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ABSTRACT

This study has been conducted to study the effdteezing and thawing cycles on the
behavior of municipal solid waste. Municipal Solaste soil samples were collected
from the municipal solid waste site of Shimla cityamples from three different
locations were collected from the site and the dasnfrom 4 different depths were
kept separately. All these samples were first saidor some basic properties like
moisture content specific gravity. The physical am@&mical characterization of the
solid waste was also done. After this the sampleeput under freezing and thawing
cycles at different temperatures. The changes im@a&bility and unconfined strength
before and after the application of freezing anawihg cycles were recorded and

analyzed.

The results are recorded from the results of pebitigaand unconfined compressive
strength before the freezing and thawing cycle veateulated; these results show the
effect of MSW on the soil and its properties. Tasuits recorded after the freezing and
thawing cycle show the effect of freezing and thayvion the properties of soil

contaminated by MSW.
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CHAPTER 1
INTRODUCTION

1.1 General

This chapter explores the basic concepts and inttaxh related to the project on
effect of freezing and thawing cycle on behavior Méinicipal Solid Waste. The

introduction tells us what MSW is, and the basiente related with it. Infiltration,

leachate and other terms are explained. The basipanents of MSW are also
discussed in this chapter. Discussion is done abioaitstudy area and its waste
management system. Details about the MSW dump@asetalso mentioned followed by
a basic introduction to the freezing and thawingcpss. A basic outline of the project

is also shown in the end.

1.2 Municipal Solid Waste

Municipal Solid Waste (MSW) is generated in a laaggount in most cities due to high

production of different types of wastes and theimging in solid waste dump sites of
the municipality. Recurrent dumping of toxic solihstes leads to accumulation on
these sites. This accumulation substantially adfearious properties of the soil on and
around the site in different wastes. The waste g@mant in hilly areas is different as
well as difficult as compared to the plain regiohke constraints faced while going for
waste management in hilly areas are difficult tefréand issues, small size of towns
and other technical as well as financial issuesocBing amount of toxic waste is

dumped all along the slopes of dump sites. Thiscityxcan be harmful for the

environment in different ways. For example, thenged waste in the upstream area
can have adverse effects on the freshwater ecosyste the downstream area. In a
similar way, the soil also goes through variousngjeg when it undergoes interaction

with the MSW in hilly regions.

Infiltration is a term used in hydrology and saslesices and it refers to the process by
which water above the ground surface finds its im&y the soil. The water also moves
underground and between soils and rocks. The réngawwater reaches the ground
water level and mixes with the ground water. Noansidering a MSW dump site, in a
hilly area which faces enough rainfall, infiltratiovill occur. But this will be different

1



from the normal infiltration because the waterngeging the soil through heaps of solid
waste which are toxic. So the water infiltratingoirthe soil takes with it a lot of toxic

waste into the soil. A toxic part of water is boundeach the ground water and pollute
it or make it toxic. Also, there will be changestine properties of soil when this water

passes through.

Leachate is any liquid which during the course aging through matter, extracts
suspended or soluble solids, or any other compoofeahy material through which it
passes. It has also been termed as the liquiddthats or ‘leaches’ from the landfill.
The water that is undergoing infiltration also bedsas leachate. It extracts the toxicity
from the solid wastes and enters the soil withradl toxic material. This toxic material
causes properties of the soil which it enters dbagethat of water with which it mixes.
It is necessary to know the composition of polltsasf any particular leachate, so that
treatment systems can be starts for eliminatingtdeast reducing them. The organic
constituents of leachate include microorganismsir tmetabolic products and wastes
from living organisms which are under the proceksleacomposition. The inorganic
constituents are ammonia, phosphorous, sulphatésodrer metals. The inorganic
wastes can cause hardness of water, have impattrioidity and other properties of
water. The organic part affects the color, odoasted and other such physical

properties.

In areas suffering from cold climate, a lot of pehs are faced due to the leachate
produced from the MSW. In hilly regions and areffiscied by cold climate, the effect
of leachate on soil changes significantly. The it temperature variations naturally
bring changes in the properties of soil. So, whendoil is exposed to toxic leachate in
such temperature variations, the behavior of be¢hsbil and leachate changes. This is
because the temperature changes cause a nat@zhf§end thawing cycle to occur.
This freeze-thaw cycle can affect the amount oficiox through leachate and the

changes it brings on the properties of soil preasmind it.

The changes in the properties of soail, in the preseof leachate, undergoing through
freezing and thawing required a need to be stutiiedee the effects on different
properties of the soil. The samples taken from aAM&imp site at different locations
and depths are put through freezing and thawingesy®ifferent tests are then to be

performed to study the changes in the propertiesodf The effects of variation of



temperature and also the variation of depth ofwililbe studied from the results of the

tests.

1.3 Componentsof Municipal Solid Waste

Municipal Solid Waste (MSW) — more commonly knowsgarbage or trash- contains
the various everyday items we bring into use arehtthrow away. For example,
various such items are product packaging, grappialys, furniture, clothing, bottles,
food scraps, newspapers, appliances, paints, iesttetc. the major components of
MSW according to a study on the basis of percentage 35.2% paper, 12.1% yard
waste, 11.7% food waste, 11.3% plastics, 8% metad8p rubber/leather, 5%wood, 7-

8% other wastes.

The characteristics of fresh MSW are importantdianning, designing, operating and
upgrading waste management plants. The physicalpasition, moisture content,

compacted unit weight and permeability are the irrggt MSW characteristics that
have to be considered for planning a system. Manageof these wastes properly and
effectively is very important. After knowing the n@us properties related to MSW a
waste management system is constructed. The mahmgtid waste system has four

main categories which are recycling, compostingpasal and -incineration (waste-to-
energy).

Both organic and inorganic components of MSW addth® toxicity of leachate

produced in any MSW dump site. The organic wastekide microorganisms, food

products and wastes from living organism which wardergoing decay. The inorganic
wastes include ammonia, phosphorous and varioualsn&oth these types of wastes
have their own effects on the properties of leazlzaid also on the properties of any
soil or water present around it. The organic congnds affect the physical properties
like odour, taste etc while the inorganic composaguse change in other properties

like turbidity and hardness of water etc.

1.4 Study Area

Mountains play a critical role in providing watenergy, food and other services to all
the population living in the mountains as well aswdstream. However many

mountainous regions are experiencing a growingdsuolaste problem. Steepness,



remoteness, existing socio-economic conditions, sumteptibility to many natural
hazards, makes solid waste management in mountens challenging than in lower
areas. Most mountain communities face major chgélenn managing large amount of
non organic waste. All remote communities are nagirfg more of plastics, metals and
other non-biodegradable wastes. Despite theseecig@é some communities have put

into action various remedies to deal with wastaassn hilly or mountainous regions.

Shimla has become one of the most popular toumstirmhtions in India. Shimla

became the capital of newly born state of Himaé¢taldesh in 1971. The topography
of Shimla is marked by steep slopes, deep vallagd, rugged hills and mountains.
Located at an altitude of 2130 meters above mearieseel, Shimla experiences cold

winters with snowfalls in December and January.

The temperature goes below -5 degree Celsius imsauring winters and varies at a

maximum of 30 degree Celsius in summers.

As per the 2011 Census, Shimla is the one Clas$ylincthe state of Himachal
Pradesh, with the municipal corporation of Shim&vihg a population of 1,69.758
people. At present, the municpal corporation om8ai(MCS) is subdivided into 25
wards covering all the major urban area of Shiffitee governing body structure of the
MCS is given in Table 1.1.

Table 1.1 Governing Body Structure (MCS)

1. President Commissioner

2 Vice President Assistant Commissioner

3 Member Secretary Corporation Health Officer

4. Treasurer Accounts Officer

5 Executive Members Legal Advisor-cum-Law Officer,
Project Director (XEn), Municipal
Engineer, Architect Planner etc.

The Health Department of MC Shimla is working fdre tdevelopment of sound
municipal waste management system through propansportation, collection,
treatment and disposal of MSW in the city in a mpltanned manner. As per MC

Shimla’s current estimates, the everyday wastergéna in the city of Shimla is 86.01
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MT approximately. This shows that the current papit@a per day waste generation is
350 gm/capita/day. The population growth in the fae decades has been significant.
Table 2 shows the relation between growing popautatand its effects on waste
generation of Shimla city.

Table 1.2 Population Growth and MSW generation fM@S

Years 2011 2021 2031 2041
Resident population 169758 2,56,883 3,49,361 4,18,296
Floating population 76,100 1,00,000 1,25,000 1,50,000
Solid Waste Generation (MT) 86.01 124.91 166.03 198.90

Source: City Sanitation Plan for Shimla: figures 2011 are from Census 2011

1.5 Management System of Municipal Corporation Shimla

The MCS has divided its collection system into @asi components to provide proper
disposal of solid wastes produced within the cityStimla. Household wastes are
collected through door to door campaigns and thaleated and accumulated and
brought to the MSW dump site after transportatiomd eother processes. The
components or parts of the campaign are:

Primary Collection SystemAccording to the MCS, nearly 85% of the total p@pian

of the city gets its waste collected from its doader the door to door waste collection
system, while the remaining 15 % use community banslisposing their wastes. The
door to door waste collection has been initiate@llinhe ward Shimla Environment,

Health conservation and Beautification (SEHB) socié large number of workers

cover the entire urban area of Shimla to collettesmfrom the doors of the residents.

Secondary collection systerihe community bin system holds 23 concrete duss bin
and 93 small dust bins of 1°mare placed for disposal of wastes by the residehts
Shimla. Also, there are 148 dumper containers 6f M capacity and 54 dumper
containers of 3.0 fcapacities. The clearing of these bins vary faaily, alternate
day, twice a week, or once a week depending upoara.

Transportation of wastéransportation of wastes from secondary collecpomts to
the treatment plant is the responsibility of MC 8lai. The entire town’s wastes are
collected and transported through 32 different eleli with different capacities,



procured under the Jawaharlal Nehru Nation UrbaneRal Mission (JNNURM)
project of the Government of India. MC Shimla isprocess of procurement of 2
compactors and 1 mechanical sweeping machine. Halgiwes a description of the
different types of transportation vehicles currgitieing used by MCS for solid waste
collection and transportation.

Table 1.3Details of solid waste transportation vehicles

S.No. | Typeof Vehicle Quantity Capacity
1. Pickups(hydraulic) 25 1-1.5
2. Pickups (non-hydraulic 5 1
3. Dumper placer 5 Single
4. Dumper placer 3 Twinned
5. Auto tipper 3 1
6. Auto tipper 3 5
7. Back e-loader 1

(©) (D)

Fig 1.1 Transportation vehicles of MCS, A) Dumpé&der, B) Auto Tipper, C)
Pickups, D) Back-hoe Loader
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Treatment: Established in 1999, the older treatrpéanit in Shimla is located at Darni
Ka Bagicha for conversion of solid waste into costpdhe plant was initially run by
L&T Company on a turnkey basis. Because of thesia®e in population, the amount of
waste generation was highly increased. Later tlaistpvas known to be inadequate for
the large amount of waste produced. In 2012, thatpias successfully shifted to a
new location in Bharial. A Mumbai based firm, namdés Hanjer Biotech Energies
Pvt. Ltd. has been awarded the project for settimg processing and treatment
facility.MCS is now planning to expand the projectBharial as the waste generation
keeps on increasing. The large range of work utlderproject at Bharial includes
development, design, construction, operation anidter@ance of municipal solid waste
processing facility and leachate management systém concession agreement signed

between MC Shimla and M/s Hanjer is for a time @eof 20 years.

Disposal: Presently, wastes from the processingt @bng with other non-
biodegradable wastes are being disposed througffillanin a valley near the old
compost plant in Darni Ka Bagicha. To address i€, Shimla has recently prepared
the documents for the implementation of a scies@ilfy constructed landfill facility in
Bharial. A Gurgaon based consultancy organizatids Wbyants Solution Pvt. Ltd. has
prepared the DPR which has been approved by thestdirof Urban Development for
the construction of the landfill facility. After éhshifting of the compost plant to
Bharial, the reject waste was brought back to DE@iBagicha for disposal until the
new sanitary landfill comes into operation. Thereated time for it construction was 2

years.

1.6 Municipal Solid Waste Dump Site

The MSW dump Site for the Shimla region at Bhanialthe Totu-Tara Devi road is to
be put under study in this project. The samplesalato be put under the freezing and
thawing cycle were collected from this site at eliént locations and depths. All the
daily waste generated in urban Shimla is broughthie site for dumping purposes.
Over around 86 MT of waste is produced daily innghicity. All this waste is brought
to this dump site for disposal. The waste genanatidcShimla in terms of per capita per
day is estimated to be about 350 g/capita/day. waste collected from the door to
door campaign alone totals to around 70-75 MT dtite total of 86.01 MT.



The leachate entering through this waste into dilecan highly change the properties
of soil below this site as well as around it. ABame of the leachate is going to enter
the ground water and pollute it. Changes cominghm properties of this leachate
affected soil due to processes of freezing and ittgawrhich also occurs naturally in

this region of Shimla.

Fig 1.2 MSW dump site Shimla

1.7 Application of Freezing and Thawing cycles

Shimla is situated at an altitude of 2130 metersvabthe mean sea level. It faces
severe cold in winters with snowfall and not vept Bummers. The temperature stays
in the 20s during the summers. During winters tipule freezing can be experienced
naturally for the soil. The temperature stays adoanmaximum of 10-12Celsius
during the day, but at night goes down the negatiale till -8 to -10 Celsius. So
during the winters a natural freezing cycle ocatrsight and a natural thawing cycle
during the day. So we will use some specific eq@pirto put the soil samples from
this site under the freezing and thawing cycles #@ueth perform certain tests to note

down the changes in the properties of the samples.



Freezing: The equipment used for the freezing m®ces very basic. A simple
refrigerator with temperature control can be ugddo use of a thermometer is advised
so that the temperature can be measured ours®le@seach sample from a location
and depth is to be put through 12 hour cyclesdiff@rent temperatures in the freezing
category. The temperatures are 0, -6, Qé@lsius. Each sample will be put for 12 hours

in freezing environment at the different temperegur

Thawing: The samples are to be put through theitigaaycles with the help of a water
bath in which the samples will be placed. The basa was to use an emulsion rod,
with a thermostat attached to it which cuts of sipply at any desired temperature.
This process could be completed using an aquarampérature regulator. It is used to
maintain the temperature of the water environméiish inside an aguarium. Certain
fish survive at limited temperature ranges, so thigulator is used to maintain the
temperature of an aquarium. The various cyclesheilheld at temperatures of 0, 6° 12
Celsius. Each sample will be put for 12 hours iawimg environment at different

temperatures.

Each sample before being put through the cyclegoisag to be tests for various
properties like moisture content, specific gravifgermeability and unconfined
compressive strength. Then after each cycle, tileéssagain to be tested for all the
above properties. A comparison is to be made shpuhe effects of freezing and
thawing cycle on MSW and the soil.

1.8 Organization of Thesis

The first chapter of this thesis gives a briefghsiabout Municipal Solid Waste, Waste
Management practices in the study area and othailsleclated to the study area and
its waste generation. Also a basic idea of thezfrggand thawing process is also
discussed in the first chapter. The basic aim dised in this chapter is to study the

effect of freezing and thawing cycles on the betiagf MSW.

The second chapter is a summarization of the varstwdies and research done related
to the topic. This chapter summarizes various gpiotications related to the concepts
of municipal solid waste, waste general, physicad @hemical characterization of
waste etc. Also the studies about the area Shindaother information related to its

waste management system are also studied.



The third chapter talks about the methodology uledcharacterization of waste,
freezing and thawing process, and the varioustseis conducted. It also discusses
about the equipment used for freezing and thawmggsses. The various tests like
moisture content, specific gravity etc are alsaubsed in this chapter and the main
two tests for permeability and unconfined compresstrength are also highlighted.
This part of the chapter involves the procedure iasttumentation required to record

the various readings.

The fourth chapter deals with all the results asatimgs obtained. The results obtained
from laboratory tests, before and after freezingl #mawing cycles have all been
recorded and tabulated and corresponding grapleslieen plotted. The chapter shows

a comparison between permeability and UCS values.

The sixth chapter is the conclusion of the entitglyg conducted in this thesis and an

insight for the scope of the future work relatedtte topic is also given.

A list of all the research work, studies, publioas, books and website which have

been referred for this study are also shown iretigkfor referencing.
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CHAPTER 2
LITERATURE REVIEW

2.1 General

Studies have been made on the changes of propeftsed which have been subjected
to freezing and thawing cycles, upon applicationMBW compost. An effect on
various properties showing changes on MSWC appbicais studied. Effects on
properties such as aggregate stability, permegbddil texture, compressive strength,
initial soil properties have been studied over pgast few years. The changes or
variations in these properties of a soil that hesnbexposed to MSW and gone through
freezing and thawing cycles are studied by perfogniarious tests. It is seen in hilly
areas that the leachate from MSW dump sites flowe the soils in a large area tends
to change the properties of the soil. This soals undergoing a natural freeze thaw
cycle. So, the soil samples from a municipal selaste dump site are put under cycles
of freezing and thawing. Certain tests are conduttefore and after the cycles on
various samples and the changes after the freemidghawing process are observed.
This will help to study the effect of freezing atiéwing on MSW.

2.2 Research Work

Even though there has not been much research oefféet of municipal solid waste
compost on soils of various regions, we still manag find sufficient research on
different topics which can be brought together ¢t @ fair amount of information on
this topic. We can start by studying about the asde area, its topography,
populations, waste generation and waste managemecgesses. A nice study on the
urban solid waste management plan of Municipal G@ion Shimla was searched and

studied. We begin by knowing about the area westugying.

Brar, Z [1] (2018) This paper was released in January 2018 which edverdetail the
management of urban solid waste in the Municipalrp@@tion Shimla. The
management of municipal solid waste still is a mapdrastructure requirement that
needs to be improved and this has been a majar issail fast growing urban areas of

the country. Prediction on the amount and charasties of municipal solid waste and
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its forecasting over the planning period is impottior a good and sustainable solid
waste management plan. The rapid increase in wdéom and population has
reflected towards the need for sustainable devedmpnand other existing problems
including effective and proper management of urdaid waste.

In this paper, a case study on the city Shimldénstate of Himachal Pradesh is carried
out to get information about its existing solid veamanagement plan and system. The
study tells us that the amount of solid waste gaedr by Shimla accounts to
approximately 86.01 MT every day. This accountthefact that waste generation per
capita per day is 350 g/capita/day in the urbama arkich had a population of 1, 69,
758 according to the 2011 Census. The waste i®skspof unethically in open dumps
along with open incineration, which causes probleeiated to public health and
environment. This study tells about the parametérgaste management starting from

the sources, to collection, transportation, treatraed final disposal.

The urban solid waste management plan and systkes t@to account five main

phases as parts of the system. These phases irelagstem for primary collection

through a door to door campaign. After covering nodshe area through door to door,
the remaining waste is collected from public bind &arge dust bins. Then the waste is
collected and transported to the MSW dump siteigguvarious vehicles procured by
the MC Shimla. After collection at the dump sitee twaste undergoes a treatment
facility. Following treatment the last phase is tisposal of remaining non usable

waste.

According to the MC Shimla, 85% of the populatidrShimla gets its waste collected
from their door. This is due to the door to doampaign done by the SEHB society to
collect household wastes. So, nearly 70-75MT oftevés collected from this primary
collection system only. The remaining 15% of theudation can dispose its waste
from community bins which are located in every aredarge number of workers work
across the city to collect the wastes from houskltdtectly from their door. The
community bin system holds 23 concrete bins andr@dll dust bins of 1 cubic meter
capacity. Also there are 148 dumper container Bfctibic meter capacity and dumper
cleaners are 54 of 3 cubic meter capacity. Thenalgeof these bins varied from daily,
alternate day, twice or once a week depending uperarea. This is the secondary
collection system of MC Shimla. Through these twages all the waste is collected by

the municipal corporation.
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The wastes have to be transported from seconddlisctton points and brought to a
treatment facility. The MC Shimla has procured 3ffecent vehicles from the
Jawaharlal Nehru National Urban Renewal MissionNUIRM) which it uses to collect
all the waste from across the city and bring ittlhe treatment facility. The older
treatment facility for the city of Shimla was loedtat Darni Ka Bagicha. But with time
this plant was termed to be inadequate for theelargount of waste being produced by
the city. So this treatment facility was shiftedBbarial successfully in the year 2012,
now the treatment process takes place in Bhared.d8ut problem is that a sanitary
landfill was not created in Bharial. So till thengary landfill would be created in the
Bharial area, the reject waste will have to be nakem Bharial, back to Darni ka
Bagicha for disposal. The sanitary landfill fagilwvill soon be ready in the Bharial
region and the disposal of the reject can be dosetonly.

The topography of Shimla consists of steep slopeshiggh mountains. It has a varying
kind of climate all through the year, starting wgverely cold winters to moderately
warm summers. The temperature variation during sersins from 10 to 3 while in
winters temperature ranges from -10 at night to t0L2C during the day. The
variation of temperature during the winters folloaveatural freezing and thawing cycle

which we will follow in our experiments in this pewt.

Bharti, O et al. [2] (2014) Shimla is located at an altitude of 2130 metersvalibe
mean sea level. The topography of Shimla regi@h#acterized by rugged mountains,
steep slopes and deep valleys. Shimla experieratésmnters between the months of
December and February with temperatures ranginwvdest 0-13 degrees Celsius
during the day and as low as -8 to -10 degreesuBetkring the nights. Summers are
moderately warm with temperature ranging betweer2@Gegrees. The monsoon
period records a moderate amount of rainfall with average annual rainfall of
1437mm over the past 25 years. The population @fm@&haccording to the 2011
Census was 1,69,758 people. The Municipal Corporadi Shimla is divided into 25
wards covering the entire urban area of the city.

The problems related with solid waste and its manant in hilly terrain is numerous.
Solid Waste Management is an important and negedsaction of the Municipal

Corporation of Shimla. The Municipal Solid Wasteafmagement and handling) Rules,
2000 made Shimla’s Urban Legislative Body (ULB)astablish a proper system for
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waste management. The overall monitoring and sigiervof waste management is
brought into act by the MC Shimla and Himachal Bsid State Environment and
Pollution Control Board (HPSPCB) in a regulatoryerdShimla city has successfully
imposed a ban on the usage of plastic in the fdroaoy bags with thickness less than
75 microns according to the attest Notification Blastic Waste (management and
handling) Rules, 2011.

The approximate waste generation per day in thedfitShimla is 93.0 MT. the per
capita per day waste generation is 350g. The wadtected from the door to door
campaign is around 70-75 MT. According to populatiorecast and other calculations,
the waste generated in 2021 will be around 125 $fiimla city has faced a large scale
expansion in the past decade. Population growdlsleading to more and more waste
generation which is also affecting the soil andewrat the areas neighboring the dump
sites. The city has gradually improved its SWM astructure and facility through

various programs.

Rana, R et al. [3](2017) One of the non ignorable facts of human existesceaste
generation and production, to satisfy the needdi@fgrowing population, drainage of
various natural resources has resulted in producifdarge amounts of waste. Much
importance is given to the liquid and atmospheriaste that the solid waste
management is substantially ignored. The termdselaste’ is nowadays referring to
the non-liquid material waste generated from doimestommercial and industrial
activities. Unscientific management of these waates their disposal leads to serious
environmental hazards. The term ‘Municipal Solid3téa(MSW)’ refers to the rejected
or unwanted material generated by the daily prestiof residential, institutional,
commercial and other areas excluding the bio médiaaardous wastes. Generally,
MSW is classified into 3 main categories: (1) oliganaterial including kitchen waste,
agricultural waste etc. (2) inert materials, namsdnd, dust, gravel and (3) recyclable

wastes like glass, metals, paper, plastics etc.

A survey which was conducted in more than 17 staftéise country reported that solid
waste disposal is the second most serious proldeedfin the upcoming cities. Waste
Management is a big challenge faced in developiagnties, per Capita MSW

production in India ranges between 350-600g/cagata/Waste generation is related to

the income of people. A survey showed that low meopopulation have waste
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generation ranging between 0.6-1.0kg/capita per, déyile that of high income
population is ranging between 1.0-4.5kg/capita/datydies have shown that 50% of
the waste produced in low income countries remamattended due to the lack of
collection and management facilities. Over the dast decades, India has faces
enormous population growth specifically in urbaeaa. This is mainly because of the
migration of people from rural areas, which notyofdads to production of high
amount of solid waste but also puts a lot of unedriressure on our natural resources.

Table 2.1 shows the state wise MSW generationbaruindian cities.

Table 2.1 State wise MSW Generation in India

S. Name of M SwW S. Name of M SwW S. Name of M SwW

no. | state/UT | generation | no. State/UT generation | no. | State/lUT | generation
MT/day MT/day MT/day

1. Andaman 50 12. Haryana 536.85 28. Nagaland 187.6

and Nicobar
2. Madhya 4500 13. Himachal 304.3 24.| Daman Diuy 41
Pradesh Pradesh and Dadra
3. Uttranchal 752 14. Jammu and 1792 25.| Chandigarh 380
Kashmir

4. Assam 1146.28 15 Jharkhand 1710 26. Puducherry380

5. Bihar 1670 16. Karnataka 6500 a7. Punjab 27935

6. Orissa 2239.2 17, Kerala 8388 28. Rajasthan 8037

7. | Chhattisgarh 1167 18 Lakshadweep 21 29. Sikkim 40

8. Delhi 7384 19. Maharashtra 19204 30. Tami 12560

Nadu
9. Goa 193 20. Manipur 112.9 3. Uttar 11585
Pradesh
10. Mizoram 4742 21. Meghalayg 283.6 32.  Arunachal 93.802
Pradesh
11. Gujarat 7378.75 22 Andhra 11500 33. West 12557
Pradesh Bengal

With the expected rise in Indian economy to be ato88% by 2026, this will surely
increase the volume of MSW generated by a few tirGesrect management of MSW

is a complex process which has been affected byop®y management and budget
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issues. An effective and proper waste managemestérayuses the data like quality,
guantity, and characterization of waste to get #ectve system. The study of
characterization of wastes helps determining tHieidacy present in the MSW system
and also helps finding the solution towards theesam

Determining the physical composition of MSW is v@mportant as it provides us the
required information for attaining the suitablehteology for implementing an effective
waste management system. The samples collectedarsalyzed on wet weight
basis(without prior drying of samples) and segriegainto their components is done.
The components of segregation are mostly papeythmie/plastic, textiles/clothes,
agricultural waste, leather/rubber, some metals iedt wastes. Inert wastes are
chemically non reactive in nature and are also hmulegradable. The main inert
components of the wastes in the tricity region wai@n sand, dust and gravel. The
main source of these inert components into solidtevas the high amount of
construction in the area. Every component of thetav&as to be weighed separately
and the percentage contribution is to be worked Moisture content of the waste was
analyzed in the laboratory right in the beginningcd&use delaying can alter the

characterization properties.

The final proximate analysis of the MSW was alsofgrened to determine the ash
content and fraction of crustal elements of the MB&Zause the physical composition
provides only main component fraction present inWISThe analyzed properties

include moisture content, ash content, fixed carowsh elemental analysis.

Oztas, T et al. [4] (2013) MSW application on soils leads to the leachaterargdehe
soil and changing its properties. The changed ptiggeof the soil are due to the
toxicity present in the leachate. Leachate enteessbil through infiltration and also
reaches the ground water thus polluting it. Thistamination of water is not bearable
as it makes water unfit for drinking. But the chasgn the properties of the affected
soil are to be studied. In hilly areas with coldnate, nature puts the soil through a
natural freeze thaw cycle. So, the objective ofghaly is to study the effect of MSW

application on certain properties of a soil subjedreezing and thawing.

First the soil samples have to be collected fromuaicipal solid waste dump site. The
samples when brought to the laboratory have tested for some basic properties like

moisture content. Also the physical and chemicaratterization of the samples was

16



done. After this the soil samples were made readgyiindrical shapes, ready to
undergo freeze thaw cycles. Different samples alieated from different location at
the sump site. The soil from the first locatiorcadlected by digging at different depths.

Similar process was followed for collection of sdenfrom second location as well.

The soils which had been affected by MSW were puycles of freezing and thawing
multiple times. Different samples for different #mperiods and at different
temperatures were put for freezing or thawing usthg freezing and thawing
equipment. After each sample has gone throughldttesl cycle the sample was kept
aside for certain test. For the waste site of theaf Shimla, in this project we will be
putting samples through freezing cycles of 6 har$ and -12Celsius while thawing

at +6 and +12Celsius.

After completing the subjection to freezing andwhmy the samples are laboratory
tested for various properties and the results amngpared with when the soil was not
subjected to freezing and thawing. This will shéw effect of freezing and thawing on

the soil subjected to MSW which will be the maineaive of our project.

Some points noted from this experimental study whee effects of MSW compost
application on certain properties of soils. It s#tlyat the aggregate stability of soils is
improved when soil undergoes freeze thaw cyclethagermeability of the soil is also
improved. The soils initial properties and soiltter is also changed. MSW application

reduces the effects of freeze thaw cycle on a soil.

2.3 Summary of Literature Review

The literature review summarizes some facts abmutMC Shimla, its waste collection

treatment and disposal process. The topographgeamneral climate of Shimla was also
studies. The total waste generation and per cagitaday waste generation were also
found out. Then the process of freezing and thawiag also studies in detail and the
general outline of the freeze-thaw process ancethepment to be used was decided.
Sample collection points and methods were studldwn the properties that were
affected on MSW application to soils subjected reete thaw were studied and the
major changes were noted. A general outline ofethire project was made through

this literature study:
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Shimla MC collects on average a total of over 86 MTwvaste in total every day. The
per capita per head production of waste was foonblet 350g/capita/day. The MSW
dump site near Totu was finalized as the study. drea samples of soils will be taken
from the dump site.

For the freezing equipment, a normal refrigerator be used with temperature control.
A separate thermometer will be used for measuiegtémperature. Freezing will be

done at 0,-6,-12 degrees. Each cycle will be dfidrs.

For the thawing equipment, a water bath with anadaqm temperature regulator will
be used. The regulator will set the temperaturthefbath and thawing will be done.

The cycles of 12 hours will be done for temperagwai0,6,12 degrees.

From the study of MSW application we studied thfeas of MSW application on soils
subjected to freeze thaw cycles and saw the eftattsome of the properties of the
soil. The aggregate stability of the soils is ir@®d when soils are subjected to freeze
thaw cycles after MSW application.

MSW application also improves the permeability ofal subjected to freezing and
thawing. Effectiveness of MSW compost changes tbh#'sstexture and initial
properties. MSW application reduces the negatifecef caused on soils going through

natural freeze thaw cycles.

2.4 Objectives

Based on the Literature review, following objectae determined:

1) To study the effect of freezing and thawing on peability of Municipal Solid
Waste (MSW) so as to assess the leachate infitrdtehavior.

2) To determine the variation in MSW permeability withmber of freeze thaw

cycles.

3) To evaluate the strength (UCS) of MSW under difiéfeceze thaw cycles.
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CHAPTER 3
METHODOLOGY

3.1 General

In the beginning of the project, the MSW dump s$debe taken under consideration
was decided and studied. The other information atimiwaste generation in the city,
the waste management practices it follows studiHten physical and chemical
characterization of the MSW was done. This charaetgon is useful to know about
the type of treatment system required for dispasfalwaste. Different types of
equipment for putting the samples through freezingd thawing cycles are used in this
project. Also the various tests to be performedtloa samples before and after the
cycles are also studied in this project. The who&thodology used in this project is
studied in this chapter.

3.2 Site ldentification and Details of Study Area

In the areas of hilly terrain and cold climate, fod exposed to the MSW present in the
waste site undergoes a natural freeze-thaw cytle.€ffects caused by infiltration of
leachate into the soil are changed a bit to this saposed to freezing and thawing. The
natural temperature change implements a naturatdréhaw process. So, the site area
we chose to study was the city of Shimla, capifathe state of Himachal Pradesh.
Shimla is an area characterized by rugged mountatesp slopes, and deep valleys.
The area is at an altitude of 2130 meters abovenrsea level. Shimla faces a very cold
winter with snowfall and temperatures as low as’G10'he summers are moderately

warm.

The population of Shimla city was 1,69,758 accaydio the Census of 2011.a study
tells us that the solid waste generated by Shisnaound 86.01MT per day. This is the
total waste produced by the city. This depicts thatwastes generated per capita per
day is 350 g/capita/day. A large part of the tetakte is collected by a door to door
campaign. It is stated to be around 70-75 MT. Wasteollected from the doors of
houses and then brought to the dump site. It issparted from the main city to the

dump site through different kind of vehicles praamliby the MC Shimla.
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The Municipal Solid Waste dump site is present izl near Totu in Shimla. All the

waste from all across the city is collected andgpmrted to this dump site. This was
the site from where the samples of soil will beleded. The climate and temperature
variation of the Shimla was suitable for testing tineezing and thawing as these

processes also occurs naturally in this regiomngduinters.

: IS - -
CLAAA o .

Fig 3.1 Waste Dump Site and Sample Collection Boint

Samples were collected from the site by diggingehpits at different locations in the
site. The digging was done with the help of a JC&cine. 3 meter deep pits were
made and 4 samples were collected at differenthdeffthe same was done with the
other pits. A total of 12 samples, 5kg each wadectdd from the dump site and
brought to the laboratory. Now first testing of $kesamples was to be done to know
their index properties and permeability and uncoedi compressive strength. Then
samples will be created and put through freezind #mawing cycles using the
equipment. Then again the samples will be testedife above properties and the

changes in the properties will be noticed.
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3.3 Physical and Chemical Characterization of M SW

3.3.1 Physical Characterization Procedure

Waste characterization methods have been devefopedrious different applications.
This method shows a phased approach for the cleamation of MSW especially
which is used for geotechnical purposes. The useplofsical properties and
characterization has a significant effect on theclmaical properties of MSW. The
given waste characterization procedure is desigmedcurately collect information on

some factors and also other important informationth@ir physical properties.

Determining the physical composition of MSW is v@mportant as it provides us the
required information for attaining the suitablehteology for implementing an effective
waste management system. The samples collectednalgzed on wet weight basis
(without prior drying of samples) and segregatioto itheir components is done. The
components of segregation are mostly paper, paigipdastic, textiles/clothes,
agricultural waste, leather/rubber, some metals imedt wastes. Inert wastes are
chemically non reactive in nature and are also hmalegradable. The main inert
components of the wastes in the tricity region waig@n sand, dust and gravel. The
main source of these inert components into solidtevas the high amount of
construction in the area. Every component of thetevéas to be weighed separately
and the percentage contribution is to be worked Moisture content of the waste was
analyzed in the laboratory right in the beginningcd&use delaying can alter the

characterization properties.

3.3.2 Chemical Characterization Procedure

The final proximate analysis of the MSW was alsofgrened to determine the ash
content and fraction of crustal elements of the MB&Zause the physical composition
provides only main component fraction present inWISThe analyzed properties

include moisture content, ash content, fixed cardomh elemental analysis.

The moisture content of the sample is determinetidating the sample (weighed) of
the waste sample in a 15 oven till some constant weight is reached, vaifie

moisture content can be found from the formulanagven equations.
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Moisture Content (%) = (Initial weight — Final wéitgy /Initial Weight x 100 (2)
Ash Content (%) = Weight of Ash x 100/ Initial whig (2)
Volatile Matter (%) = ((initial weight — final welg)x100)/Initial weight 3)

Calorific Value (Kcal/kg) = (rise in sample tempwater equivalent)/weight of
the sample) 4)

Fixed carbon (%) = 100(%) — moisture (%) — ash {%bdlatile matter (%) (5)

Elemental analysis has the sample oven dried & Zmd broken down to small
particles, sieved through 2mm and 1mm sieves. Hi&sn€, H, N, S and O were

determined using Organic Elemental Analyzer (Mdélash 2000).

3.4 Equipment Used

Shimla is situated at an altitude of 2130 metersvabthe mean sea level. It faces
severe cold in winters with snowfall and not vept bummers. The temperature stays
in the 20s during the summers. During winters tiguige freezing can be experienced
naturally for the soil. The temperature stays adoanmaximum of 10-12Celsius
during the day, but at night goes down the negatiale till -8 to -10 Celsius. So
during the winters a natural freezing cycle ocatrsight and a natural thawing cycle
during the day. So we will use some specific eq@pito put the soil samples from
this site under the freezing and thawing cycles #ueth perform certain tests to note

down the changes in the properties of the samples.

3.4.1 Freezing

The equipment used for the freezing process is asyc. A simple refrigerator with
temperature control can be used. Also use of anibreter is advised so that the
temperature can be measured ourselves. Now eagilesiom a location and depth is
to be put through 12 hour cycles at 3 differentgeratures in the freezing category.
The temperatures are 0, -6, %1Qelsius. Each sample will be put for 12 hours in

freezing environment at the different temperatures.

3.4.2 Thawing

The samples are to be put into the thawing cyclés te help of a water bath in which

the samples will be placed. The basic idea was s® an emulsion rod, with a
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thermostat attached to it which cuts of the supilany desired temperature. This
process could be completed using an aquarium texryper regulator. It is used to
maintain the temperature of the water environméiish inside an aguarium. Certain
fish survive at limited temperature ranges, so thigulator is used to maintain the
temperature of an aquarium. The various cycleshilheld at temperatures of 0, 67 12
Celsius. Each sample will be put for 12 hours iawimg environment at different

temperatures.

Each sample before being put through the cyclegoisag to be tests for various
properties like moisture content, specific gravityermeability and unconfined
compressive strength. Then after each cycle, tileissagain to be tested for all the
above properties. A comparison is to be made shpwhe effects of freezing and

thawing cycle on MSW and the soil.
3.5 Soil Tests

3.5.1 Deter mination of M oisture Content

The aim of the experiment is to determine the mogstontent of any soil sample. The
analysis of moisture content is used to determime amount and percentage of
moisture present in any soil sample. Water contettie ratio of the mass of water to
the mass of soil in which it is present. The watantent of soils is also responsible for

behavior of soils in different properties.

Apparatus Used:

1) 5 containers namely A, B, C, D, E.
2) Weight balance or weighing machine
3) Electric oven

4) Desiccators

Procedure:

The first step is to select a soil sample for maaguits moisture content. The five
containers are labeled properly with names A, BDCE and kept in sequence. Weight
of can ‘A’ was recorded as Wg). Fill the soil sample in the container. Thesigh the
container with the soil in it. The weight is receddas W (g). Put the container in the
electric oven at around 195 for about 24 hours. Remove the cans from the aften
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24 hours and weigh them. This sample now contdiegdty sample without moisture.
Record this weight as Y(g). Find out the mass of water by subtracting ftdm W,
(W2-W3). Find the mass of dry soil by subtracting 6m W; (W3-W;). Calculate the
water content w (%) for each of the samples usiffigrédnt containers. ‘w’ can be
calculated by the formula w% = ((AV3)/(W3-W1))x100 as given in various lab
manuals. Determine the average moisture contetaliyg average of various samples.
The formulas as cited in the equations

Mass of Soil, M= W3 - W, (1)
Mass of Pore Water, M= W, W3 (2)
Water Content (%) ‘w’ =(M/Mg)x100 3)

The purpose of this experiment is to work out thaisture content of a soil sample.
This purpose can be achieved by following the expantal procedure and calculations
given above. Some deviations may occur while catouy the water content due some
reasons. Firstly, organic type of soils may get sgrart of them decomposed in the
oven at around 16&. This may change the resultant water conterdesiiccators are
not used for cooling the sample after removing fitblm oven, some water or moisture
from the atmosphere may lead to a small percergage in the results.

3.5.2 Specific Gravity Test using Density Bottle

This test is performed to determine the Specifiauidy of a soil sample by density
bottle method. Specific gravity is the ratio of gl in air of a given volume of any
material at a fixed temperature to the weight moéian equal volume of distilled water
at the same stated temperature. Specific gravity beaused to find the degree of
saturation and the unit weight of moist soil. SpecGravity is determined in the
laboratory using the cited equation:

G = (my— my)/((Ms — my) — (Me— M) 1)
Where,

m; = mass of density bottle in gram;

m, = mass of bottle with dry solil in it;

mz= mass of bottle, soil and water in gram;

m, = mass of bottle full with water only in gram.
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Apparatus Used:

i) Density bottle with stopper.
1)) Oven (105C)

iii) A weight balance

iv) Spatula

V) Thermometer

Procedure: The density bottle is washed with thstilvater and dried properly. Drying
can be done in oven followed by cooling in desiomtWeigh the density bottle with
the stopper to two decimal places;JmTake an oven dried soil sample and place
around 5 gram of it in the density bottle. Weigh thottle with the soil in it (g). Add
water to the bottle containing soil to fill it comegely and then allow it to settle. Stir the
soil in the bottle properly with spatula. Allow tiseil to properly mix with water. The
room temperature should be constant through theepso If the water and soil mixture
do not completely fill the bottle, add more waf€hen close the bottle with a stopper.
The bottle has to be cleaned dry and then weigbddet nearest two decimal places.
This weight is soil, water and bottle {mClean the bottle properly till the neck. Add
water to the bottle up to the neck and close thdebwith stopper. Weight the bottle

and water up to two decimal places;(m

The specific gravity of the soil was measured &traperature of 2C. Organic clay
has a specific gravity ranged between 2.58-2.63dbe the size of particles, more is
the value of specific gravity and vice versa. Spegravity is the ratio of weight in air
of a given volume of a material at standard tentpegao the weight in air of an equal
volume of distilled water at the same temperatArsample observation table is shown

below in the given table.

Table 3.1 Observation table for moisture content

S. no. Description SampleSample| Sample
1 2 3

Temperature ifiC

Weight of bottle (w)

Weight of bottle + dry soil (9

Weight of bottle + soil + water(yy

a | W (N |k

Weight of bottle + water (yy
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3.5.3 Unconfined Compression Test

The main objective of this test is to find the umiwoed compressive strength of a
cohesive soil sample. We will measure the stretigtbugh unconfined compression
test, which is an unconsolidated undrained (UU otyQe) test. In this the lateral
pressure is equal to zero, i.e. the atmospherisspre. The unconfined compression
test is one of the most popular and commonly pradtiests because it is the quickest
and the least costly method to calculate the s$teangth. The unconfined compression
test is not appropriate for dry sands and crumladysc It is mainly used for saturated,

cohesive soils.

To perform the unconfined compression test, a dyioal sample of soil is carved out
such that the ends are reasonably smooth andtibeofdength and diameter is of the
order of 2.the soil sample is placed inside a logdrame on a metal plate,. Then by
turning the machine on, the bottom plate raisekeusl. The upper part of the sample is
restrained by the top plate, which is attached tmlérated proving ring. When the
bottom plate starts to raise an axial load is &gptin the sample. The switch has to be
turned in such a way that there is a constantrstede applied on the sample. The load
is increased slowly to shear the sample, and theéing of force applied to the sample
and the resulting deformation are taken. The lagadncontinued till the sample does
not attain a specific shear plane or either themedtion increase a lot. The observed
data can be used to find the strength of the peitisnen and stress strain data. Finally
the sample is oven dried and its moisture contenteasured. The maximum load per

unit area is equal to the unconfined compressrength, g.

In this test we assume that during the processionglthe setup there is no loss of pore
water. Therefore a saturated same will remain atdrthroughout the testing and
afterwards with same volume, voids ratio or watentent. Pore pressures are not
measured in this test so the effective stress kawn to us. The undrained shear

strength measured is expressed in terms of thiestoéss.

Apparatus Used:

The loading frame has its two metal plates. Topeump top plate is not movable and
has been joined to a load measuring device. Throplate is raised and lowered
using a switch or crank on the front of the loadiregne. After placing the soil sample
in between the plates, the lower plate is slowige@, and the resistance or reaction
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provided by the top plate forces an axial load dhsoil sample. The loading frames
are of two types, one which are worked manualha@ hand operated, and electric,
motor driven and hydraulic frames are also comnidre deformations are measured
using a dial gauge which has been attached toofhelate. It measures the movement

of the top and bottom plate relatively. The stigiapplied at a constant rate in this test.

Procedure: The first part is to examine the loadiaghe. Turn the switch or crank and
learn how to take load readings and the deformatiahgauge. Find the units of the
dial gauge and calibration constant of proving rifilge strain rate for our experiment
will be at a strain rate of 1% per minute. From lgegth of the sample we determine
the deformation at 1% strain. Learn how o applydinain at a fixed and constant rate.
It is important that the soil sample is not sheaed faster rate than the specified rate.
Measure the initial height and the diameter of ¢lyndrical samples. Take proper
measurements using calipers multiple times to engus done correctly. Measure the
weight of the soil sample and find the total (mjpistit weight. Keep the soil sample in
the loading frame, and zero the dials. In this erpent we have to record the load
applied at different strain values. It is recommahthat the reading have to be taken at
the various strain values of 0,0.1,0.2,0.5,2,364810,1,14,16,18 and 20 percent. The
vertical deformation dial reading have to be takeforehand at these values of strain,
using the height of sample {l the percentage strain and the initial dial regt),

the dial readings can be calculated using the eitpahtion.

S =S+ (E/100) H, (1)

Readings for the force (F) are taken from the prgwving dial gauge and the stress

applied to the ends of the sample. Is computed|asafs:
o =F/A 2
Where, A is the cross-sectional area of the sample.

A=A,/ (1-0) 3)

After applying strain the sample fails in one ofotways. A distinct failure plane is

formed in stiff clays. Failure can be identified imgasurement of the peak followed by
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decrease in load. The undrained shear strengypisatly taken as the maximum shear

stress.
Su= /2 (4)

When the lab experiment has been completed, disentdnat loading frame and measure
the water content of the soil sample. It is recomdee that you reduce the data for this

test during the lab experiment.

3.5.4 Constant Head Permeability Test

The objective of this experiment is to measurepbeneability of a soil sample using
the constant head method. This property of pernigals very important for solving
problems related to seepage through earthen daafslity of earthen dams etc. The
experiment is carried out in two different party,pteparation of soil sample for the
test and (2) find the discharge through the sampéeimen under some particular head

of water.

Coefficient of Permeability is referred as the rafeflow under laminar conditions

through a unit cross sectional area of porous nmedinder unit hydraulic gradient.

Apparatus used: Compacting Equipment, Drainage :badede with a porous disc,
12mmthick which has permeability 10 times the exgecpermeability of soail,

Drainage cap: a porous 12mm thick disc, Constaad I@nk: a suitable water reservoir,
Permeameter mould of non corrodible material, Gagehli glass cylinder to receive

discharge, Stopwatch. A meter scale to measurkghe differences.

Preparation of Samples: 1) Undisturbed soil samplete the sample number, pit
number and the depth at which the sample was tdRemove the protective cover
from the sampling tube. Use the sampling tube tkenaacylindrical sample of around
36mm diameter. The specimen shall be placed atcémre of the porous disc.
Drainage cap to be fixed over the top of the moa@ldDisturbed Soil Sample:The
sample should be taken from a mixed air dried @nodried material. Initial moisture
content of the sample is to be determined andefaired quantity of water is added to
the soil to get desired moisture content. Mix tlod thoroughly. Weigh the empty
permeameter mould. Clamp it between the compatiase plate and extension collar.

Place the assembly on solid waste and fill it viith sample. Compact the sample if
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necessary. After compaction, the collar and exsesisis removed. Find weight of

mould with the sample.

Procedure: For constant head arrangement, thensgedias to be connected through
the top inlet to the constant head reservoir. Qpernbottom outlet. Establish a steady
flow of water. The quantity of flow for a fixed teninterval may be collected. Repeat
the process thrice for the same interval. Coefficed permeability for a constant head

test is given by:
K = qL /Ah, 1)
Where k = coefficient of permeability in cm/sec
g= discharge in cflsec
L = length of specimen in cm
A = cross sectional area of sample irfcm

h = constant head causing flow in cm.
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CHAPTER 4
RESULTSAND DISCUSSIONS

4.1 General

In this chapter the results of various studies tasts are given. The chapter starts with
physical characterization and chemical characteoizaof MSW. It is followed by
some basic soil properties like specific gravity anoisture content were calculated.
This was followed by calculation permeability amitanfined compressive strength of
the samples. Then the samples were put throughipheultycles of freezing and
thawing and the effect of these cycles on the pahbifity and UCS of the samples were
calculated and analyzed.

4.2 Characterization of M SW
4.2.1 Physical Characterization

Physical characterization plays an important rolethe identification of the waste
stream, whose results tell us about the fractionomjanic materials, inert and
recyclables present in the MSW. This characteonatilso helps in determining the
treatment procedure for the solid waste. The redoit physical characterization of
MSW from Shimla are given in the following table:

Table 4.1 Physical characterization of MSW in Shiity

Component of waste Waste Sample 1 | Waste Sample 2| Waste Sample 3 | Average

Compostable (%) 40.80 37.52 41.57 38.7
Paper/clipboard (%) 6.24 7.47 6.75 6.82
Plastics/polythene (%) 7.01 7.33 8.12 7.4
Glass (%) 0.95 1.21 1.11 1.09
Rubber/leather (%) 1.45 1.52 1.26 1.41
Metals (%) 0.71 0.68 0.84 0.74
Inert (%) 26.53 27.10 25.22 26.28
Miscellaneous (%) 16.31 18.69 15.13 16.7
Total 100 100 100 100

Density of waste (kg/f 420.42 427.33 419.45 422.4
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The miscellaneous waste generally comprises of maktdike thermocol, straw/hay,
foam and also dry leaves etc. The density of satidte plays an important role in
deciding the waste handling and treatment procedimeginning with collection,
storage as well as transportation of the wastga#t observed that the compostable and
inert fractions in the wastes were generally highe average density of the waste was
reported to be 422.4 kgfmlt was noted that a major component of the wpstduced

in Shimla was organic, 30-60% of the total MSW poed in the city. The

composition of inert waste also ranged between®®-3

A lot of other studies also show that a large @drMSW generated in developing
countries consist a large organic fraction. Orgavaste is the major fraction of wastes
produced. A study showed that developing countraage large organic content in their
waste with high moisture content making it unsuedbr incineration. A large fraction

of inert material waste in the MSW is basically diee combining of the normal

household and commercial wastes with constructmhdemolition wastes. Large inert
content increases density and decreases the a@alwafue of the waste material.
Similar studies in the city of Jalandhar, Punjabveéd that MSW was 20-30% inert.
Pune had 26% inert waste while metropolitan citiks Delhi and Bangalore show

high inert component between 30-55%.

B compostable
M paper/cardboard
M plastic/polythene
M glass
M rubber/leather
B metals

inert

miscelleanous

Fig 4.1 Physical Composition of MSW
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The inorganic fraction in Shimla mainly consists péper, plastic, cardboard,
polythene, rubber, leather, metals and glass. Tiaeacterization results show that the
inorganic fraction of Municipal Solid Waste in SHaxwas found to be 17.54%. Main
inorganic content was paper and plastic. The guyaofi metals, rubber and leather

were found to be very less in the waste.

4.2.2 Chemical Characterization

The physical characterization of wastes providédrimation about the composition of
the waste stream generated. But the physical desization of MSW alone is not
enough. Chemical characterization helps us know dberse of waste treatment
processes as it gives the composition of the dratgeents present in the MSW. So it
is very important to chemically characterize thdidsevaste present. For chemical
characterization, both proximate and ultimate asedyare to be done on the waste. The
analyses were performed on three different samgéiected from different areas of
the waste dump site. The results of chemical chamaation through proximate and

ultimate analyses are discussed below in the TaBle

Table 4.2 Proximate and ultimate analysis of MSW

Proximate Analysis
Waste Sample 1 | Waste Sample 2 | Waste Sample3| Average

Moisture Content (%) 41.64 43.34 42.26 42.41
Volatile Matter (%) 24.44 23.25 23.13 23.60
Ash Content (%) 26.80 27.15 28.25 27.40
Fixed Carbon (%) 7.12 6.26 6.36 6.58
Gross Calorific Value 1246 1272 1350 1289
(Kcal/Kg)

Ultimate Analysis
Carbon (%) 30.51 31.23 29.90 30.54
Hydrogen (%) 4.56 4.44 4.25 4.41
Sulfur (%) 0.2 0.16 .009 121
Nitrogen (%) 1.15 1.45 1.44 1.34
Oxygen (%) 10.68 11.36 11.75 11.26
Mineral Content (%) 52.9 51.36 52.65 52.33
C/N ratio 26.53 215 20.76 22.93
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Moisture Content: Wet moisture content of the MSWIrfd in Shimla was determined
to b around 40-45%. It was studied earlier thatrtiwesture content of MSW in Asian

countries varies between 17% and 65%. The moistargent found in wastes of

Shimla was observed to be within these limits. phesence of high moisture content
predicts a high fraction of organic materials ia thaste samples.

Ash Content: Ash refers to the residue that is de#r after combustion. Due to the
presence of inert materials, the ash content ofMB&V was found to be high. The
combined average ash content of the waste samgllested from Shimla was found to
be 27.4 %.

Volatile Matter: The volatile matter is the leftevmaterial after subjecting the waste
to a temperature of 980 for seven minutes. Studies showed that the Velataterial

in the waste from the city of Kolkata were 38.518b.Shimla, the average volatile
matter present in the MSW waste samples was 23.6%.

Calorific Value: the calorific value is importamrfus to design the energy recovery
system from MSW.MSW characteristics studied in Delhd Mumbai showed the
calorific values of their waste to be 4498Kcal/Kadar477Kcal/Kg respectively. In a
much smaller city the calorific values of the wagémerated were expected to be much
lower. Such was the case when the calorific valu8W samples of Shimla was
found to be 1289Kcal/Kg.

Fixed Carbon: Fixed Carbon tells us about the portif combustible matter that has to
be burned in the solid state and not as gas orrvde average fixed carbon in the
samples of Shimla city was found to be 6.58%.

W moisture content
M volatile matter
ash content

M fixed carbon

Fig 4.2 Proximate Analysis of MSW
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u sulfur

B oxygen
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0.121

H nitrogen

¥ mineral content

Fig 4.3 Ultimate Analysis of MSW

Elemental Analysis: The elemental analysis of theste samples showed that the
maximum content was taken up by carbon at 30.54%eawed by oxygen at 11.25%.
Hydrogen content was found to be 4.41%, while oryip®k up 1.34% and sulfur only
0.121%. The C/N ratio of the samples was 22.930Ating to a study the C/N ratio in
Asian countries in expected to be within 17 and 5499 4.2 shows the result of

average proximate analysis while Fig 4.3 showsatlezage ultimate analysis.

4.3 Basic Properties of Soil before Freezing and Thawing

4.3.1 Specific Gravity

The results of the specific gravity test are présgm Fig 4.4. These results show that
the soils that are less contaminated showed géyéoater specific gravity than the
soil which is more contaminated due to more diexqiosure. The variation of specific

gravity with depth is shown for all the three saapl
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Table 4.3 Specific Gravity Values

Soil Sample Depth (m) Specific Gravity

Sample 1 0 2.49
1 2.31
2 2.37
3 2.44

Sample 2 0 2.53
1 2.36
2 2.46
3 2.49

Sample 3 0 2.50
1 2.35
2 2.38
3 2.46

The specific gravity of the sample was found totle highest for the soil at the top
layer. For the depth of 1m, the specific gravitycréased steeply and then started
increasing for the remaining depths. This is begadisect contact with MSW saw
specific gravity of the soil at the top to increasdéot. The soil at 1m depth had less
contact with MSW and was less contaminated sodt ddow specific gravity value.

The subsequent values showed little increase veigiihd
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The above graph shows that the specific gravitthefthree showed a similar pattern.
The top sample at zero depth showed a high vatliewed by a steep increase and
then slow increase.

4.3.2 Moisture Content

The results of the moisture content test on this soe shown in Table 4.4. It is a graph
showing the variation of moisture content with ofjag depth of three different

samples. The moisture content was noted to be tharethe normal uncontaminated
soil. With the increase in depth, it was noted thatmoisture content of the soil starts

Fig 4.4 Variation of Specific Gravity of the soiltiv depth

to decrease

Table 4.4 Moisture Content Values

Soil Sample Depth (m) Moisture Content (%)

Sample 1 0 16.18
1 15.90
2 14.05
3 13.60

Sample 2 0 17.1
1 16.42
2 14.85
3 13.90

Sample 3 0 16.55
1 15.85
2 13.95
3 13.35
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The moisture content of soils contaminated by MSAmiore than those of normal
soils. This is mainly because of the reasons tatsbil contaminated by the MSW is
not directly exposed to sunlight as it has beeresa¥ by the wastes, so there are no

chances of evaporation of moisture from the soil.

14 \.\

—MN

12

10 =@==Sample 1
== Sample 2

Sample 3

Fig 4.5 Variation of moisture content with depth

Fig 4.5 shows the depth versus moisture contemihgiar the three samples. The three
samples show that the moisture content is decreasdd depth for all the three
samples. This is because more water is carriethdyppermost layer because it faces
all kinds of moisture from the waste as well asrfr@infall etc.

4.4 Per meability and Unconfined Compressive Strength

4.4.1 Coefficient of permeability before freezing and thawing

The coefficient of permeability of a normal soillvghow a normal variation, the value
of the coefficient decreasing slowly with depthr Egample, a normal soil would have
values of like 0.074 at 0.5m depth, 0.035 at 1ntldenmd 0.018 at 2m depth. But the
soils been contaminated of affected by MSW will édaigher value of coefficient of

permeability which decrease in a lot steeper manfee results of the coefficient of
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permeability test are shown in the table below.uReswere taken for all the three

samples for three different locations at all foapths.

Table 4.5 Coefficient of permeability of the salhsples

Coefficient of per meability, K
Soil Sample Depth(m) laem orp "ty
Cm/sec
0 0.21
1 0.14
Sample 1
2 0.094
3 0.085
0 0.18
1 0.135
Sample 2
2 0.086
3 0.044
0 0.16
1 0.115
Sample 3
2 0.085
3 0.056

The table shows the values of k, the coefficierpeimeability for all the three samples
and at the 4 depths. It was seen that the valeedesreasing with depth but the general

value of k is much more than that of normal soil.

4.4.2 Unconfined Compressive Strength before Freezing and Thawing

The unconfined compressive strength of the differgml samples collected from
various depths was found out. The results are dgnetow in the tables. The results are
compared to the unconfined compressive strength uatontaminated soil.
Uncontaminated soil had much higher UCS as comptretie contaminated soils.
Also, the contaminated soils showed increase iromifrted compressive strength with
increase in the depth
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Table 4.6 UCS of MSW sample 1

Uncontaminated Contaminated M SW soil sampleswith depth
Test _
soil om im 2m 3m
UCS
(Knimd) 44.0 17.00 22.5 31.55 42.25
n/m

Table 4.7 UCS of MSW sample 2

e Uncontaminated Contaminated M SW soil sampleswith depth
soil om 1m om am
ucCs
(Kn/m?) 39.50 16.50 20.25 29.75 40.36
n/m

Table 4.8 UCS of MSW sample 3

o Uncontaminated Contaminated M SW soil sampleswith depth
soil om im 2m 3m
UCS
(Knim?) 26.50 13.80 21.98 25.45 28.5
n/m

The UCS decreased by a massive 60-70% at Om asacedhfo the uncontaminated

soil. The values then increased quickly and almesched the same level as the
uncontaminated soil at 3m depth. The figure belbawss the variation of unconfined

compressive strength of the three samples withithesase in depth. It is a plot

between depth and UCS.
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Fig 4.6 UCS of the three samples

The above plot shows the changing UCS with depttte three samples. Sample 1
and 2 show a similar behavior as the values ineckas a normal rate. Sample 3 had
low strength at zero depth as compared to the d@hsamples. So, after 1m depth it

showed a sudden increase in the UCS values.

4.5 Soil Properties after Freeze/Thaw Cycles

The different soil samples were collected from ¢hdéfferent locations of the MSW
dump site, and were named as sample 1, sample Zangle 3. At each of these
locations, 4 different samples were collected #edint depths. The first sample was
collected after removing the top 30cm, followedtbgee more sample collected from
depths of 1, 2 and 3m. before putting the sampilesigh freezing and thawing cycles,
some of the properties of soil were measured. @hgegproperties were measured after
the cycles to see their effect on the soil. Fregaind thawing were done &) 6 and -

6°C, 12 and -1Z for 12 hours each.

4.5.1 Coefficient of Permeability

Values of K, the coefficient of permeability affeeezing and thawing cycles are given
in the tables below:
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Freezing and Thawing cycle at®@ One freezing and thawing cycle includes 12hours

of freezing at 8C followed by 12 hours of thawing at the same temjpee. 3 such

cycles were done and the values of coefficientesfreability were calculated.

Table 4.9 Sample 1, k values for cycles & 0

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cm/s) before
cycles 1 cycle 2 cycles 3 cycles
0 0.21 0.201 0.194 0.187
1 0.14 0.135 0.122 0.118
2 0.094 0.086 0.079 0.073
3 0.085 0.080 0.075 0.072

Table 4.10 Sample 2, k values for cycles @ 0

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cm/s) before
cycles 1cycle 2 cycles 3cycles
0 0.18 0.165 0.152 0.141
1 0.135 0.120 0.114 0.100
2 0.086 0.081 0.076 0.052
3 0.044 0.040 0.035 0.029

Table 4.11 Sample 3, k values for cycles ¥ 0

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cm/s) before
cycles 1lcycle 2 cycles 3 cycles
0 0.16 0.152 0.145 0.136
1 0.115 0.107 0.091 0.085
2 0.085 0.073 0.065 0.058
3 0.056 0.051 0.045 0.037
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It was seen that for freezing and thawing%t,Ghe value of coefficient of permeability
were decreasing for all the three samples. Withdeqh increase, the values of k were

decreased and the amount of decrease in theses\afimedecreased.

Freezing and thawing at“@&nd 6C: One cycle of freezing and thawing included 12
hours of freezing at %€ followed by 12 hours of thawing al®@ Three such cycles
were carried out for all the three samples andvilees of coefficient of permeability

were calculated. The change in the values of tefficent were noted and analyzed.

Table 4.12 Sample 1, k values for cycles“af &nd -6C

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cm/s) before
cycles 1lcycle 2 cycles 3cycles
0 0.21 0.190 0.178 0.167
1 0.14 0.134 0.125 0.110
2 0.094 0.087 0.075 0.070
3 0.085 0.076 0.072 0.055

Table 4.13 Sample 2, k values for cycles @ and -6C

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cm/s) before
cycles 1 cycle 2 cycles 3cycles
0 0.18 0.164 0.158 0.151
1 0.135 0.128 0.115 0.102
2 0.086 0.072 0.056 0.047
3 0.044 0.038 0.035 0.030
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Table 4.14 Sample 3, k values for cycles & and -6C

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cml/s) before
cycles 1 cycle 2 cycles 3cycles
0 0.16 0.158 0.150 0.141
1 0.115 0.103 0.095 0.088
2 0.085 0.075 0.068 0.055
3 0.056 0.046 0.039 0.035

For the cycles of € and -6C, and also of 1°Z and -12 C, the values were not
decreasing that steeply but the behavior and vamiatf the values with the depth were
same. So, we find that the soil which has beenatoimated by MSW shows an

improvement in its coefficient of permeability vahi

Freezing and thawing at -1and 18C: One cycle of freezing and thawing included 12
hours of freezing at - followed by 12 hours of thawing at®2 Three such cycles
were carried out for all the three samples andvilees of coefficient of permeability
were calculated. The change in the values of tlefficent were noted and analyzed.

Table 4.15 Sample 1, k values for cycles dicland -12C

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cm/s) before
cycles 1cycle 2 cycles 3cycles
0 0.21 0.193 0.151 0.137
1 0.14 0.125 0.116 0.105
2 0.094 0.087 0.074 0.068
3 0.085 0.072 0.067 0.061
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Table 4.16 Sample 2, k values for cycles dicland -12C

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cm/s) before
cycles 1 cycle 2 cycles 3cycles
0 0.18 0.168 0.157 0.139
1 0.135 0.126 0.114 0.097
2 0.086 0.075 0.065 0.055
3 0.044 0.040 0.034 0.029

Table 4.17 Sample 3, k values for cycles diCland -12C

Value of New value of k(cm/s)after freeze/thaw
Depth (m) k(cm/s) before
cycles 1lcycle 2 cycles 3 cycles
0 0.16 0.151 0.145 0.134
1 0.115 0.104 0.096 0.09
2 0.085 0.081 0.075 0.067
3 0.056 0.045 0.041 0.039

From the results above relating permeability we sty the effects of freezing and
thawing on MSW soil and its effect on the permegbdf the soil. The three samples
were put through different freezing and thawing legcand the values of K, the
coefficient of permeability were recorded after leagcle for three cycles for all the
samples. The values of K were calculated priohtofteeze/thaw cycles also. A trend
in the change of this value was noted in the alvesalts. It was seen that for freezing
and thawing at {C, the value of coefficient of permeability werectasing for all the
three samples. With the depth increase, the valtiksvere decreased and the amount
of decrease in these values also decreased. Foytles of 6C and -6C, and also of

12°C and -12 C, the values were not decreasing that steeplythmitbehavior and
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variation of the values with the depth were sante.v#& find that the soil which has
been contaminated by MSW shows an improvementsicaefficient of permeability
values. This shows that the application of MSW peduthe effects of freezing and
thawing on the permeability of the soil samples.
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Fig 4.7 Variation of permeability coefficient Wwitlepth after three freeze/thaw cycles
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Fig 4.8 Variation of permeability coefficient withepth after 3 freeze/thaw cycles
(6 and -6C)
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Fig 4.9 Variation of permeability coefficient wittepth after 3 freeze/thaw cycles (12
and -12C)

The general trend saw a decrease of 20-30% ofahe wf coefficient of permeability
after three freeze thaw cycles 8C0In the other cycles, in decrease was around 20%
for 6 and -8C, while around 15-20% for 12 and °@2cycles. After these tests, the
unconfined strength and shear strength parametez also to be compared. Given
below, the graphs show the effect on permeabilityhe three samples after three

cycle’s at different temperatures.

4.5.2 Unconfined Compressive Strength (UCS)

Values of Unconfined Compressive Strength wereutation for the three samples at
the 4 different depths. After these tests, the $asnwere put under different freezing

and thawing cycles and the values of unconfinedpressive strength were calculated.

Freezing and Thawing cycle at®@ One freezing and thawing cycle includes 12hours
of freezing at 8C followed by 12 hours of thawing at the same temijpee. 3 such
cycles were done and the values of coefficient eriveability were calculated. The

tables below show the results:
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Table 4.18 Sample 1, UCS values for cycles°@f 0

Value of New value of UCS after freeze/thaw
Depth (m) UCS(Kn/m?)
before cycles 1cycle 2 cycles 3cycles
0 17 16.45 15.10 14.25
1 22.5 20.25 18.95 17.5
2 31.55 28.75 26.50 23.35
3 42.25 39.25 35.50 33.25

Table 4.19 Sample 2, UCS values for cycles®af 0

Value of New value of UCS after freeze/thaw
Depth (m) UCS(Kn/m?)
before cycles lcycle 2 cycles 3 cycles
0 16.5 15.75 15.10 14.50
1 20.25 18.75 17.55 16.75
2 29.75 27.50 25.75 23.00
3 40.35 38.70 35.25 32.50

Table 4.20 Sample 3, UCS values for cycles°@f 0

Value of New value of UCS after freeze/thaw
Depth (m) UCS(Kn/m?)
before cycles 1cycle 2 cycles 3cycles
0 13.8 13.25 13.10 12.75
1 21.98 20.15 19.50 17.25
2 25.45 24.25 22.75 21.35
3 28.5 26.95 25.25 23.60
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The values of UCS for all the three samples befieeze/thaw cycles are given. The
value of UCS was seen to increase with depth. mgians that the application of MSW
decreases with depth. Then the value was againumeshafter one cycle of freezing
and thawing at . It was seen that the values of UCS were seafetoease after

every freeze/thaw cycle. Also, with depth the daseswas steeper.

Freezing and thawing at®@&nd 6C: One cycle of freezing and thawing included 12
hours of freezing at %€ followed by 12 hours of thawing al@ Three such cycles
were carried out for all the three samples andvllees of coefficient of permeability

were calculated. The change in the values of tlefficent were noted and analyzed.

Table 4.21 Sample 1, UCS values for cycles®cf &nd -8C

Value of New value of UCS after freeze/thaw
Depth (m) UCS(Kn/m?)
before cycles lcycle 2 cycles 3cycles
0 17 15.85 14.35 13.65
1 22.5 19.85 18.25 16.95
2 31.55 27.95 26.10 22.75
3 42.25 38.85 34.55 325

Table 4.22 Sample 2, UCS values for cycles’@f &nd -6C

Value of New value of UCS after freeze/thaw
Depth (m) UCS(Kn/m?)
before cycles 1cycle 2 cycles 3cycles
0 16.5 15.15 14.0 12.95
1 20.25 17.95 16.75 15.85
2 29.75 26.75 25.15 22.50
3 40.35 37.80 34.35 31.75
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Table 4.23 Sample 3, UCS values for cycles°@f énd -6C

Value of New value of UCS after freeze/thaw
Depth (m) UCS(Kn/m?)
before cycles 1cycle 2 cycles 3 cycles
0 13.8 13.05 12.75 12.15
1 21.98 19.95 18.75 16.85
2 25.45 23.75 22.35 20.55
3 28.5 26.25 24.35 22.85

The samples were also put through freeze/thaw syate-6 and 6C for 12 hours.
Values were taken for the UCS after each of theehsycles. The values of UCS

decreased a little after each of the 3 cycles. démrease in values is shown in the
above tables.

Freezing and thawing at -1and 18C: One cycle of freezing and thawing included 12
hours of freezing at - followed by 12 hours of thawing at®2 Three such cycles
were carried out for all the three samples andvliees of coefficient of permeability

were calculated. The change in the values of tlefficent were noted and analyzed.

Table 4.24 Sample 1, UCS values for cycles 8€1and -13C

Value of New value of UCS after freeze/thaw
Depth (m) UCS(Kn/m?)
before cycles lcycle 2 cycles 3 cycles
0 17 15.25 14.05 13.15
1 22.5 19.20 17.85 16.35
2 31.55 26.5 25.15 22.30
3 42.25 36.85 35.15 31.35
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Table 4.25 Sample 2, UCS values for cycles §€1and -12C

Value of New value of UCS after freeze/thaw
Depth (m) UCS(K n/m?)
before cycles lcycle 2 cycles 3 cycles
0 16.5 14.55 13.75 12.75
1 20.25 17.25 15.85 14.95
2 29.75 26.1 24.75 22.25
3 40.35 36.50 33.45 31.25

Table 4.26 Sample 3, UCS values for cycles €12nd -12C

Value of New value of UCS after freeze/thaw
Depth (m) UCS(Kn/m?)
before cycles lcycle 2 cycles 3 cycles
0 13.8 12.65 12 11.50
1 21.98 18.55 17.45 16.10
2 25.45 22.95 21.55 20.2
3 28.5 255 24.05 22.15

The graphs below show the trend of UCS values Herthree different temperature
cycles followed.
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Fig 4.10 Variation of UCS with depth for freezefthaycles (6C)
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Fig 4.11 Variation of UCS with depth for freezefthaycles (6C and -6C)
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Fig 4.12 Variation of UCS with depth for freezefthaycles (12C and -12C)

The unconfined compressive strength of the soilptesnwas calculated before the
freezing and thawing process. The values were sBeémcrease with the increase in
depth. The values for the three samples were el Now after the different

freezing and thawing cycles, the values of UCS wealeulated again. For all the
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samples, 3 cycles at the three different tempezatwrere carried out and the results
were noted. It was seen that the unconfined cormmpeesstrength of MSW
contaminated soil is low and further decreases #ftefirst freezing and thawing cycle.
This showed that MSW had a negative effect on theonfined compressive strength
of soil. The effect of freezing and thawing showadhermore decreased values of
UCS. It might be noted that if an uncontaminated was exposed to freeze/thaw

cycles, it would see much more steep decreaseinatues of UCS.
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CHAPTER 5
CONCLUSION

5.1 General

The aim of this project was to study the effectreézing and thawing on the behavior

of MSW. Samples were collected from the municipakte dump site of Shimla city.

The samples were tested for characterization artdiceroperties. Then, the samples

were put under freezing and thawing cycles at wifie temperatures and the same

properties were measured again after each cycke.ciibnge in certain soil properties

after freeze/thaw cycles were recorded in thisishes

5.2 Conclusions

From the study undertaken, the following conclusiarere made regarding the effect

of freezing and thawing on the behavior of MSW #relcharacterization of MSW.

1)

2)

3)

4)

5)

The municipal solid waste generation in Shimla waslied and the site was
selected for sample collection was the MSW dumg sftShimla. The waste
management system was discussed and the typest weare studied.

The waste was studied for physical and chemicalacherization by proximate
and ultimate analysis. In proximate analysis, tlestre content, ash content,
calorific value, fixed carbon and volatile matteere calculated. The physical

composition of waste was also done.

Then the equipment required for implementing tleeZing and thawing cycles
was also explained and discusses. Each sample wrasger multiple cycles

and various properties were studied.

Results were show for various properties of thelsefore freezing and thawing
cycles. The moisture content, specific gravity, npeability, unconfined
compressive strength were studied before the ffdeze cycles. These results
were compared with those of uncontaminated soil.

After freezing and thawing cycles, the changesaftues of permeability and
unconfined compressive strength were studied. Tifecteof freezing and
thawing on these properties were studied.
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6) The UCS values of the samples were seen to decedeseeach freeze/thaw
cycle. The value of UCS was first lowered by apgimn of MSW and it further
decreases after freezing and thawing.

7) Due to the presence of MSW in the solil, the negagffects of freezing and
thawing on permeability were reduced. The valuek wkre seen to decrease a

little only after each freeze/thaw cycle.
5.3 Scope of Future Work

The effect of freezing and thawing on the behawsfdviSW was studied in this project.
Soil infected by municipal solid waste leachate ‘et studied for moisture content
and specific gravity. The waste was also charatdrchemically and physically, and
the soils permeability and unconfined compressivength were calculated for all
samples. After this, the soil was put under cydés$reezing and thawing. Then the

effect of freezing and thawing on these propestiese studied after the cycles.

The scope for future work in this project lies tndying the effect of these cycles on
properties other than permeability and UCS. Sonmeroproperties can be the shear
strength parameters, cohesion and angle of frickompressibility, bearing capacity

etc. also in this project the samples could onlyphe through a limited number of

cycles. So there is further scope of study on ffexts of freezing and thawing on the

soil properties after furthermore cycles.
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2)

3)

4)

5)

6)

7)

8)

9)
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