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Abstract

This study investingate the pussibility of using organic and inorganic maierials with the sand

=iy suil for daily coverage in Almynia landfill in Palestine . dift: erenl percentuge of selected
anic materials (wood chips , food waste) and inorganic materials ( [ime slurry waste | glass)
were used was used with the sundy soil and several tests were conducted on the soil 1o

mvestigate the effect,
‘he rescarch varuble were op »
- one type of soil.
-- percentage of organie and norganic { 10%, 20% and 30%q),
3= Tests ( shear strength , permeability and compaction test )

“he result of this revealed that Organic materials continuously decrcased shear strength | increase

sermeability and decreasea maximum dry density with increase of maisture content.

e inorganic material mereasad shear strength | increased maximum dry density with decreuse

SESMELUTE Conlent.
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Chapter one

Introduction

1.1 Generul

Every day produces a large amounl of municipal solid waste | the term "wasle " 1s defined
a5 any material that is discarded , abandoned . or is not of uny cconomical value. waste
can be classified into solid or ligwd with many other intermediate categories [ lor example
cemi solid | semi liguid ). Sohd waste is one of the most critical one from wasic
management point of view .the way o disposed solid wasle is by collection then
separation and send (o the landfill | so that thers is waste reauncnt and the landnil pust
cover all disposed waste at the end of each day to avoid unpleasant odors and possible fires
that pecur The US federal regulations requives al least 6 nches of soil cover every dey. and
the soil is obtained by either drilling test pits in the vicinity of the landfill or imported from

abrvad (o protect the environment and human [1].

While cover consisting of six inches of soil is effective i protecung human health and the
environment. costs of excavating, loading and hauling on-site soil; the cost of procuring

off-site soil; and impeding the movement of landfill gas and leachate

Dizily cover is an essential component of landfill operations and has several environmental
functions , ypes and quantities of matezial selected for daily cover must be suitable for

cach lundfill to achieve the averall goal 1s to control the probleins that may occur i1l

Oiperational waste dumps represent & dynamic work environment should be monirered and
managed on an ongeing hasis for long periods to achieve a comprehensive crvirommental
control, and after the first deposition amount of waste in the last day are placed daily cover

matcrial to receive the new amounts of waste in the next day [2].

The residual waste left for longer perinds of a week or sv. is used as a daily cover material
with 2 thickness greater than the previously used and is the called intermediate cover
muterial, and a residue of these waste lefl fuor more than months, i5 used for the so-called

temparary capping before the final stage [2].




Number of develop means wasie can be useful , Ihese means include unprovement of the
geotechnical properties of the wagte bottom sediment by means of =oil stabilization. The
purpose: of 5ol siabilization is to reduce permeability and improve compressibility,
structural quality and workability of the municipal solid waste in arder (o reduce the

problems of settlement to landfills reclamation[3).

I'he methodology thar used in landtill is Compaction, which i a Process 1o redoce vouds

and merease the densily and shear strength of the material by using mechanical process [3],

This research will consists ol'mixing organic and inurganic materials with the suil nsed for
daily cuverage in Al Mvnia land(ill. The urganic malerials are selected from peel of tiuils
such as oranges, apples and bananas mixed with wood chips added to the sail at different
pacentages. The inorganic materials used consist of stone shiary waste that will be added
0 the soill as powder and test theit effect on soil compaction, shear strength and

permeability,




1.2 Problem Statement

The lack of quantitics of daily covering soil in landfill operation 1s becoming a real threat, In
many landfill the waste itself sometimes s mixed with covering soil and used as covering
material, the development and mnovation of new covering material for daily use in landf1)
may extend of the operation life of landfills and reduce the exploitation ol clay soil which is
miportant for agriculture and the emvironment .This research will mvestigate the effact of

arganic and inorganic materials on prospetitics of daily covering soil
1.2 Objectives

The main objective is 1o Investigate the clfect of ofganic and inorganic waste on shear

strenuth | compaction and permeabilily properties of landiill covering soil .

Research varinhles

1. One type of soill AL Mynia covering soil )
2. Organic waste (10, 20 & 30 welght percentages).
3 Inorganic waste (10, 20 & 30 weight percentages).

The main lests to be carries gur are :

i) Shear strength test (Direct shear ).

b) Compaction test,

) Permeabhility test (Constant head ),




L4 Resparch ."rll:thuduingj'

= Al Mynia Landfill has been Visited, and an observe of the process of daily
sevening ok place.

== Quantities of the suil tised for daily vovering was collected.
% The s0il was tested 1o estah

lish its main
f_."_"!'!

properties, such as specific Lravity,
101 sieve analysis, compacrion she

ar, strength, and permeability.

% The soil wus tagiud by addin

E organic waste with differopt Welght pereentages (c.p,
od waste and woodchips ).

= The soil was (ested by

adding morganic waz
With different w

te {e.g. stone slurry wasts and glass),
cight pereenss.

& The Lest results of the

soil was compared before and after adding the differenr
Bpes of ysta,

7- The DECessary analysis, comparison, and discussion ol result was made.

The necessary conclusions and recommendution was made

1.5 Limitation

sote that the properties of soil that result from this research is only

for AlMyina landfill soil
and il may

be different if other type el'soil 5 used for daily covermg

of waste,




1.6 Action Plan

This work in this researel wil] be implemented in twe stages over two semesters | The action
plans with differant (ay %5 for the two stages are illnsira ted in Tablc (1.1) an ind Table (1.2).

Table (1.1) Action Plan for the first scmester 2016,

—_—____.__

’ Sepiember Dolober November Degember }

TASKS ;/ |“ T'.'W[ (1;;', W W '[J,‘.;|1.1;r1ﬁr|1.l.a "ﬁ.‘l"l,\.} w

s T | } 1 '(*} :'%H' T

the praject
idea | | /

Visit almynia

._laﬂ_dﬁ" ||__|_ Si= | _'__J — | -|
= TR
soil from the | F | ’ | } | || | ’ ’ |

=
review | | / | L_L l] | ’ | | ) |__(




Table (1.2) Action plan for the second semester 2017,

February March April

Wiw W Wi W W W (W W W W W(W| W W

TASKS W

-:
2 | | a 3 Tl i 3 3 i

-
']
L

Literature ' ’

Review |

Testing the

501l by

adding

OTZAmIC

waktie |

Testing Lhie ' |
soil by
adding

morganic

WASLC |

Analvsis of |

pe=t ragules

and

SECUsSSIon

Writing the

project
seport and

SETNTIIS S300




Chapter Two

Lit¢rature Review

L1 Introduction

S0lid wuste management 15 one of the basic essential services that must provided by
musnicipal authorities in the country to keep urbun areas clean. However. it is among the most
sed pravided services in the basket the systems applied are unscientific. old and metficient,
=over Tatio of the people is low, and the poor are marginalized. Waste is litiered all over

r=sulting in insanilary living conditions[4],

wne of the ways that the municipals take to dispose the wastes is the landfills . In the past, B
of of prablems relared to landfills occurred as a result of non engmeered facilitics and bhad
management. It i cssential that issucs outlined in landfill manuals are considered i the

Sesign and the development of the landfill] 5],

There are muny possible environmental problems are associated with the landfilling of waste.
These problems may be long-lerm and include possible contamination of the surface and
sToundwater water systems, the owt control of migration of landfill gas and the generation of

sdors, noise and visual nuisances [5]

2.1 Landfill

The landfill is a site used for disposal ol selid material by burial in (he ground that 15 licensad

25 4 landfill under the Fnvironmental Protection Act 1986[6].

~andfill has been widely used especially in developing countries for municipal solid waste (o
S=pose wastes all 1 adequate land 15 avadable il will be dependable and cost cffective
=ethod. However, severe environmental impacts such as groundwater pollution and nuwance
dor will created if @ wrong managsment and operation of landfill happened ,example

umyiia landfil] as shown in Figure (2.1) [2],

mamimize the exposure o buman and environment and stare or contain the wastes are |[he
(8

wamn wims of raditional land i1l design[ 2].




Figure(2.1) : Almynia land#il,

221 Landfill site design

A good design for a landfill site will reduce of prevent the negative

effects on the
sivironment and human health which arising tiom the landfill ol waste[5]

4 the design of the landfill, it must taken into account that to be aw

ay from the surfice and
underground water sources in arder to avoid Jeaka ge of leachate.

The mam objectives of the design of landfill that need to be laken into account i the design

2 landfill. Manugement systems for the contral of leachate, pas, groundwarer . surfice
water and the design of engineering works taken the lining und capping systems into accoynt,
ts00d Site design includes estimates of boundaries for the active fill area and the buffer zones,
figging requirements in the active fill arca. and final contours for the completed landfll.

Various site improvements are required, may it will include sccess roads anto the site, and

extending required utilities to the site [7],
The components of landfill are ;
-Surliace’ Protection Layer,

2-Drainage Layer,




= Lompusite Barrier,
*Gas Collection Layer

£F oundatipg Layer,

b be considered in landfiil design as the fallowing:
i« Nature ang quantities of wasge

The type of wagie m the landfi and quantity determines (ha

failure of h:.-e_?.n:dnus.- Waste and npp-
measures and the g

4Ctons needed to deal with
%aale, and the hazardm

fill to aceepr the waste,

the

1% in terms of the ditlerens
attire of the landg

- Water conirgl

It s to contro] the amount of lcachate generated
T

and to preven; leakagpe
sirface warer BOUIEE

into the groundwater
&5, und polluted Waler b

indled must pe Processed

before being
dischargeqd,

3 Protection of sofl and wWaler

Ihe layer mode s Protect the soil from leaknge ang Eluundwater gnd surface warer. g¢
SPpropriate (o the desired thickness and permeability,

I'he layer systep may consist af
blished mincra] layer ¢

nalural nr artificially estq

onibined with g Eco-synthetic liser,
4 leachate managemen

Pibes are placed in the hase of the landfill 1o colle

Sure mom pipes ethiciency |
With & pipeline to tansport ang

¢t the leachare and not relegsed into the
0L, You must make

The leachate Pipe Inked 1o a tuhe asse

mbly
tr&iiment [5],
Factor affecting leachate Guality;

Seachaie quali ¥ depends an Varies parameter such
anG depth of waste as shown

45 Waste age | mp iSture,

=ch parameter and ji's percentage |

OXYgen conten -
in Tabls {21)



Table (2.1) : landfill leachate parameter [§],

Parameler ’ Laudfill Jeachate
T pH | 7.14
i Electrical sonductiviry (E.C) {dz‘m” 15.74 _|
N Na~ (mg/1) '[ ROG
Ca™ (mg/l) |I 1800
Ma'?( mg/1} 39
D K* (mg') ¥E -l
B Cl (mg/) 3400
S04 2 (ma) | 150 |
NO3 - (mp/l) [| 39 [l
Cu (mg'l) | 10 ]
N Zn (ma/l) |. 120 ||
1 Ih (m1g/]) |i 5 |
i Cd (mg/1) J 0.9 |i
Ni (fmg'l) | i J
|
Hg (img) J 0.7 ]
TDS (mg/Ly | 17063 |

5 Gas Control

—=ndfill gax is composed of a mixture of Fundrads ol different gnses. By volume, landfill {ras

spreally contains 45% o 60% methane and 40% (o 60%

carbon dioxide. Land(ll Eas also

sciudes small amounts of nilrogen, oxygen, 2mmonia. sulfides, hvdrogen, carbon monoxide,

10




ﬁ*

and non-methage erganic compounds such as wichloroethylene, bereene, and vinyl chioride
191

Approximately 187 m3 of landfill pas s produced per one kilogram of degraded organic
sarbon (with a content of 30 percent CH4)[10).

Bndfill gas produce

There are three sources 4f Bases production in lindfill as follows -

1= bacterial decompasition

The most of methane gas produced from the decompasition of Organic wasle . which i
sresenled in the wasre and 0il on the cover . by bacteria ip four phases , Lhe decomposition
&nd the gases produced during each phase |

e organic wasler nclude food, street SWeepings, parden waste, wood and texliles and paper

products,
2- Volatilizarion it released pases

when the organic wastes changes from liquid or solid to vapor state, Tt may released Non.

meLhane organic Compounds .
3= Chemical reactions

Like Non-methine Organic compounds  which ereated by the reactions between some
shemicals in waste. For example a harmiul gas i produced when there ig 5 réaction between

shiorng bleach and ammuonia iy the landfil) ,

The quantities of £as production in lendfil] affected by cheracteristics of the waste (e.g.,
somposttion and age of the Waste } and o iumber of environmenital factors (e.g., the
Availability of oxyeen in the land{ill, moisture content, and the tCmperature) such gx-

I- Waste compusition

ncreasing amount of urganic waste lead to relesse more landfill gasey by bacteria curing

Scomposition, valatilization and chemical réactions,

11




2-Fresence of OXYiEen

Methane wil| be Produced only when Oxygen is not available in the landfill.

I Muoisture conlent

was production will increasec if the moisture content metesse i g land becouse it promore

=cterial decomposition and chemical reactions which produce gases,
4 Temperuture the Eis production increase when the landfill's lemperalure increuse
Because the bacteria] activily and the rates of volatilization and chemical reactions INCreases
with temperarure [L1].

=3 Landfill cover

APPlying a cover 1o g landitll surfage is @ part of & complex ranges of averlapping

environmental contral processes that must b HEcur on the landfill sitey Covers have g
| o

polential to solve some civironmental problems. the selection of ap Appropriate cover
material will necd congider the chaructoristios of the “a¥ermaterial, the type of wagty and the

oBjecrves o Fapplving a cover.
The objectives of applying a landfill cover a5 the following -

To prevent windblown litrer,

2 To prevent pdors.

Lid

To avoid dtiracting birds to the site and prevent the uir space above it

i

To prevent vermin from being attracted the site

To prevent flies from mfesting the site,
B To minimize the risk of fire an ur within the site

To ensure the visya| dppuarance of the site/12],

23.1 Types of landfill cover

There are different ypes of covering during landfill operation according the stage of Operarion

L=Daily Cover ; wil| explained in another cChon , and it is shaw g in Figure (2.2)




Figure (2.2) ; Daily covering[11].

= Intermediate Cover

S=fers to put g suilahle, adequare and suitable marerial (at the

=52d) over deposited wasta for u period of time before tempurary

# further wastes and it is shown in Figure (2.3) ,

Figure (2.3) ; Intermediate cover [L1].

12

h—_.___——

mininwm 300 mm if so1l i

capping or before of dispose




|‘;’-

L -t R

3- Temporary Cover

Refers to the providing of a temporary capping system, (at the minimum 0.5 m thickness ).
mncluding & gas burrier membrane, to allow for settlement prior Lo the stallation of the [inal
capping system. A sacrificial gas barrier membrane should also be laid on the interfaces
between the cell being coverad and the future cells.

4- Final Cover

Refers to provision of a permanent capping system across the top of the deposited waste to act
as barricr and restoration layer between the external environment and the body of wasie.

The fallowing figure (2.4) shows the stages of waste covering in landfill |

———
+-——|-|-|--

Intermediate Cower
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A charshed
line = Scope of this
Grildanoe Doduman

BEioew Coched ine =
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Temporary Capping

Applwed

Final Capping

Ao

Figure (2.4) : Typical pragression of cover and capping systems at s landfill [inl.




Dzily covering

2 term used to describe material (about 150 mm if soil cover is used) spread over deposited
wasic at the end of cach working day. Appropriate synthetic materials may also be used.

¥The main purposes of daily cover as the following

+~To reduce Liter,
~-To reduce Odars.
5T0 reduce Dust,
*To reduce Flics.
S=Tareduce Birds [7].

2.3.3 Criteria For Selection Of Cover Material

I-Performance

The substance used t6 produce the type of waste or dust dida' lead to envirommental
groblems,

2-kase Of Application / Removal,
The substance that used for covering is casy Lo apply and the buv of materials is available.
3-Permeahbility

The free draining i even the perched leachate does nat become u prablem (e g, on arens that
will be subject to further waste filling).

Availability of casily combustible materials and MAaY pose i risk.
4- Chemical Contamination

Materials shouldn't be contarminared ,deesn’t contam high concentrations of contaminants amd

there is no cross-contaminared materials and hazardous toxic Can it be replaced.
S-Traction MNeeds Of Vehicles

Ifthere is material support (o transport vehicles
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&-limitations

some materials need special atteition o the preservation and storsge and there is materialg

aflocted by conditions lead ta damuge such as high winds,
T-Cost
some matenals need 2 high cost in the procurement of materals and transperted to the sire

8-Compliance With Legislation

their is some substances of the Proposed cap in line with legislation and other didn't (117,

2.4 Soil in landfill

S0ils are the traditional materials for Municipal Solid Waste landiill daily covers, but their
performance i3 debatable, particularly i consumption of the valuahle landfi1l spuce The uye
' waste materials, which should ke disposed of n landfills, as landfil] daily covers
scourages the practive of wasre recyeling and therehy rrolongs the life of existing landfills,
15 addition, it alsn provides a practical solution to places where suitsble soils are not readily

available

13].

In gencral, the main objectives of' a landfill cover soil 15 to prevent of greenhouse gas
emissions and minimizing the leachate production, The cover soil properties like the hulk
Sensity, air capacrty and soil thickness, whick will minimize the |eachale production may
conflict with the physical propertics which is necessary to drain greenhouse ASes Smissinns,
The landfills which have Lood gas exclumgeable properties may will nat minimize
percolation. If the soil has low gas exchangeable in order 1o reduce percolation. 5o separale

ventilation method sheyld be provided [14]
&4.1 Svil definition

S An unportant par of th biosphere and reflect an mtermedinry in the ransier of chemicals
and substances in the atmosphere, hydrosphers and [he living beings and the most important
part of 1t 15 the productivity .to niintain (he survival of apricultural and environmenial

unctions| 18]
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There are two hasic soil groups

1- Cohesive soil : Are small soil particles and gruins crystallized enherent. The size ol purticle
less than 0.002mm , it 5 wsed in  embankment fills [14]. The cohesive soil has low

permeability.

3- Granular: particle size range fom 0.002 to 0.08mm (sand) and 0.8 1o | .Umm (fine to
medium gravel) - And the soil is known to drain the water| 14]. In the case of sand and gravel
can get maximum density in the dry stare and saturated, testing curves are relatively 1lal so
density can be obtained rogardiess of water content] 16].

2.4.2 Soil profile

Is & vertical cross-section, and upon detection of soil layers become clear .Fach layer to be
different from other physical or chemical methods and variations are developed hased on the
varinus interactions of the components , slope, pative vegetation, weathering, and climate,
When examinmg the layers are al u depth of 3-5 teet [15]

Soil horizon:

There are three primary layers of the soil is called the main layers of the soil which A, B, C
These are part of a svstem for naming soil horizons in which each layer s wentified by a
code: O, A E, B, C, and R.

The O horizon is an erganic layer made up by the decay of the remains of plants and animals

The A horizon Usually called topsoil and is the top luver where the accumulation of ergunic
material, With the paseage of time lose these soil characteristics, inchuding metal and hacause
of leachate.

The E horizon the color of the E horizon is very light. This horizon usually occurs m sandy
forest soils with high amounts of rainfall.

The B horizon it 5 the laver found is in the ground and it's also called accumulation layer,
the organic matter aceumulsted due to the leachate chemieal material |
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The & horizon has less organic matter and more clay than the A horizon. Together, the A, E,

and B horizons are known as the shum. This is where most of the plant roats grow.

The C horizon is called the substratum, [t is usually absorbs a laver propertics (A and b .it is
the parent kayer of the soil,

Phe R horlzon 1s the underlving bedrock, such as limestone, sandstone, or granite, It 1< found
beneath the C borizon , the layer is shown in Figure 2.5

Figure (2.5): Primary soil profile[15].

2.4.2 Soil compaction

15 used o vonlrol the behavior of the soil i order o improve the gualiies and

characteristics by adjusting the mechanical or chemical properties.

Mechanical modification is 4 way to increase the density and shear strength and reduce
settlements [ 14].

Why compact?

| mere are five principle reasons Lo compact £oil as
'~ Increases load-bearmg capacity.

2= Prevents soil settlement and frost damage.

“Provides atability

< Reduces water seepage, swelling and contraction.

= Reduces sertling of soil | as shown i Figure (2.6) [16]
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Figure (2.6) : Compacted soil vin un-compacted|23|,

Aypes of compacrion
There are four types of compaction effort on soil:
I-Vibration.

2- Impacl.
- Kneading.

& Static pressure [16],

2% Solid waste

Solid waste is a byproduct of human activitics which rtends to increase with rapid
wbanization, improved living standards and changing Consumption patrerns. The waste is
sencrated during industrial processing, institutional and developmental activities. Thore are
o components of salid waste Le. Biodegradable and Nan-Bivdegradable, The deconiposable
Swganic matter. such as vegerables, fruils: food matcrialy, ct¢ are the Biodcgradable
wastel13]. The dry materials like glass, metal, leather, textile, paper packing materiul, house
oM wastes are Non-Biodegraduble waste. Grenerally, the higher (he sconomic development
= rate of urbanization, the gresler the amount of solid waste produced [17) .For many
@ecades, land filling has been favored as a method of waste disposal for a number of reasons,
#5en because it is probably the cheapest available method amd also as a result af the
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svailability of holes in the ground. Land filing with Municipal Solid Waste is a commoen
practice in many countries of the world. Mast of the landfills are open dumping grounds. and

Sy pose serious environmental and social threats [18],

Waste composition in Palestine

Waste composition in Palestine in 2012 was estimate at 1.387 million ton . it is shown
Fiure (2.7) .

s
L]

Figure (2.7) : Waste composilion in Palestinc[18].
Solid Wastes and its Management in Palestine

ane 15 not like other countries; it has its special situation because of the Isracli

tion. The closure and segregation of the main roads of the Palestinian, leading to
plicate the solid waste nanapement problemn and resulted in the nsage of alternative
trolled dumping sites which may be pelluled the soil and the ground water, salid waste
gement luerarchy show in Figure (2.8) [6].
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Figure (2.8) :Solid waste mangemant hierarchy [6],

2.5.2 Sources of sulid waste
1 Masl emergency situation the main sources of solid Wasle are:

-medical centey
Z-food stories
»feeding center
“fod distribution point
S-wearhousus
S-markety] 19,
Tspes of solid wasie

soid waste can be divided by source into fous categorics which arc municipal solid waste,

m2ustrial sulid waste, sewage sludge, agriculmral wastes. and mining waste [6),

Household wastes : the wastes that generated from houses, restaurants and hotels,

- Agricaltural wastes: inctuding plant and Organic wastes.
i Induastrial wastes,
- Wastes of construction activities and various instalintions.




Other rypes of wastes;

= Hazardous Wastes : [1 is from (he chemical indusiries such as the chemical compounds,
munersl and water solutions. mercury compounds, electronic industries and paper industry

=- Medical Wastes : These are the garbage ol hospitals, medical laboratsries, privale chnics |
"B waste containers used syringes, tubes, and containers

* Biological Pesticides : These are used to protect humans, animals and plants from (he
sermiul effects that result from some inseets, rodents, noxious herbs, lungi, and bacteria, The
malogieal pesticides are very important because il increase the agricultural production: Giaza
S5p alone uses 100 tons ol pesticides [6].

f2ble (2.2) shows the percentage of waste callection and final destination in Palestime.

Table(2.2) : Municipal solid waste percentages [18],

Municipul Solid Waste Collection Coverage |

__ - Rural areas R8% [
- e - Urban arcas [I 039 ~|
- Municipal Solid Waste Final Destination
R ~Composted r less than 0.39,
T - Recveled less than (1.5%
- Land filled | 33%(42%WR, 229% G3) |
e - Openly dumped ' 67%
R ~Number of Dumpsites: }I 163
-Number of Controlled Land fills: | -
-Nuwnber of Sanitury Land filis: -
] - Planned 2
- Under construction _ 1 {GS)
- Constructed ]
- Operational 3(2WB. 1GS8)

~5.3 Municipal solid wuste composition

W3ste composition is one of the main faclors nfluencing emissions from solid waste

weatment, as different waste types contain different amount of degraduble organic carbon and
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tssil carbon. Waste compositions in Municipal Solid Waste viry widely i different regions

and countries [5]
Compaosition of Organic M unicipal Solid Waste

MUNICIPAL SOLID WASIE stream is diverse and containg s vaniely of organic and

morzanic matcrials. Usually organic pars melude food waste, leaf and yard waste:

Food Waste

~ood wasle represents a larpe part of organic material found in residential waste, primarily [t

& generated by the residential and Industrial, commmercial, and iostitutional sectors, and can be

LT post-consumer, originating from residential and commercial kitchens (i.e.. restaurants
= hospitals), or pre-consumer, coming from distribution and retail agents (ie., trangporters
mad supermarkets). Food waste has a high moisture content, which can lead to the generation

o leachare and odors during handling and processing|[20).

2 5.4 Solid waste leachkate

Leachate may be defined as any liquid percolating through the deposited waste and emitted
Som or containcd within a landfill. This leachate picks up suspended and soluble materials
St onginate from or are products of the degradation ol the waste, Tf this leachate is allowed
o migrale lrom the site it may pose a severe threat lo the surrounding environment and in

sarticular to the groundwater and surface water regimes and in Figure (2.9) ean show

Leachate pond.

Effective environmental protection requires an understanding of the composition and valumes
f lenchate being gencraled and the implementation of control measures, The compositian of
cachate within a landfill is unigue as the characteristics of the leachate will vary depending

on the wastes deposited [R].

The main fuctors that influence the gemeration of leachate include:
I-meteorological condmions at the site

2-waste composition

L-waste density

Lwaste age

S- depth of landfill
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= of water movemenif§],

=55 Almynia landfil]

e central waste dump of Hebron and Re
Wih of Bethlehem, The landfill consists
= = about 25000 m, Witeh Benefil

thichem governorntes in the Minva arey
of & cells for landfill and the area of cach

aver 800,000 people i the southem West Banlc

e kand fill Consisting of four cells and g special pool to colleet the leatchate.

e daily waste weights Lo more th
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Figure (2.10): Almynia landiill pnsition:

24




Chapter Three

Materials and Testi ng

L1 Materials

21.1 soil

% soil vsed in this research is collected from Almynia landfill area, and it is used for daily
SETInY In the landfill D

ifferent types of tests carried oul on the

soil to establish its
mospertties |, as will be shown later n this chapter,

i1l Orpanic waste

8= organic waste used in this research i selected from foud waste, woodchips. A briel

Wl
s=scription of'each of the salected waste Is presented helow:

L food waste

==mping food wasie 1n a landfill causes odors as 1 decommnnses urtr
plng i

acts flies and vermin, amd
s the potemtinl (o add bia lngical

oxygen demand to the leachate removing the organic

wasles away from the land(lls disposal is preferred [17],

= 1his experiments, It has been used fiuil waste as an example of fond waste

0 our
=perimental tests the follows were wed ¢ Oran

ges, Baminas and Apples, Drying the organie

wasic and culling it into smal] picees and dried it on the aven,
S woodchips

8 enormous ameunt of waste woods dumped into landfills every Year which come from the

wses, markets and the highest quantity is from wood cutting.

e wood chips was brought from carpentry, it is a small picces of wood, it was used as an
=

=mple of paper trees and garden wastes, it has been dried aleo on the even

T8 organic mixed by 50 pereent food waste and 30 percent woodchips,
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3.1.3 Inorganic waste
The inorganic waste used in this research consist of two (vpes as [ollows:
A. Stone slurry waste (lime stone)

The stone shurry waste is the most abundant type of wasie available in Palestine The stone
shurry waste cause a tremendous environmental pollution and cause theeat to human, animals

and planis,

In this rescarch we gel the stone shurry waste from the Quarries | and dried on the oven, then

grinding it to make easy when it used.
B. Glays

(jlass makes up a large comporent of houschold and mdustrial waste due 1o its weighr and
density. The glass componenl in municipal waste is usually made up of bottles, broken

glassware, light buths and ather items [21].

in this research glass grinded by Los Angeles machine into a powder before mixing with

covermg soil
The inorganic mived by 30 percent glass and 50 percenl slone slurry.
3.2 Testing nf snil only .

In this study we will smdy some prosperities of seil then the same tests will be carried out hy
muximng the so1l with organic and inorganic materals. All tests carmed out on the soil are

sccording to the standard [22].
3.1.1 Specific gravity

The speeific graviey of a grven material is defined us the ratio of the weight of u given volume
of the material to the weight of an equal volume of distilled warar. In soil mechanics, the
secific gravity of soil solids (which is often referred to as the specific graviry of soil) is an
mportant parameter for calcuiarion of the weight=volume relationship. Thus specific praviy.
" 12 defined a= equation (1) or (2).

unitweight (or density) of soil solids only

= - e > (1)
i unit weight {or density) or water
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WsiVs Ws

G

2 L"_!_;'i-.,ej-.i'
Where, Ws = mass of soil solids (g |
& =volume of soil solids (cm3).

o = density of waler (g/em3 ),

“ generul ranges of the values of Gs for vaTions suils are given in Tahle(3 .1)

Table (3.1 : General Ranges of Gs for Various Sells [12],

. _____Enﬂ_typu_'_—T_____'rTgeom. '{
S — = e e
Sand ’ 2.63-2.67 |
Sl | - 2.65-2.7

. |
n Clay and silry elay } 26729 T
[ ~ Organic soi] s Lesy than 2 |
‘ |

surposc of the rest

Setermine the specific gravity of soil which is Impomant in caleularing void ratio. porosity,

st weght, degree of saturation,
Frocedure
Clean the volumetric flask well and dry i

= Carefully fill the flask with de-aired. distilled wate; up to the 500 ml mark (botom of the

meniscus should be al the 500 ml mark),
* Determime the mass of the (lask and the water filled (o the 500 mark (W1} .
= Insert the thermometer into the task with the water and determine the temperatwre of the

WSLeT |
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5. Put approximately 100 grams of air drv soil into an evaporating dish,

6. Tthe soil is cohesive, add water (de-aired and distilled) to the soil and mix it to the form of
* smouth paste. Keep it souked for about one-halt 10 one hour in the evaporating dish. (Note:

Fhis step is not neecssary for granalar, i.c., nun-cohesive. soils.) .
Transter the soil (if granular) or the soil paste (if cohesive) into the volumetrie [lask.

% Add dustilled water to the volumetric flask contining the soil (or the soil paste) to make il

200ut two-thirds full.
#. Remove the air from the soil-water mixture, This can be done by:

& Gently boiling the flask containing the soil-water mixture for aboul 15 o 20 nunutes.
secompany the boiling with continuous agitation of the flask. (1£too much hear is apphed, the

soil may boil over.)

(i

® Apply vacuum by a vacuum pump or aspirator until all of the cntrapped awr 15 oul. This 15
w0 extremely important step. Most of the errors m the results of this test are due to entrapped

air which 15 not remioved.

‘0. Bring the temperature of the soil-water mixture in the volumetric flask down to tootn

s=mperature, Le., T -sec Stop 4, (This temperature of the warer is at room lemperatre, )

Add de-aired, distilled water to the volumetric flask until the bottom of the meniscus

Souches the 500 ml mark:

= dry the outside of the flask and the inside of the neck shove, the meniscus Determine the

sombmed mass of the bottle plus soil plus water (W2).

5. Just ag a precaution, check the temperature of the snil and water in the flask to see if it is

o Tl

+ Pour the so1l and water into an evaporating dish. Use a plastic squeeze bottle and wash the

msitie of the flask. Make sure that no 01l 15 left nside,
3. Put the evaporating dish in a oven to dry to 2 constant weight,
* Determine the mass of Lthe dry soil in the evaporating dish (W),
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Calculation

~algulate the specific gravity by equation (3)

i mass orsnil, 'Ws )
Ly — - i
mass af equal volume of 26l

LA S

wh ere,

mass of soil = Ws

mass of equal volume of water, Ww = (W1 + Ws) - W2 (4)
S0,
= W )
Lrg= — [3]
W

Specific gravity is generally reported on the value of the density of water at 20°C, if the
smpcrature 18 different than 20°C, a correction for Ge must be applicd by multiplied with A,

according to Table (3.2) .

Table (3.2) : Values of A[22].

ITEMP:EI:T_IIMT A ] Temperature A_-_

(T,"C) /
15 [CKHNT 24 0,645
| 17 L.000s 25 | (L8083
| L% | 0004 | 26 | 0.9985 |
15 | 1000z 27 0.9983 |
| 20 1 28 0.9977
21 {9944 | 24 / (L9974
| 22 0.9996 | 30 /
| 23 | (9943 |

—L-__.__L—__J

Al least three specific gravity tests should be conducted. For correct results, these values
should not vary by more than 2 to 3%. A sample caleulation for specific gravity is shown in

Table (3.3),
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Lable (3.3) : Specific Grraviry of Sofl sample,

== S = D —-—_.q C—
| Tomperature [ 23
| Mass of flask + water filled to mark, Wi (z) 6403 II
= e "X ¥ + ey
r Masg of flagk + =01l = waror filled 10 mark, W2 (g) ! 702 |
| Mass of dry sail, W (g} 100 |
Mass of equal volume of waler as (he woif solids, / _'_3:_ T
} Ww (g) = (W1+ We) - W2 |
T Ws X, s T —
G 0= 2.611
| st W ’
K o 2.609

Eﬂj e = G.‘i] e .H. .l"ii
i — —_J.

3.2.2 Sieve analysis

In order to classify a: soil for engineering purposes, one needs 1o know the distribution of

the size of grains in a given soil mass. Sicve analysis is 0 method used to deter mine the

gram size distribution of soils. Sieves are made of woven wires with square openings, Note

that. us the sieve number increases the size of the openings decrenses Teble (3.4) gives a

st of the U.8. standard sicve nmumbers with their correspanding size of openings in mm. For

all practical purposes, the No. 200 sieve is the sieve with the smallest opening that should be
used for the test,
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Tahle (3.4) : The ser of standard seives with opening in mun [21].

seveNp, | OPenE sicve NO. g
- { o) fanm)
A 175 35 05
% : 4n 0428
5 3.33 43 TELE
7 2 <0 03

% 230 e 025
10 1 0 0212
12 Iy s Ul
i A4 100 E
16 [ s 121 REL
::: T4l 0106
2 [LES ' 0075
25 0l 271 1 0033
==l 0. a00 007K

Every soil type behaves differcntly with respect 10 maximum density and optimum moisture.
Therefore. cach soil type has its own unique requirements and controls both in the tield and
for testing purposes. Soil types are commanly classified by grain size, determinad by

sassing the soil through a series of sivves to screen or separate the different grain sizes

shown Figure (3.1}




Figure (3.1) : Sieve analysis fest [14).

Procedure
I Collect a representative oven dry soil sample
.

Z Determine the mass of the sample aceurately,

i Prepare a stack of sieves. A sieve with larger openings is placed above a sieve with
smaller openings. The sieve at the bottory should be Na. 200. A bottom pan should be placed
under sicve No. 200, the sieves that are generally used  a stack are Nos, 4, 10,20,40,50. 140,

and 200. however, more sieves can be placed in between

4 Pour the soil prepared in Step 2 into the stack af sieves from the top
5. Place the cover on the top of the stack of sieves.
f Run the stack of sieves through a sieve shaker for about 10 to 15 mintes,

Stop the sieve shaker and remave the stack of sicves.

5 Weigh the amount of soil retained on cach siaye and the bottom pan.
Caleulation

Caleulate the percent of soil retained on the nth sieve [ counting from the lop)
mazs retained ,\Whn
total mass W (Step 2)

*100 =Rn (8)

2 Calculate the cumalative percent of soil retained on the nth sieve n'™ sieve
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LiziRn (9)
3 Caleulats the cumulative percent passing through the n™ sieve
percent finer = | 0() - E}:? Rn
(1)
A samiple ealeulation of sieve analysis is shown in Tuble (3.5).
Mass ol oven dry sample, W= 3000 p.
Table (3.5) : sieve analysis of the soil sample.
.| Corrected | Percent of
- Mass of sail Cumulative
. Siewve of mass Miss Percent
Sigve ™ returned on pareent
opining ] returned | retarned on finer, 100-
No. each sieve, : refurned.
{ mim) onwach | each sicve, ¥ Rn
Wo (g) Y Rn
| Sicve Rn
) 3226 322,772 10.759 10.759 §9.24
Al4 1w 5863 386.612 19353 30.312 68687
3R B3 446.7 496,963 16.5635 45 87834 53.121
B 4,75 3,75 285.7 285.852 9,528 56.406 43.593
e 2 331K 331.977 | 11.0659 67.472 32.527
830 0.85 3332 332377 [1.079 78331 21443
25 0.425 254 8 254935 8497 87.049 12.95
|40 0,106 2639 264.04 X801 U585 | 4148
200 (1075 6.1 56.93 |.BG7T U7.74R 2,251
pan U 67.5 67.536 2.251 LOO 0
sum W1=2008 4 2000 100

Faimy . W= wi A0~ 293R 4
Mas loss during sieve analysis — 2= %1, 1) = ———
T

%%

H
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) . So we make correction of mass returned on aach dievs,

x100= 0533 (OK, if less than




Sleve analysis

120
. 100
@
& &
E G0 == ippar |imit
E 40 b lewer Hrmit
el | - :
e OUF 500 s3rvimle
o
100 10 1 0.1 0
Grain size (mm)
Figure (3.2) : Plot of percent finer vs. grain size for soil sa mple.
Seher Caleulutions

Jetermime D o, D s, and Dy from Figure, (3.2) , which are, respectively, the diamciers

sesponding to percents finer of 10%, 30%, and 60%
= ] :r

[.B

L~

= 14

soulate the nniformuty coeffivient (Cu) and the coefficient of gradation (Ce ) using the

Sowing equations:

_ Tt

= 46.67 (11) Cy=—2

VEI ]

Be=—220___g o (12)
Palhx 1310 .

3.2.3 Liquid Limit

When a cahesive soil is mixed with an cxcessive amount of water, it will be i a somewhal
tiquid state and flow like a viscous liquid. However, when this viscous hquid is gradually
dried, with the loss of moisture it will puss into a plastic state. With further reduction of

maisture, the seil will pass into a semisolid and then into & solid state. This is shown in Figure
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(3.3) The moisture contenl (In percent) ar which the coliesive soil will pass from a ligquid state

to a plastic state is called the liguid limir of the soil,

Solid I Semisolid Plastic " Liguid Moisture
- o — content
‘ increasing
Shrinkage Plastic Liquid
bimit, S limit, PL limit, LL

Figure (3.3) : Atterberg limits[22)

Procedure
l. Determine the mass of tiree moisture cans {W1).

2. Put about 230 g of air-dry soil, passed through Na. 40 sieve, into an evaporatmg dish, Add

water from the plastic squeeze boltle and mix the soil to the form of'a uniform paste.

i, Place a portwn of the paste in the brass cup of the liquid limit device, Using the spatula,
smooth the surfiace of the soil in the cup such that the maximum depth of the soil is about 8

fohing

=. Using the grooving tool, cul a groove along the center line of the soil pat in the cup (Figure

[3.4y47,

3. Tum the crank of the liguid limit device at the rat= of about 2 revolutions per second. By
i, the liguid imir cup will rise and drop through a vertical distance of 10 mm once for each
revolution. The soil Fom two sides of the cup will begin o flow toveard the center. Conut the
number of blows, N, far the groove in the soil to close through a distance of 142 in (12.7

mm) as shown in Figure (3.4) b.

I'N = about 25 to 35, colleet 2 moisture sample from the soil in the cup in a moisture can
Close the cover of the can, and determing the mass of the can plus the moist soil (W2)
Remove the rest of the soil paste from the cup to the evaporating dish. Use paper towels to
thoroughly dean the cup. If the soil s 100 dry, N will be more than about 335, In that case.

remove the soil with the spatula to (he evaporatng dish, Clean the liguid lmit cup thoraughly
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with paper towels. Mix the soil in the evaporating dish with more water, and try agaim. If the
soil 18 too wel, N will be less than about 25. In that vase, remove the soil in the cup to the
evuporating dish. ,Clean the liquid limit cup carefully with paper towels, Stir the soil paste
with the spatula for some time to dry il up, The evaporating dish may be placed in the oven
for a few minutes for drying also. Do not add dry soil to the wet-sail pasle to reduce the
moisture canteat for bringing it 1o the proper consistency, Now try agamn o the liquid limt
device o get the groove elosure of 1/2 in. (12.7 mm) between 25 and 35 blows.

Figure (3.4) : Schematic disgram of soil pat in the cup of the liguid Hmit device ar (a)
beginning of test, (b) end of test |22,

6. Add more waler tn the soil paste in the evaporaling dish and mix thoreughly. Repeat Steps
3,4 and 5 to get a groove closure of 1/2 . (127 mm} in the liquid limit device at a hlow
count N =20 1o 25. Take & moisture sample from the cup. Remove the rest of the soil paste to
the. evaporating dish. Clean the cup with paper towels

7. Add more water Lo the soil paste in the evaporating dish and mix well. Repeat Steps | 3, 4
and 5 to get a blow count N between 15 and 20 for a groove closure of 12 in (12,7 mm) in
the hquid limit device. Take 1 maisture sample from the cup.

8, Put the three moisture cans in the oven to dry to constunt masscs (W3). (The caps of the
moisture cans should be remaved from the top and placed at the bottom of the respeclive cans

i the oven,)
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Calculation

Soil marmple hefove dropping

Figure (3.5) : s0il sample before and after liguid limit test.

Determing the moisture content for each of the three trials (Steps 5, G and 7) as

wlr=wi

Wos = mu Ion
Table (3.6) : Liquid T.imit Test of the sample.
Massof | ==n
f i SOk Moi Number of
. Mmass o can doisture o
can, W1 | mioist seil. e content, blows, N
=1 soil, W3
w2
L F 30.6 65.6 56.7 34.099 e
| & | 22 725 | 624 B2y | 17
E17 32 632 57.3 31.225 25
| AA 318 68.5 a0.7 26,089 29

(13)

Ligquid Iimit equal the average of moisture contents, for soil sample test it is equal 31.383.
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Figure (3.6) : Plor of moisture content (%) vs. number of blows for the liguid limit test

resyles,

Al N23 the moisture content is

3.2.4 Plastic limit

Plastic linit is defined s the masture cantent, in percent, at which a cohesive sail will
¢hange from a plastic state 1o a semizohid state, In the laboratory, the plastic limit 15 defined as
the moisture content (%) al which a thread of soil will Just crumble when rofled ta 4 diameter
of¥%-in. (3.18 um), This test might be seen 48 somewhat arbitrury and, to some extent, the
result may depend on the persan performing the test. With practice, however, fairly consistent
results may be obtained.

Procedure

I Put approximately 20 urams of & representative. air- -dry soil cample, passed through No. 40
sieve, mto a poreelain ¢vaporating dish.

2. Add water from the plastic syueeze botile to the soil and mix thoroughly,
3. Determine the mass of a moisture can in arams and record it on the data sheet (W)

4. From the maist soil preparcd in Step 2. prepare several ellipsoidal-shaped soil masses by

squeezing the soil with vour fingers.
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5. Take one of the ellipsvidal-shaped soil masses (Step 4) and rall 7t on 2 ground glass plare

using the palm of your hand (Figure (3. 7)), The rolling should be done al the rate of about 80
strokes per minuie. Note that one complete backward and one complete forward motian of the

palm constitute 2 strake

6. When the thread is being rulled in Step 5 reaches Via-in, (3.18 mm) in diameter, break it up
mio several small picces and squeeze it with vour fingers to form an ellipsoidal mass again.

7. Repeat Steps 5 and 6 until the thread crumbles into several pileces when it reaches a
dismeter of (218 mmilt g possible that a thread may crumble at a diameter larger than (2,18
mm) during a given rolling process. whereas it did not crumble at the same diameter durmpg

the immediately previous rolling.
8. Callect the small crumbled pieces in the moisrure can put the cover on the ¢an,
?, Take the other ellipsoidal soil masses formed in Step 4 and repeat Steps 5 through 8

10, Determine the mass of the moisture can plus the wet soil (W2) in grams. Remove the cap

trom the top of the can and place the can in Lhe aven {with the cap 4t the hottom of the can),

L1, After about 24 hours, remove the can from the oven und determineg the mass of the can

plus the dry soil (W3} in grams.

Figure (3.7) : soil sample during plastic test.
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Calculations

- mREE of uasn e W " d
Plagtic limjt =222 — == (i) {14}
s by sail W s f :

The results tray he presented in a tabular form as shown in Tahle (3.7). If the liquid Limit of°

the soil is known, caleulate the plasticiry index, Pl. as -
PI=[.L - PL (15)

Table (3.7): plastic limit tesi of the sample .

[ Mass of can, W1 (g) | 0.9
{ Mass of can + moist so1l, W2 (g) 8.7 |
— |
Mass of can 1 dry soil, W3 (2} 70.5 |
| Pl = (W2-W3/W3-W1) X 100 |’ 20.707 ||

Using equation 14 :

Plasticity index, P| =1,L.- PL
=29.795 — 20,707 = 9.088

3.2.5 Constant Head permenhility

Ihe rate of flow of water throuigh a soil sample of gross cross-soctivnal area, A, can he

expressed as

Q-KIA el
where Q = flow in unit time.

= coefficient of permeahil iLy .

I = hydraulic gradient

Far coarse sands, the value of the coetticient of permeabilily may vary from | 1o 0.0 CIMs
and, for fine sand, it may be in the range of 0.01 to 0.001 cmv's. Severnl empirical relarions

setwien kand the void ratio, e, for sandy clay soils have been propesed such as
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Procedure

| Determine the mass of the plastic sample wbe, the porous stones. tha spring, and the two

rubher stappers (W1),

2. Slip the bottom purous stone into the sample tube, and then fix the botlom rubber stopper to

the saunple tube.

3. Collect cven-dry sandy clav soil in & container. Use a Spoon, pour the sand into the sample
tbe n small layers, and compact 1t by vibration andfor other campacting means. Note: By
changing the degree of compaction, 8 number of test samples havin g different void ratios can

be prepared.

4. When the length of the sample Lube is aboul two-third (he lemzth of the 1ube, glip the top

porous stenc mnto the tube (o rest firmly on the sample
3. Place a spring on the top porous stong, i necessary.

0. Fix a rubber stopper to the fop of the sample tube. Note: The spring i the assembled
position will not allow any expansion of the sample volume, and thus the void ratio, during

the test

7. Determine the mass of the assembly (Step 6 - W2).

8. Measure the length (L) of the compacted sample in the tube.
9. Assomble the permeability meter near a cink

1. Run water inta the top of the large tunnal fixed to the stand through a plastic tube fom the
water mnlet. The water will flow through the sample to the constant head chamber. After some

time, the water will flow into the sink through the outlet in the constant head chamber.

L1 Adjust the supply of water o the funnel so thal the water level in the funnel remaing
constanl. At the same time, allow the fow to continoe for abuut 100 minutes in order to
saturate the sample. Note: Some ar bubbles fuay appear in the plastic tube connecting the

funnel to the sample tube, Remove the air bubbles:
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14, Atter a steady flow is established (thar is, once the bead difference h is constunr), collser
the water flowing out of the constant head chamber (Q) ir a graduated cylinder. Record (he

collection lime (1) with 4 stop watch.

I3. Repeat Step 12 three times, Keep the collection time (1) the same and determing ), Then

find the average value of Q.
14. Change the head difference. b, and repeat Steps 11, 12 and 13 abour three times

13, Record the temperature, T, of (he water to Lhe nearcst degree. Note: This value is

sufficiently accurate for this type of test,
Calculation

Caleulate the void ratio of the compacted sample as follows: Dry density, ¥d of the sail

sample asg

: =1
R e 4
rd ST (1)
I ms
(e Mg :
= . ﬁ. — ] (18
Ird

where ,Gs = specific gravily of soil solids
I'w = densnty of waler,
J = diameter of the sample,
L = lenpth of the sample.
H = head of waler.
Calculate k as
oL,

= T (20)
Sl

o T s
where A = area of sampl =t

= The value k is usually piven for o test temperature of water at 20°C, Sa caloulste kax. as
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T e
kg = kp - (21
200 T a0 ':.— o ,l

Where nr- and nay are viscositics ol water at T'C and 20°C. respectively,
Tahlz (2.8) gives the values of m. for various values of T (in °C).
Tables (3.9) and (3,10) pive data and test result of the permeability test.

Tahle (3.8) : Varation of freemjze-c [22]

Tempresture| Yy, |1empreature] qpetae.

E 1.135 23 0,531

15 4.q06 24 0.51 |
[ 17 | 1077 25 0,880
i 1.051 26 0.569 |
B 1.025 37 085 |
20 ) W | 0833 |
21 | oo 20 0814

22 0953 30 0.797

Tuble (3.9) : Consrant head permeability test data.

Length of sample. T = 20.5 cm Dnameter of sample, D — 7.6 &m
T8O
Volume of sample, V=11 2% (cur' 929,503
Iﬂ of sample wbe with fittings, Wl(g) —2454.5 ]
Mass of tube with fittmgs and sample, W2 (g) 1761

WE=wi

Dry density of sample, ¥d = .

{gem) 1.405

Voul ratio rom eyuatiom ([9)e =

L.E6




Table (3.10) : Constant Head Permeuability Test,

Test No. 1 2 3 +
Average flow, Q {emd ) 39.6 216 23.7 2316
| Time of collection, U (x) a00 300 300 300
| Temperature of water, T ("C) 25 Z5 25 23
ITead difference, b (em) 118.5 1 18.5 1245 124.5
Diameter of semple. D (om) 7.6 7.6 7.0 7.6
Length of sample, T. {(em) 2005 20.5 20.5 20.5
»'i.re_n ﬂf.‘E-Elml',l!G. A=TE
o f; 453416 | 45,3416 453416 43.3416
(cm)
K (envs) | 0.000252 | 0.000275 | 0 .00028689 | 0.000284

Average k = 00027477 emfs

krire = 2,44 * 107 cms

31.2.6 Compaction Test

For construction of kighways, airports, and other structures, it is nften pecessary to compacl
soUl to umprove its strengtn, Proctor (1933) developed & laboratory compaction test
procedurs to determine the maximum dry unit weight of compaction of soils which can be
used for specificanion of field compaction. This lest is referred to as the' standard Proctor

compaction test and is based on the compaction of the soil fraction passing No, 4 U8, siove.
Procedure

1. Oblain about 4.5 kg of ar-dry sail on which the compaction lest is to be conducted.

Break all the soil lumps.

2. Sieve the soil on a No.d U.S. sieve. Collect all of the minus-4 malerial in a large pan. This

should be about 2.7 kg or more.,

3. Add enomgh water o the minus-4 material and mix il in thoroughly 10 bring the moisture

content up to about 5%,
4, Determine the weight of the Proctor moald 4 hase plate (not the extension). Wl .
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5, Now attach the extension to the top of the mold.

6. Pour the moist goil mio the mold in three squal layers. Each laver shonld be compacted
uniformly by the standard Proctor hammer 25 times before the next layer of loose sail is

poured into the mokd,

7. . Remove the top atachment from the mold. Be careful not to break off'any ot the

compacted soil inside the mold while removing the top attachiment.

2. Using a straight edge, trim the excess soil above the mold. Now Lhe top of the compactad

soil will be even with the top of the mold.
4. Determine the weight of the mold — base plile + compacted mioist soil m the mold, W2 .

| 0. Remove the base plate from the mold. Using a jack, extrude the compacred so1l eylinder

fram the mold
1. Tuke a moisture can and determine its mass, W3 (g).

12. From the moist soil exiruded in Step 10, collect o moisture sample in the moisture cin

{Step IT) and determing the mass of the can + moist soil, W4 (g).
13. Place the moisture can with the moist soil in the oven to dry to a constant weight.

14. Break the rest of the compacted soil {lo No.4 size) by hand and mix it with the lefiover

moist soil in the pan. Add more water and mix it to raise the moisture content by about 4% .

15. Repeat Steps 6 through 12: In this pracess, the weight of the mold + base plale + moist
soil (W2) will first increase with the increase in moisture content and then decrense.

Continue the test until ar least twa successive down readings are obtained.

16, L'he next day, determine the mass of the maisture cans + soil samples, WS (g) (from Step
13).

Caleulation
Dry Unit Weight and Moisture Conteat at Compaction.

Weishr of mold, W) to he determined from test (Step 4).
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Weight of mold + niojst compacted soil, W2, 1o he determined from teg) (Step 9),
Weight of moigr “ompacied soil = W2 - w)
Muoisr unit weight

3 Wetglil of Sonpicesd mpis; a0 WE=W

_-r“'ﬂ__ glil & : Lf .-q' I|| pit A ; 2 |'_2_{II
vame of mald o
if

Mass of moisture can, W3, to be determined from test (Step | 1),

Miss of moisture can + Moust so1l, WY, ta he determined from est (Step 12),
Mass of mojstyre can +dry soil, Ws, to be determined from test (Step 16)
Compaction HIESTUre cofent

LI ik (24)

w ( |M = <
I,L.-.\___-l_._.l:

Dy unit wei zht

rd =13 (25)

Tk
Table (3.11) shows the caleulations for v 2av for the soil testad
Lero-Alr-Void Unir Weight

The maximum thearetical dry unit weight of'y compacted soil at a given mpisture conten

will oecur when there is 0o air left in the void spaces of the tompacied soil. This can be

Biven by
- .y & b w
ditheoritical) = Yyugy = T [26)
ATl RS
] Oy

where Y, = Zerp-air-void ynit welgzhi,
T w= unit weight of water
W=moisture content.

Us = specifie gravity of soil salids.

Since the values of Y'w and Gs will he Known. severg] vahues of w (%4) can be assumed and
Y23V ¢an be caleulated Table (3.11) shows the calculations for Y zav for the s01l tested and

=1

reparted i Table (3,12) No, of layers =2, volune “9vaem” No. of blows 25
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Table (3.11) : Standard Proctor Compaction Test Determination of Dry Unit Weight,

Water percent 5% 0% 12%4 [5% I8%s 21%
Wedght ol mold. W1 (g) 53846 | 33840 | 3384 6 | 33846 | 33R4.6 | 33B4.6
WELEhl ol mold + moist s, W2 IE} 4o49 5 | S018 | 51359 | 52227 | 5261.5 5125
Weight of moist soil. W2- W1 (g) 15649 | 16334 | 175153 | 18374 | 18769 | 17404
Moist unit weight, Ve (gfcm’) 1.65 1.73 1.85 1.94 198 1.84
Moisture can number Cl8 B < 22 Ch C15
Mass ol can, W3 (g) 30.9 31.1 1.7 27.2 32 31.5
Muss of cant moist soil, Wi () 257.2 ] 2104 | 168.7 | 1992 | 2462 174.2
Mass of can + dry soil, W5 (g) 2433 | 1920 [ 15318 | 1737 | 2086 147.9
Muisture content ,w (%) G54 | 10082 | 1407 | 174 | 2061 22.59
v unit weight of compaction Ya(g/m™) = | 1.53 1.56 | 62 1.63 1.64 1.5

Table (3.12) ;: Standard Proctor Compaction Test Zero Air-Void Unit Weight.

" : Assumed Al :
specific gravity of] unit weight of _
7 lmoeisture content, C | X (Riem)
soil solids, Gs water , Yw (gfem’)
W)

2.608 5 1.0 2.30
2. 609 4 L0 2.H
1609 12 ' 1.0 L
2,609 [5 1.0 LBV
2,609 IR | 1.0 177
2,600 3] | 1.0 1.68
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Yd VS, w{%) and Yzav VS. W (%)
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Figure (3,8) : Plot of Yy VS, w(%) and Vi VS, W (o) for compaction rest
result.

3.1.7 Direct Shear Test

The shear strength, s, of a gramlar soil may be expressed by the equation

r=¢+otan®d (25)
where o' = effective normal stress,

0 = angle of friction of soil,

C = cahesion (Kg/cni®)

Procedure

| lemove the shear box assembly, Back off the three vertical and two horizontal screws.
Remove the loading head. Insert the twio vertical pims o keep the two halves of the shear box

logether.

<. Weigh some dry sand in g large porcelain dish, W1 Fill the shear box with sand in small

Aayers. A tamper may be used fo compact the sand layers. The top ol the compacied specimen
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should be about 174 m. (.4 mm) below the wop of the shear box. Level the surface of the sand

Specimen.

3. Determine the dimensions of the soil specimen (ie., length L, width B, and height H of the

specimen).
4. Slip the lnading head down from the top of the shear box to rest on the seil specimen.
5. Put the shear box asscmbly in place in the direel shear machine,

6. Apply the desired normal load, N, on the specimen. This can be done by hanging dead
weighls o the vertical load voke. The top crossbars will rest on the loading head of the

specimen which, in murn, rests on the soil specunen, rests on the soil specimen,

7. Remove the two vertical pines (which were inserted in Step 1 to keep the two halves of the

shear box together).

8. Advance the three vertical serews that are located on the side walls of the top half of the
shear box. This is done w separate the two hatves of the box. The space berween the two
halves of the box should be slightly larger ihan the largest grain size of the soil specimen (by

visual abservalion).

4, Set the loading head by tightening the two horizontal serews located at the top half of the
shear box. Now back off the three verticnl scrows, After dowg this, there will be no

commection between the twvo halves of the shear box excepl the soil.

10. Attach the horizontal and vertical dial pauges (0.001 in. small div) to the shear bax to

measure the displacement during the Lest.

|1, Apply horizonial load, 8, to the top half of the shear box. The rate of shear displacement
should he between 0.1 to 0.02 inmin (2.54 to 0.51 mm/min). For every tenth small divisian
displacement in the horizontal dial pauge, record the readings ol the vertieal dial geuge and

the proving ring gauge (which measures horizontal load, §). Continue this until after
{a) the proving ring dial gauge reading reaches a maximum and then falls, or (b) the proving

ring dial gauge readmg reaches a maximum and L,I-gn:::m:usmm _w
A
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Lable (3.13) ; Direct Shear Test on Sand Void Ratie Calenlation.

Vetical [ - [
_ ‘ displaf:c_mc:nl No, qf dn: i} Shear fivia Normal } 'Shmy‘

No (Kg) proving ring (Kit) SIress, (a) | stress (1)

J dial gauge i (Ke'en’) ‘ Kg/om?
e e e — e e g S T
o 17.45 155 05| 04842 5507
| 2745 180 / 234 0.7625 nfTJ
37.3%5 213 27.69 1.040 0 ?[.-"-S-i|

e [T YT ]

0.9
0E
o7
2Los
05
|
n3
0.2
|

0

tress kg/cm?

Shee

Shear stress

/

Shear stress, (¢ Kg/eny?

] 05 1 1.5
Normal stress kg/cm?

Figurce(3.9) : Shear strength of the soil used in this research,

Slope (v=0.425x + .344)

- ].T}
= =1Ian {J

== {26)

C=0.344 Kgleny®




Chapter Four

Experimental results

4.1 Direct shear test on soil with pereentages of organic and inorganic

The following Tables show the lests results of soil and soil with arganic und inorganic

REFCEntages ¢
The results of Direet Shear Test on soil only is shown an Table (4.1).

Table (4.1) : Direcr Shear Test on soil only,

r Vertieal
displacement No. ofdiv. in She | .
- i - of . ok Normal Stress, | Shear stress
No. (Kg) proving ring dial farce (@) Rgiem?) | (1) Kefens
= i/ ] Jem?
biuige Lo i -
| 7.43 155 2015 4847 {1,5507
p. 345 L&) 234 .7625 &3
3 37.38 213 27.69 .04 | 07961
|

Slope (v—=03788x + 0.3711)

T
@ =tan'(=) = 20.75¢
=

C=0.3711 Kgrenr .
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4.L.1 Effects of dircet shear by adding percentages af organic materjal

I'he results of Direct Shear Test an organic only is shown on Tahle (<4.2).

Table (4.2) : Direct Shear Test on oreanic only .

[
’> Vertical
displacement Mo. of div. in Shear Normal Stress. | Shesr st Fees
No. (Ki) proving ring dial force > (o) ( Kjg,"l:m’: - LH'I IK ; 'm*;;
gauge (Kg) 2 | il e
' LEA45 8 12,74 0,485 0.354
2 2743 123 1599 0,763 0,444
3 37,35 149 1937 1038 1538

Slope (y=0.3332x+ (.19] )
T

@ =tan{~) =40.8°
-

C=0.1917 Kg/em?

Uhe results of Direct Shear Test on the organic only is shown on Figure (4.1) |

Effect of shear strength on organic
only

=]
(=41

=

.-__.--"'

—

=
a2 N

W organic oy

[

Shear stress
{ o | [ ] (o | =3
(5}

o j

0 0.2 04 0.6 0.8 1 1.2
Mormal stress

Figure (4.1) : shear sirength of organic material only.

34




The results of Dircet Shear Test on the soil with 10% organic is shown on Table (4.3),

Table (4.3) : Direct Shear Test un the soil with 1% organic with soil.

Vertical
displacement Na. of div. in Shear 3
Zoresih L epe S Normal Stress, | Shear stress
N {Ka) proving ring dial force TSt el =
ae e () (Kegfem) (1) Kgleny
gauge (kg)
17.45 153 |0.80 0.484722 05525
2 2745 173 22.49 0. 7A25 0.624720
3 3735 205 26.65 1.0375 0.740278
| ]

Slape (v=10.3304x% + 1.3706)

s
P=tan{—) = 4p°
=
C=0.3706 Kg/em®
The results of Direct Shear Test on the soil with 20% orgamc is shown an Table (4.4).

Table (4.4) : Direct Shear Test on the seil with 20%, organic with soil .

Vertical
displacement Nu. of div. in Shear
. B : ] - Mormal Stress, | Shear stress
No. (Kg) proving ring dial force R == mE
= - ok () IKkgicm”) (t) Kgicnm®
Fauge (Kg)
I [7.45 42 I8 46 (L444723 Q512774
- 27.45 | 6 21.33 07625 0.552222
_ |
[ . 17 35 199 L ' [.O375 |' 71861 ]
_'I‘

Slope (v —0.3322x + 0.3244)

2
D= ldil'l{_] = 38.32°
i

(]
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C=.0.3244 Kg/cm?

The results of Direct Sheur Test on the soil With 30% organic is shown on Table (4.5)

Table (4.5) : Direct Shear Test on the soil with 30% organic with sil .

Yertical
displacement No. of div, in Shear A : 4
P 5 : : ; S :: Normal Stress, | Shear streug
No. (K ) proving ring dial force dein el S 2
_ = = (6} (Kgiem?) {z) Kg/om®
BULge (Kg)
I |7 45 128 16,64 484722 0462222
5 27,45 152 19.76 (L7625 (54RER0
3 17 35 178 2314 | .N375 542 TR
| |

Slope (y=0.3266x - 3026)

T,
D=tan'(—) =359 :°
o

C = 0.3026 Kelem?

he results of Direct Shear Test on the soil with organic 15 shown on Figure (4.2)

Effect of shear strength on soil with

organic

0.4 B

0.75 o
o 074 f{:'_,—;‘;"_’;ﬁ
E 0.ES W e * 1% organic
= OB - e p— __-—F""d_ﬂd-.’r
Joss | e—=—"7 — 20 ongac
4 ac ""____,__F-F'"F 30% organic

045 4 =

_-:; ® soll only

0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
Marmal stress

Figure (4.2) : Effect of organic material on shear strength of sail ,




4.1.2 Effects of direct shear on adding inorganic

The results of Direct Shear Test an the morganic enly i shown un Table (4.6) and Figure

(4.3).
Table (4.6) : Direct Shear Test on inorganic only .
[ WVertical
N d'w“::m?m"t 1"“1: ﬂqu‘ ér.' I ?h:“ Naonmal Stress, | Shear stress
FINE i Mo s '
i (E) ihildes el Sty = (o) (Kgfem®™ | (1) Kelem?
gaupe (Kg)
| 17.45 151 1963 ()485 (354527774
2 1745 170 22,1 0.763 061355880
3 37505 189 24.57 1.038 0.6823

Slope (v=0.2482x + 0.4248)

C =0.4248 Kp/em®

Effect of shear strength on inorganic only
0.9

R

Shear strass

a7 - % [norganic

X5 4

0.4 1
0. a5 L.5 i 1.2

Naormal Stress,

Figure (4.3) : Effect of shear strength on Inorganic only .
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The results of Direct Shear Test on the soul with 10% inoreanic is shown an Table (4.7).

Table (4.7) : Direct Shear Test on the soll with 10% inorganic with soil .

. Vertical :
No. d'SPIT;ZTE”L prﬁjilnﬂgri;: Eﬂ] ?:r::‘r h:'urmul E!.rﬁ:is. Sh_ER,_r S{I‘ts,:s
gause (Kg) (o) IKgems) (t) Kg/em
| 1745 |64 2132 (1484722 0.592222
2 2745 | 85 24587 07625 0.6825
3 }7.35 224 2413 1.0375 .80RERY

Slope (y=0.3%918x 1 0.3%1)

e o
- Lun“(") = 42.36
T
C = 0391 Kg/cnr’

Figure (4.4) shows the shear strength on soil with 10% inorganic.

S
| 0% inaroanc

Figure (4.4) ; shear strength on soil with 109, inorganic.
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The results of Direet Shear Test on the goil with 209 norganic is shown on Lable (4.8).

Table (4.8) : Direct Shear Test on rhe sofl with 20% inorganic with seil .

Vurtica!
displacement No.nfdiv. m Shear [\ L ac
No: (Kg) proving ring dial force S Mlboe Koilas
gauge (Kg) () (Kg/ear) (o) Kg/en
| 1743 173 22.49 0.484722 0.624722
2 X745 194 2533 0.7625 I 0700556
| e 237 3N K1 1.0375 [.855K33

Slape (y =0.4178x + 0.4088)
]
@D = tan (—] = 43.67
gy

C = 04088 Kg/eny'
The results of Direct Shear Tésl on the soil with 30% morganic is shown on Tuble (4.9,

(=

Jable (4.9) : Direct Shear Test on the soil with 30% inorganic with soil .

"Jerl:-n‘_'u]
O "-‘plziir;lﬂt prtf'lmh; I‘JI;; :ir;al ?_:::; Normal Stress, | Shear stress
cange (Kg) (o) (Ke/om) (t] kg'cam®
17 484 | 7% 2314 0484722 0.642778
4 37 45 203 26.39 0.7625 0733056
3 17 25 241] £l i) [ 0375 0. BA0AGT

Slope [y =0.4204 % F{LA39])

=
O =tanl—] =44.47
Tan {f]';l

C=0439] Kg/em®




Figure (4.5) shows the soi sample with 30 % inorganic after shear Stréngth rest was
dong,

30% inorganic

Figure (4.5) : shear strength on soil with 30% inorganic

The results of Direct Shear Test on the soul with inorganic is shown on Figure (4.6) .

| Effect of shear strength on soil with

| inorganic
09 —— —_—
|
| |
D8 +— s ,
| a |
5qg7 | |
| E *+ sall
| gﬂ.ﬁ i B 10% Inorganic |
| 20% Inarganic
| L [ N —— 2= ® 30% fnorzanic II
e I
a4 L 0.3 1 H i

Normal Stress,

Figure (4.6) : Effect of shear stremgth on soil with inorganic,

4.2 permeability test on soil with percentages of organic and inorganic
4.2.1 Effects nf permeability by adding srganic
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The followmg Tables (4. | Uband (4.11) show the tests results of soil

Table (4.10)

Length of sample, L = 20.5 em

T=20C

: Constant head permeability test data for the soil only .

Dizmeter of sample, D = 7.6 om

i .
- = i
Volune of sample, V =17 '—_‘ (cm)

929 503

Mass ol sampls tube with fittings, Wi(g) 2454 8
 Mass ol tube with fittings and sample, W2 () 1761 {
Diry density oFsample, 7d = EFE__T'” (giem’) | 405
|
| Void ratio from equation (19 ¢ = 086 |

Table (4.11) : Constant Head Permeability Test for the soil only.
[ Test MNa. | ] 2 3 |
Average flow, Q (cm3 ) 39A 21.6 23.7 23.6
Time of collection, t(3) (0 300 300 300
Temperiture of water, T (°C) 0 20 20 20
| Head difference, b (om) K 1185 124.5 124.5
MDiameter af sample, D (cm) 7.6 7.6 7.6 T.6
Length ol sample, L (cm) 205 205 2.5 20.5
[ Area of sample, A = g%:{'m"] 452416 | 453414 45 3414 45 3416
K (cmis) 0.000252 | 0.000275 * 0 00028680 | L0286

Average k = 0.00027477 cinds

[{_' iy B - 24 = :”4 Cim's




Lhe results of permeability Test on the soil with 0% organic is shown en Table (4.12)

Table (4.12) : permeability Test on the soil with 10% ergunic with soil .

Test No. i Z 5 4 5 b
Average flow, Q {cmﬂ'_’l = ah “h 63 54 9.3
Timzs of collection, t (s) &0 &0 &0 &1 &l il
Tenmerature of water 25 25 25 25 25 25
BB rener i eml|l (255 | 1235 | 1138 | 1135 | 1075 1075
Diameter of samplefem) = 76 7.6 76 7.6 7.6 1.6
Length nfse_w:plt. (crm) 20.5 205 20.5 20.5 20.5 20.3
| Ao ot ssinlo A % 45341 | 45341 | 45341 | 45341 | 45321 | 45.34]
K (emv's) 00054 | 0.00052 | 0.0005 | 0.00046 | 0.000379 | 0.000372

Averape k = (L00Ma L cms

Koo =4 61°107 cov's

The resulls of permeability Test an the soil with 20% arganic is shown on Table (4.13),

Table (4.13) : permeability Test on the soil with 20% vrganic with soil .

Test No. | 1 2 o 4 5 3
Average flow, Q ( r;'r;g_!-__] | 1LY €8 g K5 12 .6
i Tu;; ol eolléction, t(x) | ol B o) all ] vl
Head difference, h (cm) 235 | 135 [[TH3E | HES | 1075 107.5
Diameter of sample, D (vm) 7.6 7.6 7.6 7.6 7.6 7.6
Length of sample, T. (cm) 205 20.5 20.5 20.5 20.5 20.5
Area of sample, n—% 43341 | 45341 | 45341 | 45341 | 45341 | 45341
= Kieai® 0.00067 | 0.00061 | 0.0006 | 0.00036 | 0.000303 | 0.000463

Average k= 0.000567 em/s

kzpc =3.674 107 cmf's
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The results of permeabulity Test on the soil with 30% organic is shown on Table (4, 14),

Table (4.14) : permeahility Test on the soil with 3%

organic with soil .

Test No. == 3 a 5
Average flow, Q (cmn3 ) 123 | 129 | 13.9 | 15.00 | 17.45 14.3
Time ol collection, 1 {s) G0 | 60 60 60 | 60 | 60
| Head differcnce. h (cm) 109 109 L15 L15 120 (20
I.Jiameteruf-sumple. D (¢m) 76 [E I.6 7.6 % | o8
Length of sample. L {cm) 205 205 | 205 [ 205 20.3 20.5
Area of spuple, A =22 45341 | 43341 4534t | 453w | 45340 | 5340
(en)
E K {cm/s) 0.00067 | 000061 | 0.0006 | 0.00056 | 0.000505  0.000463

Average k = (LOG098! cu's

5

Kageg: = GRI*IDT emis

The relationship between & and the percentage of organic

15 shown on Figure (4.7) .

the relationship between k and the
percentage of organic

0.0012
.01

< 00008 |
0.6006

{em/

= G.0004 |
0.0002
3

= 10 15 20

25 15

Percentage of organic

Bl

Figure (4.7) : The relationship between k and the percentage of organic,




4.2.1 Effects of permeability by adding inorganic

when condueting soil permiability tast with adding inorganic materials, the water doesn't Oow

through the sample, and piclure (4.) shows & soil sample with adding 10% inorganic materials.

Figure (4.8): Constant head permeability of soil with 10% organic.

4.3 compaction test on soil with percentages of organic and inorganic
4.3.1 Effects of compaction by adding vrganic

The following Tables(4.15) , (4.16) . (4.17) and (4.18) show the tests resules of soil and soil

with orpanic percentages
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Table (4.15) : Standard Proctor Compaction 'T'est Determination of sodl only.

50, 9 1% 15% 1% 21%,
Water percent
3846 | 3384.6 | 33846 | 3346 | 13846 3846
Weight of mald, W1 (g)
Weight ol mold + moist | 40495 | 5018 51359 | 35222 | 32618 5125
suill. W2 (g)
Weight of most soil, W2- | 13540 | 16334 | 17513 | 18374 | 18769 1 740.4
W1 (g)
Maist unit weight, Y 1.66 1.73 1,86 1,05 1.99 .84
{g/em?) |
CIN B D4 22 Ch CIs
Moisture can nimber
0o 31.1 317 372 2 313
Mass of can, W3 (g)
Mass of cant most 2572 | 2104 165,7 992 | 2452 174.2
soil. W4 (g)
Mass of can + dry soil, W5 | 2433 192.9 1518 173.7 | 20848 147.9
(&)
5.54 11.52 14.08 17.41 | 2060 2259
Mutsture contemt . w (%)
Dry unit weight of 1.56 156 |62 .66 1,63 1.50
compaction Ty (g/m") —

Table (4.16) : Standard Proctor Compaction for the seil with 10% organic Test.

Water parcent | 3% | &% | 1S% | 2% 13% 25%
S Weight of mold. W1 (g) | 3384.6 | 3384.6 | 3384.6 | 3384.6 | 3384.6 | 3384.6
Weight of mold + moist s0il W2 (g) | 457608 | 4591.4 | 47044 | 49356 | 5034.6 | 48326
Weight of moist seil, W2- Wl (g) | 1192.2 | 1206.8 13198 | 1571 | 1670 | I468
Muaist umit weight, Vex (gem?) 126 | 2% | 14 | Tes V.77 _ 56
Musture can-nimbor P | EIT il Fl9 Fig | 22
b Mass of can, W3 (g) 2 [ 138 33 308 [ 3009 32
— Mass of cor- moib 5ol Wa(2) | RIA | 1062 | 126 | 1528 | 1232 | 145
Mass of can + dry soil, W5 (g) 78 98.8 | 1124 | 1292 | 1049 | 1215
Muoisture vontent ,w (%) T.95 1.7 1713 20,50 2473 2626
" Dry unit weight of compaction Yu fgim’) 117 | 118 119 | 124 | 125 | 116 |
B3




The result of compaction test on the soil with 10% orgamic shown in Figure (4.9)

effect of compaction on the soil with

organic
1 2d A dry: '|.|...1.l ¥

weight =1 20

Dy unit weight
B
[ ]

L.18 - -

1"
At

MMoisture vontent

Figure (4.9) : Effcct of compaction on soil with 105 organic.

Fable (4.17) : Standard Proctor Compaction for the seil with 20% organic Test.

/

A

optmmmEs s
content = 23

Water percent 3% 12% 21% | 23% 25%
Weight of mold, W1 (g) 4.6 | 33846 | - 33846 |
Weight of mold + moist suil, W2 43414 | 45168 4673 1 ‘
L2l Sy oo e | !
Weight of moist seil, W2- W1 () | 956.8 | 11322 | 12048 | 1274.8 I 13136 | 12385
Moist unit weight, Yeo (2/em’) Jed b : 131
Muoigmre can number 154 Al - F4
Mass ol ¢an, W3 (g) 186 | 418 0.3 |
Muss of can— moist scil, W4 {g) 41.4 116.6 l 1076 | 1894 |
Mass of can + dry soil, W3 {g) | 40.2 | 1075 | 155.6
Maisture content ,w (%) A ‘ IS it
| Dry unit weight of compaction ¥y 0.56 1,05 1.10 112 1.03
(g/m’) . | | |

bd

[he result of compaction Lest on the soil with JU% organic shown 1 Figors (4.10).




Effect of compaction on the soil with

organic

114

L2 ™™ o e e - e o am -1

11 max v it i
1o weiphe=1 12 i
]
§ 104 ¥
e 02 L]
§ 10z I =
- “USsOrganiz
= 1

' 2
= ; OptERED MmOk e
ad 1 conmnt = 24
3 10

Maickire eomtant

Figure (4,10) : Effect of compaction on soil with 209 organic.

Table (4.18) : Standard Proctor Compaction for the soil with 3% organic Test,

L Wagesmi [ o% [

Weight of moki, W1 (g) 3384.6 3384.6 | 3384.6 | 33846 |

} Weight of mald - moist soil W2 {2) 4106 HET_J_-H 4432 § dZEJlﬁ_I
'_ Weight of meist soil, W2- Wi (g) 7214 :.EE.H 1047.9 906

'7 Maoist unit weight, ‘ﬂmm‘} | 0.76 | 0.56 TT_I I I| 0.96 |

hie= Moisture can nurpher C'18 | H:“____I_%-g\‘_ |_1“-1 :
Mass of can, '3 () 0.8 315 31,1 18.7

Mass ufcnnﬁnisl soil, W4 (g) || 163 1—|_T|‘4”_-+ H_ |83.5 |

| 1352 | 1688 | 822 | 1485 |

Moisture content w (%) ? —

|
): Mass of can = dry soil, W5 {g)
f
|

Y unil weight of compaction Yy (gim’)

|
.
]

B5




The resuk of

=
4
=
=
=
=
E
=

The result of

(4.12).

Dry unit weight
e e

o o D
o

L |
[ | ]

compaction test on the soil with 3(1% orgamc shown in Figure (4.10),

Effect of compaction on the soil with

Organic

1

TEOR o e e — e — __.-._:-—_ — ﬂ._
i .

a3 __,r-" T
5 il
o | HOEX CY umt weight i
3 =91 s
12
o |
e | ——— 3% o ganic
) 3
. 1
:; i 1 optmmim mosture
o= . comtent = 24 6

u i

0 = 19 15 ¥t 25 =+

Moisture content

Figure (4.11) : Fffect of compuction on soil with 30% organic.

the soil and the soil with difforent percentage of organic shown in Figure

Effect of organic on compaction test

Foa — R —
e -
L o
*—"_-_.———P *‘ i [ 1] on ilul
wfe 10% organic
e (1% Organic
30% organic
[l 5 hia] 15 20 25 30

Moisture content

Figure (4.12) : Effect of compaction un soil with organic.
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4.3.2 Effects of compaction by adding inorganic

The results of permeability Test on the soil with 10% inorganic is shown on Table (4. ] 9).

Table (4.19) : Standard Proctar Compaction for the soil with 10% inorganic Test,

Water percent | 5% | 10% IJ 2% T 15% 18%;
Weight of mold, W1 (g) 31774 || 33774 | 33774 | 33774 | JJT}*Lﬂ
Weight of mold + moist sl W2 () 3Us3 4 | 5158 (l 5343.5 54535 | 5354 4 |
 Waight of moist seil, Wa- W1 (£ 1706 ( I810.6 19651 | 20760 | 1977 |
Maoist unit weaght, Vi (gfom’) Ls1 | 193 2.08 | 2.20 100 |
Moisture can nurmiber 17 | 9 D4 [ a2 (l C5 ‘/

Mass ol can, W3 (g) 432 i 3112 3l6 27.2 3l

Mass of cant moist so0il Wi (g} 45 | 2124 6887 || 2013 i 266.12 |
Mass of can dry soil, WS {z) 137 | 1929 | 1518 | 1737 225.6 |
li= Moisture content ,w (74 853 | [2.05 | 15.12 [ 18.77 | 2087 !
Dy wmit weight of eompaction ¥ (zm) | 1.67 | 1.71 | 1.8 | |.85 J 173 |
|

The soil sample 617 10% marganic with 18% water content shown in figure (4.13),

10% inorganic.. 18% w

; Lol

Figure (4.13) : The snil sample of 10% inorganic with 18% water content.
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I'he result of the soil and the so1l with 10% orgamic shown in Figure (4, 14),

Effect of 10% inorganic on compaction test

L S

Y4 tmas = | 'Ef._"./rr ) |

g1, !
S 15 |
£ 14 !
f ;oo i ol | (1% ity 0 F gnie
= |
= i
11 i opbimurm moistey
1 - content = 18%
5 ia L5 0 Fi

Dry unit weight

Figure (4.14) : Effect of compaction on soil with with 10% inorganie.

I'he results of permeatility Test on the sail with 20% morganic is shown on Lable (4.2

Table (4.20) : Standard Proctor Compaction for the soil with 20% inorganic Test.

T

Water percent ] 5% 10% | 12% | 15% | 18% | 1% |
Weight of mold. W1 () 3774 | 33774 | 33774 | 33794 i 33774 | 33774
Weight of mold + winist soil W2 (g} S142.5 | 5255.6 | 2297 | 54994 | 55298 34792
Weight of moist soil, W2- W1 () | [765.1 | 1878.2 | 1919.6 | 21222 | 21524 2101.8
Meist umil ﬁ'eight, Ve (EEm™) .57 .69 203 2.25 2.28 2.23
Moisture can mumber Fll s | % 17 39 I C1R
I Mass of can. W3 Ig) S 316 | 31 | 306 | 433 | 314 30.8
Mass of can b nyoist soil, W4 (g 220 ‘ 157 P4 | 163 1994 | 78.2
| Massofcan — dry soil, WS (g) 20001 | 145 | 1338 | 146 | 1719 1479
Moisturs contem s (™) &.14 1053 1232 1653 i i B J"h_"__l
Dry unit weight of compaction 1y (g'm’) | 1.76 | L.20 JI 1.8 | 1,53 |I |47 ‘ 197
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The result of the soil and the sail with 21 Yo organic shown in Figure (4.135)

Eeffect of inorganic on soil
compaction

Lol B ] 1

1.3 [ |
max dry unn I

weight = 1 97 |

14 i
[ ]

1

|

weight

ZU%E i rEafic

dry unit

optmnim meisture

content = [ 7.5

5 OB T

Fw
I
e
=p

moxture content

Figure (4.15) : Fffect of compaction on soil with 20% inorganic

Lhe resuits of permeabilicy Test on the soll with W% morganic 15 shown on Table (421,

Table (4.21) : Standard Proctor Compaction for the soil with 30% inorganic Test.

Waser porcent 5% 105 12% 15% 18%
Weight of mold, W1 (g) 774 | 33774 | BT | 33774 33774
Weight of mold + moist soil W2 i) J1924 | 33783 | 54627 | 53566 55824
Weight of maist suil, W2- Wi {g) IR15 20009 | 20853 | 21752 32054
Maist unit weight, Y. (gom?) 1.02 22 221 .51 Y34

Moistore can numbser 134 Al2 2 Fl6 17

Mass of cun, W3 (g) 18.6 41.8 iz 3l 432

Mass of can+ moist sofl Wa (g) 120 4y [26.4 I |37.63 139.4
Maszs of can - drv sail, W5 (&) [ 14,1 F3Y 14.% 1223 224
Moislurs ednten) SN 6.183 | 12.8] 14.10] 16,75 070

Diry umit weight ol compaction Ta{pm) | 81 | 44 1.t | .93 1 04

l
i




The result ol the soil and the soil with 30% organic shown in Figure (4.14),

Eeffectof inorganic on soil

compaction
at L oo oms e oW e mms -
_%n i3 "__-____-—-‘" W
= max dry wmt |
E "7 | weight= 198 [
= |4 e 1V T &
E | g
| 3 s .
3 ' optimum mostre
L i tantent = 1670

< i0 LS Lt 25

Molsture content

Figure (4.16) : Effect of compaction on soil with 30%, inorganic.

Lhe result of the seil and the soil with different percentapge of organic shown in Figure

(4.17)
Effect of inorganic on soil compaction
23
y e
518 — A \\.
E v @ﬂ""""‘ﬂ - S— e -0 11 s T,
E i M === 10% Inorganic
E 1.4 —8~20% inorganic
30% inorganic
12

o 5 1G 15 20 Z5 i0
Dry unit welight

Figure (4.17) : Effect of compaetion on soil with morganic.
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Chapter Five

Conclusion And Recommendation
3.1 Tests results for the soil only
Phe lollowing Table (5.1) shows summary of Tests resull on the ¢oil used in this rescarch

Table (5.1) : Summary of test result on soil only,

Plastic ' 3
‘ i ¢ : Shear
Rioye opecific ompaction
Name of| S¥YE and Permeability strength
: i g ST | eravity Lest '
alvsis | & .
i analy liguid | test |
€8 T result
test result tirmit et ‘ol
resuli ‘ ' ‘ result
| ety
D= 0.3 |
D= 1.8 [L=29.795 Optimum
PL=20.707 ‘ Wil = 10%
Result | Dy~ 14 GS=2611 | K= ®=20.75 |
|
l : l PI=9.088 Y max-
Cu=46.67 2.44%107 - C=0.344 ‘
1665 piome .

| ENsec (

“ From the sieve analysis test it is noticed that the 50il used m Al Myma landiill for dailv
covering hies within the maximum and minimum gradation limits of the standard,

* The soil used in Almynia landfill for daily covering is classified as (A2-T) ( silty or clay
gravel and sand), according lo AASHTO system and as (GP) noorly graded gravel |

according 1o united classification system .



5.2 test result with adding materials

From the experimental test conducted in 1

drawn -

[- direct shear:

his research, the following conclusions maybe with

lable (5.2) shows the summary of shear strength (2sts resulls.

Table (5.2) : Summarv of shear strength tests results,

Sample C | <D
| Soil only - (.32 | 08 |
| Organic only 0.1917 | 0303 |
L0% organic 0.3708 | 40
: ' |
| 20% organic |' 0.3244 ! 3832
i 0% orpunic | {13026 | 35,90
Inorganic only 04248 38.87
| [0% inorganic (1,396 4236
0% morganic 04088 43,67
| |
W% inorganic 0.439] 44.47

A- KEffect of organic on strength properties &, ( :

The results have shown that the Merepse |
the value of C will decrease . and @ will

1l organic per¢entage compared to the soil |
decrease.

B- Effect of inorgunic on strength properties @, C :

The results have shown that the moresse |

N prganic percentage comparcd to the sail |

the value of C will increase , and D will increase.

I - permeability test results:

Table (5.3) shows the summary ol permeability tests rasults,
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Table (5.3) : Summary of permeability test results,
Sample I Value
Soi1l pnly 2 747710 cmils
.
105 organic 4.61*10% emv's
0% orpgamc SE7EI07 e
30% orpanic ' 49.81*10* cm's

o O T =
10% INorganic vundefned

211%% morganic Undefined

30% morganic undefined

A- Effect of organic on permeabilily of the soil :

The resulls have shown thar the increase in organic percentage compared to the soil |
the value of K will increase, so the passing water will increase

H- Effect of inorganic on permeshility of the soil :
In this tast there 13 no resull received. but in the land Gl the result will be different |

ecause the powder stone shury has been used |, but in the kndGlls it will be in o

larger size.

13



3 - Campaction test results:

Table (5.4) shows the summary of compaction test resuits

Tahle (5.4) : Summary of compaction test results.

Sample | Optlimum We%; ] Y max
- T | ]
Soil anly 19 1 &65
[ 0% organic ‘ 23 | |.2h |
20%% organic 24 J2
|
% i i ]
0% organic 2d.6 A !
11% morganic 18 I RS —l
| |
20% norganic 175 1.97
30% inorganic 16.79 | 1.98

A- Effect of organic on compaction of the soil :

The results have shown that the increase in organic percentzge compared o (he soil |
the value of eptimum moistare content  will increase. and the maximum dry mnr

welght will decrease.
B- Effect of inorganic on compaction of the soil :

The results have shown that the increase in Urganic percentage compared to the soil .
the value of optimum maisture content will increase. and the maximum dry i

wielehl will inereasge




5.3 Recommendation

L. This slud® was done on Almynia landfill seil, and the results would be different
using other soil,
2. Studies the optimum percent of materials must be worked on

+. To find a good way to mix the soil with the materials om site.

4. To detect cffects of the tme on increasing the soil resistance after adding the

malerrls, because rthe time of this study is not enough
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