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ABSTRACT

Assessmg ‘the geotechnical parameters helps in improving the soil settlement which
usually causes damage to the civil structure. Compaction is one of the most important and
" routine engineering techniques, performed to assure the safety and stability of soils. In this study,
geot_é_'chnical invéstigations at the Ikole campus of Federal University Oye-Ekiti, Ekiti State are
carried oﬁf for undisturbed and disturbed samples obtained at five (5) specified locations and at a
depths of fhree (3) to five (5) metres” below normal ground level in order to classify the soil and
assess the-;:onso_lidation and compaction characteristics of undisturbed and disturbed/remolded
samples. - L
This research work was been carried out to determine the shear strength characteristics of soils in
Ikole Campus of Federal University Oye Ekiti, Ekiti State. This research was also used as a
medium of carrying out of classification of the soils in this study location. The study area falls
within coordinatevs” 7.7983 oN, 5-,,51450E of and covers a land area of 538.550 hectares in Ikole
Ekiti, Ekiti state _ '
Five different locations were con51dered in which trial pit method was used in taking samples of
' dlsturbed and undlsturbed samples from . depths of 1.5m and 3.0m. The coordinates of the
locations are trial pit 1 (866971.98N, 610838. 61E), trial pit 2 (867676.65N, 611093.21E), trial
pit 3 (867224.80N, 610566.90E), trial pit 4 (867759.99N, 610610.02E) and trial pit 5
(867382;93N, '61'.0810.38E).? The tests carried out for the purpose of this research are natural
moisture éontent, particle size distﬁbution, specific gravity, Atterberg limit, compaction and
consolidation. The results indicated thét only point 3 soil is a lateritic soil while others are
clayey, all the soils in the locations have low water content, locations with clayey content have
close rate of se,tt.lements. Pits 1, 2, 4 and 5 soils are grouped into A-7-5 or A-7-6 classification i.e.

-clayey soil while pit 3 is classified to A-2-6 i.e. lateritic soil.

Keyword: Soil, Shear strength and Ikole Ekiti.
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CHAPTER ONE
‘1.0 INTRODUCTION
11 Ceneral Background

Consolldation of soil is of great concern to engineers engaged in designh and construction of
foundatlons embankments bridge abutments, and earth dams and fills, Crawford (1986). The
»exxsting s_oil af a construction site may not always be totally suitable for supporting structures,
Bowel (200‘7)'adequate stabilization‘ is therefore required if the soil is not suitable. Settlement of
the sdbs'oilveause-s damage  the structures due to stability problems which needs to be addressed
before planning any engineering project, Osman (2006). Consolidation characteristics of a soil

depend mainly on the clay contents and plasticity index, IJET (2012). Also consolidation
| characterlstics of most soils appear to depend on the nature of the soil, the position of the sample
¥ in the proﬁle and the characteristics of the material deposit, Gidigasu (1976). Settlement
potential of soil increases with increase of these values. However, higher values of these
characteriétics the more undesiiifable they are for use under foundations and roads etc., IJET
- (2012). Clayeyand silty soils have lower permeability and due to this reason, the settlement and
; consolidation take ionger durations to occur. .Consolidation deals with the response of a saturated
soil to the 1mposed steady static Ppressure and predicts stresses and displacement of the loaded
soil asa functlon of space and time, Lav & Ansal (2001). The time taken for settlement is thus a
crucial factor that can mﬂuence the construction of embankments and sub-grades for roadways
and rail-tracks, Townsend ( 1985). Although, consolidation is used for estimating settlements, it

~ has also played»'key roles in’ the design and construction of civil engineering infrastructures,

-Schiffman et al (1984).
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-. Most of the current design practices in geotechnical engineering are based on settlement and -
strength 'criteria. 'i’he recommendation for the allowable bearing capacity to be used for design is
based on’ the mi’niinum of eithef-~limiting the settlement to a tolerable amount, or the allowable

' bearing capacity," which considers soil strength, as computed, Taha, et al. (2000). Where shear
" strength is eonSidé“red as one of the most important design parameters, also the settlement must

ot be exceed the allowable settlement The safe design of structures therefore depends on what
happened to the shear strength of soil in the field during the construction process and what is the
total settlement occurred, Bowels (2007) Construction of most civil structures such as dams,
highway, buildings etc. involVes the use of compacted soils also, construction of concrete

- structure generaliy based on soil, is compacted before starting construction, Coko, ef al. (2004).

.Soil compactionis one of the most important engineering techniques commonly performed in
engiiieer_ing projects such as highways, railway sub-grades, airfield pavements, earth dams,
landfill, and foundations. The main aim of soil compaction is to improve engineering properties
of soils such as iiicrease density,' reduction in compressibility leading to reduction in settlement,

. reduction in permeabillty, increase in shear strength, and increase in bearing capac1ty, Nagaraj

'(2000) Compactlon is the process of mechamcally pressing the soil particles together into a
close state of contact with air bei‘ng' expelled from the soil, Imhoff et al (2004). In this process,
bot_h’ thevnui'nber and size of :voids in a given soil mass will be redueed, and therefore, the density
of the soil incieases, and the engineering property changes significantly, Atsbeha (2012).

Compaction chmcteﬂstics of soils are expressed in terms of Maximum dry density (0gmax) and

Optimum moisture content (OMC).

12 Aim and Objectives
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The aim of this research is to determine the consolidation and compaction characteristics of soils

in the Tkole campus of Federal University Oye-Ekiti, Ekiti State.

- The objectives of this research are;

il.

iil.

1v.

13

to determine the range of consolidation and compaction parameter of the soil around the

. campus

to establish relevant refationships between consolidation characteristics and compaction
characteristics of soils . |

to'exafnit;e fhe validity of the degree of relation, and to draw appropriate conclusions on
the relationships of each empirical equations.

to evalﬁate the effect of the variation in particle-size distribution of compacted soil on

thHe permeability and compressibility characteristics

‘Staterent of Problem

Althougli so many research works have been carried out on soil in various locations in and

| around Ekm state’but there has not bcen any pubhshed or unpublished records so far on soils in

Ikole-Ekltl L G.A and its env1rons This project research is however useful for soil classification

at qule-Ekiti as it aims to provide information on the soil geotechnical properties. This will

serve as a reference point for other subsequent works such as constructional activities and

researches anticipated over time. This project concentrates on the consolidation and compaction

_characteristics which is highly crucial to construction of roads particularly. Compaction and |

consolidation of soil are very frequent topic that arises in majority of civil engineering projects.

Determination of compaction and consolidation characteristics is very necessary for effective

planning. This study is therefore necessary for determination of the various parameters involved
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in predictin‘g the: soil chaxactcristics and instrumental to making relevant recommendation that

- owill mform thevengineefs in the future in case of construction works.

.14 Séobe-of Study

For this',s_tﬁdy, the ‘soil in the Tkole campus of Federal University Oye-Ekiti, Ekiti State was
collected from trial pits of abéut three(3) to five (5) metres and taken to the laboratory for
dctcrrﬁination of the consolidation and compaction characteristics. These trial pits were dug in
five diffe’rent‘ losations around the campus, see figure 1-3. Disturbed and undisturbed samples
; weré,: collected .from these trial pits. Compaction tests, oeodometer test and a few other
classification tssts were carried out on the soil samples to determine the consolidation and
comﬁacti'o‘n__ char‘g.cteristics. The data ob'tained were analyzed and plotted on their relevant graphs
to détermﬁne .'sorhe other ‘useful parameters instrumental to predicting the consolidation and

~ compaction characteristics by the use of application of software such as Microsoft spreadsheet

and AutoCAD.
1.5 .. Stqdy Afea-

The s,tudy‘ area falls Within"coqrdinafes (7.7983°N, 5.5145%E) and covers a land area of 538.550
hectares in Ikole Ekiti, Ekiti state. Ikole-Ekiti is underlain by rocks of the Crystalline Basement
Complex.(Figufs 1.1), Talabi and Tijani (201:‘1). The studied soils are underlain by migmatite
gneiss, which is arguably the most extensive member of the Basement Complex rocks of I'
vSouthwestern Nigeria, Rahaman (1976). Field study of the rock revealed mixture of felsic and

maﬁc mmeral components Boesse and ocan (1992) The major minerals in the rock include

biotite, hornblende fcldspar and quartz The rocks are foliated with pcgmatlte and quartz veins

1ntrus1ons on most of the outcrops, Talab1 and Tijani (2011).

4[Pége



Figure 1.1: Geological Map of the Study Area (Talabi and Tijani, 2011).

The coordinates of the points where the soil samples were taken are presented in the tables

5|Page

Figure 1.2 Trial Pits and their Coordinates

. below;
S/N Trial pits Coordinates in degree Coordinates in metric Elevation
(m) (m)
Northing Easting | Northing Easting
1 | TPl 7.801562° 5.496712’”’\ 866971.98 610838.61 | 553
2 |TP2 7.808083° 5.499003" | 867676.65 | 61109321 | 539
3 |[TP3 7.803837" 54942670 | 867224.80 | 61056690 | 561
4 |TP4 7.808653° | 5.494655° |867759.99 | 61061002 | 551
5 |TP5 7.805260" 5.496458" | 867382.93 |610810.38 | 568
<
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Fig. 1.1: Survey map showing study location and trial pit with coordinate
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CHAPTER TWO

2.0 LITERATURE REVIEW

In Ekiti State numerous researches has been conducted on soil, its geotechnical properties and
how to improve-the soil geotechnical properties to become suitable for the consequent structure
coming on it. To mention a few: comparative analyses of Ekiti State soil stabilized with different

additives 'by Adeyemi and Joseph (2015), the study aimed at investigating the effects of three

different additives - Sawdust Ash (SDA), Palm Kernel Shell Ash (PKSA) and Groundnut Shell °

Ash (GSA) on the geotechnical properties of Ido- Ekiti soil in Ido-Osi Local Government Area
(LGA) of Ekiti State. Soil'saniples collected from the study area were subjected to various

labotatory tests (i.e. Grain Size Analysis, Atterberg Limits and Compaction tests) in its treated

~and untreated s.tate.n The results of the tests carried out on the untreated soil sample indicated that

- the soil could be generally classiﬁéd as Granular soil material and they are either Silty or Clayey

Gravel and."Sand»' with general Subgrade rating of excellent to good. However, further research
work heed_s be done on this study in other to ascertain any other suitable hidden properties of the

additives. Effects of locally available additives on geotechnical propertiés Of Jjero local

~ government soils, Ekiti State, Nigeria by Adetoro and Ayeni (2015). This research work

-analyzed the effects of Palm Kernel Shell Ash (PKSA) and Sawdust Ash (SDA) additives on

Geotechnical properties of Ekiti State soil and the study area is within Ijero Local Government
Area: Four soil _sémples (ie. A, B, C and D) were collected at some locations within the study

area and subjcctcd to the fpllowiﬁg geotechnical tests in the laboratory: Sieve analysis, Atterberg

. limits and Compaction. The additives were added to the soil samples at 0%, 2%, 4%, 6% and 8%

_proportiohs by soil weight. After the soil treatment (ie. addition of additives to the soil samples),

the LL, PI-and MDD values increased as the quantities of additives increases on some soil
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samplés. f"‘l'hfus'thi‘s° study proved that it 1s possible to use PKSA and SDA as chezip stabilizing
'agcnt. This w'il'l go a long way in reducing agricultural'and industrial waste in the environment.
Howéver_, 1n ofdér to imiaroVe on t__he' use of these additives, the additives should not be used for
soii with extremely high conteht of clay, thus could be used for soil with very low content of
clay. There is need for further study on these additives. Other research works carried out on soil
in Ekiti state in'clude; Moisture-Density Relationship of Selected Clay Soils in Ekiti State,
fNigéjria, Adekarﬁni and Adebayo (2016); Geophysical and Geotechnical Investigations of a
proposed Site for Afijio Local Government Stadium Ilora, Southwestern Nigeria, Aladejana et
al. (2015);' Con_éolidation properties 'of compacted lateritic soil stabilized with tyre ash,
Afolagbo;fe and Talabi (2013);.- Geophysical investigation of Road failure in the basement

- complex areas of south western Nigeria, Oladapo et al (2008). Although so many research

.. _‘works have been carried out on soil in various locations in Ekiti state but there has not been any

research so ;farf,otx soils in Ik_olé-Ekiti L.G.A and its environs. This project research is however a
breakthroﬁgh for Ikole-EXkiti as it aims to provide information on the soil geotechnical properties
in Ikole campus of Federal Univversity, Oye-Ekiti. This will serve as a reference point for other

- subsequent works stich as constructional activities and researches anticipated over time.
‘2.1 Geology of EKiti State

The s‘ouihwcstern_ Nigeria falls between latitude 700N and 1000N and longitude 200E and 700E
which is ;iaade up of rocks whicﬁ are mainly Precambrian in age, Rahaman (1976). Ekiti State b
within the Precambnan Basement complex of southwestern Nigeria which lies to the rest of the
 West Afrlcan Craton in the region of late Precambrian to early Paleozmc orogenesis, Rahaman
- .(1988). The ngel:la basement qomp_lex extends westward and is continuous with the dahomeyan
of t}_ié 'D_alh(T)m_ey":— Togo - Ghana. region to east and the south Mesozoic recent sediments of
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Dahomey and Niger coastal basins over the basement complex, Rahaman (1976). In general,
Eki_ti :Stzi’;c. 1s unélerlain by rhetamorphic rocks of the Precambrian basement complex, the great
majoﬁty of Whivéh are very ancient in age. These basement complex rocks show great variations
in grain size and in mineral composition. The rocks are quartz gneisses and schists consisting
essentially of quartz with small arhounts of white micaceous minerals, Oyawoye (1992). In grain
'. size and structure, the rocks vary from very cdarse grained pegmatite to medium grained
gneisses. The roqks are strongly foliated and they occur as outcrops especially in Efon Alaaye

and Ii(eré—'Ekitiégeas, Oyawoye (l 992). See figure 1.1 above.
22 Consolidation
- 2.2.1 . Theories of compression and consolidation

Any _’struc@e_btiilf_ on the ground causes increase of pressures on the underlying soil layers.
Sirll.ce- the :surrm.mding layer soil :str_ata are confined, the soils are unable to spread laterally.
Hence thcye must be adjustmentvto the new pressure by vertical deformation, Nwaiwu & Nuhu
- (2006). The cor_pbrcésion of the soil mass lead§ to the decrease in the volume of the mass, which
‘in turn result in the settlement of the structure, built én the mass; Salas et al (1953).The vertical

compression of -the soil mass under increased pressures is thus made up of the following

components:

i Deformation of the soil grai
i Compr_essibn of water and air with in the voids

il An escape of water and air from the voids

It is quite rational and acccpiable to assume that the solid matter and the pore water relatively are
incompressible under the loads encountered. The change in volume of the soil mass under
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imposed stresses must be only due to the escape of water and air. Generally, the volume change

in a soil deposit can be divided in to three stages, Arora (1993).

va) _ In.itial Cdnsolidation:
When a load is applied to a partially saturated soil, a decrease in volume occurs due to
e.xpulsion -of and compression of air in the voids. A small decrease in volume also occurs
dl'lé 1o céfnpression of s&id particles. The reduction in volume of the soil just after the
-applicéltion of .the loa& is 'known as initial consolidation or initial compression. For
' sgtur’ated ;(;ils, the initial consolidation is mainly due to compfession of solid particles;‘
Mesfin (2Q05).
b) .. Primary éonsolidatidn:
After init__ial consolidatibn,_further reduction in volume occurs due to expulsion of water
from voids. When a saﬁnated soil is subjected to a pressure, initially all the applied
pressure is téken up by water as excess pore water, as water is almost incompressible as
compare(i with solid particles, Mesfin (2005). A hydraulic gradient develops and the .
- water st;cxrts flowing out and a decrease in volume occurs. The decrease depends up on the
pérxpcabil_ity of the soil gnd is,.therefore, time dependent. The reduction in volume is
. caliéd pnmary ‘cpnsolidation; In fine grained soils, the primary consolidation occurs over
 a long time: On the other hand, in coarse grained soils, the primary consolidation occurs
raithér quickly due to high pcrmeébility; Strokova (2013). As water escapes from the soil,
- the ?pﬁﬁell pressure is gfaciually transferred from the water in the voids to the solid
‘ pér"ti‘clés_f

¢) - Secondary Consolidation:

flél_{_’age




The reduction in volume continues at a very slow rate even after the excess pore water

pressu'rg developed by the applied pressure is fully dissipated and the primary

" copéolidation is complete, Jozs (2003). This additional reduction in the volume is called

secondary consolidation. The causes for secondary consolidation are not fully

- established. It is attributed to the plastic readjustment of the solid particles and the

222

adsorbed water to the new stress system. In most inorganic soil, it is generally small,

Mesfin (2005).

Factors Affecting Consolidation Characteristics of Soil

The consolidqtioh behavior of soil in its natural state is highly dependent on stress history and

. permééb'il._ity.rThe effects of these factors are explained below;

2.2.2.1

The. m

“Stress History

axinium stress to which the soil is subjected in the past influence the consolidation

characteristics of the soil in its insitu condition. In remolded soils, because it has lost its

structural characteristics as compared with its structure in its natural condition, it is inferred that

a reniolde'd soil is unsuitable for evaluating its stress histofy, Jumikis (1984).

As t6 the stress history, the in-situ soil can be grouped in to two categories:

Normally Consolidated Soil

A normally consolidated 'soil is one whose present effective overburden pressure on the

in-situ prototype soil deposit is the maximum pressure to which the soil has ever been

subjectéd at any time in the past-history. In other words, the normally consolidated soil is

' one.whose pre-consolidation pressure is equal to its present effective overburden

. pressure.

11] Pa
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il.

- Ovet-Cox;s"olidated Sail
Ove}-coﬁeolidated ciay_ is -one which has been completely conselidated under a large
» overbur&en pressure in the pést that is larger than the present overburden pressure. The
response .of over-consolidated clays to applied loads is such that at early loading the soil
sﬁows relatively small decrease of void ratio with load up to the maximum effective
stress to which the soil was subjected in‘the past. If the effective stress on the soil

specimen is increased further, the decrease of void ratio with stress level will be larger.

2.2.2.2 Permeability

- The expulsion of water from the voids of a saturated clay soil by an externally applied load in the

- -consolidaitidn process and the change in volume associated with such a process are essentially a

hydxauhc problem Spe01ﬁcally, it is a problem of permeability of a soil to water. Therefore, the
rate of consohdatlon depends on the permeablllty of the soil, Eberemu and Adrian (2011). The
permeability of the soil by itself is a function of the soil type, size and shape of the soil partic_les

(rounded, angular, or flaky), and thus, up on the size and geometry of voids. Also, the resistance

is a function of the temperature of water (viscosity and surface tension effect), Jumikis (1984).

il.

2.2.3- Theory of One-dimensional Consolidation

The theofy:for thie time rate of one-dimensional consolidation was first proposed by Terzaghi

(1943), The underlying assumPinhs in the derivation of the mathematical equation are the

following: -

The soil ishomogeneous and isotropic

o The soil is fully saturated

12| Page




[

fii.

-~ v,

' The S(;ilv particles and the Wafer in the void are incompressible. The consolidation occurs
~ dueto e);i)ulsién of ;Nate'r from the void

Dafcy"s l}aw is valid throughout the con§olidation process

The soil is laterally confined and conéolidation takes place only in the axial direction.

Drainage of water occurs in one direction.

The assumpti(_)nsimade, bvaer_za'ghi_ are not fully satisfied in actual field conditions. The results

A obtainéd from the use of the theory to practical problem are approximate. However, considering

_complexity of the problem, the the‘ory gives reasonably accurate estimate of the time rate of

settlement of ‘a sfructure built on the soil. The standard one dimensional consolidation test is
usually é"‘arried out on saturated specimen using an Odometer, Das (1997). In this test a small

representaﬁvé sample of soil s caréﬁllly trimmed and fitted into a rigid metal ring. The soil

sample is mounted on a porous stone base and a similar stone is placed on top to permit water,

which is squeezcd out of the sample to escape freely at the top and bottom. Prior to loading, the

“height of the sample should be accurately measured Puri & Nitish (2012). Also, a micrometer

dial is mounted in such a manner that the vertical strain in the sample can be measured as loads
are applied.¢The consolidation test apbaratus is designed to permit the sample to be submerged in

water during the test to. simulate the position below a water table of the prototype soil sample

from which the test sample was taken. Loads are applied in steps in such a way that the

"+ successive load in}ensity, P, is twice the preceding one; the load intensities commonly used being

Ya, 1/z, 1,2, 4,8_;16 kg/crriz, Das (1997). Each load is allowed to stand until primary consolidation

is practically ceased. The dial réadin.gs are taken at elapséd' time of 0,.0.25,0.50,1, 2,4, 8, 15,

~ sample, the load_-is removed in decrements to provide data for plotting the expansion curve of the
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soil in order to learn its elastic properties and magnitude of plastic or permanent deformation.

The consolidat_ic_in characteristics (or parameters) of a soil which is mainly the coefficient of

“consolidation, Cv, will be determined from the test. The coefficient of consolidation relates to

how long it will take for an amount of consolidation to take place; Bowles (1984). The results of

the odometer test are usually presented in the form of a dial reading- time plots.

2.2.3.1 .Coefﬂci_e:nt of Consolidation

A factor involved in characterizing the rate of consolidation of a soil is the one called the

coefficient of consolidation, C,expressed as

i

&)?

C, = 0.848——=—
9o

The coefficient of consolidation C, as determined by Casagrande’s semi logarithmic plot of dial

gauge reading against the root of time.

23 . Co_mpactidn

Discrete p'artii:leé that form whole. soil mass are not strongly bonded togethér, hence they can

- move freely with réspect to one another once the disturbing energy is applied. However, it is not

‘easy when compared to elements that accompany fluid. Thus, soil is inherently a particulate

syStem Boée (2012). Gene_raliy when load is transmitted to soil, contact forces developed
between “adjacent particles. It can be said that deformation of soil mass is controlled by

interactions between individual particles, especially sliding between particles. The inter-particle

- forces, in conjunction with the external forces at the time of formation of the soil and stress

‘history, are responsible for the structure of a compacted soil, Jeng and Strohm (1976). Leroueil
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“and Vaughan ( 1990) states that the effect of structure is as important in determining engineering

behavior, as are the effects of porosity and stress history.

Exisfence-:”of sp‘a‘(':'es (voids) amofig the soil particles, called pore spaces usually filled with air or
water (with ():r v&;ithouf-diésol\}ed material). Thus, the soil is naturally a multiphase system as
shown in fig. 2.1,. ihat consist a mineral phase and fluid phase (both water and air) called pore
o .ﬂu_id. In case of very tiny soil particles, the pore fluids may intrude between the Particles.
Although pat\rtivclés are no longer in contact in the usual way, they still remain in close proximity
carh transmit the load, also_ taﬁgcntial force. The pore space between particles tends to increase

or decrease as the transmitted compressive forces decrease or increase, Singh (2012).

Figure 2.2: Weight Volume Relationship, Singh (2012).
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LApplying Load More Load

e

Inc:féam’ng
Dy Denst
of the Soi

' Figure 2.3: Mechanism of Soil Compaction Singh (2012).

: Thué, soil is inherently multiphase, and the constituents of pore phase will influence the nature of
the miinéral surfaces and hence affect the processes of force transfer at particles contact. This
phenbmehop is k;aown as chemibfal interaction. By reducing the air voids, more soil can be added
to bl'oqkf Whén moisture is added to block (water content, is increasing) the soil particles with
result - in. ’addi.n'g ‘more soil and, hence,. fhe dry density will increase accordingly. This

‘phenomeﬁdh as illustrated in fig23

Soiluc'_an'b_c'i:)cffe}:tly dry (no watef contents) and fully saturated or partialiy saturated (with both
wafer and air). Water flows in éoil_' from high energy to lovjv point‘ o..f.,.energy and relate amount to
pressﬁre applied to soil. More pérmeable the soil, water movement get better for a given excess
pressuré. 'Thé ﬂ<')w also altering the magnitude of forces at the contact between particles and
:_inﬂﬁgnces the cémpression and shear resistance of "soil. Because the soil is multiphase system, it -
may in e'xpectaﬁqn that load given to soil mass will be carried in part by pore fluid. When load is
apbliéd to a so,il,-_ it suddenly changes; ‘this change is carried jointly by pore fluid and mineral
skeleton. ¢haﬁgé§ in pore pressure will cause water to move through soil; hence the properties of

~ soil essentially change with time, Yesim (2004).
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2.3.1 Purpose of Compaction
The compaction process increases the strength characteristics of soils, which in turn increases the
 bearing capacity of foundations, decreases the amount of excessive settlement of structures, and

increases the stability of slopes of embankments. Generally, compaction is used as practical

means of achjeving the following characteristics of soils, Arora (2004):

i Reduce Excessive Settlement and Compressibility

The primary advantage resulting from the compaction of soils used in embankments is

A: tbat it reduces settlement that might be caused by consolidation of the soil within the
b9dy of the embankmenp This is true because compaction and consolidation both bring
abéﬁt clofécr alfrangemen; of soil particles. Densification by compaction prevents later

. cohsol.idétion and settle-ment of a structure, Military Soils Engineering (1997).

ii. - Incféas‘e Shear Strength
The .in.c_rc‘asc in density by compaction usually increases shearing resistance, Alemayehu

- and '.Mesﬁn '(200>9). This effect is highly-desirable that it may allow the use of thinner
paVemeﬁt structure ,ovef a compacted sub-grade oi' the use of steeper side slopes for an
cmbankmcng. For the same density, the highest strengths are frequently obtained by using
‘gr'eater C(.)mpactive effort. Large-scale experiments have indicated that the unconfined
compressive strength of clayey sand could be doubled by compaction, Military Soils *

’ Enginec.rileg (1997). |
| Viii. Reéduce Permeability aﬂﬂ Seepage
. vW_}.;en.' soil pafti_clés are ‘forced together by compaction, both the number of voids
- cqntain.éd in the soil mass and the size of the individual void spaces are reduced, Military

 Soils Engiheering, (1997). This change in voids has an obvious effect on the movement
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. iv.

of_ w.atc;,r' through thé soil. One.‘effect.is to reduce the i)ermeability, thus reducing the
~ seepage of water in earth'da‘n.ls, road embankments and water loss in reservoirs through
d.eer.)' percolétion.
, O];timiz.’és Swelling and S’hrinkége Characteristics
Swelhng characteristics is an important soil property. For expansive clay soils, the greater
the density the greater the potent1al volurne change due to swelling unless the soil is
restrained, Amer et al (2006). An expansive clay soil should be compacted at moisture
(;ontént at. which swelling will not be excessive. Although the conditions corresponding
to a minifrium swell and ;riinimum shrinkage may not be exactly the same, soils generally

- _may be compacted so that these effects are minimized, Amer ef al (2006).

2.3.2 Factors Affecting Compaction Characteristics

- Compaction characteristics of soils depend up on many:factors such as water content of the soils,

amount -of "_comf)action energy, soil type, method of compaction, and admixtures, Terzaghi
(1943).

2.3.2.1 Moisture Content in the Soil

" The moisture co,l.ltent of a soil affects its dry density, Alemayehu and Mesfin (2009). A soil with

_'veryr__low water content is difficult to compress into close state of particles. This results in higher .

void ratio and hence lower dry density for the same compaction effort. On the other hand when
the water content increases excessively, the soil grain tends to move apart and the total void ratio

continues io increase whercas the dry density falls. However, if the moisture content of the soil is

" of some 1ntermed1ate specific value, the Water acts as lubncant causing the soil to soften and

; v4become more workable In this case the so1l grains are close packed thus lowering the void

content and mcreasmg the dry den51ty, Alemayehu and Mesfin (2009). This specific value of
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mo_ist'ure is 'ealled optimum yvater content and the corresponding dry densiry termed as maximum
dry density. |

2.3.2.2 Amount ef Compaction Energy

The cor.n;;active';effort is the amormt of energy applied on the soil. With a soil of given moisture
:content, if the amount of compaction energy increases, the soils particles will be packed so that
the dry unit vweig:ht increases. For a given compactive effort, there is only one moisture content
which giyes themaximum dry dhit weight. If the compactive effort is increased the maximum

dry unit weight also increaées, but the optimum moisture content decreases, Roberts et al (2000).

2322 s;;n Type

The _:1_'1ature-?of j a“:' sdil itself has a great effect on its response to a given compactive effort.
Compactien characteristics of soils are divided in to three groups, Compaction of cohesionless
soils,iCompaction of sandy or silty soils with moderate cohesion, and compaction of clay,
" Terzaghi (1943).

‘In general; coarse grained soils can be compacted to higher dry density than fine grained soils, ‘
Ardra (2004). In Coarse grained soils, when the amount of fines and the voids of the coarse
grained soils are about the same: hlghest dry density can be achleved Arora (2004). In sand, the

well graded sand attains higher dry density than poorly graded sand. Cohesive soils with high

o plastlmty have generally, low dry densrty and high optimum moisture content, Arora (2004).

- 233 Method of Seil Compactlon |

| 233.1 Labroratelb'y CompactiOnVM.e.thod |

To. attamthe reqdired maximum dry unit weight in :_the field, first appropriate tests are
determided in the laboratory and this 1aboratory results must be confirmed. in the field. The

followmg tests are normally carried out in a laboratory, ASTM (1998).
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Standard Proctor Compaction Test (ASTM D-698)

_ Proctor developed this test-in connection with the construction of earth fill dams in
- California in 1933, Murphy (2007). 1t gives the standard specifications for conducting the

" test. A soil at a selected water content is placed in three layers into a mold of 101.6mm

diameter, with each layer compacted by 25 blows of a 2.5 kg hammer dropped from a

helght of 305 mm, subjecting the soil to a total compactive effort of about 600KN /m? ,

~ so that the resulting dry unit weight at optimum water content is determined, Murphy

(2007).

. 'Mbdiﬁed Proctbr Compaction Test (ASTM D-1557)

This tést method covers laboratory ‘compaction procedures used to determine the

relationship between water content and dry unit weight of soils, compacted in S-layers by

© 101.6mm diameter mold with a 4.5kg hammer dropped from a height of 457mm

préduciﬂg a compactive effort of 2,700KN /m?
- 2.3.3.2 Field Compaction Methods

,' Sevé_;al methods are used for compaction of soils in the field. The choice of these methods

depends-up on the soil type, the maximum dry density required and economic considerations.

The four. major types of .comipaction processes currently in use by modern construction

equipment are:

A

' hﬁpact: |

Impact compactlon involves dropping a weight on the soil during compaction, Aysen

| _' (2002) This compactlon equxpment subjects the soil to a series of blows until the desired

densny is reached In order to effcctlvely ‘compact the sml with an 1mpact it must be
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: p'lac';:d .in‘;multipl.e lifts so tha_t the stress of the blow is distn'buted.through the entire lift.
A.n‘other' form of irn__pacf compaction is known as deep dynamic compaction, Garga and
- Madureira (1985). This .type of compaction uses crane and very large mass to compact
the soil t(; significant depth below the surface.
B. . Manipulation:
) Compac;tiqn performed by manipulation is accomplished by introducing kneading force
to ‘the sdﬂ during compaction. ﬁe construction equipinent manipulates the soil over a
sex".ies of ﬁasses until the desired level of compaction is achieved. The Proctor test does
: not accur'atély model the manipulation mechanisms of this type of compaction. The most
" common type of mampulatlon compaction test is typically referred to as the Miniature
- Harvard Compactlon Test. Neither ASTM nor AASHTO currently has a recommended
.‘ prqcedure for use of the Harvard Miniature Mold apparatus for compaction testing,
' Donaghe." and Torre§ (1994)' It is commonly used for research purposes.
S O Pr_éssure:'
During b‘ressure compaction, called staﬁc compaction, usually consolidation apparatus is
;. qsed,‘ in laboratory, to compress the soil into a ring of known voluﬁie, Donaghe and
' Torrey (1994). Static corﬁpacti‘on is uscful research method but the researcher must
reahze that in the field 1t may not have the same level of control.
o D. ’beratldn .
: Vibr,atdry compactidn is uséd to shéke the soil into f,rioré dense state, Ayseﬂ (2002). Thé
compaqtiqn equipment induées strong vibrations in the soil to the desired level | of
éonii)actidn.' In genefal, modern compaction equipment typjcally incorporates more than
' dné type of compaction mechanism at a time to accomplish compaction of the soil.

' Selectlon of the proper compaction method depends on the type of soil, the size of the
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. project, final compaction requirements, rate of production, and economic factors, Blotz et

al (1994).

“The neceésary éompaction for sub-grades of roads, earth fills, and embankments may be
obtained by mechanical means, Murphy (2007). Some of the equipments that are normally used

for compaction are as follows;

i." Smooth wheel roller
ii.  Rubber, tired rollers
iii.  Sheep foot rollers

iv. Vibratory rollers

The choicé of roller for a given job depends on the type of soil to be compacted and percentage
of compaction to be obtained. For cohesive soil Sheep’s foot roller, or Rubber tired roller, and

for cohesionless soils Rubber—tirea roller or Vibratory roller are suggested, Murphy (2007).
2.3.4 Water Content Dry-Density Relationships

When some moiéture is added to dry sbil, the soil grains are surrounded by a film of adsorbed
water, If mf;rq wé:iter is added, thé film of water becomes thicker and the soil particle surrounded
by thilsl ﬁlm of water sli.de over each other_ more easily. At this condition, when some specified
n vcompacti':ve'eff"ort’is applied, the soil p.a.rticles. becomes close together easily. The water in this
| process acts as :.luubricant a.nd‘ the ‘soil particles become so closely packed together by the

expulsion of air from the voids, Mittal and Shukla (2009).

If we continue to add still more water into the soil, the water occupies the space that could have
been”OCCupyihg_by the soil particles during compaction. Thus, the soils are not dense under the

‘given effort because the water hinders the soil grains from being close packed together. This
2| Page ‘ '




condition leads to the conclusion that “there must be most appropriate water content that the
“water could provide maximum benefit of lubrication without occupying a space that could have -

been 6ccupied by the soil grains with a given compaction effort”, Horpibulsuk et al (2008).

Such moistﬁre cc;.ntent at which the unit weight of compabted soil becomes maximum is called
Optlmum M01ster Content (OMC) and the corresponding density is called Maximum Dry
ADensuy (pdmax) Mittal and Shukla (2009) ‘Most soils exhibit similar relationship between
moisture content. and dry density when subjected to a given compactive effort, Military Soils
En_gineei'in-é (1997). For ezich. soil, maximum dry density develops at kits OMC for a given
comp_activé effbﬁ. Beyond OMC, the air content of most soils remains essentially the same even

though the moisture content is increased, Military Soils Engineering (1997).
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CHAPTER THREE
30 METHODOLOGY
31 Préalnble

- Z'The practlce of testing soil samples in the geetechnlcal laboratory plays important role in soil
mechamcs and 01V1l engmeerlng practices. It is 1mportant to carry out these geotechnical tests
because it prov1des the engineer with relevant information which is critical and instrumental to
making key dec}sions in the design ana construction of civil wori(s. Therefore, evaluation of
- materials by various geotechnical tests to determine their suitability is highly essential. This will

.ensure a satisfactorily performance when put into service for use.
3.2 Sampling of Materials

The sampies wefé collected “froni trial pits dug at five locations around the campus. Two groups
of samples were collected from each trial pit, the first group at a depth of 1.5m and the second
| group at a depth of 3.0m from each trial pits both disturbed and undisturbed samples were

N .cdllecfed. The location for the triél pits was chosen at strategic points on the master plan of the

[ L [ B4 ’;}V .
umversxty, the pomts chosen are such ‘hat*li takes into oonsadcratwn all the varieties of soil
LR S i

present on the campus. The plan mdlcates the devetopifigiareasin wh'ich ﬁVe different points were
chosen by picking four edges and center of the proposed developlng area. With trial pit 1 (TP1)
’ bemg somewhere around the campus gate, TP2 being somewhere around the campus hostel, TP3

fareund former FADAMA, TP4 around Engineering faculty and TP5 was around the school

market. -

.24|Page ’




3.2.1 Disturbed Sampling

These are soil samples that their natural state and structure have been altered due to change in

their phyéical a;ppearance and are baSically used for soil classification.

Tﬁe disturb;%d s;ofl Samples v._veré collected from the trial pits both at 1.5m and 3m depth with the
use of hand @gers, packed intovthe sgck and labeled to avoid misinterpretation of results.
Adequate quanti-“ty Wa;s take;n erisﬁring it will be sufficient for all nécessary experiments. While
taking the dﬁtu;bed sample, little quantity of the disturbed sample is also taken immediately
from the trial pit'and put into a small sealed polythene bag in order to avoid moisture loss. This

soil s%nnple is used in the laboratory for determining the moisture content of the soil.
3.2.2: Undisturbed Sampling

Thes.e are 'soi:l samples’ tﬁat tﬁeif vnatvural state and structure have not been altered. They are
usually a_s‘ a"ﬁnit st;II compactive. They 'éré usually obtainable in cohesive soils. The undisturbed
soil sampies W;:_rg, pollected from the trial pits at both depths with the use of a shovel and small
diggcf. ThlS W,r'»asf achievéblé by using.the digger to form a cifcular shape, digging gently round
thi; circular sha'p‘e until a satisﬁed depth of about 1"75mm;is' rcach.naind then the shovel was used
to foﬁn a chamfer between the éample and the soil all'. round and then gently lifting the sample
until it cut off fr'om the soil. This undisturbed sample was gently carried and lifted out of the pit
to ai(ioid breakiﬁg and was put immediately into aﬁ airtight polythene bag so as to maintain its
moisture conteﬁt. All the samples collected, both disturbed and undisturbed were taken and

trans'bortéd to the laboratory immediately after obtaining them from each location or trial pit.
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3.3 Test Performed and Procedures

The laboratory test performed carried out in the course determining the consolidation and
compaction characteristics are listed below; particle size distribution, specific gravity, atterberg

limit (LL, PL and SL), compaction test, unconfined compression test, odometer test
3.3.1 Particle Size Distribution

This test is done to determine the particle size distribution of a soil sample. An oven-dried
sample of the soil is weighed and passed through a set of BS sieves and shook thoroughly by

using mechanical sieve shaker.

The weight of the each sieve is recorded and the percentage of sample retained and passing
through each sieve is calculated. The percentage passed is plotted on the sand and gravel fraction

of a semi-logarithmic chart.

Figure 3.1- Mechanical Sieve Shaker
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~ 3.3.2 Specific Gravity

" This is measured using standard density bottle. A known weight of oven-dried soil sample WS is
put into a déns-ity bottle and is topped up with distilled water and ensured that all air or void from

the sampl'e‘ is removed. The bottle is brought to a constant temperature, carefully wiped dry and

weighed.
. N weight of soil sample
_' Spec1ﬁc graVIty GS weight of eqaul volume of water
3.3.3 Atterberg Limit

333.1 Liéilid Limit
4, Liquidi‘h;mit. (LL)is defined as the minimurh moisture content at which the soil will flow under
- its own V{zeight:‘ It is determined by fﬁe éfandard Casagrande device apparatus. A simple of oven-
dried soil all p'»ais‘_suing the O.425mfn 'sievc, is mixed witﬁ distilled water toa stiff consistency, a
portidn (.)'-f'it.pl'a;;ed .in the cui) and leveled off paréllel to the based. A groove is made through the
cc:nte;r of -this pi)rtiori using the grgovihg tool. By turning the handle at two revolutions per
_ second the cup is lifted 10mm an}d dropped on to the rubber base until the bottom of the groove
“has closed over é length of IOmIﬂ. The number of blows at which the groove has closed 10mm is
| recoded. This is repeated until two consecutive runs give the same number of blows for closure.

At this stage the moisture contents of the soil in the cup is determined.
© 3.3.3.2 Plistic Limit -

" Plastic 1ir__riit- (PL) is defined as the minimum moisture content at which the soil can be rolled into

.. a thread 3mm diameter without breaking up.
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About 20g of the“ dried soil, all paséing the 0.425mm sieve, is mixed with distilled water and
mqlded inte‘ a -bail. The ball: is rolled by hand on a glass plate with sufﬁctent pressure to form a
thread. When the diameter of the resulting thread becomee 3mm the soil is kneaded together and
then rolled out again. The process is continued until the thread crumbles when it is 3mm

diameter, and at this stage the moisture content of the soil is determined. This whole procedure is

carried out twice and the average value of moisture content taken as the plastic limit of the soil.

3.3.3.3 Shrinkage Limit

Shrinkage'lin'iit (SL) is defined as the maximum moisture content at which further loss of

- moisture does not eause a decrease in the volume of the soil. Mix a dried soil passing 0.425mm

- sieve to a COnsiStency slightly above the expected liquid limit of the soil. Lightly coat the linear

shnnkage mold w1th oil to prevent the soil sticking to the mold. The soils filled into the mould,
ensured that no a1r is trapped and the whole sample is later dried. The soil bar is measured and

recorded as as the onglnal length of the mold is measured and recorded as L,
Llnear shrinkage L.S = P —ZL x 100

3.3.4 Compaction Test (Proctor Test)

The etandatd proctor test is a method if finding the optimum moisture content for compaction of

soil.-A cyhndi*icél mold 0:001 in volume is filled with a soil sample in three layers, each layer

" being .compacted by 25 blows of a standard‘hammer, (weighing 2.5kg, height of drop 300mm

. _'each blo‘;v): The mould is then trimmed and weighed, hence giving the bulk density of the soil.

The moi_stufe content of the soil is then determined, and hence the dry density. The experiment is
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carried out with soil at different moisture contents and a .graph of dry density against moisture

content is plotted. .
335 O‘d(‘)mete_r, Test
‘An undisturbed sample of soil is retained in a 71mm diameter cutting ring. The initial moisture

content of the soil and the initial void ratio is determined.

1. . A-ltoa_d Pl is applied to'thc sample and the changé in thickness (compression) of the
‘ sa;mpl-e was read at suitable intervals.
i, A g;'ap}x of time against compreési(;n is plotted.
. - . Next, load P1 is increased to P2 and plotting continued for further 24 hours. Then
inc;ééSe iodd to P3 :«ind.continue plotting.
iv. _ Fi'ivlally,. .the pressure is released and allowed the sample to expand and take up water.

v. The final value of compression and final value of moisture are determined.
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CHAPTER FOUR

40 RESULT AND DISCUSSION

-'Thi_s .chapter present the results of various test carried out on the five locations used as a case -

study: Table, graphs and result were also discussed in this chapter.
The 'tests"c_arried. Out include classification characteristics test (natural moisture content test,

specific gfavity test, particle size analysis and Atterberg limit) and mechanical behavior tests

~ (compaction test, unconfined compression and odometer tests).

4.1 Natufai Moisture Content

Results of t_fxe fnc’oisture content (MC)are shown in table 4.1. From the result some pits have high
values of fnoisture content which shows the soil have high potential of water retention (clayey)

while some of the pits were also low varying between 25.0% and 15.9% respectively.

- Table 4.1: Results of Moisture Cbntent of Soils.

TP, TP, TP, TP, TP,

Depth(m) | 1.5 |30 |15 (30 |15 |30 |15 130 |15 30

M.C(%) 167 213 [213. [226 [159 [250 [222 |227 |215 |250

4.2 Specific Gravity

The suminary result of specific gravity test are shown on table 4.2.1 from the results it varies in

value which good number of the pits have within 2.32 and 2.47 while pit 1, 2, and 5 at 3.0m fall
within 2.52 and 2.58, having average specific gravity of 2.45.

Table 4.2: Results of Specific Gravity of Soils.

TP, TP, TP, TP, TP

Depth(m) [ 15 3.0 |15 [30 |15 [30 |15 [30 |15 130
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G 167 | 21.3 | 21.3 22.6

4.3 vP.art.i'cle Size Analysis
The particle size distributions of samples are show in Table 4.3 while the graphs were shown
Fig. 43.1..°

- Table 4.3: Particle Size Distribution Results

" TP, TP, | TP, TP, TP

Depth(m) | 1.5 | 3.0 1.5 ° 30 1.5 3.0 1.5 3.0 1.5 3.0

Gravel 1 99.7 100 | 99.8 100 88.9 83.4 99.8 99.5 98.8 100

Sand 67.5* 1664 |-74.8 - |75.0 393 30.5 74.5 71.7 66.2 70.8

Clay 1372|519 | 646 |62.7 32.3 22.0 64.7 63.6 59.0 61.96

From the table above of the result analysis, over 75% of the soils are fine material passing
thrddgh b.()75mm_. sieve.

All tfxe tdéting pdints have a‘miﬁfinum of 60% fines, fraction rdnging between 51.9% and 64.7%,
ie. >35% except TP3 at 1 .Sm and 3 Om that has 22.0% and 32.3% as passing through 0.075mm
sieve. It was deduced that the soil materlal of pits 1,2,4 and 5 constltuted of clayed silt soil with
: -gopd percenta_gg of sand and finer fraction while only. TP; is a lateritic soil because it has less
than 35% d,f »pafticles that Zpassed 'through sieve 0.0075mm. Complete tables and graphs are
prdvided in appendix 3. |

4.4 Aﬁerberg Limit Test
' Appendix four s,l.lov;/s the result o‘f the five trial pits tested, liquid limit (LL), plastic limit (PL),
_' shﬁh}iage limit (SL) and plasticity index (PI), carried out on all the samples while the value of
the (LLY were dbtained from the graphs shown in appendix four also. It was observed that in all

the sampies due to the result obtained from the (LL), (PL), and (P), pits 1, 2, 4 and 5 soils are
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grouped into A;7-5 or A-7-6 classification i.e. clayey soil while pit 3 is classified to A-2-6 i.e.
Iateriﬁc s'oi_ll accc;y;ding to AASHTO clas.siﬁcation system (1978).

4.5 Compéction; |

- The re_éﬁlts and graphs are shown in appendix five. From the results obtained, the analysis is as

follow, t];e (OMC) and (MDD) were. derived ffom graphs.

TP1 - TPS' are $7:rith a high (OMC) and lower (MDD) except TP3 with less (OMC) and high
(MDD) rééﬁeéﬁyely. | |

4.6 Odometer 'I:est

The results for the odometer test at the various depth and trial pit are presented in the tables
_below; 'At ﬁve.:.different pressures, 52, 104, 280, 416 and 832 kN/m2 dial guage for the
vsett'léme.nt of the soil was obtained and the time taken to undergo the settlement was also
recorl_ded’and a graph of dial guage againsf the root of time was plotted (Appendix 4) and the
time at 90% c.c)nsf-()lidation Was oi)taincd from the various graphs. The time at 90% consolidation

- was ;ised 'to es.tiﬁlgtwe the réte of céﬁsolidation.

Table 4.4: Odbmeter Test Result

TP, TP, ' TP; TP, TPs

Depth(m_)"l.S 30 |15  [30 15 [3.0 15  [3.0 1.5 |30

Avg. C, 2.76 5.00 |5.12 3.79 [3.31 1094 1543 | 575 6.44 |.6.03

| (érnz_/s) |




CHAPTER FIVE =
‘ 5.0 éQNCLﬁSION AND:RE.C(.)MMENDATION
51 Conclusion
, 'Ffom the' result obtained from the tests carried out (particle size analysis, atterberg limit, and
odonigter tégt) I can dra\;v the following conclusions;
1. | Most of the soils o_btai'md from the trial pits at various depths are of clayey material
| because greater than 35% of the soil passed through the 0.075mm sieve and only the soil
‘ob'tainedr.from trial pit 3 can be said to be a lateritic soil.
-“2. It can aléo be said that the soils from the trial pits have moderate moisture content, The
) moisturé content ranges from 15.9% to 25%.
3. The; soijl"st, from the various tri;11 pits have relative‘ly‘ low rate of consolidation, with
avéragfe 66efﬁ¢i§nt of consolidation C, from each trial pit rénging from 2.76 cm?/s to
110.94 cm?s.
. 4. Soils from trial pits 1,2,4and 5 soils are grouped into A-7-5 or A-7-6 classification i.e.
. c'lay:ey. soxl while pit 3‘ is classified to A-2-6 i.e. lateritic soil according to AASHTO
' cl#ssiﬁcation system. |

4.2 = Recommendation

For fiiture co;lstruction of buildings or road the area with low moisture contents and high rate
of settlemen£ should be carefullyvconsidered as these locations to be either stabilized or -
“compacted .beforc it can become suitable for use. When considering the choice of
sfabilizqtion "method to use, the don;inant kind of soil (clayey) present on the campus should

be taken iito consideration as not all stabilizing agents are suitable for cohesive soil.
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TRIALPIT1

i : 1.5m de[;th 3.0m depth
Sieve .Weigﬁt | .Peréentzlige - Percentage | Weight Percentage | Percentage
| No _ Reta.in " Retain (%) Passing (%) Retain Retain (%) fozs)sing
9.50 0 0 100 0 0 100
a75 | .13 0.26 99.7 0 0 100
2.36.' 133 2.66 97.1 5.6 1.12 98.9
1.18 | 29.8° 5.96 91.1 273 5.46 98.4
600 ‘ 44.7. 8.94 82.2 454 9.08 84.3v
300 " 492 9.84 723 55.1 11.02 73.3
150 | 482 9.64 627 69.4 13.88 594
75 V_ . 2713 5.46 57.2 37.6 7.52 51.9
TRIALPIT2
A ) 1.5m depth ) 3.0m depth
Sieve | Weight' Percentage ferceritage Weight Percentage | Percentage
No | Ret?lin - RetaiQ %) Passing (%) Retain Retain (%) ?ozs)sing
550 0 0 100 0 0 100
a5 1z 024 99.8 0 0 100
2.36 8.2 1.64 98.1 1.4 0.28 997
1.18 | 17.8». 3.56 94.6 v10.6 2.12 97.6
600 356 7.12 874 2 6.44 912
- ‘ 300;. . 430 8.60 78.8 55.9 11.18 80.0
150 | - 409 8.18 >70.7 49.7 9.94 70.0
5| 297 594. 647 36.7 734 62.7




TRIAL PIT 3 -

- | No

1.5m depth 3.0m depth
Sievé Vi/'ei;ght : Percentagé Percéntage Weight Percentage | Percentage
No Retaix% Retain (%) | Passing (%) Retain Retain (%) fo:s)sing
9.50 - -55:‘5 ' 11.1 . -88.9 83.0 . 16.60 83.4
475 89.4 17.88 - 71.0 70.9 14.18 69.2
236 | 439 878 | 622 373 7.46 61.8
T8 | 351 7.02 552 44.0 8.80 53.0
600 | 33.1 6.62 486 776 952 234
300 " 33.1 6.62 42.0 46.0 9.20 342
150 27.6 5.52 36.5 37.5 7.50 26.7
- 75 - 209 4.18 32.3 23.7 4,74 22.0
TRIAlL PIT 4
T - Lsmdeptn 3.0m depth
Sieve W;:ight. ' Percentage .~ | Percentage | Weight Percentage | Percentage
Retain L Retain %) | Passing %) Retain Retain (%) gzs)sing
9.50 | 0 0 | 100 2.6 0.52 99.5
R W 0.22 598 43 0.96 985
236 | 89 178 980 81 62 56.9
118 |  19.1 382 94.2 164 328 93.6
600 ._ 35.5 7.1‘ 87.1 32.6 6.52 87.1
300" 42.7' 8.54 78.5 40.0 8.00 79.1
. 150 40.2" 8.04 70.5 44.6 8.92 70.2
75 291 582 64.7 330 66 63.6




TRIALPIT5 °

, 1.5m depth 3.0m depth

Sieve | Weight Percentage Percentage | Weight Percentage | Percentage -
.No Rgtqin y Retain (% . Passing %) Retain Retain (%) ?jzs)sing
950 | 0 0 100 0 0 100
475 | 60 12 98.8 0 0 100
236 29 458 99.2 8.6 1.72 983
118 | 367 734 86.9 27.9 5.58 92.7
600 | - 449 8.98 779 459 9.18 83.5
300 423 8.46 694 43.8 8.76 74.76
1503_ 324 6.48 63.0 39.4 7.88 66.9
75 197 - 3.94 59.0 24.6 4.92 61.96
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SPECIFIC'GRAVITY TEST

PIT (1) 3.0m - | |

A, 450-18.8/(111.7-18.8)-(126.9-45.0) =26.2/11.0 =2.38
B.  47.1-23.9/(78.6-23.9) (92.3-47.1)=23.2/9.5 = 2.44

Average=2.41

PIT (2) 3.0m
A7 47.2-21.5/(72.8-21.5)~(87.4-47.2) = 25.7/11.1 = 2,32

B.  47.2-27.3/(88.7-273)- (102.4-51.2)= 23.9/10.0=2.39
B " Average=2.36

PIT (4) 1.5m - |

A 47.0-20.8/(93.5-20.8)-(108.7-47.0) = 26 3/11 = 2.38

B.

‘ PIT(4)30m B

A. _‘ .‘ 38. 2—16 3/(93 6-20.9)- (106 1- 47.2y=21.9/9.4=2.33

B.  47.2-20.9/(93.4-20.9)-(108.6-47.2) = 26.3/11.1 = 2.37
S ' VAverage =235

PIT () 1.5m

A, 41.1-15.9/(84.0-15.9)-(98.6-41.1) = 25.2/10.6 = 2.38

B 49.9-20.4/(80.8-20.4)-(97.8-49.9) = 29.5/12.3 = 2.36

Average = 2.37
PIT (5) 3. Om
A 39 3 20. 5/(72 8-20. 5) (84 0-39.5) = 18 8/7.6=247"

'B. | 44.5-18. 9/(75 5-18.9)-(90.8-44.5) = 25. 7/10.4 = 2.47

Average —2 47
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PIT 1 (1.5 M)

Liquid limit Plastic limit
1 2 3 4 1 2
45 34 21 11
H1 H2 H3 H4 H5 H6
83 118.2 12.9 11.0 9.4 16.1
25.9 - 43.9 41.1 39.2 19.2 28.7
20.2. 35.2 31.0 28.7 16.9 25.9
5.7 8.7 10.1 10.5 2.3 2.8
11.9 1170 18.1 17.7 7.5 12.6
479 . [512 . 558 59.3 30.7 22.2
. Shrinkage Limit=10.7%
"PIT1(3.0M) o
' : Liquid limit Plastic limit
1 - 2 T3 4 1 2
48 36 21 12
Gl G2 G3 G4 GS - G6
19.9 20.2 103 155 10.8 8.8
40.7 48.9 37.1 48.5 26.8 223
134.0 35.1 1274 1359 23.1 19.1
6.7 7.8 9.7 12.6 3.7 3.1
14.1 14.7 12.1 20.4 12.3 13.5
47.5° 52.1 56.7 61.8 30.1 13.5
Shrinkage Limit= 10.7%
PIT 2 (1.5 M) |
= ' ~ Liquid limit Plastic limit
1 2. 3 4 1 2
48 36 22 11 : :
Fl1 F2 F3 F4 F5 F6
14.1 | 112 15.8 22.0 20.2 15.5
342 327 1387 56.2 37.2 32.7
28.6 . 1262 314 443 33.1 28.6
56 6.5 7.3 11.9 4.1 4.1
14.5 152 . 15.6° 223 12.9 13.1
38.6 42.8 46.8 53.4 31.8 31.3

Shrinkage Limit = 9.3%




PIT2(3.0M)

Liquid limit Plastic limit
1 2 3 4 1 2
45 32 21 10
El . E2 E3 E4 ES E6
19.3 - | 163 22.1 10.3 10.5 9.2
423, | 42.6 53.8 . 42.6 25.4 27.2

354 33.8 42.8 30.9 21.9 234

169 8.8 11.0 11.7 4.0 43
16.1 17.5 20.7 120.6 11.4 14.2
42.9 1503 53.1 56.8 35.1 30.3
Shrinkage Limit = 8.6% o
PIT3 (1.5M) - _

' Liquid limit Plastic limit
1 2 3 4 1 2

146 134 22 12
Al A2 A3 1 A4 A5 A6
'10.4 14.9 10.7 13.0 14.2 223
33.0. 37.2 39.2 43.8 30.1 41.2
26.3 "30.1 29.9 332 26.6 36.8
6.7 7.1 9.3 10.6 3.5 4.4
15.9. 15.2 19.2 20.2 12.4 14.5
2.1 - 467 48.4 523 28.2 30.3
Shrinkage Limit = 9.3% !

PIT 3 (3.0 M)- :

: e Liquid limit Plastic limit
1 2. 3 4 1 2
44 32 21 11

Cl1 1c2 C3 C4 Cs C6
10.0 9.0 13.1 12.7 9.2 14.9
31.6 356 434 482 24.7 32.7
25.1 27.2 33.7 36.3 21.2 28.7

165 |84 9.7 11.9 35 4.0
15.1 182 20.6 12356 12.0 13.8
43.0 46.1 47.1 50.4 29.2 29.0

“Shrinkage Limit=7.9%




PIT 4 15M)

_ Liquid limit Plastic limit
1 2 3 4 1 2
46 - 130 21 11
1 112 3 J4 15 16
72 9.1 8.8 18.6 19.6 18.6

1327 319 36.5 49.9 38.8 34.1
24.7 24.0 26.5 1382 342 30.3
8.5 7.7 10.0 11.7 4.6 3.8
17 114.7 177 19.6 14.6 11.7

BEREED ' 31.5 323
Shrinkage Limit = 10.0%
PIT 4 (3.0 M)

A . _ Liquid limit Plastic limit
1 2 3 |4 1 2
47 34 22 12
ST 2 3 14 15 16
9.8 122 8.8 10.4 9.5 10.7
309 37.6 34.6 40.2 23.4 21.2
246 287 25.1 28.7 19.8 18.5
6.3 - 189 9.5 11.5 3.6 2.7
14.8 1192 16.3 18.3 10.3 7.8
42.6 ‘1 46.4 583 62.8 35.0 34.6

- Shrinkage Limit= 11.4%

"PIT5(15M) . -

- S ‘Liquid limit Plastic limit
1 ]2 |3 4 1 2
48 36 23 13
DI D2 D3 D4 D5 " D6
73 74 11.4 9.1 13.7 13.0

[323 33.5 37.5 45.6 30.3 26.2
24.5 24.8 285 1326 26.5 23.2
7.0 8.7 9.0 13.0 3.8 3.0
172, 17.4 17.1 23.5 12.8 10.2
40.7 '51.0 52.6 55.3 29.7 29.4

Shrinkage Limit = 9.3%




PIT5(3.0M)

* Liquid limit _ Plastic limit
1 2 3 |4 1 2
43 : 30 2 114 '
Bl [B2 , B3 . B4 B3 BS
18.0 S l11.6 9.0 9.5 10.4 8.2
56 - [323 . [351 39.5 24.7 < 21.1
58 . |72 9.4 11.3 3.3 3.0
11.8 . 13.5 16.7. 18.3 11.0 9.9
49.2 533 - | 56.3 61.7 30.0 30.0

Shrinkage Limit = 10.7%

COMPACTION TEST

"PIT 2 (3.0m)
Weight of 5600 5800 5900 59750
mould + soil ' '
wet - __
Weightof - | 3800 | 3800 3800 3800
- .| emptymould . | o
| Weightofwet” | 1800 | 2000 2100 | 1950
'soil _
Bulk density || 180 | 2.00 2.10 1.95
Canmo | AB | BC EF ~ GF
Canweight | 142 116 113 | 95
Weight of can + 485 T 475 | 539 50.1
| soil wet ' ] : _
Weight of can+ | 444 a2 | 454 20.7
-soil dry ' '
| Weight of water 5.1 6.3 8.5 9.4
Mc. . 292 296 34.1 312
Dry density 75 213 25.0 30.1
' kg/m_3 PR BRI P




CPITSGOM)

5650

5850

Weight of 5500 5900 5850
mould + soi]l - |
wet :
Weight of 3300 3800 3800 3800 3800
empty mould :
Weight of wet 1700 1800 2050 2100 2050
soil
Bulk density 1.70 1.80 2.50 2.10 2.50
Canno ABI BCI CEl DF1 GHI
Can weight 12.8 152 11.4 11.2 9.8
Weight of can+ | 65.6 71°.0 64.8 70.6 63.7
soil wet :
Weight of can+ | 59.9 636 56.0 60.3 51.9
| soil dry »
Weight of water |. 5.7 74 8.8 10.3 11.8
Mc | 12.1 155 197 21.0 28.0
Dry density’ 1.52 1.60 1.75 1.74 - 1.60
PIT 1 (3.0M)
[ Weight of 5600 5750 5900 5800
~mould + soil
Weight of 3800 3800 3800 3800
empty mould
Weight of wet 1800 1950 2100 2000
soil
| Bulk density 1.80 1.95 2.10 2.00
Canno - KT K2 K3 K4
Canweight | 274 21 13.9 117




Y
o}
S

82.7

kg/m’

1.07

Weight of can + | 73.0 682 584
soil wet. . ' -
Weight of can + 776 657 594 489
soildry '

Weight of water 6.1 7.3 8.8 9.5

Me 122 16.7 192 225
Dry density 1.6 1.67 1.76 1.59
kg/m?

PIT 4 (3.0m) :

Weight of 5550 5700 5900 5800
‘mould + soil '

wet .

Weight of - 3800 3300 3800 3800
empty mould ' :

Weightofwet | 1750 1900 2100 2000
soil _

[ Bulk density 175 190 2.10 2.00
‘Canno Gl G2 K3 K4
"Can weight 154 9.7 13.9 1.7
Weight of can + 62.8 5638 68.2 58.4
soil wet .

Weight ofcan+ | 565 | 49.0 59.4 489
solldry . - ‘ '

‘| Weight of water | 6.3 73 8.8 9.5

[ Me | 15.3 16.7 192 225
Dry density: -~ | 1.59 1.66

192




ST e

PIT 3 (1.5m)

4650

4850

Weight of 5200
mould + soil
“Weight of 3100 3100 3100
-empty mould
Weight of wet 1550 1700 2100
soil
Bulk density 1.55 1.70 2.10
Can no “H1 H2 H3
[ "Can weight_ 20.0 214 12.0
Weight of can + 93.7 70.4 58.2
soil wet .
Weightofcan+ | 88.8 653 515
soildry =
Weight of water- 49 51 6.7
Mc 7.1 11.6 16.9
Dry density 1.45 1.52 1.79
_ kg/m®




PIT 3 (3.0m)

Weight of

4800

kg/m’

5000 5250 5150
“mould + soil

~wet

Weight of 3100 3100 3100 3100
empty mould

Weight of wet | 1700 1900 2150 2050
soil ' :

[ Bulk density 1.70 1.9 2.15 2.05
Canno i 12 3 T4
Can weight 11.2 10.3 117 95
Weightofcan+ | 78.7 66.7 612 88.8
soilwet =~ '
Weight of can+| ~ 71.9 59.6 52.9 742
soil dry

[Weight of water |~ 6.8 7.1 83 14.6
MC | 11.2 144 199 22,6
'Dry density 1.53 1.66 1.79 1.67




~ PIT'5 (1.5m)

Weight of

kgm®

' 4850 5050 5200 5100
mould + soil '
wet )
Weight of . 3100 [ 3100 3100 3100
empty mould - o 3 B
[ Weight of wet 1750 1950 2100 2000
soil o ' g
Bulk density = | 175 1.95 210 2.00
Canno . 1 - 2 13 14
Canweight | 102 82 12.1 123
Weight of can + 63.3 54.0 557 74.5
soil wet
| Weight of can + 58.4 48.7 48.9 63.6
soil dry
“Weight of water 5.2 6.0 6.8 10.9
Mc 113 14.8 18.5 22.1
Dry density 1.57 1.69 1.77 1.64
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RAW CONSOLIi)ATION TEST RESULT FOR PIT 1 (1.5m) SOIL SAMPLE

Elapsed  |" /¢t ‘ DIAL READINGS
time (Min.).| 52KN/m” 104 KN/m® | 208 KN/m? | 416 KN/m? | 832 KN/m>
0 0 54.0 90.5 148.0 2105
1.0 .05 50 ° 83.5 137 199.5 295.0
40 | 1.0 52 86.0 139.5 202.5 300.0
9.00 3.0 52.5 87.0 141.0 203.5 301.5
16.00 4.0 "53.0 87.5 142.0 206.0 302.5
25.00 - 5.0 535 88.5 142.5 207.0 303.5
36.00 6.0 535 89.0 143.5 2075 | -
64.00 8.0 54.0 89.5 144.0 208.5 - 305.0
81.00 - 9.0 54.0 90.0 144.5 210.0 305.5
100.00 100 905 145.0 2105 305.5
121.00 11.0 ma 145.0
1444 38.0 148.0
Tablé»Show’ing the Consolidation Coefficients of Pit 1 (1.5m) Soil Sample
~ PRESSURE KNm) | 52 104 208 416 832
INITIAL DIAL READING 0 54.0 90.5 148.0 210.5
FINAL DIAL READING 540 90.5 148.0 2105 305.5
INITIAL THICKNESS (mm) 20.000 | 19460 | 19.095 18.520 17.895
CHANGE IN THICKNESS (mm) | 0.540 0365 0.575 0.625 0.950
'FINAL THICKNESS (mm) | 19.460 19.095 18.520 | 17.895 16.945
AVERAGE THICKNESS (mm) | 19.730 19278 | 18.808 18.208 17.420
too(min) - 2.56 4.41 1024 4 8.41
Cv (cm®/sec) 5370x10° | 3.0x10° | 1.22x10° | 2.93x10° | 1.27x10”
e 0.489 0449 | 0422 0.379 0333

Average Cocfficient of consolidation (C,) = 2.’7:6)(1_0'3 cm*/sec




RAW CONSOLIDATION TEST RESULT FOR PIT 1 (3.0m) SOIL SAMPLE

Elapsed | = ¢ DIAL READINGS
time (Min.) 52 KN/m* | 104 KN/m” | 208 KN/m” | 416 KN/m? | 832 KN/m?
0 | 0 25.0 410 68.0 107.0
1.0 0.5 22.0 39.0 63.0 100.0 184.0
4.0 1.0 24.5 40.0 65.0 103.0 187.0
9.00 3.0 25.0 40.5 65.5 104.0 189.0
16.00 4.0 25.0 - 41.0 65.5 105.0 190.5
25.00 5.0 41.0 66.0 105.5 191.5
3600 .| -6.0 s 66.0 105.5 192.0
64.00 - . 8.0 66.5 106.0 193.0
81.00 . 90 - 106.5 194.0
100.00 - 10.0 107.0 194.0
121.00 11.0 194.5
1444 38.0 68.0
Table Showing the Consolidation Coefficients of Pit 1 (3.0m) Soil Sample-

PRESSURE (KN/m’) 52 104 208 416 832
INITIAL DIAL READING _ 0 25.0 41.0 68.0 107.0
FINAL DIAL READING 25.0 41.0 68.0 107.0 1945

INITIAL THICKNESS (mm) 20.000 | 19.750 | 19.590 19.320 18.930
CHANGE IN THICKNESS (mm) 0250 0.160 0.270 0.390 0.875
- FINAL THICKNESS (mm) 19.750 19.590 19.320 18.930 18.055
AVERAGE THICKNESS (mm) 19.875 19.670 19.455 19.125 18.493
* too(tniin) 4.41 2.25 4.00 3.24 1.44
Cy (cin’/sec) 3.16x10° | 6.08x10° | 3.:34x10° | 4.00x107 | 8.39x107
e 70.612 0.592 0.579 0.557 0.525

- Average Coefficient of consolidation Cy= 5.00x10™ cm/sec




RAW CONSOLIDATION TEST'RESULT FOR PIT 2 (1.5m) SOIL SAMPLE

Elapsed | -~ % - K DIAL READINGS -
time (Min.) | - 52 KN/m® | 104 KN/m” | 208 KN/m” | 416 KN/m* | 832 KN/m’
0 0 38.0 64.0 99.0 141.0
1.0 0.5 35 57.0 93.0 134.0 183.0
40 . | 1.0 - 375 58.5 950 1365 185.5
9.00 T 3.0 38.0 59.0 96.0 137.5 189.0
16.00 4.0 38.0 59.5" 96.5 138.5 189.5
25.00 50 59.5 97.0 139.0- 190.0
36.00 6.0 60.0 97.5 139.5 192.0
64.00 8.0 — 60.5 98.0 140.5 192.0
81.00 | .9.0 60.5 985 141.0 192.5
100.00 . “10.0 99.0 141.0 193.0
121.00 |- - 11.0 | - = 193.0
144.00 - 120 = — . == 193.5
1444 [ . 380 —. | 640

Table Showing the Consolidation Coefficients of Pit 2 (1.5m) Soil Sample

~ PRESSURE (KN/m’) - - 52 - 104 208 416 832
" INITIAL DIAL READING ', _A 0 380 | 640 99.0 141.0
FINAL DIAL READING |  38.0 64.0 99.0 141.0 193.5
INITIAL THICKNESS (mm) | 20.000 19.620 19.360 19.010 18.590
CHANGEINIHICKNESS (mm)- | 0380 | 0260 [ 0.350 0.420 0.525
~ FINAL THICKNESS (mm) 19620 19.360 19.010 18.590 18.065
AVERAGE THICKNESS (mm) | 19.810 19.490 | 19.185 18800 | 18328
" tpo(min) 2.25 9.00 4.00 4.41 1.00

. Cy (cm'/sec) | 6.16x107 | 1.49x10° | 325x10° | 2.83x10° | 11.87x10”
. Z 0657 0626 | 0604 0575 0.540

Average Coetﬁciént of gonsolidatioh (Cy)=5.12x10" cm*/sec




RAW CONSOLIDATION TEST RESULT FOR PIT 2 (3.0m) SOIL SAMPLE

Elapsed . | .+t ' . ~ DIAL READINGS -
time (Min.) | - 52 KN/m® | 104 KN/m?® | 208 KN/m” | 416 KN/m® | 832 KN/m”
0 0 s 16.5 37.5 69.5 105.5
1.0 - 0.5 15.0 35.5 64.5 99.5 124.0
40 . | 1.0 15.5 36.0 - 66.5 101.5 127.0
9.00 3.0 16.0 . 36.5 67.0 102.5 128.5
16.00 4.0 16.5 37.0° 67.5 103.0 129.5
25.00 5.0 16.5 37.0 68.0 103.5 130.5
3600 | 6.0 16.5 375 69.0 104.0 131.0
64.00 8.0 - 375 69.0 104.5
8100 | .90 R 105.0
100.00 - “10.0 e 105.0
484.00. |- 220 105.5 139.5
529.00 23.0 ] 7 = - 105.5
1225.00 |.. 350 —5 o 69.5 141.0

 Table Showing the Consolidation Coefficients of Pit 2 (3.0m) Soil Sample

 PRESSURE (RN/m)~ | . 52 104 208 | 416 832
TINITIAL DIAL READING ~ |~ 0 165 | 373 69.5 1055
FINAL DIAL READING | 165 375 695 | 1055 141.0
TNITIAL THICKNESS (mm) 20000 | 19.835 | 19.625 | 19.305 | »18.945.
CHANGE IN THICKNESS (mm) | 0.165 | 0210 0.320 0.360 0.355
_FINAL THICKNESS (mm) | 19.835 | 19.625 | 19305 | 18945 | 18.590
AVERAGE THICKNESS (mm) | 19918 | 19.730 | 19465 | 19.25 | 18.768
" tyo(min) 0.903 1.00 4.00 3.24 1.00
. Cv(em’sec)y | 15.52x10° T02x10° | 1.02x10°7 | 134x10° | 1.07%10°
E 10,541 0528 | 0512 0487 | 0460

Averag_e» Coefﬁciént of consolidation (C,) = 3.79x10° cm?/sec




' RAW .CONSOLIDATION TEST RESULT OF PIT 3 (1.5m) SOIL SAMPLE

Elapsed | i DIAL READINGS

time Min)) | 52 KN/m® | 104 KN/m® | 208 KN/m” | 416 KN/m’ | 832 KN/m’
0 10 38 66 - 86 115
1.0 1.0 - 28 54 72 99 126
4.00 2.0 31 59.5 75 107 134
9.00 . 3.0 33 62 78 111 139
16.00 4.0 35 63 81 112.5 141.5
25.00 5.0 35.5 64 82 113 143
3600 | - 60 36 64.5 83 113 144
64.00 - 8.0 36.5 146
81.00 - 90 - 146.5
100.00 10.0 38.0 == . 147
121.00 11,0 38.0 147
1024.0 32.0 66 86 115 150

Table Showing the Consolidation Coefficients of Pit 3 (1.5m) Soil Sample

" PRESSURE (KN/m’) 52 104 208 416 832
INITIAL DIAL READING 0 38 66 86 115
FINAL DIAL READING 38 66 86 115 150
INITIAL THICKNESS (mm) 20.00 19.62 - 19.34 19.14 18.85
~ CHANGE IN THICKNESS (mm) | . 0.38 0.28 0.20 0.29 035 -
- FINAL THICKNESS (mm) - 19.62 19.34 19.14 18.85 18.50
AVERAGE THICKNESS (mm) 19.81 19.48 19.24 -19.00 18.68
B too(min) ‘ _ 1.96 25 121 | 17.64 3.0
Cy (cm’/sec) » 6.7x10° | 2.42x10° | 3.62x10° | 1.94x10° | 1.87x10”
' e 0488 0.460 0.439. 0.424 0.403

Average Coefficient of consolidation (C.) = 3.31.00x10™ cm/sec




RAW CONSOLIDATION TEST RESULT OF PIT 3 (3.0m) SOIL SAMPLE

Elapsed T N A DIAL READINGS
time (Min.y | 7 52 KN/m? | 104 KN/m” | 208 KN/m” [ 416 KN/m* | 832 KN/m’
, 0 .0 | — 54 103 157 190
N 10 - |7 10 - 40 94 139 175 203
4.00 2.0 48 100 147 181.5 208.5
9.00. |- 3.0 50 100 150 184.5 211
16.00 - 4.0 51 151 186 212
2500 | .5.0 51.5° 152 187 213
36.00 | 60 52 153 187.5 213.5
64.00 8.0 " e 188 214
81.00 9.0 - - 214
100000 | .100 | - —
121.00 11.0
1024.0 32.0 54 103 157 190 216.5
Table Showing the Consolidation Coefficients of Pit 3 (3.0m) Soil Sample
PRESSURE (KN/m") 52 104 208 416 832
INITIAL DIAL READING 0 54 103 157 190
~ FINAL DIAL READING 54 103 157 190 216.5
INITIAL THICKNESS (mm) 20 19.46 18.97 18.43 18.10
CHANGE IN THICKNESS (mm) | 0.54 0.49 0.54 0.33 0.27
. FINAL THICKNESS (mm) 19.46 1897 | 18.43 18.10 17.83
: AVERAGE THICKNESS (mm) | 19.73 19.22 18.70 18.27 17.97
_J‘ ' Tt - ' 3.80 2.16 11.49 25.00 8.53
Cy (cm’/sec) 3.62x107 | 6.04x10” | 1.08x107 | 3.57x10” | 1.34x10~
"~ . E 1 0566 0.524 0.486 0443 | 0417

- .Average 60'efﬁcient of consolidation (C,) = 10.94x10~cm"/sec

Y




RAW CONSOLIDATION TEST RESULT FOR PIT 4 (1.5m) SOIL SAMPLE

Elapsed. | .+t ' DIAL READINGS
time (Min.) | ~ | 52KN/m® | 104 KN/m* | 208 KN/m” | 416 KN/m® | 832 KN/m*
0 1 0 - | 325 56.0 85.0 138.0
1.0 - - 0.5 30 50.0 81.0 131.0 179.0
4.0 1.0 315 - 51.0 82.5 132.5 183.0
9.00 | 30 32.0 51.5 83.5 134.5 184.5
1600 | 4.0 . 320 . 52.0 84.0 135.5 185.0
2500 | .50 325 52.5 . 840 136.0 185.5
36.00 | . 6.0 ] _— 52.5 845 . 136.5 187.0
64.00 8.0 o 85.0 137.5 188.0
81.00 - 9.0 - 85.0 1380 | 188.0
100.00. "10.0 - 138.0 188.5
121000 | - 11.0 188.5
144.00 12,0 —
1444 . 38.0 56.0 —

Table Sho_wihg tﬁe‘ Consolidation Coefficients of Pit 4 (1.5m) Soil Sample

PRESSURE (KN/m’) 52 104 208 416 832
INITIAL DIAL READING | 0 325 56.0 85.0 138.0
FINAL DIAL READING 32.5 - 56.0 85.0 1380 | 1885
INITIAL THICKNESS (mm) 20000 | 19.675 | 19.440 19.150 18.620
CHANGE IN THICKNESS (mm) |.  0.325 0.235 0.290 0530 | 0.505
'FB\I_AI..?TI{.ICKNESS (mm) | 19.675 | 19440 | 19.150 | 18.620 | 18.115
AVERAGE THICKNESS (inm) 1 19.838 19.558 | 19.295 18.885 18.368
bomin) | 12L 30 | 441 9 1
Cy (cm?/sec) 770x107 | 549x10° | 2.57x107 | 6.34x10° - 5.07x10°
| e 1T 0618 0592 .| 0.573 0.549 0.507

Average Coeﬁidient of consolidation (C,) = 5.43x10™ cm®/sec




 RAW CONSOLIDATION TEST RESULT FOR PIT 4 (3.0m) SOIL SAMPLE

Elapsed TVt - DIAL READINGS
time (Min.) | - 52KN/m’ | 104 KN/m’ | 208 KN/m’ | 416 KN/m® | 832 KN/m®
0 0 76.5 113.5 174.5 228.0
1.0 - 05 700 107.0 165.0 218.5 283.0
40 | 1.0 72.0 109.0 167.5 222.5 287.0
200 |- 30 | 730 110.0 169.5 224.0 289.0
16.00 ° 4.0 73.5 1110 170.0 225.0 290.0
2500 | 5.0 740 | 1115 171.0 225.5 291.0
36000 | 6.0 745 | 112.0 171.5 225.5 291.5
64.00 8.0 76.0 .  113.0 172.0 227.0 292.0
81.00 -| - 9.0 76.5 113.5 172.0 227.5 293.0
100.00 -| 100 765 172.5 227.5 293.0
121.00 11.0 = 228.0 293.5
14400- | 120 | - — 293.5
- 1444 38.0 174.5 —

Table Shdwin‘g‘tl‘le Consolidation Coefficients of Pit 4 (3.0m) Soil Sample

PRESSURE (KN/m?) 52 104 208 416 832
INITIAL DIAL READING 0 76.5 113.5 1745 228.0
'FINAL DIAL READING 76.5- 113.5 174.5 228.0 293.5
INITIAL THICKNESS (mm) - | 20.000 | 19.235 18.865 18.255 17.720
CHANGE IN TﬁICKNEss (mm) 0.765 0.370 0.610 0.535 0.655
' 'FIN_ALTPIICKNESS (mm) | 19.235 18.865 18.255 17.720 17.065
AVERAGE THIGKNESS (mm) 19.61_8' 19.050 18.560 17988 | 17.393
) T 00 | 236 | 225 9.22 9
| Cy (cm’/sec) | 4.23x107 | 7.04x10° | 8.09x10° | 2.34x10° | 7.07x107
: i - T 0528 0.469 0.441 .0.395 0.354

o ~/A76fetge Cocfficient of consblidatiOn'(Cv) =5.75x10" cm®/sec




- RAW CONSOLIDATION TEST RESULT FOR PIT 5 (1.5m) SOIL SAMPLE

Elapsed 4t DIAL READINGS
time (Min.) ' 52 KN/m* | 104 KN/m? | 208 KN/m? | 416 KN/m?® | 832 KN/m>
0 0 21.5 455 92.0 135.0
1.0 0.5 18.5 40.0 82.0 127.0 188.0
40 . - 1.0 19.5 42.0 84.0 130.0 193.0
9.00 | 3.0 20.0 43.0 84.5 131.5 194.0
16.00 4.0 205 43.5 86.0 133.0 195.5
25.00 * 5.0 21.0  44.0 86.5 134.0 196.0
36.00 6.0 21.5 440 87.0° 134.5 197.0
64.00° 8.0 21.5 45.0 87.5 135.0 198.0
81.00 9.0 % 455 88.5 198.5
100.00 .| - '10.0 --- 455 89.5 199.0
121.00 -| 11.0 89.5 199.5
196.00 14.0 199.5
1444 - | 380 92.0
Table Sho‘wing the Consolidation Coefficients of Pit 5 (1.5m) Soil Sample
PRESSURE (KN/m?) ' 52 104 208 416 832
" INITIAL DIAL READING 0 21.5 45.5 92.0 135.0
"FINAL DIAL READING 215 455 92.0 135.0 199.5
INITIAL THICKNESS (mm) 20.000 19.785 19.545 19.080 18.650
CHANGE IN THICKNESS (mm) 0.215 - 0.240 0.465 0.430 0.645
FINAL THICKNESS (mm) 19.785 19.545 19.080 18.650 18.005
AVERAGE THICKNESS (mm) | 19.893 19.665 19.313 18.865 18.328
" tao(mhin) 532 441 2.55 6.45 9
- .Cy (cm’/sec) T2.70x107 | 3.05x10° | 11.02x10° | 4.34x10° | 11.07x107
e 0462 0.446 0.429 0.395 0.363

Average Caefficient of consolidation (C,) = 6.44x10” cm’/sec




RAW CONSOLIDATION TEST RESULT FOR PIT 5 (3.0m) SOIL SAMPLE

Elapsed. Jt DIAL READINGS
time (Min.) | 52 KN/m” | 104 KN/m” | 208 KN/m” | 416 KN/m” | 832 KN/m®
0 0 19.0 38.0 73.5 156.5
1.0 0.5 17.5 30.5 66.0 146.0 205.5
4.0 . 1.0 18.0 31.5 67.0 148.0 207.5
9.00 3.0 18.5 32.0 67.0 149.5 209.5
16.00- 4.0 19.0 32,0 68.0 149.5 210.5
25.00 ©5.0 19.0 32.5 - 68.5 211.5
36.00 6.0 -19.0 33.0 68.5 212.0
64.00 8.0 34,0 212.5
81.00 9.0 34.5 151.0 212.5
100.00 10.0 151.0 213.0
169.00 13.0 71.0
22500 -| - 150 214.0
1089.0 |  33.0 73.5 g
14440 1380 156.5 216.0
1600.0 - 40 s 38.0
- Table Showing the Consolidation Coefficients of Pit 5 (3.0m) Soil Sample

PRESSURE (KN/m?) | 52 104 208 416 832
"INITIAL DIAL READING 0 19.0 38.0 735 156.5

" FINAL DIAL READING 19.0 38.0 735 156.5 216.0
INITIAL THICKNESS (mm) 20.000 19.810 19.620 19.265 18.435
CHANGE IN THICKNESS (mm) 0.190 - 0.190 0.355 0.830 0.595
FINAL THICKNESS (mm) | 19.810 19.620 19.265 18.435 17.840
AVERAGE THICKNESS (mm) 19.905 19.715 19.443 18.850 18.138

" tao(min) 257 3.59 7.71 9.0 25

- Cy (cm’/sec) T 5.17x107 | 3.32x107 | 3.67x10° | 6.8x10° | 11.17x10°
e - 0.608 0.592 0.577 0.549 0.482

Ave;age_ Coefficient of consolidation (C,) = 6.03x10™ cm*/sec
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104KN/m? @ 1.5m depth
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208KN/m? @ 1.5m depth
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416KN/m? @ 1.5m depth
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832KN/m? @ 1.5m depth
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