipped bagasse there from Peru in order to test 

the method’s reliability on an industrial scale. The 

method developed in 1937 and the first paper 

manufacturing machines were designed in 1938 in 

Germany. 

                 It wasn’t until 1950 that the first successful 

commercial production of newsprint produced from 

bagasse was demonstrated by the ‘Noble & Wood 

Machine Company’. The demonstration took place 

before 100 industrial representatives and officials 

from 15 different countries. The demonstration 

proved to be extremely successful. This was mainly 

due to the economic importance of paper in 

https://www.czarnikow.com/product/sugar/the-history-of-sugar-czarnikow
https://www.czarnikow.com/product/sugar/the-history-of-sugar-czarnikow
https://www.czarnikow.com/product/sugar/the-history-of-sugar-czarnikow
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countries which did not have easy access to wood. 

4.1 MATERIAL  

   Materials which are used to produce paving 

tile are: 

1. Cement  

2. Bagasse ash 

3. Crush Sand 

4. Fine Aggregate 

5. Water 

 

1.2 MIX DESIGN 

  Concrete mix design is the process of choosing 

suitable ingredient of concrete and determining their 

relative quantities with the object of producing as 

economically 

as possible concrete of certain minimum properties, 

notable workability, strength and durability 

  M20 grade concrete has a notional cement-to-

sand-to-aggregate-to-water ratio of roughly 1:1.5:3, 

with the water-cement ratio being kept between 0.4 

and 0.6. It is composed of a mixture of cement, sand 

(fine aggregates), and coarse aggregate. 

  M20 concrete mix ratio: M20 concrete is a 1:1.5:3 

mixture of cement, sand, and aggregate, where 

cement makes up one part, sand makes up 1.5 parts, 

and aggregate or stone makes up the remaining three 

parts. 

The following data is assumed as per the mix design 

calculation of M20 grade 

Characteristic compressive strength: 20Mpa 

Cement type: OPC 53 grade 

Exposure condition: Moderate 

Specific gravity of cement: 3.15 

Specific gravity of fine aggregates: 2.70 

Fine aggregates sieve analysis: conforming to zone II of 

table IS 383 

 

 

         RAW MATERIALS/MOULDING/TESTS: 

• Collection of raw materials: 

1. Bagasse ash was brought from 

AJINKYATARA SUGAR FACTORY 

SATARA. 

2. Cement was brought from SAHYADRI 

TREADRES KODOLI SATARA. 

3. Fine aggregates was brought from DESAI 

STONE CRUSHER SATARA. 

4. Crush sand was brought from DESAI 

STONE CRUSHER SATARA 

 

• The process of molding was done at KETAN 

CERAMICS MIDC SATARA. 

 

• The assessment of suitability of such eco-friendly 

composite tiles was done by tests as follows -    

 

•   1. Compressive Strength Test. 

                    2. Water Absorption Test. 

 

PROCEDURE:               

            1. Material Preparation: 
                  - Bagasse was obtained from sugar mills. 
                  - Bagasse was cleaned and all type of impurities or 
contaminants were removed. 
                  - Bagasse thoroughly dried to reduce moisture 
content. 
                  - Other raw materials such as cement, aggregate, 
sand was also obtained and prepared.            
 
            2. Mixing and Binding: 
                 - All raw materials was mixed thoroughly till it bind 
it properly. 

    - Experiment with different ratios of bagasse to 
binder was done to find the optimal mixture that 
provides strength and stability. 

 
             3. Molding and Shaping: 
                   - The molding process was done at ketan ceramics. 
                   - The mixed material was placed in mold. 
                   - Pressure was applied to compact the bagasse-
binder mixture evenly within the mold. 
                   - The tiles was leaved to set and cure for a specific 
period of time.  
 
              4. Finishing and Surface Treatment: 
                       - After tiles was hardened, it was removed from 
the molds. 

 - The surface of the tiles was smoothen by using sanding or 
polishing techniques to ensure a uniform and attractive finish. 
 

             5. Testing and Quality Control: 
- The tests was obtained on finished tiles to ensure they meet 
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required standards. 
- Readings was taken for each respective tests. 
- Necessary adjustments was done to manufacture best tile 
based on the test results. 
 

       MIX PROPORTION  

 

          

Mix Proportion for Tile : 

 

 

Tile No Cement 

(gm) 

Bagasse Ash (gm) Crush Sand (gm) Fine 

aggregates 

(gm) 

T1 950 50 1500 3000 

T2 900 100 1500 3000 

T3 850 150 1500 3000 

T4 800 200 1500 3000 

 

                                                                                        RATIO – 1:1.5:3 FOR M-20 

 

RESULT 

 

 

1. The various tests like compressive strength 

test, water absorption test were performed 

on various proportion of tiles and we get 

the best mix design for manufacturing of 

tiles. 

2. The test results obtained are as of follows: 

3. The results of compressive strength  

4. presented in Table. The test was carried 

out to obtain compressive strength of 

paving tile at the age of 7 and 28 days.  

5. The tiles were tested using Compression 

Testing Machine (CTM) of capacity 

2000KN available in structures lab. The 

maximum compressive strength is 

observed at 20% replacement of bagasse 

ash. 

 

                                

Replacement of 

Bagasse Ash 

Compressive Strength 

7 days 28 days 

5% 8.92 - 

10% 10.90 - 

15% 12.1 17.0 

20% 13.92 21.18 
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6. The results of water absorption test 

presented in Table. The test was carried 

out to obtain water absorption of paving 

tile at the age of 7 and 28 days. 

 

 

Replacement of 

Bagasse Ash 

Water absorption 

(%) 

                      % Used 28 days 

5% - 

10% - 

15% 8.6 

20% 7.8 

  
                                             

                                            Conclusion 

 

The result of study shows that there are 

good prospects of using bagasse Ash. M-20 grade 

paving tile is casted and its compressive strength is 

determined. The combination of 0%, 10%, 15% 

and 20% cement replacement Mix is prepared 

by using bagasse ash. Compressive Strength of 

paving tile increased with increasing percentage mix 

give good compressive strength.  

                 When bagasse Ash replaces cement in concrete 

it has been observed that its 15% and 20% mix gives 

good compressive strength. Cement is a versatile 

building material which is largely used in  

 

       construction. When cement is replaced by these 

material up to 20%. From the study conducted, it was 

clearly shown that bagasse ash, are pozzolanic 

material and can contribute to the sustainability to the 

construction material.  

1. The manufactured tile found suitable as per 

IS codes as IS 12894 (2002) , IS  4101 (Part 

3) (1985) and IS 13801(1993) 

2. From test conducted its clear that we can 

use these products at any type of   residential 

and commercial building. 

The product have low cost of 

manufacturing.
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Abstract: At present, we all are aware of how Green House Effect, resource depletion, environmental degradation is increasing day by day in our planet. 

Earth is badly in need of sustainable development by reducing pollution, reducing dependence on natural resources, reducing Global Warming etc. Else, 

after almost 200 years, there will be no life on Earth as predicted by Professor Stephen Hawking. It will be similar like any other planets where it is 

impossible to live. Even the smallest changes that we can make will help to promote a better Earth as similar to butterfly effect. The developed countries 

are more advanced in their technologies and rules to have ecofriendly constructions. Whereas the developing countries are not so much aware of this fact. 

The studies and the research works in these countries are also way far behind as compared to the developed nations in the world. But exceptionally, India 

being a developing country, it is quite advanced in this aspect and have a good rank when compared to all other countries. Aim of ecofriendly constructions 

or green building projects is to reduce the significant impact of construction industry on the environment. There are certain criteria on the basis of which a 

building is rated and certified. It assures that the building would follow those criteria throughout the life of the building. Government of many states in India 

provides incentives for such kind of constructions. Green buildings not only save nature to a great extent but also save the inhabitants by providing an 

healthy environment to live in. This paper will make people know about the Green Building Movement in India and how Green Buildings are designed so 

that they can save the Earth from degradation. The Green Building rating system and their process of certification are mentioned in this paper. One who 

reads, would also get to know about the barriers faced to have ecofriendly constructions in India and the rank of the country in producing sustainable built 

environment when compared to all other countries.  
  
Index Terms: eco-friendly, efficiency, Green Building, rating, recycle, reuse, resource, sustainable development  

——————————◆——————————  

  

1 INTRODUCTION  
IN India, the Green Building Movement was adopted by 

the Confederation of Indian Industry (CII) in 2001.They 

formed the Indian Green Building Council (IGBC) which 

is actively involved in promoting the Green Building 

concept in India. Their vision is, ―To enable a 
sustainable built environment for all and facilitate India to 

be one of the global leaders in the sustainable built 

environment by 2025‖. The Green Building movement in 

India started gaining momentum since 2003,from just 

about 20,000 sq.ft in 2003 to 450 crores sq.ft green 

footprint in India today [13]. A green building is one, which 

uses less water, optimises energy efficiency, conserves 

natural resources, generates less waste and provides 

healthier spaces for occupants, as compared to a 

conventional building. It is also known as a sustainable or 

‗high performance‘ building There are various systems in 

the form of design standard or practice code worldwide to 

enhance the use of green building design. Usually their 

performance is based on certain sustainability criteria 

which are combined to assess the design effect.These 

criteria, in general, focuses on sustainable sites, water 

efficiency, energy and atmosphere, material and 

resources, indoor environmental quality.  

  

  ______________________________  

2  CRITERIA  FOR  GREEN 

 BUILDING CERTIFICATION  
  

2.1 Sustainable sites  

Site selection and design play important roles in both reducing 

greenhouse gas emissions and helping projects adapt to the 

effects of climatic change. When planning a green building 

project, design and construction professionals will consider 

strategies to maintain an environmentally appropriate site. 

Strategies for sustainable sites include encouraging the 

development of an environmentally friendly transport plan, 

protecting and restoring the natural habitat, controlling storm 

water and reducing heat island effect.  

  

Restore Habitat: Green building can promote biodiversity by 

promoting and restoring surrounding habitats or conserve 

existing natural areas. Areas to avoid include prime farmland, 

flood plain, critical habitat, public parks etc.  

  

Storm Water Control: Stormwater runoff can cause flooding, 

pollution, and significantly, soil erosion. Thus, storm water 

management is an important feature of green building 

construction. It is a process to treat, collect, reduce storm 

https://www.researchgate.net/publication/337021080_A_Review_on_Green_Building_Movement_in_India?enrichId=rgreq-79bbd8dd37eaa3f23db8b5c6f7254155-XXX&enrichSource=Y292ZXJQYWdlOzMzNzAyMTA4MDtBUzo4MjE3NDk5MzU1MTc2OTZAMTU3MjkzMTg2MDEzMA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
mailto:dsvalekar@gmail.com
mailto:aviratnesarikar3027@gmail.com
mailto:sachinpawar2421@gmail.com
https://www.moneycontrol.com/news/business/economy/indias-green-footprint-may-touch-1000-crore-sq-ft-by-2022-igbc-chief-2295833.html
https://www.moneycontrol.com/news/business/economy/indias-green-footprint-may-touch-1000-crore-sq-ft-by-2022-igbc-chief-2295833.html
https://www.moneycontrol.com/news/business/economy/indias-green-footprint-may-touch-1000-crore-sq-ft-by-2022-igbc-chief-2295833.html
https://www.moneycontrol.com/news/business/economy/indias-green-footprint-may-touch-1000-crore-sq-ft-by-2022-igbc-chief-2295833.html


 

water runoff using plants, soils, microbes and engineered 

systems like underground detention tanks.   

  

Heat Island Effect: It is the absorption of heat by hardscapes 

and it is radiated to the surroundings altering microclimate and 

wildlife habitats. A microclimate is a local atmospheric zone 

where the climate differs from the surrounding area.These 

changes can affect native species and biodiversity. To avoid 

these outcomes, green building construction projects can 

implement strategies like shading, vegetation and installing 

surfaces with high solar reflectance indexes etc. Use of high 

albedo roofing material or heat resistant paint or china mosaic 

or white cement tiles or any other highly reflective materials 

over the roof to cover atleast 50% of the exposed roof area is 

essential. Shade-giving trees are to be planted to cover atleast 

75% of the open parking areas   

  

2.2  Water Efficiency  

We are going to face a Global water crisis in the near future 

according to U.S. Geological Survey. Urbanization, high 

population growth rates, climatic changes, lower precipitation 

amounts, higher temperature are the most important reasons 

behind ground water depletion. A hydrological study 

conducted by University of Arizona Cooperative Extension 

assess that, by harvesting rainwater, we will be able to 

minimize the devastating effects of droughts, rainfall runoff 

and non point source pollution. Rainwater collection also 

allows ground water accretion. Although rain water is non 

potable, it can be safely used for lawn irrigation, toilet flushing 

and washing cars In residential buildings, the majority of water 

(between 50% and 80%) falls into the grey water category and 

can be collected for reuse Grey water system can be 

introduced to save water. Grey water system is a method of 

collecting water that has been used for one purpose and then 

recycle it to use for other purpose. Green constructions ensure 

that water is harvested, used, purified, reused during entire 

construction period and also minimize water wastage and 

increasing recycling methods by installing mechanisms 

throughout the building life cycleIGBC Green Buildings rating 

system encourages use of water in a self-sustainable manner 

through reduce, recycle and reuse strategies. By adopting this 

rating programme, green buildings can save potable water to 

an extent of 30 - 50%.  

  

2.3 Energy and Atmosphere  

Improving energy efficiency is one of the easiest way to save 

money and improve the sustainability of a building.  

  

Climate approach passive design: Passive strategies such 

as shading, natural ventilation can reduce the demand on 

active mechanical systems. After observing that which part of 

the building receives sunrays during afternoon and 

incorporate shading strategies is an usual practice. Applying 

window film with an solar heat gain coefficient less than 0.3 

helps in blocking the Sun‘s heat. Selecting light colors for 
roofing and exterior painting helps to reflect heat from Sun as 

dark color absorbs heat. Doors and window position and sizes 

should be designed such that it will allow air flow so that air 

conditioner is used as less as possible. Effective window 

placement can provide more natural light and lesser need for 

electric light during the day Green building should also 

incorporate energy efficient lighting (e.g. LED lights), low 

energy appliances, high efficiency pumps and filters. Properly 

maintaining building and associated systems will ensure 

optimal energy efficiency  

  

  

Renewable Energy: Onsite generation of Renewable Energy 

through Solar power, Wind power, and Hydro power can 

reduce the impact on resources,Substituting renewable 

energy for conventional energy can substantially reduce 

emissions of GHGs (Green House Gases) and other 

pollutants. Obtaining electricity from on-site sources can 

produce significant cost savings,Through IGBC Green 

Buildings rating system, buildings can reduce energy 

consumption through energy efficient - building envelope, 

lighting, air conditioning systems, etc. The energy savings that 

can be realized by adopting this rating programe can be to the 

tune of 20 - 30%  

2.4 Material and Resources   

Though green building materials often called green materials 

require high initial cost for making a building but leads to low 

energy consumption expenses and a low maintenance cost 

which results in decrease in the overall cost of the building 

[26].  

  

Reuse and Recycling of materials to reduce waste 

production: Green buildings emphasize on the resource 

usage efficiency and also press upon the three R's - Reduce, 

Reuse and RecyclReusing elements of a previously 

constructed building can help in sustainable development and 

in waste management. Vintage brick salvage, wood wastes, 

materials from abandoned buildings, old docks etc. can be 

reused in construction of new building. Some building 

materials include a number of ingredients where certain 

components may come from recyclables (e.g. of materials with 

recycled content include cement, rebar, paint etc.). during the 

construction phase, one goal should be to reduce the amount 

of material going to landfills. The waste generated during 

construction should be segregated based on its utility and 

should be sent for recycling. Well-designed buildings also help 

to reduce the amount of waste generated by the occupants as 

well, by providing onsite solutions such as compost bins to 

reduce matter going to landfills.  

  

Regional materials: The goal of using regional materials is to 

support the use of indigenous resources, help the local 

economy and reduce the transportation impacts.  

  

Rapidly Renewable Materials: Extracting certain raw 

materials can have an impact on biodiversity of the area. The 

renewable materials have the ability to grow back, but it takes 

time to re-establish ecosystems. In the meantime it may 

increase green house emissions and affect the other species. 

For this reason, it is important to use rapidly renewable 

materials that mature in 10 years or shorter life cycle such as 

bamboo, wool, cotton insulation, linoleum,  

wheat board, straw board, cork etc.  

  



 

Durable materials: Products should stand for a long time and 

require little maintenance. This will save time, money and 

energy on repairs at a later date   

  

Water efficient materials: Water Conservation can be 

obtained by utilizing products, materials and systems that help 

to reduce water consumption in buildings and landscaped 

areas, and increase water recycling and reuseOther materials 

that should be used are high reflective paints, high 

performance glass, low VOC adhesives, ecofriendly 

chemicals, solar water heaters, efficient pumps & motors, 

timer based control on lawn sprinklers, LED lighting fixtures, 

efficient BEE labelled air conditioners and refrigerators etc. 

[10] Equipments used in the building are to be free from CFCs, 

Halons or any other ozone depleting substances   

  

  

  

2.5 Indoor environmental quality (IEQ)  

IEQ is designed to offer comfort, productivity, well being of 

occupants in buildings. Proper ventilations and air filtrations 

are included to ensure sufficient flow of fresh and clean air. 

Exhaust systems in bathrooms and kitchens should be 

adequately designed to maintain indoor air quality [32]. The 

materials used in the interior of buildings are also should be 

eco-friendly with zero VOCs (Volatile Organic  

Compounds).Other techniques are no smoking, fixing leaks, 

eliminate aerosols, pet cleaning, planting, car exhaust control 

etc. In the book ‗Natural Capitalism‘ it is written that, ‗Green 
buildings create delight when entered, serenity  

and health when occupied, and regret when departed.‗  

  

3 FEATURES OF SOME GREEN BUILDINGS IN 

INDIA [34]   
Suzlon One Earth,Pune: Suzlon one earth is 100% powered 

by onsite and offsite renewable sources. The campus has 18 

hybrid wind turbines that fulfil 7% of the total energy 

consumption, the rest of energy demand is met from offsite 

wind turbines.  The structure is designed in such a way that it 

can get a maximum daylight exposure which helps in reducing 

artificial lighting consumption. The infrastructure within the 

campus is designed to enable water percolation and thereby 

control storm water runoff thus, contributing towards an 

increased water table level.  

  

Rajiv Gandhi International Airport (RGIA), Hyderabad: The 

structure of the airport is planned in a way so as to consume 

less water, electricity and conserves natural resources. Within 

the campus of the airport, there is a green belt of about 273 

hectares having numerous plants. RGIA has been successful 

in saving energy for nearly 3.97 million kWh and have reduced 

the carbon footprint by 3331 tons.  

  

CII-  Sohrabji  Godrej  Green  Business  Centre,  

Hyderabad: The building doesn‘t let out any waste and 
recycles it all within. It can be said that building is literally made 

up of only recycled materials.  

  

Infosys Limited, Mysore: The 5 stores structure has been 

built keeping in mind a holistic approach to sustainability in five 

key areas, including – Sustainable site development, Water 

savings, Energy efficiency, Materials selection and Indoor 

environmental quality. The smart mechanism and efficient 

equipments lead to 40% of less energy consumption.  

  

Infinity Benchmark, Kolkata: The building is furnished with 

CO2 monitor sensors, rainwater harvesting, waste water 

recycling system and humidification controls. The exterior of 

the building is made of brick wall block while the roof 

comprises of deck thick polyurethane foam for better 

insulation.  

  

I-Gate Knowledge Centre, Noida:  The building is built over 

4,60,000 sq.ft. in Suburban Noida and is designed in a way 

that it captures 73% of daylight within the office. Nearly 50% 

of land is covered with grass which doesn‘t let wastes and 
sewage water go out.  

  

Bank Of India, Goa: A world of eco-friendly lights and 

airconditioning, intelligent glazing, modern capsule lifts, and 

indoor fountains – this is what sums of this popular bank in 

Goa. The building uses Nano Misty Blue, softening colour 

glass manufactured by Saint Gobin Glass, India for producing 

the cool effect and saving energy. The glass has solar control 

and thermal insulation properties. The building is a complete 

package of modern look of today‘s bank.  
  

Biodiversity Conservation India Ltd. (BCIL), Bangalore: 

The building was established with an aim of creating 

ecofriendly living habitats, especially in the urban space. It is 

a wonderful example of smart homes where one can turn 

lights off using mobile phones. The building has 44 

interconnected rainwater percolation wells that lead to a 

400,000 litre water tank. The building makes use of central 

reverse osmosis system to purify water without the use of 

chemicals. Grey water is directed to the gardens, toilets and 

for washing cars.  

  

Olympia Tech Park, Chennai: This tech park has the lowest 

energy consumption, high natural lighting systems, 100 per 

cent water recycling and other environment-friendly practices.  

  

4 MOST POPULAR RATING SYSTEMS IN INDIA  
(A) GRIHA: GRIHA or Green Rating for Integrated 

Habitat Assessment, is the national rating system of India for 

any completed construction. It has been developed by TERI 

(The Energy and Resources Institute) and is endorsed by the 

MNRE (Ministry of New and Renewable Energy).It is an 

assessment tool to measure and rate a building‘s 
environmental performance. Griha is a point based rating 

system that consists of 34 criteria categorized under various 

sections such as site selection and site planning, conservation 

and efficient utilization of resources, building operation and 

maintenance, innovation etc. It helps with the improvement in 

the environment by reducing GHG (greenhouse gas) 

emissions, reducing energy consumption and the stress on 

natural resources, reducing pollution loads and waste 

generation [33]. Some GRIHA rated buildings are CESE 

(Centre of Environmental Sciences and Engineering) building 



 

of IIT Kanpur, Suzlon One Earth in Pune, Fortis Hospital in 

New Delhi, Common Wealth Games Village in New Delhi [16].  

  

(B) IGBC: Following the formation of the Indian Green 

Building Council (IGBC) in 2001, the membership quickly 

realised the need for measuring ―green buildings‖. IGBC is 
the non profit research institute having its offices in 

CIISohrabji Godrej Green Business Centre, which is itself a 

LEED certified building [16]. Since it achieved the prestigious 

LEED rating for its own centre at Hyderabad in 2003, the 

Green building movement has gained tremendous momentum  

in India. Thus, IGBC adopted the LEED for India as an Indian 

partner of USGBC. It acts as a channel for registration of 

Indian projects under LEED programme. IGBC building rating 

system is quite similar to that of USGBC, but slightly modified 

to suit Indian conditions . The committee included architects, 

engineers, building owners, developers, manufacturers and 

industry representatives. This people and professions added 

a richness to the process and to the ultimate output. The green 

design field is growing and changing day by day. New 

technologies and products are coming into the market and 

innovative designs are showing their effectiveness. Therefore, 

the Rating System and the Reference Guide will evolve as 

well. Construction teams wishing to certify with LEED should 

note that they will need to comply with the version of the rating 

system that is mentioned at the time of their registration 

LEED-certified buildings have 34 percent lower CO2 

emissions and consume 25 percent less energy. Water-

efficiency efforts in green buildings are expected to lower the 

water use by 15 percent and save more than 10 percent in 

operating costs . Indian Green Building Council (IGBC) has 

launched several other products for rating of different 

typologies of buildings including homes, factories, schools, 

hotels, townships etc. . IGBC started its own exam (known as 

IGBC AP exam) to identify Green Building professional and 

award them with IGBC-AP credential. Qualified individuals 

can be involved in projects registered under the 'IGBC rating 

programmes' like IGBC Green Homes, IGBC Factory 

buildings, IGBC  

Existing Buildings etc .  

  

Some e.g. of LEED rated buildings in India are:  

CII-Sohrabji Godrej Green Business Centre (Platinum), ABN 

Amro Bank in Ahmedabad (Platinum), Anna  

Centenary Library Building in Chennai (Gold), American 

Embassy School in Delhi  (Gold), Birla International School in 

Jaipur (Gold), ITC Green Centre-Gurgaon (Platinum), 

Biodiversity Conservation India Limited(BCIL)-Bangalore 

(Platinum), Rajiv Gandhi International Airport–Hyderabad 

(Silver), Suzlon Energy Limited-Global headquarter in Pune 

(Platinum), Olympia Technology park-Chennai (Gold) [16]. As 

of September 2017, more than 4,300 projects utilizing green 

technology, accounting for approximately 4.7 billion sq.ft. of 

built-up area, are registered in India as per data shared by 

IGBC. Truely, this is only 5%  of the total buildings in India 

IGBC is actively involved in promoting green building 

movement in the country and hopes to rope in 10 billion sq.feet 

by 2022 [.  

  

(C) BEE: Bureau of Energy Efficiency (BEE) developed its 

own rating scale based on 1 to 5 star scale. More stars mean 

more energy efficiency. BEE has developed the Energy 

Performance Index (EPI). The unit of Kilo watt hours per 

square meter per year is considered for rating the building. 

The Government of India set up BEE on March,2002 under 

the provisions of Energy Conservation Act,2001 To energy 

efficiency, they establish systems and procedures to measure, 

monitor and verify energy efficiency results in individual 

sectors as well as at macro level. The Indian Bureau of Energy 

Efficiency (BEE) had launched the Energy Conservation 

Building Code (ECBC) on February 2007. The code is set for 

energy efficiency standards for design and construction with 

any building of minimum conditioned area of 1000 Sq. mts and 

a connected demand of power of 500 KW or 600 KVA. The 

energy performance index of the code is set from 90 

kW·h/sqm/year to 200 kW·h/sqm/year. Any buildings that fall 

under the index can be termed as "ECBC Compliant Building" 

[28]. Reserve Bank of India‘s buildings in Delhi and 
Bhubaneswar, CII Sohrabji Godrej Green Business  

Centre and many other have received BEE 5 star rating [16]. 

Among all the buildings, Suzlon One Earth is the only building 

in India with the highest ratings from LEED (Platinum rating 

with 57 points which it obtained in 2010) and GRIHA (Five Star 

rating with 96 points)   

  

5 IGBC CERTIFICATION PROCESS  
The process includes the following steps [13]:  

• Online Registration  

• Feasibility Study  

• Documentation  

• Physical Audit  

• Award of Rating  

  

(A) Online Project Registration: Project teams who are 

interested in IGBC certifications for their project are required 

to first register with IGBC.  

  

(B) Feasibility Study: Conducting a project feasibility 

study is one of the major steps in the process of getting an 

IGBC Green Certification. This empowers the project team to 

attain the goal of making building green. The broad areas 

evaluated during this study are sustainable site selection and 

planning, sustainable architecture and design, water 

efficiency, energy and atmosphere, material and resources, 

indoor environmental quality, innovation and development. 

Once it is decided to make the project green, the contractors 

then either have to hire a green building consultant or it is to 

be done alone.  

  

(C) Documentation: It is the most critical step in 

achieving the desired green building rating. IGBC allows 

project documents to be submitted in 2 stages:  

  

Preliminary Submission: This phase includes the mandatory 

requirements and the number of credits a project team aims 

for. The documents are received by a third party assessor 

appointed by IGBC. Further, IGBC provides review comments 

to the project team within 30 days.  

  



 

Final Submission: This phase includes explanations for the 

preliminary review queries. The final submission review 

comments are also given within 30 days by IGBC.  

  

A project team is required to satisfy all the mandatory 

requirements and minimum number of credit points in each 

section to achieve an IGBC Green Building Rating. IGBC 

offers developer-based projects to opt for precertification at 

the design stage, so that optimization of cost and resources 

can take place from initial stage. Moreover the developer can 

exhibit the proposed green features to the buyers. The 

documents needed for precertification are a brief narrative on 

project stating project type, number of floors, area etc. 

Drawings of section, plan, elevation in pdf format is needed. 

Other documents that are required includes parking plans, 

contract documents, detail of project design features which will 

be implemented, material test reports etc. This precertification 

rating has no relation with final IGBC rating. The final rating 

will depend upon the implementation of all design parameters 

detailed in preliminary document .  

  

(D) Physical Audit: IGBC carries out an exhaustive physical 

audit of project through a third party assessor team. This audit 

ensures that project meets all the demands  

Certified    Good Practices  

Silver      Best Practices  

Gold      Outstanding Performance   

Platinum    National Excellence                 

Super Platinum   Global Leadership  

  

The IGBC commemoration and certificate are normally 

provided to the project at the ―Annual Green Building 
Congress‖.  
  

6 GOVERNMENT INCENTIVES TO IGBC RATED 

GREEN BUILDING PROJECTS   
IGBC is very closely working with several Central and State 

Government agencies to promote the green building 

movement in the country. Some of the Central and State 

Government agencies have given recognition to IGBCs' 

Green Rating Systems. The list of incentives provided are 

appended below :  

  

The Ministry of Environment, Forest and Climate Change 

(MoEFCC), Government of India, offers fast track 

environmental clearance for green building projects which are 

precertified/provisionally certified by IGBC.  

  

Government of Punjab   

A. Department of Local Government (Town Planning 

Wing) offers an additional 5% Floor Area Ratio (FAR) 

free of charge for projects which are rated Gold or 

above by IGBC.  

B. Department of Housing and Urban Development, 

Government of Punjab offers an incentive of 

additional 5% Floor Area Ratio (FAR) free of charge 

and 100 % exemption of building scrutiny fee for 

projects which are rated Gold or above by IGBC.  

  

Urban  Development  Department,  Government  of  

Rajasthan offers additional 7.5%, 10% and 15% FAR free of 

charge for projects which are rated Silver, Gold and Platinum 

respectively by IGBC.  

  

Government of West Bengal  

A. Government of West Bengal (Department of 

Municipal Affairs - Kolkata Municipal  

Corporation) additional 10% FAR for projects which 

are Precertified / Provisionally Certified as Gold or 

above by IGBC.  

B. Government of West Bengal (New Kolkata 

Development Authority) additional 10% FAR for 

projects Precertified / Provisionally Certified as Gold 

or above by IGBC.  

  

B. Additional 5% FAR free of charge is offered by the 

Greater Noida Industrial Development Authority 

(GNIDA) in Uttar Pradesh for projects which are rated 

as Gold or above by IGBC.  

  

Pune Municipal Corporation (PMC) and Pune Metropolitan 

Region Development Authority (PMRDA), Government of 

Maharashtra offers an additional FAR of 3%, 5% and 7% for 

Green Buildings rated as Silver, Gold and Platinum 

respectively by IGBC.  

  

Public Works Department (PWD), Government of  

Maharashtra has mandated that the renovation of existing 

buildings and the development of all new government 

buildings in Maharashtra shall be carried out as per the 

suitable IGBC Green Building Rating system.  

  

Government of Andhra Pradesh   

A. Industries & Commerce Department offers 25% subsidy 

on total fixed capital investment of the project 

(excluding cost of land, land development, preliminary 

and preoperative expenses and consultancy fees) for 

for rating. In addition, IGBC gathers energy and water All IGBC rated green building projects in the MSME sector performance 
data annually from all the certified projects to shall be eligible for financial assistance at concessional confirm that they are able to 
achieve sustained rates from Small Industries Development Bank of India performance as envisioned at the design stage. 
(SIDBI).  
    

(E) Award of Rating: After validating all the documents Government of Uttar Pradesh and submissions of the project team 
IGBC rewards a final A. Government of Uttar Pradesh (Housing and Urban rating to project. The different levels of ratings are: 
Planning Department): Additional 5% FAR free of   charge for projects which are rated as Gold or  

Certified Level   Recognition                                                                 above by IGBC.    
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buildings which obtain green rating from IGBC. This 

incentive is applicable for MSME and large industries.  

B. Municipal  Administration  and  Urban  

Development Department offers the following 

incentives to projects obtaining the rating from IGBC:  

  

i. 20% Reduction on Permit Fees.  

ii. If the property is sold within three years, one-time reduction 

of 20% on Duty on Transfer of Property (Surcharge on 

Stamp Duty) on the submission of  

Occupancy Certificate issued by the Local Authority.  

  

Government of Himachal Pradesh (Town & Country 

Planning Dept) offers an additional 10% FAR for projects 

which are granted Gold / Platinum rating by IGBC.  

  

Urban Development and Housing Department, 

Government of Jharkhand offers an additional FAR of  

3%, 5% and 7% for Green Buildings rated by IGBC as Silver, 

Gold and Platinum respectively.  

  

Government of Haryana (Town & Country Planning 

Department) ,as per amendment in chapter 6 of the Haryana 

Building Code 2017 on 8 May 2018, offers an additional FAR 

(Floor Area Ratio) of 9%, 12% and 15% for Green Buildings 

rated as Silver, Gold and Platinum respectively by IGBC.  

  

  

7 BENEFITS OF GREEN BUILDINGS    
The green buildings reduce certain negative impacts through 

more effective planning, design, construction, and operation 

based on the guidelines of green standards. Savings on 

energy costs and maintenance costs make green building 

especially attractive to owners . Moreover it provides the 

users to have good health condition, comfort and an 

improved overall quality of life. Thus, Green building 

construction is advantageous in social, economical and 

environmental aspects. These advantages are mentioned in 

the following   

• Conservation of scarce national resources.  

• Reduction in energy consumption without sacrificing 

the comfort levels. Energy savings could range from 

30 - 40 % (as mentioned in National Building Code), 

which directly reduce energy bills.  

• According to National Building Code (NBC),green 

buildings save material  to about 25- 40%  compared 

to conventional buildings.  

• Reduction in destruction of natural areas, habitats, 

biodiversity etc. and prevent soil loss from erosion.   

• Reduction in air and water pollution (with direct health 

benefits).  

• Reduction in water consumption. Water is saved 

around 36 - 40% as mentioned in NBC.  

• Limited waste generation due to recycling and reuse.  

• Increase in user productivity.  

• Enhanced image and marketability.  

• Enhancing and protecting the health and well-being 

of the occupants.  

• Heighten aesthetic qualities.  

• Optimize life-cycle economic performance.  

  

8  BARRIERS  FOR  GREEN 

 BUILDING CONSTRUCTION IN INDIA [30],[1]   
While green building practices are increasingly being 

adopted in India, there are few challenges and barriers too. 

They are as follows:  

• Even today, a large section of Indian users is 

unaware of green buildings.  

• Developers already go through a tedious process of 

multiple approvals and are apprehensive of the 

additional burden of green compliances in the list of 

approvals, which can potentially cause more delays.  

• The lack or inadequacy of mandatory laws to 

enforce large-scale implementation of green 

buildings norms is not helpful.  

• There are very few incentive plans, and those that 

exist vary across states and even cities, depending 

on different governing bodies.   

• In India, architects, engineers, contractors and 

workers possess less skills and the knowledge 

required for green buildings construction.  

• The initial cost for green building construction 

definitely involve a higher cost than the conventional 

ones.  

  

  

9 THE POSITION OF INDIA IN THE WORLD IN 

GREEN BUILDING CONSTRUCTION   
According to the US Green Building Council (USGBC) data, 

outside United States, India stands in third position (after 

Canada and China),in annual ranking of the top 10 countries 

for LEED.   

  

10 CONCLUSION   
If trees are cut off to clear up the plot for building construction, 

the same number of trees are to be planted elsewhere. Only 

this mentality of mankind can save the Earth from destruction. 

The condition of our planet at present is alarming. The 

anthropogenic activities mainly lead to such a condition. 

Scientists are keep on working for invention of technologies 

which have less or no negative impact on Earth. The 

researchers state that building construction is one of the main 

causes of environmental degradation. They are responsible 

for a huge amount of harmful emissions, accounting for about 

30 percent of greenhouse gases, due to their operation, and 

an additional 18 percent induced indirectly by material, 

exploitation and transportation Globally, buildings are 

responsible for nearly 40 percent of energy use (including 60 

percent of electricity use), 40 percent of waste generated (by 

volume), and 40 percent of material resource use. In cities, 

buildings occupy 50 percent or more of land area .Buildings 

are responsible for not just a large percentage of the world‘s 
water use, but a large percentage of wasted water as well. In 

order to mitigate the effect of buildings along their life cycle, 

Green Building (GB) has become a new building philosophy, 

which uses more environmentally friendly materials, 

implements strategies to save resources and energy, lowers 

waste generation, improves indoor environmental quality, 

reduces harmful gas emissions etc. This might lead to 
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environmental, financial, economic, and social benefits. For 

instance, savings in operation and maintenance costs in GBs 

can be realized through the installation of high-efficiency 

illumination and insulation systems or through a suitable 

material.  
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Abstract— Rapid urbanization is a challenge for 

organizations that manage the city’s infrastructure and are 
responsible for comfort and safety. As the number of cars is 

increasing, traffic is becoming more intense, which results 

in traffic congestion and traffic accidents. Internet of things 

(IoT) is the system that is used to control the road traffic by 

using sensors or any cloud based algorithm. In this paper 

we will proposed various IoT technologies which can be 

used in day to day life to avoid traffic congestion problems. 

A review of the literature on this issue leads to some 

interesting conclusions. 
 
Keywords— Traffic Congestion, IoT, Travel Delay, Detectors, 

Smart Traffic Light, RFID, Drone Service, Public Transits. 

 

I. INTRODUCTION: 

Many major cities are facing a variety of problems due to 
overcrowding and an unexpected increase in private 
transportation. Congestion is a condition characterized by 
slower speeds, longer travel times, and increasing traffic 
volumes. Congestion on city streets has increased dramatically 
since the 19th century. Traffic can be divided into repeat and 
non-repeat. During rush hour, traffic is normal as there are 
many vehicles. On the other hand, changing events such as rain, 
employment events, and special events causes traffic jams. 
Building new roads or widening roads is a temporarily relieve 
to congestion.  

 
Fig-1. Registered motor vehicle in Delhi 

 
 

Building new roads is not always a good thing for a variety 
of financial, environmental and political reasons. In fact, 
there is little demand for fast and smooth driving, including 
driving on this road.  

Traffic in developing countries like India remains the same. 
They differ in shape and form. Two-wheelers, three-
wheelers, four-wheelers and heavy vehicles such as buses and 
trucks travelling on the same road immingled with each other 
without any lane discipline. One-way driving on dirt roads 
and other vehicles causes traffic jams. 
Meanwhile traditional traffic control system is insufficient to 
control congestion. Therefore cities needs some modern 
solution to tackle these problems by using intelligent traffic 
system which could be achieved by using IoT (internet of 
things). 
Smart traffic management and information systems 
are needed to reduce and increase public transport demand 
over time amid growing traffic and traffic problems in major 
Indian cities.  

 

II. TYPES OF CONGESTION: 

1) Repeating Traffic Congestion - Recurring 
congestion is defined as traffic resulting from the 
normal volume of business operating in a typical 
geographic area. From a layman's point of view, this 
could be acceptable as "driving on a normal day 
unless something bad happens on the road". 
Basically, this description is based on the concept of 
"expected movement ", unless an "abnormal 
situation" occurs. On weekdays, it is expected that 
the opening hours on the outskirts of the downtown 
expressway will be higher than in the middle of the 
day. Also, more traffic is expected during the day 
than at night. Friday mornings tend to have less 
traffic, and Fridays in the fall tend to be worse. 
 

2) Non-Repeating Traffic Congestion- “Non-
repeating traffic congestion” was defined for this 
study as “unanticipated or unusual traffic caused by 
an event that was unanticipated and flash relative to 
other analogous days”. Non-repeating traffic 
congestion can be caused by many factors, including 

1) Lane blocking accidents and impaired vehicles.  

2) Other lane blocking events (for example, ruins in the 

roadways).  

3) Construction lane closures. 
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III. IMPACTS OF CONGESTION: 

Traffic involves queues, slow speeds and long travel times, 
which increases cost savings and has multiple impacts on 
urban areas and residents. Road traffic also has many cyclical 
impacts, including impact of border traffic on environment 
and resources, impact on quality of life, stress, safety, impact 
on road users. The more serious social benefits of ground 
road transport are listed. 
 

 Traffic means wasting precious time and wasting 
health. Traffic time can be effectively used for 
productive work.  

 Traffic patterns that stop and move suddenly 
consume more energy in urban areas and add carbon 
to the area, increasing pollution levels in urban 
areas.  

 The low speed of a vehicle at the bottleneck of a log 
on the road causes displacement of nitrogen oxides 
and some hydrocarbons, a major cause of the 
chemical manifestation known as printing.  

 Traffic generates a lot of noise (more than 
90 dB), which makes the area undesirable 
 

Rapid urbanization has caused a number of problems, 
including increased traffic. Delhi's traffic is $9.6 billion, or 
about 12% of GDP and peak traffic is 129%. Mumbai costs 
$4.48 billion, 135% traffic and Bangalore $5.92 billion and 
162% traffic. Kolkata had the highest peak hour traffic with 
171% and the lowest costs at $1.97 billion.  

Fig.2- Congestion percentage in different cities 
 

Congestion at intersections and highways degrades air quality 
and threatens public health. Automobile exports have become 
a major cause of air pollution in many regions, including 
greenhouse gases (GHGs), carbon monoxide (CO), volatile 
organic emulsions (VOEs), particulates matters (PMs) and 
hydrocarbons. 

 
 

IV. FACTORS AFFECTING CONGESTION: 

A. Population- The increase in the number of cars on 
densely populated roads is one of the reasons for the 

increase in car traffic. Demand increases with 
population growth and financial growth. Some 
vehicles also increase the daily mobility of villagers. 
Thus, an increase in the number of vehicles and an 
increase in the output of goods are directly related. 
 

B. Infrastructure- As the number of vehicles 
increases, the road does not increase. An empty 
street with alleys on each side can be ten times more 
unacceptable as the population grows. Authority 
always ignores double-aisle transitions. 
 

C. Alternate Path - Alternate paths are also an 
explanation for this problem. Roads have limited 
extent of extension due to low cost planning and 
poor planning constraints. The route should follow 
the course you currently have. So fewer lanes 
contribute to more traffic. 

 

D. Lack of Public Transports- The lack of public 
transport or the poor quality of public transport also 
leads to traffic problems. When means of transport 
such as buses and cars are increasingly scarce, 
people have to use their own transportation to get to 
work 
 
 

E. Tailback- A tailback is a disturbance that limits the 
movement of vehicles for a period of time on the 
road. Traffic congestion problems are divided on the 
basis of different situations 
 
The main congestion sequences are: 
 
1. Fixed congestion - Issues such as deviations, 

narrowing of road spans, ramps, exits and stair 
entrances are some of the ways. 
 

2.  Dynamic Congestion - The distribution of 
nonstop business inflows in general due to 
vehicle delays is defined as a dynamic 
congestion problem in road traffic. By way of 
illustration, heavy equipment is towed by a 
truck or a long convoy or large vehicles. Many 
reports indicate that tailback problems are the 
main cause of congestion. 

 
 

V. MEASURES FOR CONGESTION 

CALCULATION: 

To attack the problem of, colourful measures have been 

developed for the identification and quantification of traffic 

by colourful experimenters. These measures can be helpful 

for chancing the degree of business traffic and the 

performance of the thruway. We're grading these measures 
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into three corridor Trip time grounded, speed- grounded, and 

position of service grounded. 

Trip time grounded -Trip time is time required to go 
through a section of a road by a vehicle, this time used as 
a parameter in business traffic studies. Urban Link's 
performance evaluation was conducted grounded on trip 
time. Some measures related to trip time are listed below. 

 

 
 
 
 

 

 

 
 
 

VI. LITERATURE REVIEWS: 

Pavan Kumar et.al ( 2016) conclude on reliable traffic 

forecasting methods and different types of traffic control 

algorithms. They also offer crowd visualization technology 

that will assist in flexible lane selection to avoid traffic jams. 

This article uses three methods to describe traffic congestion: 

fixed, mobile, and hybrid. Dr. Vaishali Mahavar et.al, 

(2018) propose that the development of smart traffic lights 

depends on several determinants such as real-time business 

status, traffic, traffic and dwell times, stone business metrics, 

crowded and choose from three routes. All of these variables 

are taken into account when improving traffic lights and are 

styled appropriately to avoid problems. In this article, 

different schemas are given for all the different cases. There 

is also pressure to deploy smart traffic lights in our major 

cities. Bhaskaran Raman, (2004) proposed that road 

transport systems are found in developing countries. In this 

issue, the author describes India's road traffic problems such 

as traffic jams, detours, three delays and traffic accidents, 

making a decisive transition and concluding that the results 

easily indicate the rail system, with its limited speed and 

highway availability by vehicle type, official means of 

transport. A.Mansoori, Achar, (2018) presented the efficient 

use of smart roads and the use of IoT traffic systems is a 

unique concept that makes drivers safer than ever. The 

authors argue that the main purpose of smart roads is to 

provide safety, use less electricity and reduce traffic 

congestion. This can be applied using advanced technologies 

such as ultrasonic sensors, cameras, mobile sensors, and 

more. Traffic is a growing problem in India, leading to wasted 

energy, wasted time and pollution. This project introduces 

new low-cost technologies for smart roads. Various 

technologies have been introduced to reduce obstacles to 

traffic. Chandra and Sikdar, (2006)  wanted to simplify the 

analysis of mixed vehicles in which different types of 

vehicles on the same road segment are converted through 

passenger car units (PCUs) into first passenger cars.  Kalaga 

Ramachandra Rao, (2013) explains that overcrowding is 

one of the major problems facing most countries and, 

therefore, many measures have been taken to reduce 

congestion, making overcrowding a waste of time. time and 

energy, pollution and stress, which reduce output and 

imposes costs on society. Prasad N.V, (2009) suggested 

measuring the city's traffic congestion. In this study, the 

authors reveal that business circulation is one of the major 

problems that most space politicians face, and therefore many 

measures have been taken to facilitate it. good for traffic. He 

concludes that the results readily show that business traffic 

wastes time and energy, and causes pollution and stress. , 

which reduces productivity and causes costs to society. 

 
 
 
 
 

Delay Delay is used to quantify business traffic. 
Delay is defined as redundant trip time to 
taken driving a vehicle against their 
prospects. Lomax etal. (1997) represented 
detention as the difference between free- 
inflow trip time (FITT) and average trip 
time (ATT) i.e. Therefore detention can be 
calculated by using equation . Delay = 

ATT-FITT 

Planning  
time  index  

(PTT) 
 

PTI is the rate relation between the free- 
inflow trip time and the 95th percentile trip 
time (95TT) (1). As trip time increases, 
PTI also increases. Therefore, PTI should 
bear the minimal value for better business 
operation. 

Congestion  
index (CI) 

 

CI measure is the rate relation between the 
detention and FFTT. Then detention is the 
difference between ATT and FFTT. For 
better business operation, ATT for the 
commuters should be minimal (1). 

Travel  
time  index 

TTI is the rate relation between ATT and 
FFTT (1). For better business 
performance, the TTI should be minima 

Speed Grounded Speed is the most generally used 
measure of performance for thruway and business 
traffic. Speed can be calculated in several ways, first, 
grounded on average trip time combined with the length 
of the corridor understudy. 

Average trip speed  = length of corridor/ average 
trip time 
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VII. IOT TECHNOLOGIES TO TACKLE 

TRAFFIC CONGESTIONS PROBLEMS: 

 
 DETECTORS: 

 
a) Infrared Detector (IR Detector)- An IR detector is 

a light-based detector used for color functions such 
as distance and object detection. Infrared detectors 
are used as distance detectors on most mobile 
phones [3].  

Fig.3- IR Sensor 
 

There are two types of infrared detectors: emitter 
and reflector. A transmitting infrared sensor has an 
infrared emitter (usually an IR LED) and an infrared 
sensor (frequency printed diode) mounted on 
opposite sides so that the detector detects an object 
as it passes between them. Another type of IR sensor 
is the reference IR sensor. In this case, the probe and 
sensor are mounted close together in the direction of 
the object. If an object appears in front of the 
detector, the detector will detect it. Different 
functions of IR sensors are used in mobile phones, 
robots, industrial assembly, automobiles, etc. 

 
 

b) Aural Detector- The aural detector is used to 
measure (sensor) space and convert this information 
into a digital signal that can be translated by a 
computer or an observer.  

                
 

             Fig.4- Aural Detector 
 

The movement of vehicles produces audible energy 
or audible sound from various sources inside the 
vehicle and in the trade of car tires on the surface of 
the road. Using a microphone system, the voice 
sensors are designed to pick up these sounds 
somewhere within the track. When the vehicle 
passes through the acquisition area, the signal 
processing algorithm detects an increase in sound 

power and generates a vehicle presence signal. 
When the vehicle leaves the acquisition area, the 
noise level decreases below the acquisition limit 
and the vehicle's presence signal disappears. 
Hearing sensors can be used to measure speed, 
volume, seating, and presence [2].  
 

 
c) Piezoelectric Detectors- Piezoelectric detectors 

convert mechanical energy into electrical energy. 

 
Fig.5- Piezoelectric Detectors 

 
When used for vehicle counting, the detector is 
placed in a trench dug in the pavement. When the 
car passes a piezoelectric sensor, it squeezes and 
activates a clear electrical signal-an electrical 
signal. The signal size can be measured by 
distortion. When the car is off, the voltage drops. 
This voltage variation can be used to describe and 
calculate a vehicle. Computer devices connected to 
icons are mounted squarely along the road 
 
 

d) Inductive Loop Sensors (ILS) – Inductive loop 
sensors are currently the most widely used for 
vehicle detection. Its main application is in bends 
involving advanced signal monitoring systems as 
well as on highways for traffic monitoring and 
accident detection.  

 
Fig.6- Inductive Loop Sensor 

 
ILS usually takes the form of one or more irregular 
lines drawn over a paved area. The circuit is 
connected to a sensor element that records the 
change in circular inductance (the change in the 
detector's magnification field) as the vehicle passes 
it. ILS can be used to describe the presence or 
passage of a vehicle. It can also be used to measure 
speed (using two wheels for short distances) and 
assist vehicles [2]. 
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 RFID: 

Radio Frequency Identification (RFID) uses an 
electromagnetic field to automatically detect and 
track signals attached to an object. An RFID system 
consists of a bit radio transponder, a radio receiver 
and a transmitter. When an electromagnetic test is 
initiated from a nearby RFID receiver, the tag 
transmits digital data (usually a set of forces 
involved) to the receiver. This number can be used 
to track energy assets [2]. 

 
Fig.7- RFID Technology 

 
RFID markers are used in numerous diligence. For 
illustration, an RFID label attached to an machine 
during product can be used to track its progress 
through the assembly line, RFID-tagged medicinal 
can be tracked through storages, and implanting 
RFID microchips in livestock’s and speed enables 
positive identification of vehicles. 
 
 

 DRONE SERVICES: 
This is one of the best business traffic reduction 
ideas using smart metro technology. With the rise of 
IoT-enabled drones, the great jobs needed by 
inspectors, large delivery specialists or city officials 
in the cockpit can now be done with cameras. 
Driverless. Smart cities perform small tasks and 
experimental tasks that drones cannot handle. This 
quickly reduces the number of vehicles on the road, 
especially during rush hour 

Fig.8– Drone Services 
 
 

 SMART TRAFFIC LIGHTS: 
Smart traffic light or smart traffic light is a transportation 
business management system that combines traditional 
traffic lights with sensors and artificial intelligence to 
intelligently route vehicles and vehicles. They could be 
part of a larger intelligent transportation system. Smart 

traffic lights use data from detectors, cameras, GPS and 
other devices to understand traffic patterns and the 
number of vehicles, hikers and pedestrians approaching 
the intersection [3]. 

 
         

 Fig.9 – Smart Traffic Light 
 

By reacting quickly to situations in real time, traffic 
lights can efficiently navigate city centres, shorten 
travel times, reduce traffic, reduce carbon 
emissions, and improve improved safety for 
drivers, hikers and cyclists. Smart traffic lights can 
prioritize cars and buses, helping to reduce traffic 
congestion by encouraging people to use public 
transport. 

 
 

  PUBLIC TRANSITS:  
Public Transit is a locally available form of travel 
that allows others to travel together along 
designated routes. Good examples of public transits 
modes include shared taxis, trains, buses, bullet 
trains, airlines, and coaches that dominate inter-
urban public transport. The scope of benefits that 
public transits offers is not limited to only reducing 
traffic, but many other factors are improved by 
combining this system. Here are some: 
(i) Public health 
(ii)  Sustainability  
(iii)  Mobility and accessibility to megacities  
(iv)  Profit growth  
(v)  Community participation  
 
Public transits generates significantly less air 
pollution per passenger than a motor vehicle. In 
addition to reducing air pollution, public transport is 
also more energy-efficient for each remote 
passenger, contributing to a reduction in the total 
amount of energy required for transport. APTA says 
public transportation in the United States is 
responsible for saving 4.2 billion gallons of gas each 
time. Public transits can accommodate more people 
in a much smaller space than private vehicles, which 
reduces business vehicle traffic, reduces air 
pollution from pedestrians, and helps drivers avoid 
stress.  
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VIII. RESULT AND DISCUSSION: 

 

 Result: 

S.No

. 

Location Duratio

n 

Traffic 

Volum
e 

Traffic Consumption 

Car

s 

Auto

s 

2-

Wheeler

s 

Buse

s 

1. Barakhambh
a Road 

4 Hours 820 326 186 230 78 

2. Janpat 4 Hours 465 465 173 220 29 

3. Outer Circle 
(Connaught 

Place) 

4 Hours 386 386 223 264 62 

4. Sansad Marg 4 Hours 703 246 116 232 109 

 
Table 2: Congestion Level during Peak Hours 

S.No. Location Traffic 

Volume(V) 

Capacity(C) V/C 

ratio 

Congestion 

Level 

1. Barakhambha 
Road 

820 1064.93 0.77 Heavy 

2. Janpath 887 1304.41 0.68 Moderate 

3. Outer Circle 
(Connaught 

Place) 

935 1508.06 0.62 Moderate 

4. Sansad Marg 703 1464.58 0.48 Low 

 
 

Volume to Capacity: 
The V/C ratio makes it possible to estimate the relative level 
of congestion on a segment of roadways. Traffic engineer 
have developed the following categories: 

 
V/C ratio > 1 = Severe Congestion                                   
V/C ratio 0.5 to 0.74 = Moderate Congestion 
V/C ratio 0.75 to 1 = Heavy Congestion                               
V/C ratio < 0.5 = Low or No Congestion  

 
 

Table 3: Speed Reduction Index during Free 
Flow and Congestion 

S.No. Location Average 

speed 

during 

free flow 

Average 

Speed during 

Congestion 

Speed Reduction 

Index 

1. Barakhambha 
Road 

60 km/h 36 km/h 0.4 

2. Janpath 60 km/h 24 km/h 0.6 

3. Outer Circle 
(Connaught 

Place) 

65 km/h 34 km/h 0.48 

4. Sansad Marg 67 km/h 30 km/h 0.553 

                                      
Formula used: 

Speed Index = (1-(Avg. Speed during free flow / 
Avg. Speed during Congestion)) 
The SRI ratio is multiplied by 10 to keep the value 
between 0 to10. 
 
 
 

 

 

 

 Discussion: 

The main emphasis of this study is to incorporate various 
technological devices in order to eradicate the existing of 
congestion level on selected areas of New Delhi. We 
took the initiative to go to the mentioned locations and 
extensively carried out three experiment and on the basis 
of the proposed data we framed out the level of 
congestion and the significance factor responsible for it 
cause. Traffic Volume, Vehicular Speed and capacity of 
a road were the chief factors in assessment. We were able 
to extract the following details from the given location 
 
 Barakhambha Road – Heavily Congested during 

Peak Hours 
 Janpath - Moderate Congested during Peak Hours 
 Outer Circle (Connaught Place) - Moderate 

Congested during Peak Hours 
 Sansad Marg – Low Congested during Peak 

Hours 
 

 
IX. SUMMARY &CONCLUSION: 

 Congestion reduction measures affect the 
entire transport system, with the rise of 
major cities around the world becoming a 
major cause of air pollution. It is expected 
that measures aimed at reducing traffic 
congestion will also have an impact on air 
traffic pollution.  

 
 In this paper, we have proposed the 

effectiveness of hitting a traffic problem 
with minimal mortality. The proposed 
paper focuses on using of IoT techniques 
in our day to day life to minimize 
congestion problem. In this paper we have 
proposed the IoT technologies such as 
Detectors, Rfid, Drone services, Smart 
commercial lights and Public transport, 
which will eliminate and eliminate system 
degradation like mining cost, dependence 
on environment, etc. These technologies 
are sustainable in nature as they need to be 
installed one time and later on they need to 
be updated. In this way we can use the hard 
earned taxpayer’s money in different field 
rather than using it in minimizing 
congestion problem. Using IoT 
technologies not only saves money but it 
also reduces manpower in field as 
everything is connected to the traffic 
management centre.   

 
 If we use the above solutions, we cannot 

only reduce congestion level in 
metropolitan cities but make our cities 
more accessible and smarter. 
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Abstract— For the development of a country, transportation 

infrastructure plays a very important role. The purpose of 

this paper is to examine the pavement failure types and to 

select the best maintenance to overcome it for Delhi – 
Kolkata Highway earlier known as (Old NH-2). There are 

many kind of failures that a pavement go through such as, 

Potholes. Raveling, Rutting, Shear failure etc. The main 

reasons for failure in flexible pavement are heavy loads, 

poor drainage facilities and heavy rainfall. Due to pavement 

failures people faces many problems in their day to day life. 

Pavement failures not only create problems to people but it 
also increases cost of maintenance. The present studies 

identifies that the classifications of faults in flexible 

pavements with their source along with the way to correct it 

with associated maintenance procedure. 

Keywords—Highway Failure, Highway Maintenance, 
Flexible Pavement, Rigid Pavement, Potholes, Cracks, 
Raveling, Rutting, Repair.  

 

I. INTRODUCTION: 
Transportation plays a vital role in social, economic and 
industrial development of a country. Because of this 
transportation is categorized in three ways such as, airways, 
waterways and roadways. The main aim of this paper is to 
examine the various failures in a flexible pavement along 
with their causes of formation and how we can tackle it with 
maintenance procedure guidelines. It is visible that people 
nearest transportation is the road transportation. This type of 
transportation is needed for the connectivity of villages to 
cities or cities to different parts of states, but if this 
transportation pavement is damaged then it could to leads to 
serious problems. Pavement damaged can results in cracks, 
potholes, depression, rutting etc. Causes of these failures in 
pavement may be due to poor drainage facilities, poor 
construction materials, or severe rainfall. [1] 

 
Based on the requirement pavements are classified into two 
categories which are flexible pavement and rigid pavement. 
[4] 

1. Flexible Pavement – These type of pavement are 
mainly made up of various type of materials. Each 
layers receives the load from the upper layer and 
then the load is distributed equally to the rest of the 
layers. In this way stress is reduced in flexible 

pavement. Under the load of tyres these type of 
pavement bends. [7] 

 
2. Rigid Pavement – These type of pavement is 

constructed from cement concrete or slabs of 
reinforced concrete. These pavement are designed to 
provide sufficient strength to resist the vehicular 
loads from the traffic. It distributes the vehicular 
loads to wide area of subgrade as it has high 
modulus of elasticity and rigidity. [7] 
 
 

 
Fig.1- layers of flexible and rigid pavement 

 
 
In India mostly flexible pavement is considered for 
construction. When the roads are constructed, there is the 
high need of maintenance so that it could be used by people 
for longer period of time. Another reason is that in India there 
is a harsh climate so, maintenance is required to prevent these 
road from getting damage during single season.   
A flexible pavement failures is by formation of potholes, 
cracks on the bituminous surface. 
 

 

II. LITERATURE REVIEW: 

Golla rama Kishore,K Ramu, (2020) suggested proper 
design, maintenance and proper drainage system should be 
made for the betterment of roads and with relevance to safety 
of the users. They also focus on frequency of maintenance. If 
there is a damage in the road so, road should be repaired. The 
methods in this paper includes highway planning and 
designing which involves the stages such as highway 
development, geometric design and factors which affects 
these designs. Apart from that they also discussed about the 
various types of highway pavement failures along with their 
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maintenance. They also talked about the various types of 
maintenance processes that should be taken into 
consideration while applying these processes on maintenance 
works which include shoulder, bridge, traffic control devices 
and so on. Shivam Khare Tanuj Verma, (2018) presented 
decrease in serviceability results in the pavement failures 
which cause cracks, ruts etc. If these issues are not taken into 
consideration then it could leads to serious problems. Main 
objective of their paper is to provide good maintenance to the 
pavement so that it could be in good condition for future use. 
Objective of their paper includes, identification of the defect 
along with its causes and type of maintenance to be used for 
the smooth movement of traffic. The limitation or research 
gaps in the research manuscript is that they don’t focus on the 
practical part as they only considered theory as the base of 
their study. Ashpaq Majeed Naik, (2018) have proposed 
three tasks for the pavement failure analysis. First task is to 
check the pavement visually and investigate the types of 
failure. Second task is to determine the cause for the failure 
and third task is the solution for the problem. Factors that are 
considered are traffic volume, environmental issues etc. 
Mehedi Hasan, Mohd. Abdus Sobham, (2020),as Rajshahi 
city has about 186.64 km of paved roads according to 2011 
census but only 23% of road length are in failure condition. 
In this paper they had investigated the failures that are present 
in the flexible pavement along with their causes and 
maintenance. They also emphasis on the various causes 
which results in pavement defects, that includes heavy traffic, 
poor mix and so on. This study also proves that maintenance 
procedure is 60% similar to the conventional procedure. Data 
is collected by field investigation. As a result, from their field 
investigation they have spotted various types of failure in 
different areas of Rajshahi City. They also categorized their 
maintenance types according to their failure conditions. As 
per their conclusion Rajshahi city which is situated in 
Bangladesh is followed by urgent and routine maintenance. 
The limitation or research gaps in the research manuscript is 
that they focus on types of maintenance but they don’t focus 
on the methods that can be used to solve these failure 
problems. Hnin Ei Ei Khaing,Dr.Tin Tin Htwe, (2014) 
described proposed the various methods to improve the 
pavements life. According to him routine maintenance, 
periodic maintenance and urgent maintenance  are the various 
ways that can improves the life of a pavement. The work is 
focusing on failure patterns, visual maintenance by using 
various types of methods such as IRC Formulas, Soil 
Mechanics of three layered system. Visual maintenance 
works includes routine, periodic, urgent maintenance along 
with this, visual maintenance also includes maintenance 
regarding bituminous and asphalt pavement. As a conclusion 
their main objective is to improve the pavement of Magway-
Yangon highway (Myanmar). They also evaluated thickness 
overlay by using IRC formula. As a result the maximum 
overlay can be achieved is 6 in and 12 in as maximum overlay 
for granular. Parveen at el. emphasis that sides of the roads 
should not be neglected from things such as, hidden signs, 
potholes, and damaged edges, improper design etc. as it could 
leads to the serious accidents sometimes. In this paper they 
had investigated the failures that are present in the flexible 
pavement along with their causes and maintenance. In their 
investigation they had taken an alignment of 10 km which 
includes 8 km of flexible pavement and 2 km of rigid 

pavement in Fatehpur district, Uttar Pradesh. They also 
emphasis on the causes of defects in pavement which 
includes heavy traffic, poor mix and so on. This study also 
proves that maintenance procedure is 60% similar to the 
traditional procedure. Data is collected by field investigation. 
As a result, from their field investigation they have spotted 
various types of failure in different areas of Fatehpur district. 
They also categorized their maintenance types according to 
their failure conditions. As per their conclusion Fatehpur 
district which is situated in Uttar Pradesh is followed by 
urgent and routine maintenance. The limitation or research 
gaps in the research manuscript is that they focus on 
maintenance type but they don’t focus on the methods that 
can be used to solve these failure problems. Praveen Kumar, 
Ankit Gupta et al, (2010) provides the remedies to minimize 
the pavement failure. There are many reasons responsible for 
pavement failure. Applying the maintenance procedure on 
the pavement can results in enhancing the life of a pavement. 
This paper describes the pavement failure and their problems 
experienced in India. Based on the experience various 
prevention technique were described in this paper for 
enhancing the life of a pavement. The work is focusing on 
pavement performance modals for the maintenance work. 
They also highlights the importance of pavement modals for 
forecasting service life of pavement and their strength. 
Pavement modals includes surface characteristic models, 
models based on environmental factor, pavement rating 
models and so on. The limitation or research gaps in the 
research manuscript is that there is not a specific constant as 
it changes according to need. These types of models are not 
suitable during seasonal traffic. 
 

III. FACTOR AFFECTING & CAUSES OF 
PAVEMENT FAILURE: [2] 

1. Materials used are defected 
2. Defects in quality control and construction method 

during construction 
3. Improper drainage system 
4. Movement of heavy load vehicles or increase in load 

repetition because of rise in traffic volume  
5. Improper compaction of pavement layer during 

early stages of construction  
6. Factors such as rainfall, increase in table of water 

etc. 
 

For fixing the problems related to the pavement failure 
following procedure is carried out such as: sealing, cutting, 
filling etc. maintenance of the pavement is classified into 
three heads: [5] 

1. Routine Repair – Which involves filling of 
potholes, patch repair work, shoulder repair, 
repairing of road signs etc. 

 
2. Periodic Maintenance – Which are renewals of 

wearing course of pavement surface and 
maintenance of various items. 

 
3. Special Repair – Which are widening of roads, 

damage caused by environmental factors, 
reconstruction of pavements etc. 
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Flexible pavement is the pavement which has low flexural 
firmness and flexible response when loaded. In flexible 

pavement distortion can be seen in final layer. (Figure -1) 
shows the different layers of flexible and rigid pavements 

 
IV. METHODOLOGY: 

Due to heavy rain or moving of heavy loaded vehicles 
on the pavement Delhi – Kolkata Highway damaged at 
various places which developed pavement distress in the 
highway. Many failures such as potholes, cracking etc., 
were formed. To overcome this problem maintenance is 
carried out with high frequency. Some of the pavement 
failure along with their maintenance are discussed 
below. [4] 

 
Table -1 Pavement Failures and their Maintenance 

S.no Type of 
Failure 

Description Remedial 
Measure 

 Potholes This type of 
failure is the 
most common 
failure that a 
pavement has. 
This type of 
failure is present 
everywhere in 
the pavement. 
Structural failure 
and roughness of 
the road were 
created. 
Rainwater and 
the movement of 
heavy load 
vehicle were the 
causes of 
formation of 
these types 
failure. 

Filling are 
some 
operations 
that are 
considered 
into action for 
potholes 
having low 
depth. 
Otherwise 
premix filling 
is considered 
if the potholes 
frequency is 
more 

 Alligator 
cracking 

This type of 
failure is 
commonly seen 
on the pavement 
which occurs 
due to pavement 
layer materials 
relative 
movements. 
Repeated use of 
heavy vehicles 
results in fatigue 
failure or 
moisture 
variation can 
cause swelling 
or shrinkage in 
pavement. 
Another causes 
for this failure is 
due to improper 
construction of 

For different 
types of 
alligator 
cracking 
different type 
of 
maintenance 
is required 
such as, for 
normal 
alligator 
cracking 
carpeting is 
use but for the 
effective 
alligator 
cracking 
patching is 
required. 

base course, that 
results in the 
cracking of the 
surface course. 

 Block 
cracking 

Another type of 
failure than can 
be seen in 
pavement is 
block cracking. 
Unstable base 
and poor 
construction are 
the causes of 
formation of 
these kind of 
failure. 

Seal coat can 
be used to 
prevent from 
these kind of 
failure 

 Slippage 
cracking 

This type of 
cracking created 
roughness on the 
road. Unstable 
wearing surface 
and bad drainage 
are the causes of 
formation of 
these cracking. 

For repairing 
these types of 
cracking 
carpeting and 
sealing coat 
methods are 
taken into 
consideration. 

 Transverse 
cracking 

This type of 
cracking is 
mainly forms 
due to poor mix 
design or 
movement of 
heavy load 
vehicle on the 
pavement 

For the 
solution 
surface 
dressing such 
as carpeting is 
used for 
repairing 
these types of 
cracks 

 Longitudinal 
cracking 

This type of 
cracking is 
mainly forms 
due to poor mix 
design or 
movement of 
heavy load 
vehicle on the 
pavement 

For the 
solution 
surface 
dressing such 
as carpeting is 
used for 
repairing 
these types of 
cracks. 

 Raveling This type of 
failure in 
pavement is 
responsible for 
creating 
roughness. It 
happens when 
the pavement 
binder doesn’t 
have the strength 
to hold the 
aggregate and 
process of 
compaction is 
not done 
properly at the 
time of 
construction. 

For solving 
these types of 
issue surface 
treatment is 
required. 
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 Corrugation 
and Shoving 

These types of 
failure are 
responsible for 
creating 
roughness and 
elevated portion 
in the pavement. 
It is caused due 
to improper 
design mix, 
severe traffic 
and unsuitable 
binders etc. 

These types 
of failure may 
be repaired by 
premix 
filling, rolling 
and sealing. 

 Depression Another type of 
failure is the 
depression in the 
pavement which 
is caused by 
severe rainfall 
and poor 
drainage facility. 

This type of 
failure is 
cured by 
removing 
affected 
portion from 
the surface 
layer and 
replacing it 
with the 
premix filling 
material. 

 Rutting This type of 
failure is 
occurred due to 
movement of 
heavy  load 
vehicles and the 
poor 
construction 
procedure, 
which results in 
the filled water 
ruts that causes 
vehicle 
hydroplaning. 

The affected 
portion 
should be 
replaced with 
premix. Later 
on sealing is 
applied on the 
premix for 
repairing the 
pavement. 

 

 

V. STRENGTHENING OF PAVEMENT [1]: 

For the successful maintenance of pavement, it is 
essential that they have adequate stability to withstand 
the design traffic under prevailing climatic and subgrade 
conditions. Strengthening may be done by providing 
additional thickness of the pavement adequate thickness 
in one or more layers over existing pavement, which is 
called overlay. 

 
 Types of Overlay [7]: 
 Flexible overlay over flexible pavement 
 Rigid overlay over rigid pavement 
 Rigid overlay over flexible pavement 
 Flexible overlay over rigid pavement 

 

1. Flexible overlay over flexible pavement – 
for the design traffic and the existing 
condition of subgrade total pavement 
thickness is required. For finding the total 
design thickness CBR method of pavement 
design is considered by IRC. The existing 
thickness of the pavement is found from 
the test pits dug on the pavement. 

ho = hd – he 

 

where,         ho = overlay thickness required 
hd = total design thickness required 

         he = total thickness of existing pavement 
 

 
2. Rigid overlay over rigid pavement – when 

a rigid pavement is constructed on old rigid 
pavement, it acts as a monolithic one, as the 
slabs of both old and new pavement don’t 
make a perfect bond. This problem can be 
solved by making the old surface rough or 
by placing thin layer of bituminous 
material between the slabs. 

              For calculation of overlay: 

  

ho = (hd
a

 – xhe
b)n 

 
where,                ho = overlay thickness required 
                           hd = total design thickness required 
                           he = total thickness of existing pavement 

 
values of a,b,x and n depends on the type of pavement and 
method of overlay 
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Table 2 – Rigid Overlay Design Factors 

 
 

3. Rigid overlay over flexible pavement – 
calculation of thickness for rigid overlay is 
done by rigid pavement which is laid down. 
Therefore, K value is obtained by 
conducting plate bearing test on flexible 
pavement.  

 

4. Flexible overlay over rigid pavement – 
when we provide flexible overlay on rigid 
pavement, the wheel load is distributed to 
larger area. Further due to bituminous 
overlay a temperature differential is 
decreased in rigid pavement. The life of a 
rigid pavement may be increased 
considerably by a suitable designed and 
constructed bituminous overlay placed at 
the right time. 

  

hf = 2.5 ( Fhd – he ) 
 

where,                hf = overlay thickness required 
                           hd = design thickness of rigid pavement 
                           he = total thickness of existing pavement 
                           F = factor depending upon modulus of rigid    
pavement 

 

 
VI. STUDY AREA: 

 Delhi – Kolkata Highway is the busiest highway in India. It 
starts from the Delhi and ends in Kolkata. Length of the 
highway is around 1645 km. A survey of 20 km is done for  
determining the various types of failure that are present in 
pavement and their maintenance procedure to overcome it. 

 

 
Fig.2 – Map of study area 

 
 
 
 
VII. RESULTS AND ANALYSIS: 

All the maintenance processes are sorted in the maintenance 
categories from the data obtained from the various form of 
failures. All the maintenance data is obtained from the 
authorities. 
 
Table-3 shows the failure category with their frequency of 
maintenance 
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Fig.3 – Occurrence of failure 
 
 

 
Fig.4 – Frequency of Maintenance 

 
 
 

VIII. CONCLUSION: 

Based on the study for different types of faults in 
pavement. Following conclusions are made:- 
 
1. The main reasons which causes failure in a 

flexible pavement is due to the weather 
conditions such as heavy rainfall, quality of 
material used, heavy traffic load on the 
pavement and air in subgrade which causes 
dampness. 

 
2.  The study shows that the maintenance is to be 

carried out is routine but at some areas it 
should be urgent. In Delhi – Kolkata Highway, 
urgent maintenance should be carried out for 
the flow of traffic, otherwise it could leads to 
traffic jam as it is the one of a busiest highway 
of India.  

 
3. Therefore, for good life of a pavement proper 

maintenance, standardization as well as 
strengthening is required but if these things are 
not controlled properly, then it could result as a 
repeated road maintenance again and again for 
the same road. 
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ABSTRACT 

 

Developing technology also has great effects on social life. In the pace of daily life, it has 

become very important to be able to reach the needed posts instantly. Cargo companies, which 

always prioritize quality and customer satisfaction in their services, shape their services 

according to the needs of their customers within the changing life conditions. Thanks to the 

cargo station delivery implemented with this in mind, shipments will now be able to be reached 

without time limits in many areas such as university campuses, student dormitories, shopping 

centers, large markets, metro and train stations, and large secure sites in cases where it may be 

difficult for the shipments to reach the recipient. 
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1. Intorduction 

While technological developments continue, a new technology enters human life every day. 

The change and development process of technology, which closely affects human life, has been 

a matter of curiosity by experts. There are many technological products that people use and 

benefit in their daily life. One of them is the cargomat technology known as cargo stations. 

Kargomat is a new delivery method applied in the delivery of products after the purchases made 

by the consumers (Akoğlu & Fidan, 2020). As the use of Kargomat offers a contactless delivery 

option, it is thought that it will increase due to a widespread network during and after the 

pandemic period. In the researches carried out during the pandemic process, it is seen that the 

tendency of people to contactless shopping and delivery has increased even if they are not 

infected with the virus. Developing technology also has great effects on social life. For orders 

whose desi information and product type are suitable for Kargomat delivery via e-commerce 

sites, packages can be left at the relevant cargo station by using the cargo stations delivery 

option, without having to wait for cargo at home or at work. Thus, orders can be safely received 

24/7 after they are left at the cargo station (Atmaca & Turgut, 2015).  

2. Cargo Transportation 

The word cargo is a word used in the meaning of "load", which has entered our lexicon from 

Western Languages. It is used in this sense in daily conversations, without any distinction of 

volume, weight or packaging. When examined as a logistics term, it refers to "the material in 

the parcel and package, which can be at most 30 ds/kg in a single piece sent by individuals or 

organizations to each other". The process of transporting them is also briefly called Cargo 

Transportation. Materials in drums (Doğan,2013), barrels, tanks, sacks or on pallets are 

excluded from this definition due to their packaging types. Shipments of 31 ds/kg or more in 

one piece are out of the scope of cargo due to their weight and volume and are considered as 

"load-goods". Cargo Transportation is a suitable service model for your small number of 

shipments that need to be distributed to many destination centers and for your shipments whose 

destination centers are districts (Deniz & Gökmerdan, 2011). 

Cargo information is given to the process of receiving any material, product or goods from one 

place to another. Cargo outputs, weight, volume, distance between the place of delivery and the 

place to be sent are based on operations. Cargo items are carried out by sea, rail or air, taking 

into account different points. Shipping functions began with postal operations at the beginning 

of the twentieth century. Cargo consumers are a sector that continues to develop depending on 



the technological opportunities available today. Cargoes are divided into some categories as 

general cargoes and special cargoes (Göncü, 2010). 

3. Cargo Stations 

In recent years, cargo and logistics sectors have come to the fore as the main driving force of 

developments in the e-commerce sector and high growth rates. In particular, the increase in 

mobile device penetration, the widespread use of card payment systems throughout the society 

and the completion of the development of the internet as a trade channel provide significant 

support to the growth of e-commerce platforms (Toraman, 2022). 

While the smoothness of the delivery processes, which is as important as the quality of the 

product and after-sales support and is almost completely solved by outsourcing, becomes the 

most distinguishing factor at this point, the relations of e-commerce companies with their cargo 

service partners are getting deeper and more complex day by day. Cargo processes, which is 

one of the largest operations carried out by the e-commerce sector, which is expected to reach 

a size of 4 trillion dollars on a global scale in the coming year, and which enables the product 

and the end consumer to meet, is trying to adapt to the new era by meeting with the latest 

developments in technology (Şeneras, 2022). 

According to the report published by the World Economic Forum in 2018, the logistics sector, 

which is one of the sectors with the highest technology adaptation and turns many opportunities 

provided by technology from international transportation to storage processes into an 

advantage, is the last step of logistics processes that directly concerns 90 percent of the global 

e-commerce sector. In the door-to-door delivery processes, it cannot benefit from technological 

solutions sufficiently. Considering that the needs of the e-commerce sector, which is growing 

by 20 percent on an annual basis, will grow at high speed in the coming years, it is of great 

importance that the weak relationship of consumer cargo processes, which is the last leg of 

logistics, with technology is developed as soon as possible (Jeganathan & Naveenkumar, 2018). 

It is an electronic locker system where no fee collection is required for delivery, which does not 

include controlled delivery, reception and special service, and where registered domestic 

shipments, excluding qualified shipments, are left to be delivered upon request of the buyer or 

if they are not available at the address. 

Thanks to this technology, buyers can easily and securely receive their shipments from 

Kargomats 24/7 (Brunner et al., 2007). 



4. Conclusion 

In recent years, information technologies, online services and mobile applications With the 

rapid development observed, there has been a significant growth in e-commerce. This growth 

had a significant impact in the field of cargo distribution. time and space e-commerce without 

limitation, the number of cargo shipments and trade volume increases. Even with this increasing 

cargo volume, logistics service providers They need to provide high quality, efficient and 

reliable services. Apart from global e-commerce, another factor affecting logistics service 

providers is very emergence of a large number of cargo and courier service operators and 

decreasing market share. Increasing competition among logistics service providers and 

increasing The number of cargo contributed to the development of new types of services. With 

this However, some of these changes are the last mile in distributors' supply chains. 

unsuccessful in solving the current problems they have to face in relation to and even deepened 

it. These problems are usually both delivery and collection of shipments to/from end customers 

It is about finding the most suitable solution in terms of cost and time for it was stated. 
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ABSTRACT 

  
The Kahramanmaraş-centered earthquake disaster that occurred on February 6, 2023 affected 

11 provinces, namely Kahramanmaraş, Hatay, Gaziantep, Malatya, Elazığ, Kilis, Şanlıurfa, 

Osmaniye, Adıyaman, Adana and Diyarbakır. After the disaster, the delivery of the necessary 

equipment and the timely fulfillment of the needs are of critical importance for the survival of 

the people affected by the earthquake. It is necessary to ensure the flow of required materials 

to the relevant areas, to store, control and distribute them efficiently. Logistics is the most 

basic structure of aid efforts after disasters. Accordingly, the supply chain and logistics 

operations of a humanitarian aid organization will determine the success of an aid effort. 

Sustainable disaster logistics is a concept that includes the development of processes to gather 

people, resources, technical facilities, information and assist those affected and those in need 

by emergencies. In this study, the importance of disaster logistics in order to reduce the 

damages in a sustainable disaster management process is emphasized. 

 

Keywords: sustainability, disaster management, disaster logistics 
 
 
 
 
 
 
 
 

mailto:mesutselamoglu@osmaniye.edu.tr


















mailto:mesutselamoglu@osmaniye.edu.tr












mailto:usmanmirkhan@yahoo.com
mailto:mesutselamoglu@osmaniye.edu.tr










mailto:mesutselamoglu@osmaniye.edu.tr
mailto:usmanmirkhan@yahoo.com














mailto:mesutselamoglu@osmaniye.edu.tr
mailto:usmanmirkhan@yahoo.com


















mailto:Sujityadav9011@gmail.com
mailto:Kunalsalunkhe83@gmail.com








mailto:altimatesona@gmail.com
mailto:kaletushar1822001@gmail.com
mailto:mangeshkatkar77.7@gmail.com
mailto:diprajshelar86@gmail.com
mailto:vijaypawar3111@gmail.com
mailto:vijaypawar3111@gmail.com




















mailto:sk0988235@gmail.com














mailto:akashchalke777@gmail.com
mailto:gauravjadhav349@gmail.com
mailto:chavanpranav11@gmail.com
mailto:chavanpranav11@gmail.com




http://www.ijesi.org/
http://www.ijesi.org/


http://www.ijirset.com/




mailto:surajghadage99@gmail.com
mailto:anishy291@gmail.com
mailto:creativemind1331@gmail.com
mailto:Vj9005371@gmail.com
mailto:raskarpratik44@gmail.com
mailto:raskarpratik44@gmail.com








http://ocw.metu.edu.tr/pluginfile.php/6885/mod_resourc
http://ocw.metu.edu.tr/pluginfile.php/6885/mod_resourc


















mailto:panduparaddi2010@gmail.com
mailto:shoaibmulla682@gmail.com
mailto:davalasabattar06@gmail.com












mailto:iamsuhaspatil@gmail.com
mailto:Dattar631@gmail.com
mailto:varadsawalkar5402@gmail.com
mailto:sachindesai186001@gmail.com
mailto:Niranjansalunkhe05@gmail.com




https://en.wikipedia.org/wiki/Mechanical_device
https://en.wikipedia.org/wiki/Hydraulic_cylinder
https://en.wikipedia.org/wiki/Hydraulic_cylinder
https://en.wikipedia.org/wiki/Piston
https://en.wikipedia.org/wiki/Electric_machine
https://en.wikipedia.org/wiki/Electrical_energy
https://en.wikipedia.org/wiki/Electrical_energy
https://en.wikipedia.org/wiki/Mechanical_energy
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electromagnetic_coil
https://en.wikipedia.org/wiki/Rotation
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Inverter_(electrical)
https://en.wikipedia.org/wiki/Electric_generator
https://en.wikipedia.org/wiki/Open-source
https://en.wikipedia.org/wiki/Single-board_microcontroller
https://en.wikipedia.org/wiki/Single-board_microcontroller
https://en.wikipedia.org/wiki/Microchip_Technology
https://en.wikipedia.org/wiki/ATmega328P
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Arduino
https://en.wikipedia.org/wiki/Input/output
https://en.wikipedia.org/wiki/Expansion_board
https://en.wikipedia.org/wiki/Pulse-width_modulation
https://en.wikipedia.org/wiki/Arduino#Software
https://en.wikipedia.org/wiki/USB_cable
https://en.wikipedia.org/wiki/9-volt_battery
https://en.wikipedia.org/wiki/Arduino_Nano








mailto:sk0988235@gmail.com














mailto:akashchalke777@gmail.com
mailto:gauravjadhav349@gmail.com
mailto:chavanpranav11@gmail.com
mailto:chavanpranav11@gmail.com




http://www.ijesi.org/
http://www.ijesi.org/


http://www.ijirset.com/




mailto:shubhambhosale773@gmail.com
mailto:pranitghadage7@gmail.com
mailto:sourabh28997@gmail.com
mailto:aniketathve@gmail.com








mailto:tanavichavan26052003@gmail.com
mailto:malusareankita500@gmail.com
mailto:nikam.prerana2909@gmail.com
mailto:vaishnavimahangade697@gmail.com




































mailto:harshalpatil7414@gmail.com












https://www.electroniclinic.com/wp-content/uploads/2021/05/application-of-blue-eye-technology.jpg














mailto:bhukya.shivaji@gmail.com
mailto:Kollimarla.pavankumar@chaitanya.edu.in
mailto:Kollimarla.pavankumar@chaitanya.edu.in
mailto:meghya29@gmail.com
mailto:kiranmayeejampalaphd@gmail.com
mailto:Kvinaykr1@gmail.com
mailto:Siva.slcil@gmail.com


















https://www.ijraset.com/research-paper/smart%20%20%20agriculture-monitoring-and-control-system-using-iot
https://www.ijraset.com/research-paper/smart%20%20%20agriculture-monitoring-and-control-system-using-iot




mailto:dskshipra@gmail.com
mailto:tanavichavan26052003@gmail.com
mailto:malusareankita500@gmail.com
mailto:nikam.prerana2909@gmail.com
mailto:vaishnavimahangade697@gmail.com














mailto:dskshipra@gmail.com
mailto:pawarmisspooja@gmail.com
mailto:sanjivaniithape2001@gmail.com
mailto:akkunanaware03@gmail.com
mailto:riddhikaranjkar93@gmail.com














mailto:samirdangare191@gmail.com
mailto:priyadeshmukh503@gmail.com
mailto:abhi.waske02@gamil.com






mailto:bhagyashriyadav2021@gmail.com
mailto:divyaanyadav1234@gmail.com






http://www.ijarse.com/


































mailto:mesutselamoglu@osmaniye.edu.tr














https://doi.org/10.1109/ICEICE40249.2017














mailto:gujar.vijay@gmail.com
mailto:yadavshivlal13@gmail.com
mailto:prasannanikam333@gmail.com
mailto:aishwaryakadam2303@gmail.com
mailto:amolbarge2000@gmail.com












































http://fortune.com/2012/07/30/amazons-recommendation-secret/
http://fortune.com/2012/07/30/amazons-recommendation-secret/
https://en.wikipedia.org/wiki/Cosine_similarity










http://www.who.int/medicines/areas/quality_safety/regulation_legislation/certification/en/
http://www.who.int/medicines/areas/quality_safety/regulation_legislation/certification/en/
http://www.who.int/medicines/areas/quality_safety/regulation_legislation/certification/en/










http://www.epi.org/publication/what-is-the-gender-pay-gap-and-is-it-real/




http://www.tableau.com/learn/articles/data-visualization










https://www.semanticscholar.org/author/Sourabh-Dudakiya/9360141
https://www.semanticscholar.org/author/Heren-Galani/9075160
https://www.semanticscholar.org/author/Suvarna-E.-Pawar/34933657


















































mailto:gayatrimirajkar@gmail.com
mailto:shraupawar.tf0923@gmail.com
mailto:shivanikadam2003@gmail.com
mailto:omkarombale09@gmail.com








mailto:gayatrimirajkar@gmail.com
mailto:sampadachorage002020@gmail.com
mailto:babarpratiksha123@gmail.com
mailto:Dhanshri5879@gmail.com
mailto:sakshideshmukh1026@gmail.com






































http://www.blog.sparkfuneducation.com
http://www.rs-online.com/designspark/
http://www.sunrom.com/
http://www.circuitdigest.com/
https://www.irjmets.com/uploadfiles/paper/volume_3/issue_11_november_2021/17170/final/fin_irjmets1637256275.pdf
https://www.irjmets.com/uploadfiles/paper/volume_3/issue_11_november_2021/17170/final/fin_irjmets1637256275.pdf
























mailto:gayatriyjadhav2002@gmail.com
mailto:poojayadav86566@gmail.com
mailto:pbpawar22042002@gmail.com
























mailto:polbhagyashrigpls@gmail.com
mailto:gayatriyjadhav2002@gmail.com
mailto:poojayadav86566@gmail.com
mailto:Pbpawar22042002@gmail.com


























http://mnre.gov.in/file-manager/annual-report/2015-2016
http://mnre.gov.in/file-manager/annual-report/2015-2016




mailto:mesutselamoglu@osmaniye.edu.tr
mailto:selamoglu44@gmail.com
















mailto:Dr.ajitbansode@gmail.com
mailto:principal@agce.sets.edu.in


































https://powermin.gov.in/en/content/power-sector-glance-all-india
https://www.investindia.gov.in/sector/renewable-energy




















mailto:altimatesona@gmail.com
mailto:kaletushar1822001@gmail.com
mailto:mangeshkatkar77.7@gmail.com
mailto:diprajshelar86@gmail.com
mailto:vijaypawar3111@gmail.com
mailto:vijaypawar3111@gmail.com
















mailto:shanu28117@gmail.com
mailto:siddhikanase18@gmail.com
mailto:kanasesarvesh@gmail.com
mailto:sahildjadhav02@gmail.com
mailto:drmadhurimore2103@gmail.com










mailto:kadampradnya290@gmail.com
mailto:manalid1820@gmail.com
mailto:priyankapatil15433@gmail.com
mailto:sukanyapandekar24@gmail.com




















https://ieeexplore.ieee.org/author/37087128445
https://ieeexplore.ieee.org/author/37087128445
https://ieeexplore.ieee.org/author/37088374772
https://ieeexplore.ieee.org/author/37088374772
https://ieeexplore.ieee.org/author/37086010470
https://ieeexplore.ieee.org/xpl/conhome/9051611/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9051611/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9051611/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9051611/proceeding
https://ieeexplore.ieee.org/author/37088488748
https://ieeexplore.ieee.org/author/37088488748
https://ieeexplore.ieee.org/author/37088488581
https://ieeexplore.ieee.org/author/37088488581
https://ieeexplore.ieee.org/author/37088488581
https://ieeexplore.ieee.org/author/37889123800
https://ieeexplore.ieee.org/author/37889123800
https://ieeexplore.ieee.org/xpl/conhome/9145687/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9145687/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9145687/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9145687/proceeding
https://ieeexplore.ieee.org/author/37089328560
https://ieeexplore.ieee.org/author/37089329559
https://ieeexplore.ieee.org/author/37089329559
https://ieeexplore.ieee.org/author/37087762098
https://ieeexplore.ieee.org/author/37089328293
https://ieeexplore.ieee.org/author/37089328293
https://ieeexplore.ieee.org/author/37088894191
https://ieeexplore.ieee.org/author/37088894191
https://ieeexplore.ieee.org/xpl/conhome/9725432/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9725432/proceeding
https://www.sciencedirect.com/science/article/pii/S2468227621000156#!
https://www.sciencedirect.com/science/article/pii/S2468227621000156#!
https://www.sciencedirect.com/science/article/pii/S2468227621000156#!
https://www.sciencedirect.com/journal/scientific-african
https://www.sciencedirect.com/journal/scientific-african
https://www.sciencedirect.com/journal/scientific-african
https://ieeexplore.ieee.org/xpl/conhome/7096813/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7096813/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7096813/proceeding
https://ieeexplore.ieee.org/author/37085750462
https://ieeexplore.ieee.org/author/37085750462
https://ieeexplore.ieee.org/author/37335878400
https://ieeexplore.ieee.org/author/37335878400
https://ieeexplore.ieee.org/author/37085712457
https://ieeexplore.ieee.org/xpl/conhome/8004575/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8004575/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8004575/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8004575/proceeding
https://ieeexplore.ieee.org/author/37400378700
https://ieeexplore.ieee.org/author/37085798077
https://ieeexplore.ieee.org/author/37085794431
https://ieeexplore.ieee.org/author/37085794431
https://ieeexplore.ieee.org/author/37085800596
https://ieeexplore.ieee.org/author/37085800596
https://ieeexplore.ieee.org/author/38536071900
https://ieeexplore.ieee.org/author/38536071900
https://ieeexplore.ieee.org/xpl/conhome/7502333/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7847253/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7847253/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7847253/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7847253/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7847253/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7847253/proceeding
https://ieeexplore.ieee.org/author/37086008232
https://ieeexplore.ieee.org/xpl/conhome/8743500/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8743500/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8743500/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8743500/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8743500/proceeding
https://docs.arduino.cc/hardware/uno-rev3
https://docs.arduino.cc/hardware/uno-rev3
https://www.electronicwings.com/sensorsmodules/bluetooth-module-hc-05-
https://www.electronicwings.com/sensorsmodules/bluetooth-module-hc-05-
https://www.electronicwings.com/sensorsmodules/bluetooth-module-hc-05-
https://components101.com/switches/5v-four-channel-relay-module-pinout-features-applications-working
https://components101.com/switches/5v-four-channel-relay-module-pinout-features-applications-working
https://components101.com/switches/5v-four-channel-relay-module-pinout-features-applications-working
https://components101.com/switches/5v-four-channel-relay-module-pinout-features-applications-working


mailto:dskshipra@gmail.com
mailto:harshadamahamulkar8@gmail.com
mailto:Kshitijadagade3@gmail.com
mailto:Shivamshinde5814@gmail.com
mailto:Sanketnikam12345@gmail.com












https://youtu.be/8_EnrVf9u8s?t=1m31s
https://en.wikipedia.org/wiki/Inverted_pendulum
https://en.wikipedia.org/wiki/Inverted_pendulum
https://en.wikipedia.org/wiki/Inverted_pendulum






https://wowwee.com/mip


http://www.irjet.net/


http://www.irjet.net/


http://www.irjet.net/


http://www.irjet.net/






















https://spacy.io/usage/linguistic-features%23named-entities.


mailto:saminamulla27@gmail.com
mailto:ntushar9561@gmail.com
mailto:adeshgole2210@gmail.com
mailto:harshald004@gmail.com
mailto:mahoorpravin2231@gmail.com












mailto:poojasawantt5150@gmail.com
mailto:akankshapawar1311@gmail.com
mailto:bandgar.tejasvi2000@gmail.com
mailto:gayatrimirajkar@gmail.com
































mailto:asmitapatil152@gmail.com








https://ieeexplore.ieee.org/author/37089566603
https://ieeexplore.ieee.org/author/37088926497
https://ieeexplore.ieee.org/author/37089565802
https://ieeexplore.ieee.org/author/37089566574
https://ieeexplore.ieee.org/author/37089566574
https://ieeexplore.ieee.org/xpl/conhome/9914907/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9914907/proceeding
https://www.researchgate.net/journal/International-Journal-of-Engineering-Technology-2227-524X
https://www.researchgate.net/journal/International-Journal-of-Engineering-Technology-2227-524X












mailto:dkaplan639@gmail.com


mailto:Bio.marwadel@gmail.com
mailto:Zselamoglu@ohu.edu.tr
mailto:ebi.alinia@gmail.com










mailto:ammara.riaz@kfueit.edu.pk




mailto:hammad.ullah@unina.it




mailto:Sadeghseddighi6670@gmail.com
mailto:vaheed80@gmail.com
mailto:Zselamoglu@ohu.edu.tr














https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/polyphenol
























































https://orcid.org/0000-0002-1633-086X
https://orcid.org/0000-0001-9056-6435












mailto:gerayelmira@gmail.com
mailto:ellada.huseyn@mail.ru






https://doi.org/10.1016/B978-0-12-809633-8.21501-X
https://doi.org/10.1016/B978-0-12-809633-8.21501-X
https://doi.org/10.1016/j.jmb.2020.04.009
https://doi.org/10.1113/jphysiol.2008.157669
https://doi.org/10.1186/rr27


https://doi.org/10.1038/s41419-021-03527-9
https://doi.org/10.1038/s41401-020-0485-4
https://doi.org/10.1016/j.intimp.2020.107051
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.jmb.2021.166946
https://doi.org/10.1016/j.mehy.2020.110412
https://doi.org/10.1016/S2213-2600(20)30225-3


https://doi.org/10.1016/j.cytogfr.2020.06.001
https://doi.org/10.1016/j.dsx.2021.102324
https://doi.org/10.3390/antiox10020272
https://doi.org/10.1016/j.phanu.2020.100190
https://clinicaltrials.gov/ct2/show/NCT04344184
https://doi.org/10.1007/s13668-021-00354-4
https://doi.org/10.1007/s13668-021-00354-4


https://doi.org/10.2147/JIR.S306849
https://doi.org/10.1007/s11845-021-02522-5
https://doi.org/10.1016/j.ejphar.2020.173530
https://doi.org/10.22038/abjs.2020.47745.2349




mailto:narmin.bayramova@amu.edu.az


mailto:gabriel.plavan@uaic.ro




































https://eumycetozoa.com/data/report.php?busca=Leocarpus&por=gensi&numr=543&tipo=Rtax


https://commons.wikimedia.org/wiki/Category:Eukaryota
https://commons.wikimedia.org/wiki/Category:Protista
https://commons.wikimedia.org/wiki/Category:Amoebozoa












































mailto:roxana_maxim10@yahoo.com
















mailto:rarinca_viorica@yahoo.com


mailto:rusu_angelica@yahoo.com



