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ABSTRACT

Agriculture, the backbone of the Ghanaian economy employs around 51% of Ghana’s work
force. Currently most younger farmers are quitting and moving Eln urban centres for other forms
of employments because they claim it is not lucrative,

There are various ways of minimising this drift and one of them is by developing alternative
livelihood for small-scale farmers so that the full potential of the land and the farming skills of
the farmers will be achieved. This study concentrates on the way of developing aquaculture
through the initial soil study so as to develop alterative livelihood in fish production in earthen
ponds.

The study area of this project was a valeytboytom sitg at Adawonmase in the Kwabre District
of the Ashanti Region in Ghana.

Farmers grow rice at the start of the rainy season (April/May) and harvest within three to four
months (August/September). After harvesting the rice, they do not do any meaningful agriculture
since by then the rains have stopped.

In a bid to develop an alternative livelthood for the farmers, an initial reconnaissance study
was undertaken Lo interact with the farmers.

The farmers showed keen- mterest after. a series of inteoyiews on possible alternative
livelihood to rice farming that they can practice in the off Sgason. They expressesd interest in
practising off-season aquaculture as a better alternative to farming in their locality.

In a bid to shape up this development of an altemative hivelihood in fish farming, a lot of seil
data was collected from two different sites*(flood plain.and upslope patt of the valley bottom)
and tested at the soils laboratory for their various soil physical properties so as to know the soils’
water holding capacities which willaid iInumodelling a pond t)-pc-{'br construction in the future.

Finally, after pemcrous soil analyses, an-embatikment pond, was proposed to be constructed
on the upslope part of Lhe valley buunm,_This is because of the compactive nature of the clayey

soils there and how easy and inexpensive it was construct these types of ponds.
Ay
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CHAPTER 1

INTRODUCTION

1.1 General Introduction
Agriculture, which is still a labour-intensive sector, remains the backbone of the
Ghanaian economy, employing around 51% of the work force. However, its labour
intensiveness is seen to be one of ils major drawbacks. Ghana is still perceived to be
overly dependent on the small-scale farmer, whase productisgéy in terms of land area put
under cultivation, is low. This is largelWdie 8 theovesdependence on rainfed agriculture
for erop production, inadequate capital basedor farm development and low levels of
technological availability and know-how.of the local.small scale farmer. A major way of
still keeping this workforce economically empowercd is to develop alternative
sustainable agriculturalsystems Hfor_ their siisienance, Development of alternative
livelihoods has become a-popular policy towplilt the socigecanomic status of small-scale

farmers and to reduce pressure on over-exploited farmlands (Grawford er af, 1999).

1.2 Agricultural Sustainability
Sustainable agriculture tSes loeally available renewdbleiresources, appropriate and
affordable tecflpgolngi:s and minmniises the use'ef external and purchased inputs, thereby
increasing_lﬁ_n_:ﬁl- .it-ldepeﬂam self-sufficiency and ensuring a source of stable
__incowe for peasants, families and small farmers and rural communities. This allows more
people to stay on the land, strengthen rural communities and integrate humans with their

environment (Gupta et al, 1996).



1.3 Ways of Alternative/Sustainable Farming
There are several examples of inculcating different methods of farming into the
regular conventional farming practiced by small-scale farmiers to always keep them in
business. Three of such ways are:
* Farmers can extensively rear livestock in their tree crop plantation for their own
consumption and make sales of the surplus to supplement their incomes
* According to Crawford er alf1999). sgaweed [armimg-has been incorporated into
many community-based codstdh Fesolirces#/mandgethent projects and fisheries
management initiatives in China, Japaf, Korea and other Asian countries as an
allernative livelihood option for their fishermen. This is typically based on several
assumptions. First, it is often assumed that smallsscale [ishermen are poor and that
this is related in fiiany. cases to.the overexploifed nature of the résource, Secondly,
1t is also assumed-that fishers-are willing to give up fishing in favour of more
lucrative economic opportunities, such as seaweed farming. Lastly, it is assumed
that as fishers take up altemative livelihoods such. asseaweed farming, this will
reduce pressurd on'the fisherigs, This is+an exccllent cxantple of a project logic
framework whereby Ceftai inputs (e.g. prometion of seavweed farming) will lead
Lo ﬁpEE:jﬁc outputs (e.g. impiroved sucioeconemic status of fishers, reduced fishing
pressure I..il'l.d imprc’im;ne status)
_—»—In China, fish is raised in rice fields in the southeast and southwest mountainous
areas where there are few bodies of water for growing fish and fishing regions and
towns are far away. Rice—fish culture is a traditional and popular way for the

people to grow their own supply of fresh fish in the mountainous arcas of



Qingtian and Yongjia in Zhejiang Province. Rice—fish farming is an effective way
to make full use of rice field resources and to cultivate freshwater fish. It offers
remarkable advantages: it does not require the use of other land and water bodies;
it has a short cycle, requires small capitalisation, gives fast results and benefits, is
casy 1o manage and uses simple technology. It also fully uses the productive
potential of water in the rice fields. In agriculture, ecological and multiple uses of
land should not be overlooked. Rice—lish cultivation.can improve the ecological
environment of the field, wlﬁlE'?:pim"i'ﬂjMnmic benefits. It makes good use
of water resources in the rice field, decreases competitors in the waters, makes
reasonable use of fertiliser amd sumlightiéand improves the fertility and

permeability of soil (Defu er ady 2006))

1.4 Study Area

For the purposes of this projeet, the'inland valley plaid at Adanwomase in the Kwabre
District in the Ashanti Region,of Ghana was used, Inlandsvalleys correspond to the
upstream parts of riversysiems and thése 1oWlands-have an impoitant potential for the
intensification and diversiffcation-.of agricultural_produetion-and are a privileged
environment flqr biodiversity consesvation."This “is~due primarily to their specific
characterisfics: a ﬁnn ufm t;t}ncenuatinn, relatively fertile soils, and lower risk

_for ecological degradation.
Despite this potential, the use of inland valleys is currently still limited, both in time

(limited use in dry season) and in space (numerous valley bottoms are not exploited yet).
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This under-exploitation of inland valleys is due to various constraints such as land tenure
problems, difficulty in developing and working the land, health risks and so on.

i
1.5 Background

A section of farmers who work on about 40.5 ha of farmland at the castern part of
Kwabre District, which borders Ejisu-Juaben District for some time now grow mainly
rice in the farming season. This is primagily due togtheswalley nature of the topography
that creates flood plains and hence thie Swampy nature efthe land that allows for the type
of rice produced called the “valley boitom™ rig@hAnother important feature in the area is
the perennial Oda River, which is verygmuch at its péak during the rainy season, which
the farmers can use for the imrigation of theif farms. Watcr from the river is never utilised
at all for any form af Hrming,

The farmers normally.plant Just'ar the start of the rainy season (April/May) and
harvest within three to four menths (Atgust/September). After harvesting the rice, they
do not do any meaning{ul agrieulture since by then the rans arc gonc and they do not
have the technology oftising water fropi the fiver a8a source of irrigation water aside the
fact that it is also expensive ©-havean irrigation projgot-<0 astto gfow rice all year round,
Production of rice.has not been very-economicalio them, yet they practice due to the faet
that it is their El-ﬂ.:-p; snice T Tivelihood.

____Another alternative is to channel some water from the river to ponds for use in off-
season aquaculture and vegetable production.

This research was carried out because farmer groups in the locality showed interest in

an alternative livelihood such as fish farming afler the production period of their rice for



sale. The idea is lo develop an alternative livelihood for such farmers in the community
and Ghana as a whole to farm all year round so as Lo supplement their income, provide a
relatively cheaper source of protein and keep themselves in business till the next planting

BEES0M.

1.6 Statement of Need

Agricultural production in Ghana  has, genegallys Reg=kept pace with global
developments. Reasons for these inglide)slow adoption'tate of improved technologies,
continuous use of traditional implements not sdited to large scale production, advanced
age of subsistence farmers, coupled with, the youth migrating to the cities, lack of credit

facilities, inadequate infrastructure developmient; marketing and inappropriate policy

measures. In addition to-maest of the.agrculral problems faced in Ghépa, most farmers
depend on rain-fed agriculture bui since. rainfall is scasonal, farmers are redundant
throughout most part of the season. One of the ways of minimising this redundancy and
other militating issues is by developing alternative hveliliood for these farmers,

The concentration of this dissertation is.on valley. bottom rice fafmers, This category
of farmers have their compléxity due_lo the very wet-nifusg aftheir land, with heavy
rainfall, high water table and flood watcrwhich is not-€asily controlled contributing to
the difficulty of rice gmwﬁrﬁﬁ’ﬂgd_ with intensive weed and pest control. In spite of this,

_valley bottom rice farmers have the potential of fully utilising their wet lands during the
off-scasons so as to utilise the full stretch of the year.

One of such simple ways ii to practice an off-season aquaculiure production. To set

up an aguaculture system in any area including the valley bottoms require some study
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into the nature of the soil types, hence the need for the site characterisation of the soil

physical properties for ils suitability for fish farming. Site explorations enable the soils

4

engineer to provide answers to the main problems of!
s Seepage and
» Pond slope stability.
It also helps to furnish information to the designer of the structures about the foundation
conditions.
This project sought to study thé siel chitacveristies’of soil physical properties for
aguaculture implementation among rice farmersin the Kwabre District and until proper
study and documentation of the couniries flood plain areas are kept, developments like

aquaculture will be laborious and time‘consuming to undertake.

1.7 Aim and Objectives

The main aim of the project was to develop analtemative livelihood source for a
group of rice farmers in the Kwabge District and the Eﬁpﬁiﬁﬂ abjectives were lo:

* Assess technological and training needs of.théfarmers,

e Determine sitc conditions fotfarm pond designednd.donsiruction and

e Proposea design of fish pond forimiplementation,

B e



CHAPTER 2
LITERATURE REVIEW

2.1 Brief History of Rice Fish Culture

According to De la Cruz et al (1992), cultivating rice and fish together has been a
2,000-year-old tradition in some parts of Southeastern Asia. However, this beneficial
cultivation system was gradually abandoned due to population pressures, decreasing
stocks of wild fish and the "Grepny, Revalutign=svhigh cmphasised high-input
monoculture using high-yield rice vari®ues, pestieides .and herbicides (which are toxic to
fish). During the 1980s and early 1990s, rice-fish culture as managed cultivation systems
experienced a revival, as concerns oyer the widespread use of pesticides emerged. In
several Southeast Asian countries, rice fields &8 fdtural fisherics arc more important than
as places where culturéd fish are raised. Native fish species are favoured over species that
are generally cultured 1ike-the- comman,.carp, Nile tilapia and silverBarb.

According to studics by Gupta, efal, (1996), ne¢e fish culture can actually increase
rice yields (up to 10% in someweases) whilst providing farmers with an important source
of protein and extraiincome. Implementation i& rélativel y ineypensive and low-risk, It
was conclusively shown thatiintepration of aquaculture-withe agriéulmre can increase rice

yields, besides being a viable, low-eas], Iow=fisk, sustainable economic activity, with

g

r:nultiple berefits:
___* Production of diversified products, rice and fish from the same land area
¢ [ncreased incomes and nutrition to farm households
* Reduced labour costs in rice cultivation

* [esser use of pesticides and spread of risks due to diversity of produce.

|



Thus integration is economically and ecologically beneficial and is a way for securing
food for small farmers. In spite of the small size of fish at harvest due to the short rearing

period, farmers were continuing integrated farming indicatingiil sustainability.

2.2 Experiments in Rice Field Fish Culture in Ghana

Various experiments in the past conducted by Ghana Fisheries Department in the
1960°s, showed that combining rice and dish has beendn exdsicnce in Ghana for a long
time now. These experiments were stafed in\1960.in two'ponds (A and B) each of about
0.1 ha (% acre) in size in the Turi-Kalsari expetimental fish farm at Lawra in the Upper
West Region of Ghana. Pond B was the expenmental pond and pond A the control.
Experimental pond B was first fertilised With"about 4.5 kg of superphosphate before
sowing with swamp rice=Aller the'vice had germinated, the pond was flgoded with water
and then stocked with 820, Frlapia fingerlings on 13 June 1960 Species used were T,
nttotica, T. zillit and T. galflaea (all less than 8 cm-leng). The same number and size of
fingerlings were stocked in contrel pond A which was flooded with water only and no

fertilisers used. The numbers and sizes of figh harvested are shownan Fable 2.1,

Table 2. 1: Fish production in experimental pondsin Ghana

Year - 1960 1961
_——| Rice e Rice pond :
bBonts (B tertitizd) p - O ) | i rntertilizedy | SORHOA)
Np. of fish
| e 820 820 ?19. 710
NG 1 21,000 12,200 1,997 1,008
harvested
Size distribution
of fish harvested e =
<10 em 4,000 3,900 200 308
10 — 14 em 15,000 8,000 100 200
15—20 em 2,000 100 1,688 500




This experiment was repeated in 1961, But this time no fertilizer was used in the
rice pond. At the beginning of the rains in May the ponds were filled with water after

pond B had been sown with rice. Both were stocked with 710 Tilapia fingerlings (all less

than 8 cm long). Again the species used were T. nilotica, T zillii and T.galilaea,

Resulls obtained from the experiments were very encouraging and rice farmers who
had their fields flooded during the rains were often advised to stock their fields with
Tilapia fingerlings. This idea, howeyer,did net became-popular because the farmers had
some difficulties. Most of thern had thsir farts Wesy far.away from the Turi-Kalsari fish
farm, or far away [rom any other fish pomd where they could obtain fingerlings,
Transportation facilities were not easily ayvailable to them and the idea could not get good

publigity.

2.3 Benefits in Using Farm Ponds
Numerous benefits realisable by farmers- include:
1. An increase in incomefrem the produetionof both ricesand fish
2. A reliable source of protein for farfiers aid their families| couptering the decrease
in available wild fishdmwmany.countries
3. Water reservoir for supplementatyirfigation
4. Pomd ot fishreariog—
__ 5, Wastewater from pond for vegetable production hence reduction in using

fertilisers



2.4 Types of Rice=Fish Culture

There are three ways to combine rice and fish:

2.5 Pond Types

Rice and fish together: Planting rice whilst raising ﬁ{&h is the main method used.
The method makes full use of time, space, energy, and resources of the rice feld
and provides economic benefits. [ts shortcoming is the rather high requirement for
labour and management.

Rice and fish in rotation: Planing ricg and migimg-figh are carried on alterately;
therefore, the contradictions beéhween erowifigwiet ahd raising fish are avoided.
After the rice is harvested, fish are rajged in deepwater fields, which ¢an improve
fish yields. The disadvantageshare that the growing period for the fish is
shortened, and that the mutually beneficial and efTicient relationship of rice~fish
culture is lost. I regions with-two pice harvests, the rotation ol rice and fish will
reduce rice yields:

Special ponds creation: Speciial but simple ponds are created at identified
suitable location of the figeficld for fish rearing. This$ystem is suitable for small-
scale rice farm& where the rce bunds have not been develeped. Water from the

ponds can be channelled enfosice fields appropriately forirrigation.

-~

G

e

The twe major types of ponds are:

An embankment pond and

Anexcavated pond = _

WF '.:'-.._ -.:nl'r!r.l!h':’.-
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An embankment pond is made by building an embankment or dam across a stream
or watercourse where the stream valley is depressed enough to permit storing 1.52m
depth or more of water. The land slope may range from gentlél 1o steep.

An excavated pond is made by dipging a pit or dugout in a nearly level area.
Because the water capacity is obtained almost entirely by digging, excavated ponds are
used where only a small supply of water is needed. Some ponds are built in gently to
moderately sloping areas and the capacityyis obtained beth by-excavating and by building
a dam. The criteria and recommendaticusiaresforsdams.ilitt dre less than 10.7m high and
located where [ailure of the structure will now¥gsult in loss of life: in damage to homes,
commercial or industrial buildings, main highways, ef railroads; or in interrupted use of

public utilities,

2.6 Design Criteria

Ponds are essential components of most fish and aquaculture farms. Lowlands or
valleys are usually selected “@g.sites for these ponds_andsthis is often the decisive
consideration in selegting the site for the enfire projeet, The ponds-arg normally shallow,
and are surrounded or imparmded in-the majority of cases bysow earth dykes or dams.

The ponds are usually filled “and-diaifed through Open canals and other methods,

such as ﬁlliﬁg‘iﬁ:;:;;gh a pmg exceptional (Varadi, 2006).

11



2.6.1 Water Source
An adequate water source is needed to maintain water levels. A supply is available

from four types of sources,

a. Overland drainage

Surface runoff from precipitation or a flowing spring travelling overland as sheet flow
or concentrated in a drainage way, can begcollgcied in apond-basin. Ponds with this type
of water source are located on or Belbuwt sloping.ands”Annual precipitation rates and
drainage area characteristics determine thegadequacy of the water supply for each

potential pond site.

b. Groundwater
In areas where groundwater is near the surface, excavating into and below it will
create a pond. Groundwater fed ponds are generally locateéd in (1at low lving areas and do

not require a surrounding embankment,

¢. Flowing waters by in-stream impoundment

Cnnstructi:l% a water impoundifg-stEugttir®'6r dam dCross a water course will capture
1.i;v'alti.ifr and'tfé&fé.-;waterma;:;ful consideration should be undertaken before
_pursuing a pond of this nature. Environmental concerns such as blockage of fish passage
or warming of down stream waters can cause adverse impacts. Also, sediment from
upstream areas will become trapped behind the structure requiring periodic removal 1o

prevent loss of water depth in the pond basin.

12



d. Flowing waters through diversion

A waler source can be provided by diverting a portion of a stream's flow to an
+ " ¥ g 'II . + *
impoundment arca or excavated basin. The diversion may use a weir or similar structure

to direct water through a pipe or ditch to the pond site.

2.6.2 Drainage Area

Drainage area is a measure of thg agount gf jand,susfacegentributing water by runoff
to a pond site and is presented in kqhate Kilomeifeswar hectares. Runoff volumes are
determined by precipitation, soil type, veggldlive cover and topography., For ponds
relying on surface runoff the drainage drea must provide an adequate supply of water to
maintain pond water levels, Too larggia drdinage area should be avoided as excess runoff

during storms can damdpe-embankiments and 8pillways or result in pond washout,

2.6.3 Soil Requirements

Ponds fed by surface runoffanust have impermeable soils beneath the pond basin to
prevent excess downward,seepage, otherwise the pond will notamaintain water. Soils
conlaining sufficient percemiages—of silt or clay corifent- are” best suited to pond
cstablishment. The excavating of “test_pifs 'af the-proposed pond site allows for an
evaluation E!'_Eoil-.-typc m&tw. I' smtable scils are not available on site,

_appropriate soils or soil amending produets may be obtained from off site.

13



Required Soils for Ponds:

Such soils by nature should;

Hold water

e Have stable side slopes and dams

¢ Have properties sufficient to form embankment

* Hold the pipes: soils with relatively high contents of silts and/or very fine sands

tend to flow when saturated Wit Waterj Wwhich peSnlteUn mass washing either at
the surface or in tunnels thmﬁgﬁ*ﬂ%f embankncme

» Have less organic matter because soils/with high organic matter do not compact

well, thus create unstable embankment. Excé?ss':g_mssﬂ leaves, stumps should be
kept out of the embankment

e Not have soibmaterials-whieli do not compact lo maximum dry.density because

this will not form & Stable und usable embankment: Compaction is necessary, 1o
reduce the permeahility of the embankmcat and prevent settling problems
following construction:

If the land was usedfor.crops, testihe soil for acéumulatedspesticide residues, Avoid
areas with acidic soils. Areas With Jiigh groundwater@lsosgtse problems. It is difficult,
or impossible, to-build ponds if in stch-areas-a-pofiid is built, it cannot be completely
drained and _ctrlﬂd, -hasic sm_am necessary for efficient management. The land

_shoutdbe flat and slope gently away from the source of water or reservoir. An area for
the accumulation of surplus water should be available below the pond. An 'open’ sile is

advantageous because it allows wind to acrate water in the pond (Rowland and Bryant,

1995).
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2.7 Pond Design Options

Materials and structural choices vary depending on needs and site conditions.
Good pond design and construction are key to efficient funclioning of the farm and the
costs of construction and management. A well-designed and properly constructed
operation also makes controlling potential and environmental impacts easier. The basic

options are the extensive and intensive systems (FAQ, 1983).

Table 2, 2; Characteristics of Ex Lena’; veand hitchsive Systems

SYSTEMS ] MAKE | CHARACTERISTICS

Built to farm fi sh. specific and
shape: water level and water quality
Extensive Earthen pond monitored and maintained; some
supplementary feeding; predator

contrel.

7 .f,"_umplete feeding. Generally,

Tanks, racgways, ! prepared feeds; highly managed
Intensive troughs, cages, smail | ponds with regular water
earthen pouds | exchange/management
— _F'___._--'-'--_'__
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Table 2. 3: Advantages/Disadvantages of Extensive and Intensive Systems

System Advantages Disadvantages
Requires less water, hence ' Large area of land required
lower pumping costs
Fewer disease problems Monitoring of discase

organisms more difficult

Fewer water quality
Extensive problems

KNUST

Control of discase, water
quality and weed and algae
growth may be difficult and

costly

| Lower !'cc:{ﬂg

1,

Less control over size of fish.
Harvesting is a major

operation

R::'quiﬁ:s abundant water and

suhs_ac_;jﬁj'ﬁt pumping cost

Intensive

T

ol of '?’disem problems

3 | Closer monitoring of water

quality required

g‘gy@ costs

LS >

—

v

In extensive aquaculture systems, [ish dfe stocked at relatively low densities in

earthen ponds. Feeding is based partly or completely on the

~FXTensive cultures need only enough water to fill and maintain

natural food in the ponds.

the water level in ponds.

In intensive aquaculture, fish are stocked at high densities in troughs, raceways, tanks,

cages or small ponds. Their growth is based mainly on artificial feed (normally specially

formulated diets in pellet form). As the level of intensity increases (that is, as stocking
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density increases) the level of management and technological input also increases for

successful culture.

2.7.1 Site Selection

* Sites should be selected for fish farms only where water of the required volume
and quality is available at the times needed for operating the farm

e Preference should be given to sitgs where agzpavitypeater supply to the farm is
possible

® The quality of the water available must'be such that the desired fish can be raised,
e.g. fresh, brackish or salt water

» Gravity drainage of the pondsShould hfa‘-pmsibie

¢ The soil in the arcd'selecied should, if pessible, be.impervious

» For low constructiofi‘costs, plain areas with slope less'than one percent should be
selected and

* In the proximity of inhabited areas, -_::dnsidm&m of the necessity of guarding
against poachers should be keptiin mind.

2.7.2 Shape

Ponds should be square or rectangular to make the most efficient use of available

Jard—IT is more economical to construct square ponds; however, rectangular ponds are

easier o manage.

: LFBRARY
EWAME N'RUMAN UMIVERSITY W
SCIENGE aND TECHNCLOAY
EUMASI-GHANA
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Rectangular ponds are the most common pond shape because this maximises the

benefits of water exchange in a semi-intensive culture pond since water enters on one

side and drains from the other.
Circular ponds have very good water circulation charactenistics, but poorly utilise
available space. Although use of a square pond would minimize erosion, these are rarely

used except in intensive culture systems because they have circulation problems reducing

the benefits of water exchange {FA(}{SF{&J I
UST

2.7.3 Supply and Drainage
The pond should have a separate inlet and outlet. Both should be screened; the inlet to

prevent the entry of trash fish and other undésirable aquatic fauna, and the outlet to

prevent the loss of siotked.fish. mdfﬂlﬂwfﬁsu}?pl y and drainage, if pipes are used,
should be at least 15 cm. ;a}?- nu;:pip:es -mdeg_gr_pur}d a.nd do not plant trees close 1o
drainage or supply lines.

Construct ponds so that it'éan be drained Eﬁmﬁ]‘&'ﬁ:l}:,i@ﬁﬂpidi v. This will enable the
removal of all fish Qﬁy_’lgui1arwcst-?ﬁ3__;ﬁﬂ'f@cﬁiﬁtﬁm.é'ﬁ%cienl management, particularly

when water quality and ﬂiﬁéﬁe}ji‘nﬂcms occur, C mnplﬂt:éﬁfﬁgé can be achieved by a

Theb6itom of the pond should be level

raceway or w#:lrun the deeper swﬁoneflln‘t'
and slope gradually towardsThis arca.

____The outlet structure should enable the adjustment of water level and also allow for the
overflow of excess water. It is important that water can be drained from the bottom as

well us the surface, so that the 'dead’ water (low or deficient in oxygen) can be removed.



Pond should have a deep (at least 2 metres) and a shallow (1-metre) section; however,
the preferred depth varies with the species and the locality, A deep section has the
!

following advantages:

¢ the deeper water is a buffer against extreme temperatures

facilitates harvesting

¢ increases production (at least up to depths of about 3 metres)

e reduces evaporation during wagm glimates

* reduces or eliminates the growtitof matrophitde

Banks are constructed wide enough to enstirg strength, stability and vehicular access.
The latter is extremely important and enables efficienl management of ponds. Banks are
built with slopes of about 3: | (Figure 2.1). Line the banks with topsoil and plant with
grasses to ensure Stabilily and. prevent crosion. Use animels to elifinate or reduce the
need to mow pond banksCartle should not be used as-they crede the banks and may

enter the water and increase turbidity and nutrignts to undesmable levels: sheep or goats

are a better alternative.

Figure 2. 1 Typical design of dyke (FAO, 1983)
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There is a large variation in the size of earthen ponds used in aquaculture throughout
the world and authorities disagree on the optimum size of ponds. Ponds used in the
channel catfish industry in the United States of America var:’,' from < 0.4 hectares to 40
hectares; ponds in Israel are generally no larger than 10 hectares. Ponds range from 0.1 to
1.0 hectare in the silver perch industry.

A number of factors will determine the preferred size of ponds on each farm: the
function (that is, broodfish, larval rearmg@rnw-aut}dis,im}mai‘es to be farmed, techniques
and stocking densities, cost of land, Wpoghaphy,capital dnd equipment available for
construction and the planned production capagity. Large ponds have a lower cost of
construction per unit area than small ponds. Hewever, there are a number of
disadvantages in using large ponds:

» difficult to moriitorand contrel disease outbreaks

difficult to manage water quality problems

e difficult to control algae blooms

* costly to control diseaseouibreaks ai-i;d'algae blooms; s the entire pond must be
treated

¢ erosion of banks

» difficult to sample or catch fish

* slow to drain, leamlress, deterioration of water quality and possibly

—— predation by birds during and after harvest, there is a large quantity of product to
handle and market.

Construct ponds no larger than about 2 ha to enable the efficient management necessary

under intensive conditions, Boyd (1999).
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2.8 Design Considerations
Some important pond design considerations are;

1.8.1 Pond Size, Depth and Configuration

Determining adequate pond surface area and depth are often a function of volumes of
walter necessary to meet usage needs. Pond depth may also be predicated on recreational

uses such as swimming, fish rearing, or wetland creation. According to Boyd (1999), the

configuration or shape of the pond isoffen.a matter of ye-consideration.,

An irregular shoreline that h[enKN[LInSMiﬁg terrain is generally most
pleasing to the eye. Physical conditions may al$e dictate pond dimensions, such as depth
of impermeable soils or slope of lands adjeming ‘Ilﬁﬁs.pnnd site. Site conditions that result

in back flooding of neighbouring properties miuist be avoided. Wind directions and

velocities should be considered singe jl__hgs_%anuidt‘ cffeets on water in culture ponds:

e i circulates the Wwaier; thus mixing. lhg.ga_g;rs,..ﬂf dif{eﬁi_:g:ﬂhnsity which tend to

form in ponds (stratification);

* [t tends to lower the waler temperature by iﬁ&i’éﬁ%ﬁ,ﬁ;ﬂépﬂmth‘: cooling; and

* [t generates waves i a pond which can cause erosion of p’n_njfﬁhnks,

The potential of the wa;t'gﬂsflg}c;gsg damage is prcpg;;lig;ﬂ?]atﬂe velocity of the wind
and the dislancg of the fetch (Fetch ;the distatice thatwind travels across a pond).

The larger the Enu;nnd, lﬁm probability of damage from erosion. Prevailing
‘wind direction and velocity exhibit a distinct, secasonal variation. As a general rule of
thumb, wind will blow from the direction of a major body of water (ocean, bay, etc.). The
length or longer axis of the rectangular ponds should be orientated perpendicular to the

wind (Figure 2.2). Thus, the strongest and most persistent winds will blow across the
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shortest axis (width) rather than down the longest axis (length) of the ponds. This will

minimise the wave generation and the resulting erosion.

DIRECTION OF WIND
T

Figure 2. 2 Pond orientation (longer axis shéuld be perpendicular to the prevailing wind)

2.8.2 Spillway Capacity
The spillway, steh-as dvegelaled earthen channe! argund the dani, provides an outlet
for excess water. It is critical that the spillway be sized 1o pass flood waters and be

stabilised Lo prevent erosion opwashout of the structure.

2.8.3 Dykes
Dykes do not only sérve as boundaries to indiedfc pond-size and shape bul also

function to hold water within the pond-as-well-as protecting other farm facilitics from

flood. Dykigg_ -m;ularials HMIahty be tested for load bearing capabilities and
—compeactibility. In some cases where the quality of the soil is inferior for dyking, other
materials, viz: concrete or clay must be used as core materials to be placed at the pond
bottom. Design and construction of embankment must be based on sound engineering

principles and economic feasibility. Top of the dyke is usually made wide enough to
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facilitate truck movement. Where possible, dykes are shared between ponds to reduce

earth movement costs. A typical design of perimeter dykes facing the sea or a river is

shown in Figure 2.3.
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Figure 2. 3 Layout of earthenpondwitliperipheral canal{EAO, 1983)

2.84 Structural Integrity
Foundation Ef;para[iﬂnﬁﬂil_r_ggi_gm specilications and spillway design, are the most
important components of a pond created by an impounding structure. These factors

determine the structural strength, water retaining capability and safe funetion of the

structure.
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2.8.5 Other Design Considerations

The steepness of pond basin side slopes affects light penetration to the pond bottom.
To mimimise areas supporting rooted aquatic vegetation, pond side slo pes should be steep
to maximise the area of deep water. On the other hand a pond with steep banks will be
subject to aquatic rodent problems. Shallow tapering side slopes create broader areas for
establishment of rooted aquatic vegetation. Provide a structure that allows draining of the
pond or provide for a constant relegse,of waiek framytho=pond bottom. This can be
accommodated through installation of a%pipe tnder.a’ damor lembankment with a valve
for controlling water flow, A drop inlet trickle fube can be installed 1o release normal
overflow waters through the pipe, rather than regularly utilising an over the top of
structure spillway.

Table 2. 4: Soil classification basedion particle size

Soil Type Range
Gravel 75 -5 mm

Sand | 5-0.07mm

Silt | 0,07 - 0,002 mm
Clay Less than 0002 mm

2.8.6 Pesticide Use
Pesticides may be applied tofponds;to-eontrol weed prowth, algae blooms or to
Iemove undaﬁlrih]e-ﬁSh. Chemical—treatment must only be performed by a registered

pesticide applicator.
st
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CHAPTER 3
MATERIALS AND METHODS

3.1 Introduction

During the study, it was realised that for development to be meaningful and
sustainable, the community must first have interest in the awareness of rearing fish in
ponds as an alternative livelihood to supplement their rice production. There is a village
or community belief that “no one knows everything and sgwone is totally ignorant.”
People have different perceptions, bagefl.an their\own experiences. Development must,
therefore, be pursued by enhancing real dialogu among the farmers and also between
other individuals and stakeholders. The distening-survey approach was therefore used.
This method involves observing and lisieningte'pesple and discovering their eoncerns.

Through this animation,.farmergawere assisted. in developing a critical awareness of
their conditions of life "and -therefore_their reles and responsibilities in their own
development. Because effectivesand aetive participation 6f the farmers are needed to
achieve the objectives and overall goal of development, ‘pﬁ:ﬂi{;ipﬁlﬂr}* dialogue and focus-
group discussions were alsowsed. The advantage of these approachesis that they prepare
people to be involved in“~all¥phdses. of the planning process: problem identification,
potential analysis,ﬁgmj::cr sclection, '.iﬁ"lplcnmmatinn,' mionitoring, and evaluation. Further

=

information was obtained th zh field observation and physical inspection.

e ———
3.1 Materials
Frequent visits were made to the project site at Adawonmase in the Kwabre District

of Ghana in order to execute this project successfully.
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Both quantitative and qualitative methods of data collection were used. Digital
cameras were used to capturc on site images. A Scm diameter and 20cm deep core
sampler was used to extrude soil samples. A weighing scale was used to measure the
weight of extruded soil samples. An oven was used to dry extruded soil samples at 105°C
for 24 hours so that the moisture content of the soil could be caleulated, A computer and
associated software, (Microsoft office, excel 2003) was then used to analyse the data

collected from site and the laboratory.

3.2 Methods

The research process and methods used played andmportant role in bringing about
integrated approaches to developing .an altemative livelihood for the farmers. The
research methods were largely participatory, cast effective, and rapid. The data collection
was designed not only to gather objcctive facts but also to facilitate-an understanding of
the processes going on behind the observed facts. This facilitated interaction with farmers
and other citizens within the i.mmediate viemity. The process was designed lo ensure
maximum participation and the main stepswere:
Collecting data and conducting fieid siudies — a scarch 10 ideniify available data and

assess its usefulness to the study preceded theificld work. Published and unpublished

=

reports, local m:w‘s'pé[icrs and-mewsletters, and topographical maps were reviewed. These

: — ics aphi istics,
sniri:is'gugwcd for the development of profiles — physical geographic characteristi
socioeconomic status, and land-use patterns. Field data were collected during several
visits, which used a combination of the following techniques:

® Direcl observation and site visits and
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* Informal discussions with farmer groups and other individuals.
Analysing, synthesising, and verifying data — the data collected were reviewed and

analysed for information gathered at each step of the project.

3.2.1 Procedure

* A reconnaissance study

A reconnaissance study was conducted at the farm ere the farmers were
grouped and verbally questioned on Iul(hNaLJ-’l S ce farming and how they

appreciate an alternative livelihood in fish farmin@practice during the off-season of their

rice production. A sample of the questionnaire 15 in

location of the Oda River catc h also indicates.il
N 2 SANE WO
helped in knowing the river course and the ap TORTETE Siting of the pond.
i
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Figure 3.1 A topographical map of the River Oda catchments area of Kwabre District of
the Ashanti Region of Ghana (Scale 1:50,000)
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* Pictures taken on site

Various images were captured on site during regular visits as shown below.

-

Arrow in Figure 3.2 is pointing away from the river and its bank to a swampy
surrounding area of the River Oda catchments, (Figure 3.3) about 5m away from river

bank which constitutes the fload plain (downslope) area.

Figure 3.4 Farmers crossing the River Oda
Figure 3.4 was taken in a period of very low rainfall but it was observed that, the Oda

River was still flowing at a higher level.

30



3.2.2 Laboratory Testing
» Soil sample test

About 0.70 m by 0.55 m cross sectional arca and 1m depth Jof soil was dug in two
locations of the proposed pond area in the dry season on March 4, 2007, The first was
made about 30 m from the river bank which constitutes the flood plain and about 50 ke of
composile soil sample was taken to the soil laboratory at the Civil Engineering
Department for laboratory testing and further analysis.

The second dugout was made about]3g m aWway from jthel first dugout. This arca
constituted the upslope part of the farm location. Amother 50 kg of composite soil sample
was collected for laboratory testing and further analysis. The laboratory (ests made on the
two 50 kg soils collected were:

* Grading test: THE distcibutionef grain@izes is used by soil scientists to define a
soil's texture. Soil textre 18 defermined by the relative amounts of sand-, silt-
and clay-sized particles. A coarse soil has a relatively large amount of sand or
gravel. A soil dominated by clay-sized particles is.generally described as fine,
The grain-size disfribution of a sqil can-eastly bédefined by labafatory tests,

The finer soil material Will, pass, through all the sieves.~This material is then

gathered m}ii___al]{m-'ed to settle m T coluwma-ofwiler, where the amount of silt and

clay-sfzﬁ_ﬁiaféﬁals is-defermined, Further information about soil testing can be

____seen in the American Society of Testing and Materials standard D (ASTM D),
422, (1999).

* Permeability test: Permeability is defined as the readiness with which soil

transmmits water under standard field conditions. It depends primarily on the size

LTERERY
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and shape of the soil grains, the porosity of the soil, the shape and arrangement of
the pores, and the degree of saturation.

* Soil consistency (Atterberg limit test): soil cnnsislcné}r describes how a soil
behaves in contact with water. It states whether the soil is hard, friable, firm,
plastic or liquid when it comes in contact with water. Atterberg Limits Test is
used to measure soil consistency. Most soils with clay have plastic limits between
the friable and sticky or liquid zones. Sand has not_got any plastic limit because
sand particles are inert and haveiria, links\with waler JSame goes for silt. For a soil
with up to 10 % clay content, clay dominance of soil behaviour and plasticity
begins to set in. (Appendix C-1).

¢ Compaction test: Soil compaction is/defined as the volume change produced by
momentary load appheation caused byaolling, Tamping or vibratipn. It involves
the expulsion of air without Significant shange in the'amount of water in the soil
mass. One of the ways @ determine compaction of a soil is in terms of dry
density, and with this, it is Beeessary to find the bulk demsity and moisture content
and this is usually done.using the Standacd Proctor Test (Ap’pe;miix C-1).

Soil compaction is desitable in mest engineering:Situationsand through it certain
advantageg_j_u engineering works dre-achieved:Some of these advantages are:

» Reduction of detrimentT setllement of soil

_»_Soil strength increases and improvements of slope stability

» Reduced soil permeability to water and airflow
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* Triaxial test: The triaxial compression test is used to measure the shear strength
of a soil under controlled drainage conditions. (Appendix C-1).
+ Particle size distribution: Particle size analysis is Elhe standard laboratory
procedure for the determination of the particle size distribution of a soil.
Principle
Soil consists of an assembly of ultimate soil particles (discrete particles) of
various shapes and sizes. The objegt of a |r;ani;l:rfgg~ apalysis is to group these
particles into separate ranges of siges arid s&ﬁ-_{__jjemﬁi:!&:: relative proportion by
weight of each size range. The method efploys sieving and sedimentation of a
soil/water/dispersant suspension (e, Separate the particles. The sedimentation
technique is bascd on an application of Stekes' law. (o a soil/water suspension and
periodic measutementel the density of the suspension,
# Soil sample tests
A core soil sampler of 5 cm cross sectional diameter that CEI; extrude 20 em depth of
soil was used to take soil samples, (Fig.3,5-3.8) bn propesed sités both at the flood plain
area and the upslope area‘::'iy?f.\-'e succesgive E:lgfl.ru'sians"nl‘-lu cn}.deﬁgiﬁtjhm the soil from

the surface, a depth of 100 cm of soil was also collected onxﬁl;:n'il.'lis':tea and each 20 em
extruded sample weighed instantly ﬁ'itilra éﬁﬂ:éfﬁ POTE i.ts mass in the fresh state. Each
weighed sample was lhen driedin an oven at 105 °C for 24 hours. Each dried sample was
then weighed again and the new mass recorded. Afler, several calculations were made to

note the mass of moisture evaporated from the soil samples, the dry bulk density of the

soils, the soil wetness and the porosity of the soil.



Figure 3.5 A core sampler in use

Figure 3.7 Sampler being downloaded of extrudéd 50i1  Figure 3.8 Downloaded sample

== e ——
- o

34



4.1 Introduction

CHAPTER 4

RESULTS AND DICUSSION

Farmers were grouped and were made to indulge in participatory discussions about

how they practiced their rice farming and how they will appreciate off-season fish

farming. Table 4.1 is a descriptive summary of answers and views ascertained.

Table 4. 1: A summary of information g_athfred from farmers

Per tails of farmers
Number of farmers interviewed
Average age of farmers

Level of education

Ongin of farmers

Experience of farmers

AR

13 farmers —all male (hey farm as a group)

30 vears

Majority of the farmers intervigwed were primary school drop-outs

Settler farmers freim Northérn Ghana origin

Very.skilled in riee productionbecause of thicic experience in vast rice fields
. Nerthern Ghanasinee childhood;

Farm operations
Type of farming

|
I Nature of farm land
Planting imes

Harvesting times

Farmers cmploy manual farming methods. Occasional use of weedicides

.| Earm lands are fairlyflai and Swampy from observation and have not been

designed (there-arefio.buiids in place) prioc#o planting

| Rieeis. plantéd in February to@awaitthefirst of two rainfalls in the Ashanti

Region

Rice is harvested about five months later (June/July), processed and sold for
HICOmE

Farmers claim to normally break-even after rice sales (no amounts specified)
and will appreciate an alicmative farm production for additional income

PrioriTies and importance

Agreed altemative livelihood
Utihisation of the Oda River

Experience in aquaculture

Aquaculture (fish farming)
Zero to mamimal usage of the river for agricultural purposes

Farmers have observed pond fishing in the Northem Region of Ghana due 10
numerous dam projects but have minimally been engaged in its practice
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4.2 Soil Physical Properties on Proposed Site

Site explorations enable the soils engineer to provide answers Lo the main problems of
seepage and pond slope stability and to furnish information ;tu the designer of the
structures about the foundation conditions. For the purposes of this project, two sites
were selected and dugouts (0.70 m by 0.55 m cross sectional area and Im depth) made on
them to analyse soil physical properties. One at the flood plain (downslope) about 30 m
away from the river bank and the other at the upslope about 40 m away from the first site.
This was o ensure that an optimum sitewhas propesed basedion pptimal soil properties on

site for fish pond construction and sustainability a@discussed on pages 37 to 39,

4.2.1 Dugouts Made

The first dugout madeinuhe flat plain (about lm decp) after a day Had some water,
depth of about 20cm collected.in 1t €veri though it had not rained on site but the second
dugout made on the upslope part had no water collected inside,

An explanation for this is thatythe water table in the first:dugout might be high to
contribute to filling the pond eyen in the dry season, whilst the upslope dugout was dry
based on the assumption that the water table is low.

Under normal qircumstanccs, various soil-samples-thit made up the 1m profile, were
suppoesed to be tollected and tosTed in the laboratory. On the proposed pond site chosen
for this project, the two dugouts made had only the same clayey looking soil profile.
Hence laboratory work needed to be conducted on the various samples.

According to Hora ef al (1962) it was asserted that seepage losses are liable to occur

mainly by underseepage and infiltration from the ponds, but when embankments are built

LTBRERY
2 FWAME B PUMAR Ub VERSITY §F
SCOENCE %D Teone o 0RY
EUMASI-CHANA



normally of cohesive soils, placed and compacted carefully so that they will be
practically watertight, these losses are prevented. Soils found near the Oda River in the

Adanwonmase town were by observation, clayey, which is normally cohesive and hence

good for a well compacted earth design works,

Table 4. 2: Soil bulk density at different depths on the down slope and upslope site
Bulk Density (pd) g/em?

Depth (¢m) Downslope Upslope
0-20 ].682 b5 |
20-40 1672 18685
40-60 1.667 18573
60-80 2.083 1.584
80-100 1.923 1.611
Average (pd) 1.803 1.601

The higher the bulk density of a soil the better compacted the soil structure is and this
minimises water seepage (Appendix B L) Soils extruded from 20cm downwards to
100cm depths with a core samplérwere anal ysed and the drysbulk density (py), wetness
(Pm), and porosity (P) were detérmined (Appendix D1 The@verage dry bulk density
for the flood plain site from Table 4.7 was found to ba 1.803 efcm’ which is higher than
that of the upslope site 11601 8/cm selected: This résulr makes the flood plain site soils a
very good choice to be proposed fer pond construction. Howeyver, the upslope site is
rather propased. This is because upon. Caretul physical site ohscrvations. when the two
sites were exca*@i&i—thﬂ' first dugout-made-in the down slope (about 100 em deep) after a
day had some water of about 20 em collected in it as shown in Figure 4.1 even though it

TR

had not rained on site but the second dugout made on the upslope part had no water

collected (Figure 4.2).

37



Figure 4.1 Dugout at the flood plain (downslope) Figure 4.2 Dugout at the upslope

This amount of groundwater can potédtially\cantribute'va, the designed water needed
to operate a simple pond to be constructed. However, a lot of data will be needed to know
the exact ground water generation that will contribute to the pond water requirements. In
order to avoid a tedious data collection process and further calculation but to seleet an
appropriate site for a simple pond design, and also have adequate supply of water from
the river, the upslope site was proposed for fish pond dugouts,

A compaction test was also carried out in the Geeotechnical Laboratory of the Civil
Engineering Department at Kwame Nkrumah University of Seience and Technology,
Kumasi in June 2007 to agcertain the compactivencss of the soil. Appendix D-1 gives the

lull details of the compaction result.

Table 4. 3: Compaction test results — downslope and upslope soils

- _-DOWNSLO o UPSLOPE
Avera ge /—”—EL_ Average
Water Density (Kg/m®) Water Density(Kg/m®)

_____tcontent (%) content (%)

1 0.56 1.832 0.45 1.807
2. 5.34 1.869 3.17 1.873
3. 7.79 -2.013 6.39 2.044
4. 10.58 1.952 9.96 1.981
5. - - 12.55 1.867
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COMPACTION CURVE FOR DOWNSLOPE SITE COMPACTION CURVE FOR UPSLOPE SITE
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Figure 4, 3: Compaction-curve for dg“nﬁupemd upslope soil samples

Compaction basically is-increasinig the bulk ldt,l‘lﬁ]wby driving nur 'ta’;r from the soil.
The amount of compaction is quaqﬁﬁﬁd 0 terms ﬁ"f-'"tht_: density (dry unit weight) of the
soil. Soils which are well compaeted can hold -water with iuaimum seepage. At the
downslope site (from Fi dure. 4&.,3] snii'é 'cm_be-_;on'q:gﬂéd tti; a ﬁ;,- jg’u%li'dcnf.ity of 2.016
Kg/m® at an optimum mcnisture._ééumgm {DMC] of 8.2% w_l;iéh,_i:gﬂ*iﬁirely lower than the
dry density as compared (o that of LhE'nﬁﬂaﬁg‘f‘m of 7% OMC and 2.048 Kg/m' dry
bulk density. Thiﬁjgairc a clearrmditation that the upslope soils were relatively more

compact for pond development than the downslope soils,
S

Embankment Formation - The fill material to form the embankment has to be

compacted at the OMC of 7% at the upslope part of the site. The procedure is to obtain

the in-situ moisture content. Before construction, the moisture conteni is checked with the
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OMC. If the moisture content is above the OMC, the soil is dried appropriately to OMC.

On the other hand, water is added to bring the soil to the i ght OMC when water content

i
is less and afier, the compaction process done.

Case A: when the natural (in-situ) moisture content is below OMC.
Take for example, one kg of wet soil, at a natura] water content of X%. The soil is to be
mixed with water to achieve a water content Y% at OMC. The amount of water that
needs to be added per kg of soil is calculated as follows:
Let the mass of dry soil be A kg,
Natural moisture content = (Mass of wet soil — Mag§iof dry soil) / Mass of dry soil
=(1-A) fA
For example: 0.03=[(1/A)-1]
(1-A) = D03A
0.03A+A =1
A=1/1.08
A=0971"Rg
Hence total mass of dry soil' per kg, A, at X% is 0,97 Kg.
At Y% (OMC) = 7% at upslope-eanditions
Gravimetric moisture content % = Mass ol DrySeil-FMass of Water
‘Mass of Wate’f’;.hm:ﬂ'r}f Soil f Gravimetric moisture content %
TR =AIY%
At X% (Natural water content)
Mass of water = A [ X%

Amount of water to add = (A Y %) — (A [ X %)
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Hence the amount of water to be added per kg will be [A((1/Y)-(1/X))] to be able to

compact the soil at OMC.

Volume of water per kg of soil = (Dens; ly of water) x (Mass of wa;er per kg of sail),
Case B: when the natural (in-situ) moisture content is above OMC,

On the other hand, if soil needs to be dried to bring it to the right moisture content before
compaction, the amount of moisture to be lost will be:

Al natural moisture content 2%,

The mass of water, M,, at Z% = Mass of Di¥soil A Moistuse'tontent

ALOMC (Y %), M,, at OMC = Mass of Dry soil / YUMoisture content at oOMC

Amount of water to be lost by evaporation = M, at Z% — M, at OMC

Table 4.4: Particle size distribution

Percentage |

Sample Percentage Sand_ Percentage Silt Clay |
Identification %o ‘ Yo %o
Upslope 85.2 9.2 5.6
Downslope 89.2 52 3.6

After soils have been analysed [o-know its permeability46_water the other was to
determine the particle size distribution-i.g. propertionstof cearse (sand and gravel) and
fine materials (si_l_i.s:.a;d clays) in the-soil- This is very important because this helps the
pond designer to know the right sealing method (i.e. a method of preventing water A
e |

mfiltration into the pond soil) to make ponds impervious. Where clay particles have been |

found to be less than 10 %, clayey soils may be dug from elsewhere to improve the soil I

quality of the pond location. I
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Clark, et al (1988). indicated that, if the soil material at the site is well graded from

small gravel or coarse sand to fine sand, silt and clay, a pond could be made relatively

d

impervious by compaction alone,

From Table 4.4, the upslope soil is a typical example of a well-graded soil, This has 4
well-graded particle size distribution of 85.20% of coarser sandy materials through to the
very fine 5.60% clayey particles unlike the downslope soil particles. This method of
sealing is the least expensive amongst dyfferent methods, but iesuse is limited to well-

graded soils as described above.

4.3 Grading Curve

Figures 4.4 and 4.5 represent a cumulatiie grain-size curve, where cach size fraction
is expressed as a percentage. This curve is eurnulative, so the amounts of al| size fractions
add up to 100%. The graph is expressed ong log scale, It has deimarcations in hoth sieve
size and in millimetres (x axes). It also expresses the pereent of soil material that either
passes through each sieve size or is retained on a sieve (y-axes): Reading this graph, one
may tell whether the soil being fested is relativelyuniform in size of is well graded (i.e,
displays a range of sizes) in“particle-$§ize. This cafii"be “obsefved becanse soils
predominantly composed of one particle size willhave very steep or vertical slopes in a
cumula-utivc graiﬁ-ﬁigé cun-'e whmded soils will have shallow slopes. Judging
from the graph, one may observe in Figure 4.4, the downslope soils showing sharper
curves as compared to the upslope soils shown in Figure 4.5. Hence the upslope svils are

well graded and recommended in pond dyke construction. Dykes need to be fairly stable

to avoid sloughing,
LIBRERY
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Figure 4. 5: Grading curve for the upslope soil sample
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4.4 Soil Consistency
Good soils for pond construction are the ones with enough clay in them to minimize

!
crumbling. In Table 4.5, soils collected exhibited different plasticity index as

determined using the Atterberg limits test,

Table 4. 1: Atterberg limit result

Downslope svils Upslope soils
% water content
Liquid limit (LL) /2000 22.90
Plastic limit (PL) 12.48 11.80
Plasticity index (PI) 10.50 11.10

The larger the plasticity index, the smaller the apparent friable zone that may lead to soil
crumbling, (Appendix C-1, Table AD-4 and AD-5)"“From test results, soils upslope
exhibits a larger P, hence the smaller ifs appatent frigble zone as compared to the

downslope soils,

4.5 Shear Strength
Soil cohesion (C), is the natiral ability of soil pactigles 10 bond to eacheother under no
confining stress. This may be'caued by cermentation of the soils henge, minimizing the
soils void ratio. The lower the soils thear strengthysthe hrgher its susceptibility to fail
under pressure. _Thi;émpnnant faciorgwides in choosing a suitable location for pond

construction. Table 4.6, indicates the soils strength parameters at both locations and this

_-_--._-_ -
results pive effective strength parameters which is very useful for pond side slope

construction.
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Table 4. 2: Shear strength parameters of soils

Downslope Upslope
Angle of soil to soil (internal soil) friction (0) 24.98° 27.40°

ot Soil cohesion ( C) 5643 KPa 10329 KPa
Internal soil friction (@) is the effective angle of shearing resistance. This is the angle the

dry soil will form a pile but not Steeper. This important factor helps the pond designer to
know the angles of the pond slope that will be stable when above soils are used.

4.6 Proposed Design of Pond
It must be emphasised that, actual pond cﬂn&irmjum Wwas nm_,_r:1u;ij: during this project but
designing with safety, efficiency and minimum cost as ultimate criteria, the area at the
upslope part with the stecpest slope is chosen with an embankment pond construction in
mind.
An embankment pond is relatively easicr {0 construct us compared to an excavated pond
because appropriate data gathered help 1o forma simple dyke againsi-a nawmral slope.
In the starting data, a process of successive approximation-is dene, which includes:

* Expected income levels of the farmers and [he type of fish to be cultured

* Deciding on height.ef the structure (depth-of water plus the safetyufiée board)

* The foundation conditionsfcompactible, well graded sdils-aresreadily available)

* An occasional minimum crest-width_endugli 16 accommodate the movement of

equipment on the erest is W

* Pond inlet and outlet designs.

e e
Expected income levels

Farmers expressed interest in tilapia fish rearing. This was a very laudable idea because

tilapia is a delicacy with many advantages as seen in Table 4.7



Table 4. 3: Fish spicies selected for proposed pond

Fish Spicies Selected

Reasons For Selection

Tilapia (Oreochromis niloticus, Sarotherodon
galilaeus, Tilapia =zilli)

Cat fish (Clarias gariepinis, Heterobranchus,
Chrysichthys)

Catfish should be stocked at 10% the IuriheE
of Tilapia

It is culturally acceptable

They grow fast

They are known 1o be disease resistant
They are known to survive in
unfavourable conditions

Tilapia reproduce at a high rate and Cat
fish feed on tilapia to keep their
papulationeomroiied.

This'prevents stimted growth because
there is minimal competition for food.

An approximate length and breadth of 5, | 8m and

4.88m respectively whilst maintaining a

constant depth of 2m will yield a surface aréa of 25 2Bn1’ as sécn in Figure 4.6.

v

25.28m’

4£3m

Figure 4. 6: Cross sectional area of proposed pond

25.28m" = 0,00003Ki° = 0.0750A cre = 0.0303Ha

From local market survey:

A grow-out pund_sﬁfl-'ace area GIWIBI-I.;assencd by Chifton ef al (1990) can yield

approximatety 11kg per annum of tilapia fish at harvest. Eleven kg per annum of tilapia

tish cost approximately GH¢ 50.00 ($ 52.00), local market survey, 2007, and if farmers

desire to achieve sales of about GH¢ 600.00, then, approximately thirteen (13) of such

ponds will yield a total surface arca of 0.4 Hectare (1 Acre).
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Hence, 1 Acre of total area of pond will yield:
13 ponds x GHg 50.00 per annum = GH¢ 650.00 per annum

A good fish pond can also provide recreation and can be an aiided source of income
should one wish to open it to people in the community for a fee. Ponds that have a
surface area of 0.1 hectare to several hectares can be managed for good fish production.
Ponds of less than 0.81 hectares are popular because they are less difficult to manage than
larger ones, (Clifton ef a/, 1990),

Tilapias are usually stocked at low rafeSyol redi:ca}.:.unwcﬁtiom for food and promote
rapid growth. One month-old, |-gramme fry are stogked at 2,000 to 6,000 per 0.4 Ha into

grow out ponds for a 4- to 5-month culture pegiod.

Calculating the wave height
Lg

4 he

TN g

Figure 4. 7: A schematic design of pond with a dvke

D - Dyke i K
H - Water depth

h - Free hoard height
Pw - Pond water

Ls - Land slope
Free board (h) is governed by the wave action to which the dyke is exposed. The wave

height is found by taking the direction and force of the prevailing wind, the fetch length
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and the depth of water into consideration. Below is an equation useful for calculating the
wave height (U.S. Department of the Interior, Bureau of Reclamation, 2007).
hy = 0,00186W B MEOS 4y
hy = 1/3 VB

Where:

hw is the wave height in m

W is the wind speed in m/s

B is the pond width in the wind direction (fereiflengti) infladi

H is the water depth in m

Calculating the pond foundation conditions

Even though actual pond construction was not made during this project, the seepage
through the dykes can be estimated if the fellowing faciors are known: the coefficient of
permeability of the dyke; the effeciive level oMwater in the pond; the width of the dyke;
the nature of the soil on which the dyke is built (pemmeable soil or impermeable). When
the soil used for the construction of the dyke is of homogenous material, the percentage
of seepage will be calculated with Casagrande's formuta:

A. When the dyke is on pernieable foundation. seepace is the sunr of scepage through the
dyke and through the foundation beneath the dyke,

A=KV (07 + W) = w)+ K (hw) (H)

Where: g = Percentage seepage flow per cm length of dyke (cm’/h)
K=" permeability of coefficient of the dyke (cm/h)

K= permeability coetficient of the permeable foundation (cm/h) 1
= height of water level, cm |
W= effective width of dyke, em {
H= Depth of impermeable soil layer below the dyke, cm -
When calculated from the level of water in the pond: R 2 W '!_ %:
RWAME 0 NUMAN UniVEREITY B)
GGIENCE &ND TECHM GBY
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w=L-0.7c
Where L = width of the dyke at the bottom
c=hxa.
h = height of water in the pond.
a = slope of the dyke, e.g. 1:a, where a, is the second number and a = 2.
For the dyke to be constructed at the upslope section of the site, from appendix D-1,
Table A D-3,
K =0.0000128 ecm/h
K; = 0.0000128 ecm/h upon the assumptiop that the soj] is homiogenous.
h=2m I
c=2x2
=4m
For a 5 m width of the dyke at the bottom, and a depth of 1.5 m depth of impermeable
soil layer below the dyke, the effective width af dyke, w, then becomes:
=5-07x4 |
=28m
q=0.0000128 [{V (2° +2.8°)|"=2:8] +0.0000128 (2/2.8) (2)

g =0.0000128 x (3.44-2.8) + 0.000018269

q = 0.0000082 + 0.0000]1 8269

q = 0.0000265-em’/h (per em lengti of the dyke)
Hence, the rate of seepage al the npslope side is 0.0000265 cm'/b {pcr em length of the
dyke)

B. When dyke is on iﬁiﬁme&bIﬂ@jﬁﬂm the equation becomes:
Q=K [{V (0" + W)} - w]

_-_.---._- - - . a
When H approaches zero, the pond foundation is said to be impermeable, hence

Ki(hiw)y (H) =0
The effective width of dyke can be calculated by referring to the above equations. In the

same manner, a quantity of water is lost through the supply in earthen channels of the
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farm. A percentage of secpage of | to 2 cm/day is acceptable. If it exceeds this rate some
measures to stop the excessive secpage should be taken. The losses through evaporation
depend on the climate of the region and in particular of the :emperarure. sunlight,
humidity of the wind and of the area of water exposed, The determination of the losses by
evaporation can be estimated by the percentage of evaporation recorded in any
meleorological station with the help of the class A Pan. or with the Penman method. As
the evaporation in a small tank (evaporation_tank). is higherothan the evaporation in
nature, the percentages in the pan are top high ahd have to_Be reduced by a corrective
factor.

The corrective factor to be applied under tropical conditions is 0.75, (Kovari1984). The
values of evaporation obtained are then multiplied By 0075 and hy the area under water in
view to get the total volume ofwater evaporated¢ Usually in the tropics; theamounts of
cvaporation estimated are arovnd 2.5 em/day. Tle guantity of rain water added to the
ponds is calculated from the volumeof rain Water collceted in 8 raim-gange multiplied by
the area of the ponds and a part of the-aiea of the dykes (abeurhalf). But one must be
careful in the calculation of the area of the dykes because they absorb alse a quantity of
rain water. Sometimes the rains are not falling uniformly eveywhere and the quantity of
rain water varies according to each spot in (e farm:

Accnrding to Pillay {1 9?9) the n€ed in water supply for a fish farm can be approximated.

This figure allows for the losses, while still keeping a reasonable margin of safety.
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Figure 4.8: Cross section of an embankmént pongl

A - Water inlet pipe B% Water surface of pond
C — Embankment D — Ovarflow pipe
E ~ Water outlet pipe F=Natura sloping land

An overflow pipe (D) as showniii Figiire 4.8 is-{ixed during pond consiruetion to prevent
seepage into the embankment. ExcessWiaterabove the designed pond height is carried in

this pipe; this provides precaution for the water storage structure.

4.7 Pond Construction

After selecting a suitable location fora pond-based.on the conditions of the soil
physical characteristics ‘discussed earlier, several activities have to be undertaken to
e _._,_,_.-"'"_-__-_
construct it. A step-by-step procedure is discussed below:

ﬁp Pond Excavation

It is proposed that before pond excavation takes place, the site is cleared of all bushes,
lree stumps and roots. As much a§ possible very large trees and boulders must be

avoided. Land must be surveyed to determine its contours.
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» Remove the Top Soil:

Remove the top soil from the area (o a depth of about 5-10c¢m and put aside for a later

]

uSse.
¥ Levelling:
* Mark a straight line along the slope of the site, using siting poles
* Begin levelling from lower ground to higher ground. Use improvised T-Bone
level or other levelling equipmegt, ,a eraduated Iavelllin.g stafl’ of about 2.5m
length and 4 tape measure
* Record the elevation of the points marked atabout 10 metre intervals
* Use the data to determine the maxinitim depth of the pond and the slope of the
pond bottom so that the pond can be'filled and drained by gravity
Inlet pipe: The inlet pipe should be placed at a level slightly lower thar the water supply
canal.
Pond layout: Mark out the pond area with pegs and a rope. Mark out another area about
1 metre outside the first marked area, Mark out i‘.ﬂ; third area about 2 metres outside the
second area.
> Digging:

Dig soil from the inner area and deposit it between The second and third perimeter lines

== e
marked.

Deposit set-in layers of 15-25 em and ram the deposited soils to form dykes. Slope the

dykes as follow:

Inner slopes: 2:1, Outer slopes: 1.5:1 _
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Provide a crest of a minimum width of I-metre depending on the proposed use of the
crest and the texiure of the soil. Slope pond bottom by about 1.5% toward the outlet. A

maximum water depth of 1.5 metres in the deepest part of the pond is recommended,

» Pipe Installations:
« Outlet Pipe:
Leave a gap in the lower dyke at the poing demarcated fog the.outiet pipe. Make a trench
wide enough to accommodate the pipe and“eachhig toiheboliom of the pond. Lay the
pipe slopping at about 1m on both sides of the dykes Cover it with clayey soil and ram
well o fill the gap. The outlet pipe may be clgsad by any ofithe following:

a) L-pipe system

b) Valve system

¢) Wooden stopper/sieve or net

d) Monk
e Inlet Pipe:
Flace an inlet pipe in the upstream dyke about Scm.above maximum water level, Let the
pipe project about 1m on both sides of the dvke. The outef pertion must be ali gned with
the water supply canal. Place stones below 1he tnfet pipe inside the pond to break the

impact of in-flowing water. Cnverfﬁmim clayey soil and ram well.

o
¢  Overflow Pipe:

A separate overflow pipe may be installed at the maximum water level in the downstream

dyke if the outlet pipe is to be controlled by a valve or a stopper. However, L-pipes and
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monks already incorporate overflows. The overflow pipe drains excess water away. Let
the pipe project about 1m on both sides of the dyke. Cover the pipe with clayey soil and
ram well. JI

Openings:

All openings of the pipe installations should be screened with 6mm mesh non-rust

material to prevent the entry .of wild fish and escape of fish. PVC pipes are

recommended.

Grassing Dykes: Spread the topsoil on the dykes and pond bottom and after plant grass
on the top of the dykes to prevent erosion of the dykes.

Pond Preparation: Lime the bottom of the ponid and inner sides of the dvkes. Types of
lime which can be used inclnde. limestane, quick<lime/agricultural lime and slake lime.
Sprinkle lime at the rate of | fonne/ha or 10g per 100m. Ordinary-woed ash can also be
used. Manure the bottom of the pond'with any or a combination of the following types of
manure:

Table 4. 4: Manure types for basal dressing

Rate of Basal

Types of Manure :Dressing

Poultry manure (Pure) | 10 Zﬁkg‘mflm:

Pig manure | 30 40kg/100m”

Cowdung —  [40 50kg/100m’
Goat/Sheep manure 40 50kg/100m”

——

Fill pond with water 10 days afler liming to about 60cm and allow algae to develop.

(Allow about 1-2 weeks) then flood to the desired depth of about one metre,



Check water quality by checking acidity (pH), and greenness. For the latter, the hand can
be dipped into the water untj]

the fingers can barely be seen. If at that depth the water is
/
at the elbow, the greenness is enough, If'it is way above the elbow,

it is not green enough,

4.8 Proposed trend of farming

Land preparation

T—p (In February)

¥ T
Y|

Rice planting ‘
(In April/May) Advantages
Old trend Ha;i?: fis}e | 1. Improved livelihood
L ; *| 2. Extra food source
L months 3. Additional income
Rice harvested and F'y |_
sold
| (August/Septeiiber)
¥ MNew trend
Farmers wail for the Fish farming in earthen ponds in-
+ next land preparation —+ between'the 5 months break.
(in February)

Pond should be stocked in September
Figure 4. 9 A schematic diagram of 2 proposed trend of farming




CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions .

The study reveals that, there is a possibility of establishing an alternative livelihood
through off-season aquaculture practice for local rice farmers.
Simple embankment ponds can be constructed with little expertise and capital.
Soil test results indicate that, the upslope soil is a betier optiga. faca.pond construction
since they are easily compacted with good watgr f?ﬁdiqgéuﬂé@i]: des. From analysis, a
grow-out pond with surface area of 0.0303Ha: can yield approximately 11kg per annum
of tilapia fish at harvest, Eleven kg per annum.of tilapia fish cost approximately GH¢
50.00 ($ 52.00), local market survey, 2007 gand if farmiers desire (0 achieve sales of about
GH¢ 600.00, then, approXiriately. thirteén(123) of suchponds will Yyield a to1al surface
area of 0.4 Hectare (1 Acre).

For a development like this 1o be established, local farmers. were taken into
consideration through brainstorming on-hew besi 10 spend theirofffseason times.

There is expression of imimediate interest.in aquacultute when opinidus were sought.
In one way or the other the farniers had practiced aquacultiire before and adaptation will
be casier as claimed by them.

During the study it was reﬁﬁiem _unti] proper documentation of the countnes
flood plain areas are kept, development like this will be laborious and time consuming to
undertake. There are numecrous benefits in doing site characterisation during this

dissenation:
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e This brought to bear, the feasibility of constructing a holding pond through the

various soil properties studied
!
» soil quality impacts the design and engineering of the farm and sojls analysed for

bath upslope and downslope gives an option for the designer

* compaction test, one of the important soil characterisation, helped to know the
optimum moisture content to which actual compaction may be done to avoid
seepage in final pond construction

* o know if the added cost that characleriges pondtinitg to prevent seepage can be
avoided because the nature of soils was tested for both upslope and downslope,

* finally, it is worth emphasising thay data collated is important for permeability
and structural stability in pond construction.

Results of soil physical properties.on site-are neatly tabuldted at the-appendix and

areas with such conditions can fall on“the Adanwomase flopd plain results for easy

comparison and analysis for future development.

5.2 Recommendations
Farm ponds have been an important eeonomic unit_in-many firming programmes.

Ponds arc used as_part of a soil and water conservation progranune io practice

,—-—"""'_-_-_._

aquaculture, water livestock, as an irrigation waler source, and for fire protection and

recreatiesFor this study to really take shape it is suggested that:
® Further studies into soil physical properties should be conducted on other flood

plain areas in Ghana to establish the necessary information needed to maximise their

development

3



* Pond structures should be developed on pilot basis using the soil physical

properties studied

» After pond is constructed, finally, the local people should be educated on
appropriate pond usage.

Studies of this nature needs to be documented properly and kept for future
development and/or comparison with other similar areas.

If farm ponds are finally developed, one shoyldsbe gagefut gfaccidental drownings.
Children are the victims of the majority lofNarm pond drownings. Small children get too
close to the water and lose their balance on the soft Bunk. Many wade in the cool shallow
water only to fall into deep holes. Lack of'close adult supervision contributes to pond
drownings. It is the farm operator's respansibility 10 ensure that the farm pond is as sale
as possible. In most cases it is teconunended that all ponds befenced and sign posted to
keep out unwanted persons. Acteidents sanbe prevenied and lives saved by placing sign

posts warning of specific dangers or indicating safe areas to stand.
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APPENDICES
APPENDIX A-1: Questionnaire
(i) Personal details

Fanmers' name............

Ape...
Sex of farmer.. .. Lmale L] female
Level of education?
[} Primary school level [1J).8.S. level [Jothers Speeify. L

How many years have you been farming?

(ii) Farm operations
How do you prepare the land before plantina®

O Tractor operations, What is the cost? ... ...

Whal type of rice do you grow?.............cccieeiiennns

Why that type?

01t needs minimum attentiGn it is tasty.when'eaten. [ consumers want that variety
What is the cost of seeds uSed? .. . Sk aeneren

When do you plant the rice?...... .. Jesn v Durationofgrowth, ...
Do you use fertiliser? [ Yes [ No

If yes, what type of fertiliser do you use? i Organic fertiliser &l Inorganic fertiliser
What is the cost of fertilizeFused for planting® . w0 L and. .
How many times do you plant.inayeéar? [ Once [ Twice @thers, specify..........

What is the major rain season pattern like? (] Falls once in a year [ Falls twice in a year
N -_‘_,_..--—"-'-__

Apart from rice farming would you like other types of farming? [1 Yes [1No
If*No™ e —

T

Who are the consumers of the rice you produce?

' Me and other family members (1 Others outside my family

How much profit do you make after harvest?..........oooveiviimniiniiiviinn

What type of farming do you practice?...........eover e itiniieniiniss
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What do you do after selling the e R e,

(iii) Priorities and importance
Is the River water utilised for farming and/or other activities? 7 Yes [ No

TERBOEVRNL i,

If*Yes", what do you use the river water for?

[0 Domestic activities [] Dry season farming [Livestock watering

1 Others 25

Do you know the River can be used as a source of water for farming all year? [ Yes [ No
Would you like to engage in an offiseason farming? 7 Yes No

[f no, what is the reason?...... ...

If yes, what will you like to engage in?

L Aquaculture (fish farming)

[0 Vegetable production

0 Others Specify.............. N

What is the reason for your answer?...... o0

What is the main source of protéinin.the Kwabre District?

OFish [ Other livestock, c.g-goat, cow, .../ | Bushmeat [ Others, ERICATY. . s
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APPENDIX B-1: GLOSSARY QF TERMINOLOGIES

Bulk density (pq): This is defined as the mass of a unit volume of dry seil, This includes
both solids and pores. The values of bulk density range from 1.0 for loose open soil to 1,7
gf-:mz‘ for compacted soil. Values of bulk density are mainly affected by soil texture

(sandy soils have more density than silty and clay soils), degree of soil aggregation and is

reduced by soil organic matter content.

Porosity (P): It is defined as the proportion of the volume of soil pores (air and water) in
comparison with the total volume of sojl. It normally ranges from 0.2 | 20%) to 0.6
(60%). One of the main reasons for medstiringysoil bulk demgitylis that this value can be
used to calculate soil porosity. For the sanlk particle density, the lower the bulk density,

the higher the porosity.

Sealing: According to Clark, ef a/ (1988 )it is & -method used 1o reduce water seepage
losses in a pond. Different methods are available and some of them are:

-Sealing by compaction

-sealing by using clay blankets

-sealing with bentonite

-sealing with flexible membranes, e.g, polyethylene and

-sealing by treatment with chemical additives.
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APPENDIX C-1: LABORATORY TESTS

(1) Proctor Test

The standard proctor test is a method of finding the optimum /moisture content for
compaction of a soil.

Steps involved

- A cylindrical mould 0.001m’ in volume is filled with a sieved soil sample
in three equal layers, each layer being compacted by 25 or 27 blows in a
standard hammer, weight 2.5kg dropped from a height of 300mm for each
blow.

- The mould is then (rimmeg and waighed ftoddetermine the bulk density of
the soil.

= Moislure content of the soil is then d8lermined to obtain the dry density.

- The test is carried out with spil at different moisture contents and a graph
of dry density against moistilfe conlent is plotted.

- A heavy compaction test/uses a greater eompactive effort from a 4.5kg

hammer dropping.450nih-en Lo five seil layers.in the mould.

Applications of the proctor test
- Proctor Compaction Seil Mechanic T8st ¢an be used to index and predict
with reasonable accuraey, the compaction: behaviour of agricultural soils
over a wide range of soil maisture conterts,
- The knowledge “of the “moisture content and_pressnre” changes on dry
density of a soil could.be previded in owder towmake recommendations to

the farmier or machine designer:

A P _._,_,..--'—'_-'__-_'_

(2) Atterberg Limits Test
* Lower Plastic Limit (LPL): this is determined by adding soil moisture and at

cach point, rolling the soil out and remoulding up until it breaks out at 10mm length and

Smm diameter, For higher moisture content it can be longer. LIBRARY
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* Upper Plastic Limit (UPL): This is also called liquid limit. This signifies the
moisture content at which the water films are 5o thick that the film cohesion is decreased

and the soil mass can flow under an applied load. !
peeminution of Upper Plastic Limit: Drop cone penetrometer: the soil is prepared
in & core. A conc penetrometer is dropped and allowed to penetrate the soil. The UPL is

the soil state or condition where the depth of penetration is 20mm measured with
standard methods.

Plasticity Number or Index
It is the difference between the upper and lower plastic limits.
It gives the range of soil moisture where thé soil'will behdveplastically

The larger the plasticity index, the smaller the apparent friable zone.

(3) Triaxial Test

Principles of the Triaxial Compression Test

The triaxial compression test is used ta measurc the shear strength of a soil under
controlled drainage conditions. In-the coiventional triaxial test. & cylindrical-specimen of
soil encased in a rubber mertibranc is'placed in a triaxial comprgssion ehamber, subjected
to a confining fluid pressure, and then-loaded 4xially to. failure. Connections at the ends
of the specimen permit controlled drainage of pore water from the specimen. The test is
called “triaxial™ because the three prineipal stresses are assumed to be known and are
controlled. Prior to shear| the Whree principal siresses are equal to the' ehamber fluid
pressure. During shear, the major principal stress, o), 15 equalad the'applied axial stress
(P/A), plus the chamber pressure. ay. The applied-axial siress, c;- @y, is termed the
“principal stress differénce! or sometimes the "deviator stress”.

The intermediate ai_ﬁ;:-i};al strﬂssfmminur principal stress, o, are identical in the

test, ﬂl_‘t_dir_tﬂual to the confining or chamber pressure hereafier referred to as o;.

Procedure
Soil specimens will be loaded to failure under 3 different confining pressures (one

confining pressure and thus one specimen and test per laboratory group). Failure will be

defined as the peak or 3 maximum value of principal stress difference reached.
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See below figures for a visual of all the equi pment needed.

Figure C - 1 Equipment for the triaxialtest (source: Holtz, 1981)
. Obtain the thickness of the membrane, This fﬂﬁahess’iiq_best obtained by measuring
the membrane doubled and then halving the measurement

2. Place a porous stone on the bottom platen,
3. Attach a rubber membrane of the proper i‘:h&meﬁertﬂ the bottom piatsn with rubber "O"
rings. The membrane should uwﬂapﬂm p laten atlaast l.fﬁ“ mﬂgme 2”2

Figure C - 2 Membrane over platen with o-ring (source: Holtz, 1981)

4. Weigh to 0.1 g a dish with the dry soil which is to be tested.
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5. Place a specimen mould around the rubber membrane. Fold the top portion of the

membrane down over the mold, taking care that the membrane is not twisted or pinched,
see Figure C - 3.

I
d

F ol
Figure C - 3 Membrane top over the m{:-l,g, wgth‘ %ﬂd {suurcc Holtz, 1981)
6. Apply a vacuum to pull the membrane agi:n;t_'"_  sids
7. Place the sand in the membrane and moig. by tampir :
not to pinch the membrme with the tamger S’can%jhc tﬂr:ut cach layer b@m: placing
the next one, to reduce s.lraﬁﬁcannn Thmam-uu‘t;t thamgmg depmd;fnn the denseness of
soil desired. = —

- | o

8. Again weigh the dish of soil. Tha«ﬂlﬁ'am‘tcﬂ in mas&es J&Ihﬁmﬂﬂa of soil used.
9. Place a porous stone and then thkrlqp £IEITEI'I Bﬂtﬂsﬁlﬂ*mﬁ:‘:ﬁ.},&e membrane off the

mold and onto the top pl%md »eai"f{'xﬁﬂ"&ﬂ&l@ With rubber "O- ;ing’! Take a small

level and level the top platen, .j _ : = 4_;..: -
—— ‘ ,S_l
10. Relcase the vacuum to the m-:fi[‘df’u’ )/m\ v m*:ﬁ

11 Attach the vacuum line from the bottom: ﬁ]ﬁﬁ@ﬁaﬁgﬁ vacuum.
12. Now remove-the spccuncﬂ moldand observe the membrane for holes and obvious

leaks. If any are found, the sample must be rebuilt using a new membrane, see figure 4.
=
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Figure C - 4 Finished sample with vagqum applied to platen (source: Holtz, 1981)

13. Obtain four height measurements approximately 90° apart and use the average value
for the initial specimen height L0. Take two diameter feadings 90° apart at the top, at
midheight, and at the basc using a pair of calipers: Take these measurements to the
nearest 0.1 cm. Compute the average diameter of the specimen at each height location
and then compute a final.average specimen diameter as davg =(di+ 2dm+ db)/4 where dt
is the average diameter based on the two top measurements and taking into account
membrane thickness, etc. Compute the eoftesponding value of. initial sample area AQ
using the average diameter just computed. R

14. Turn on the loading frame and set to the desired strain rate (between 0.02 and 0.1

mm/min, as specified by the‘instructor), see Figure C = 5.

Figure C - 5 Sample set on loading frame (source: Holiz, 1981)
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[5. For the first 2% of axial strain, take a set of readings ahout every 0,2%
the rest of the test, take readings every 0.5% 1o |

of strain. For
% strain. Time observations need onl y
be made every third or fourth set of regular readings. Load and deformation readings
must be taken at cach regular reading,

16. Continue the test until an axial strain of about 20% 1s reached.

Note: It is possible to run a multi-stage triaxial test (a test at more than one confining
pressure). This saves time in specimen and apparatus setup, ete, and eliminates some of
the variability associated with obtaining a failure envelope with three different
specimens. If'a multi-stage test is to be run, the steps are the same until this point, At this
point, the test is carried out not unti EU’?@_ strainy, bt pntil the comipressive force remains
constant for two readings. At this point, sfraih is stoppeds aridthe cell pressure is raised to
a higher level (the second desired cell pressure). The step is then repeated until; once
again consecutive load readings are the same. 'At this point, the cell pressure is raised
once again, and the specimen sheared. For the final cell pressurc applied, the test should
be earried out to approximately 20% strain,

17, Sketch the failed speciiiien..On the skeich, dimension the maximum-and minimum
diameters, the length of the specimen;.and. the angle of inelination of the failure plane, if
there is one.

18. Release the vacuum and remove the specimen. o~

LIBREE .
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APPENDIX D-1: LABORATORY TEST RESULTS AND
APPI GRAPHS J :
CIVIL ENGINEERING DEPARTMENT, GEOTECHNICAL LABDIE?{I.:::ESY

MPACTION - "AASHTO" -TE - :
‘?ﬁmﬂmﬁm Officials — AASHTO) ST (American Association of State Highway and

Table A D - 1Compaction Test Results (Downslope Soil Sample)

PROJECT:
SITE - ADANWOMASE SAMPLE No  :Downslope
DESCRIPTION: Bulk Sample
mass of cylinder+wet sample(g) 6075 __ By gt 6380 _!
mass of cylinder 4_@@;5 _ \ idzéaﬁ _ 5 4208 a8 |
| mass of wet sample 1777 ! 71;3997 | 2093 | 2082 |
| Bulk density L 1842 4 g6 | 2470 2158
1 | g_ 3 4
container no. E1 l_&* A0 | A K4 | DK K2 E2
mass of container+wet soiljg) .| 65 861-87.43.] 6246 | 50.10.f 6064 | 6224 | 7848 | 9242 |
mass of container+dry soil(g) 18546 |87.03. [ 60.00.) 57.84 5731 j58.85 | 72.30 | 8510 |
| mass container 16.02 3286 | 1429 | 1483|9563 | 1420 | 1483 | 1477 |
mass of wet soil(g) 5984 | 7457 | 48.19 | 45.27 '415:4;;1 4804 | 6365 | 7765
mass of dry soil - soua | 74171 4571 | 4300 ! 41685184195 !_ﬁw__ﬂ:s_;-t...
_mass of water o4t 04 1 248 | 226 3_:3;9.'_';15 RS B
waler content 060,054 | 543 |58 4759 | 750 | 1075 | 1041 |
| average water content n.sar | 534 r.19 1058
Lt e
dry density 1.832 1.869 2.013 1952
| height atmeutd(cm) 11.8
| diameter of mould{cm) 10.2 -
_volume of mould{cm?) 964.60
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COMPACTION CURVE FOR DOWNSLOPE
2,040 -

SR

2,020 Ti | }—-

2,000 — =

1.980

1.960 |-

1.940

1.8920

1.900 -

Dry Density (Kg/m’)

1.880 | |

1.860 |

1.840

1.820 e
e zf-""'_d 6 B 10

12|

e —— Moisture Content (%)

Figure D - 1 Dry density(Kg/m’) ag;inst moisture content (%) (downslope)
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Table A D - 2 Compaction Test Results

(Upslope Soil Sample)

PROJECT:

SITE ;- ADANWOMASE SAMPLE No :Upsldpe

DESCRIPTION: Bulk Sample

-mass of cylinder+wet

sample(g) 60489 6162 6396 6399 6325
mass of cylinder 4298 4298 4298 4298 4298
mass of wet sample 1751 1864 2098 2101 2027
Bulk density 1.816 1.932 2.175 2.178 2101

1 2 EI, ¢|1 5
container no, ACM | A3 | A11 | aAs0 | A21 | a22 | a5 | B3 | A3t | o
mass of container+wet soillg) | 72.17 | 6420 | 7117 6152 | 66.00 6551 | 8194 | 9274 | D024 | 88.69
mass of container+dry soil(g) | 71.91 | B4.07 (E9.46  B0.06 | 627 | 5520 | 75.93 | 86.65 | B9.70 | 80.66
mass container 15.46 | 14371 148081 1433 | 1440 | 14.75 | 14.85 | 16.31 | 14.37 | 16.07
mass of wel soil(g) 166,71 | 49192, 56.184 4740 | '61.9 | 53.76 | 67.09) 77.43 | 84.87 | 72.62
. '
mass of dry soil 5645 407 5447|4573 | 4877 | 50.54.{.6705 | 70.34 | 75.33 | 64.59
mass of water 0.26 |£0.22 | 171 | 446 43713 I-$.22 601 | 7.09 | 954 | 8.03
| waler content 0.46 | 044" 314 [ 379 | 642 | 637 | 084 | 1008 | 12,66 | 12.43
average waler content 0.45 3r 5.59 9.96 12.35
dry density i 1,807 1873 2008 4 / 1.981 1.867
| height of mould(cm) 118
diameter of mould(cm)— 10.2 3358
| valume of mnuld{c_n;i - 964.60
-
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~ 2.000

Figure D - 2 Dry density (Kg/m’) against moisture content (%) (upslope)
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Table A D - 3 Permeability Test Resuls

= —_—
_D_iamatar of Sample cm 105
Area of sample cm® 86.63 ]
Area of standpipe cm® 0.79
Length of sail Cmi 116
Adjustment height cm B5.5
Sample No UPSLOPE DOWNSLOPE '
Test 1 2 1 2
Initial Water Level in the pipe cm 9T b2 q7.7 89.5
Final Water Level in the pipe cm 95.5 93.7 969 08.7
_Time Elasped (t) s 5400 760 7020 6960
Intial head of water in the |
| pipe hq e 1927 1933 195.1
Final head of water in the
pipe h 191.1 189.3 _ 1925 194.3
hoth1 - R ~1:0180 1.0042 1.0041
I
2.3 Log{ holh | Botoe- 44 00178 b 00041 | 00041 |
Permeability (K) cmis | 0.000000213 |0.000000214 | 0.000000062 | 0.000000062 |
Average Permeability _ :
(K) {-cmis ﬂ.DﬁQDﬂDI‘ISH 0.00000006207
Average Permeability 3 8
}_{_K] cmis 2.1314x10 6.207x10
—_— _._._,..-F"'_--_-__
S —
{18 HE L]
iwanie & FomAR LVl ‘Ill: o
. s TEUHATE 548
G
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‘Table A D - 4 Atterberg Limit —Test Resylts (Downslope)
PROJECT:
'SITE - ADANWOMASE

DESCRIPTION: BULK SAMPLE SAMPLE NO:- DOWNSLOPE
Ligguid Himil

peonbainer No G Bl c24 AlS A27 3
:  Mass of Container _p 376 1.69 372 172 168
| Penetration mm 128 15.6 19.6 219 27
| Mass of Container & Wer Sample 8 14,22 15 17.29 16.93 20.99
| Mass of Container & Dry Sample 2 1251 13.05 14.77 14.37 17 45
Mauss of Water g 1.71 1.95 1.52 256 354

Mass of Dry Sample g $ D1 oBeg™ =ITs | 1068 1377

Water content % TENVH BT D 24.04 25.7]
;; plastic limil a N :

| 2

Container No G ns X2]

Mass of Container . g 3 04

Mass of Container & Wet Sample g 1678 16.57

Mass of Container & Dry Sample g _15.35 15.14

Mass o Waler H | 143 !.{J

Mazs of Dry Sample £ | W sc {+5

Water content % 12.39" 12,43 LL Pl Pl

Average Waler content LA 124 229 124 1o

— ,..--""'"_'_-__.__
B e
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mc = 0.4436x + 13.988

M
F -9

1 &

moisture Content (%)
N
3

o]
o
T

10 15 20 25 30

Penetration (mm)

Figure D - 3 Moisture content (mc) against peiiebration (x) (downslope)
Table A D - 5 Atterberg I.imit —Test Results (Upslope)

PROJECT:

SITE :- ADANWOMASE
DESCRIPTION: BULK

SAMPLE SAMPLE NO:-UPSLOPE
Lyl linit :
Container No ~ ' aq B4 A 10 BT Ca
Mass of Container £ 355 348 il | 356 3.50
Peneiration il ' 174 162 kB ) 29,2 |
Mass of Container &Wet Sample I g s TR 1645 1624 1851 |
| Mass of Container & Dry Sample v 1277 FS2T ] 4,54 14.21 16
Mass of Water £ a7 1.99 95 203 25]
Mass of Dry Sample a; o .07 T T0.584 .65 1241
L Water content Sl % (62— 16:97 17.99 | 1906 20.23
_——— —plastic limit _————"
1. l 2
| Container No G Cl A20
Mass of Cortrimier g 3,68 3.6
Mazs of Container & Wet Sample ] 14.71 1313
| Mass of Conlainer & Dry Sample £ 13.54 12.13
Mass of Warer g 117 I
Muags of Dry Sample koo O.RG 553
Wker content % 1187 | 1172 LL PL Pl
| Average Water content Y 118 220 .3 L
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Figure D - 4 Moisture content (mc) against penetration
Table A D - 6: Soil bulk density,

Mood plain (down slope) site

I
|

(x) (upslope)
soil wetness and porosity at different depth on the

Soll collected  Mass of Mass of Mass of Mass of Mud Mm Pm = py=
al core freshly empty container  container + (g) 8  (Mm/Md)=100 MV,
sampler sampled drying + freshly dried glem’ p=
depth of soijl container sampled sample soil
(g) (g) soil (2) I-(pa/py)
soil surface - T11.25 520.48 1231.73 1181.09 66061 50.64 7.6656 1.682 0.3BB280
20cm
20cm - 40cm 681.33 43500 1119.42 1094 78 656.69 2464 37522 1.672 0.391910
d0cm-60cm  674.74 465.07 1139.8] L1572 650,65, w2400 3.7025 1.657  0.397503
blcm - B0em  905.42 159.05 1064.47 0g7.0p 1897 4745 10.691 2083  0.242566
f0cm - 100cm 83241 40339 PN PUREL Fss™y B2y L pgs 1923 0.300746
AVERAGE = 5 (Pm, pyand Py /s 7.2088 1.803  0.344201
Table A D - 7: Soil bulk density, soil wetness and Porosity at different depth on the
upslope site
Soil collected at Mass Mass of Mass of Mass of Md Mm Pm = Pa=
core sampler of empty contuiner +  container + (g) (g} (Mm/Md)x100 MV,
depth of freshly drying freshly dried glem’ p=
sample  cqntainer  sampled soll sample soil
d soil (8) (g} ) I-(pa/py)
\ ! . | ¥ 4 ‘ e . ; -
501) surface - 643.5 520.4%° H-G3.98 112937 60839 3461 5.684] 1:55] 0.436172
2lem ;
20em-40cm 70042 43809 | | 3851 109998 ““661.:800. 3553 5.8212 |.685  0.387005
40cm - 60cm 662.5 465,07 1127.57 182,76 617.60 4481 7.2544 1.573  0.428024
blem - BOcm b66.14 159.05 825.19 78118 622.13 - 44.01 T7.0741 1.584 0.4239]2
80cm - 100cm 671.91 403.39 | Wags3 10350 6312.5] 394 6.2292 1.611] 0.414301
AVERAGE = ¥(Pm, Ed’m P}/ 5 6.4126 1601 0.41790|

P = soil wetness

My, = mass of moisture lost afterdrying
My = mass of dried soil

Pi = dry bulk density

V., = total volume of core sampler

V. = cross sectional area of core sampler (em®) = height of core sampler, h (cm)

= (d k. (1)

dy = cross sectional diameter of the core sampler = Sem

h = height of the core sampler = 20em

Substituting d and h in equation 1, V, = 392.699081698724cm’
Py = particle density (for clay soils) = 2.75g/em’

P = porosity = 1-( Pa/Pp)

80



¥2919 00'EZ) 22909 00'LZL L0 L0S 00004 128291 | oooE 6822
80 119 00 6Z1 ¥8 629 00°0Z1 LE VLG 0086 L19vect | 902 2E 02
€881L 00 LEL LOZr9 00°ZLL Gl LES 0086 B0 8P | €CEZ | 8L L1
66244 00 SEL 0Z 99 009LL LE BSG 05 L6 Zi'szrl | 0002 | ¥Z'51
64 008 00 LEL y0'8L9 00'gL L 28215 0086 E096EL | £EBIL LGEL
20'GE8 000} v8 169 00 214 06 488 05 86 LL'BOEL | 29°01 0L'2)
88'£98 00°Zp) 6L 1L D0°LLE 02968V L 00 86 62 L¥EL | 00'GL EF Ll
v 668 00SylL gl 8EL 00 6EL 65868 ¢ 05 96 6¥GLEL | EEEL 9101
BE 626 004Vl 8985/ 00°0ZL D€ ¥65 _ 00 ¥6 L9062L | L9°LL 688
LV 0VE 0091 [==p==  5G'gg/ 00'6LL ¥/ BLS ! 00 06 L4992} | 00°DL 29'L
Z5816 00°0pL 05 ¥S. 00GLL GG ¥PS 00'€8 rLEVZL | EE'B GE'9
ve 198 0062t | 01 BOL 00901 GE POS 0554 €5°LZZL | 299 80'G
PP S8 0021 LG 6.9 00 10L £l 1B 00gL i82izl | 009 ISy
Pl 264 00°2LL 89 ££9 | 00°'S6 ¥L 00% 0089 EEFOZL | EES 90 ¢
95 0S4 000LL . Gt 009 : L8628 0029 06G6LL | L9V 95'¢
01 /89 00°00L ... 2y €96 % _ 25 86E 00 85 092811 | 00% S0'E
09 629 00 L6 J L0°G0S on'g.l 69°90E 00 €S Lr6LLL | EEE vGZ
90 L6S 0098 B0 ZLY 0089 L Bl I¥E 0005 9€GLLL | 0OE 622
ZE 455 00'08 68 8EF D0 £9 2y 12 0oLy EELLLL | /92 E0Z
BZ LLS 00'¥L i EP'ZLE no'es L5208 00 £EE/OLL | EEZ BLL
66 69V 0029 8°68¢ 00SS 15082 00 oF 9£'€9LL | 002 251
8z ZZv 0009 98 pre 00°6% L1097 od L€ ZveSLL | 191 1]
vE LBE 00'+S 09°962 00 2p 36ce : od Zg 05sSLL || €L Z0')
v6 GZE 00 9% 00 8¥2 00GE. 0t 861 J 00'82 L9°LGLL | 00} 9.0
S0£9Z 00°2€ 81°902 0062 TSEQE 00'EE siipLl | 2090 150
18902 00 62 b6 95| 0D EZ 7S GEE 0061 I6EpLL | €60 G20
000 000 000 000 00°0 000 600rLL | 000 000
TEd") (Aip) Bulpeay (e Taip) (EaH) np) () (o) (L)

fotossang | "M | chip brssang [P MONO ¢ pissang e BN | o2 many | uieng | WEU U 9BueD

BdY 0GE = £D 'ainssald (|80 EdY 052 = F0 ‘aunssalid |18 Bd) 051 = *0 ‘aunssaid ||an)
GlZ 12 91z (39/w6) Kisuap 4ing

vl oL £2L (%) wajuoo seiep| oz 2 0E4 (% NIUBILCD JaIAL

BE2LL PE'ELL 6L0LL ssew Aip el Zp'pG | 666G | mdwesig . woo

3d401Sdn r0S81 Z6'981 6v°Z81 Ssew jom [euld| ZJS | /829 | wduesiom + oD

v958L £Li8l 06581 (Byjom aidwes| gyvh | O bl TR

|___NOLLINOS3A I1dAVS ed4 05e="2 Edi 052 =0 B 061="0  [(egw) ainssaid Buuod| 3 vEY ON W00

MPINY 918000 = INVLISNOD ONId ONIAONd WD 61708 = |0/ B|j0Wes L33HS TVIXVINL SONINMIHL




Stress ( kPa)

1000

800
800
700
600

200

400
300
200

100

STRESS STRAIN CURVE FOR UPSLOPE

A\ ~—150 kPa
| ~=-250 kPa
|

l —— 350 kPa

— g

5 10 15 20 25 30 35
Strain{(%;)

|

s |
7i

=

3




88869 00°Z.S GZ GBS 00 6% 09°05€ 00182 1. 8zal | oooE 6g'ZZ
18789 00 SES | i Z8S 00'SSE 80 99¢ 00'98Z L9¢6SL | J90Z ZE02
8t'289 00015 8/ 08S 00 vEY OEELE 00'6.2 8028pL | €CEZ BLLL
98'899 __DDBLY 05 645 00GLYy 20 LLIE 00°0L2 ZLGzrl | 0002 pZ S|
L2799 00 99% ZE 411G 00 SO ZEOLE 00 v9Z €096EL | EEBL LBEL
26'859 00 £S¥ 0L €45 00 v6E ZRELE 00'2GZ LL'BOEL | 19701 0L2Z)
L8'9¢9 DO'gEY bz BIG 00"E8E P& LOE 00 8¥2 6Z L¥EL | 00'GL £ kL
GE'GED 00 0Zv 69 955 D0 20¢ Z5 9SE 00 LEZ BYGLEL | EEEL 9L 04
06'229 00 vOv L8 'GPG DO PEE LEGHE 00'¥2Z 190621 | L9bL 68°8
60009 00 Z8E 65125 00 Z8€ LPLES 00'LLIZ LL99ZL | 000 9L
09695 00 95¢ 0Z L6F 00 20€ PO ELE 00 961 pLEPEL | EE'B GE°9
£8'L2S 00 v2s LE O 00 P42 60'E8Z 00'SLL gs'1geL | 299 80°G
£0°80S 00 0LE 65 9Zp 00092 80692 00 781 /82L2L | 009 ISy
G L8F 00 S6¢ 81 E0F 00 vHZ L 00 51 EEP0ZL | EES 90’y
09'Zot 00 BLZ v1ZIE 00 v22 GE JF2 00 EPL 06'GELL | 29% 95°E
66 EEY 00 BSZ |G EpE 00502 LG 6LE 00 LEL 092811 | 0O'F SO'E
9z £0v 00 BET i ZG.GLE 00728} 0L 661 00811 \r'6iLL | EEE ¥G'g
E0'98E 00828 st 66°LBZ 00°9.L LA 000LL 9€G/LL | OOE 622
LZ'GOE 00'GLE  _p 20'Z9% 007851 “62'EL 00 201 EELLLL | 292 £0°Z
90 9pE 00'E0Z i ¥6°G0Z 00954 SZ0aL 00 ¥6 EE/9LL | EEZ BL'L
LO'GZE 00061 2E°0P2 00 il 0v Gyl 0058 9g'€gLl | 002 251
LE'00E 00'GL) G FZZ 00:LEL £/ 821 0052 ZrEsitL | 4971 LE'L
6042 00°L5) ¥6 02 00’6l | o bbL 00’59 0S5SSiLL | EEL Zo'L
BZ'EEZ 00°GEL 66 LL1 00°EDL LL96 0095 L9'LSLL | 00'L 9.0
66'881 00°60) LLBYL 00 88 _95'6. o 9 GLivLL|| 490 150
LZZEL 009 PELLL 00'FS L7 LG 0d £€ L6EVLL | EED 6Z0
000 000 000 000 000 00.0 B00FLL [ 000 000
[T {mp) Buipesy (=) (rep) =] (rup) _“nEE”“‘ (95) (Lunw)
t0-'0'SSaNg Bupy Bujao. £0-'D= b'ssang Buipeay) BundBuinouy fo-t0= b'sSBhS Bupesy Gupy Butalg | o s o N | uleng |wous) U abueys
BdY 0GE = £0 'aunssald |20 BdY 06Z = 0 'aunssaid |20 Bd) OGL =" .E:mm@w [Ele]
£1'Z 2Lz LV (00/uiB) Kususp ying
EL'R £8'. vE'8 (%) uayuoo seep|  s68 046 (% NUSILOD Jalem
LL'691 GE 89 0£ 291 SSEW AP US| PG | $9'GE | edwes fg s wod
3d0TISNMOQA 9828l vS L8l 9Z'181 SSEW jam U] £0°8C | 6060 | S 00
G5 ERL 89281 69181 (B)momejdwbs| zvvl | 2E'SH M o3
[__NOLLdINOS3A Tidnys Bt 0SE="0 Ech 05z =°0 BdX 0GL="0 _|(eaw) amssaid bunpudo|  jge £q 'ON_1000
MPINYG6100°0 = INVISNOD ONIM ONINDHA W9 6198 = oA ajdwes 13IHS TWIXVIEL SONMmILL

Ad0L1vVdO8Y 1 TVIINHD3L1L03D
ANIWLHYDIA DONIIIINIDONT TAID




STRESS STRAIN CURVE FOR DOWNSLOPE
)
800

700

680 f—— : -
B0 i IR I,

=
e
~ 400 L
u.
2 o L
200 | ——150KkPa |
=250 kPa

—+— 350 kPa

35




	001_L(2).pdf
	003_L(2).pdf
	005_L(2).pdf
	007_L(2).pdf
	009_L(2).pdf
	011_L(2).pdf
	013_L(2).pdf
	015_L(2).pdf
	017_L(2).pdf
	019_L(2).pdf
	021_L(2).pdf
	023_L(2).pdf
	025_L(2).pdf
	027_L(2).pdf
	029_L(2).pdf
	031_L(2).pdf
	033_L(2).pdf
	035_L(2).pdf
	037_L(2).pdf
	039_L(2).pdf
	041_L(2).pdf
	043_L(2).pdf
	045_L(2).pdf
	047_L(2).pdf
	049_L(2).pdf
	051_L(2).pdf
	053_L(2).pdf
	055_L(2).pdf
	057_L(2).pdf
	059_L(2).pdf
	061_L(2).pdf
	063_L(2).pdf
	065_L(2).pdf
	067_L(2).pdf
	069_L(2).pdf
	071_L(2).pdf
	073_L(2).pdf
	075_L(2).pdf
	077_L(2).pdf
	079_L(1).pdf
	081_L(1).pdf
	083_L(1).pdf
	085_L(1).pdf
	087_L(1).pdf
	089_L(1).pdf
	091_L(1).pdf
	093_L(1).pdf
	095_L(1).pdf
	097_L(1).pdf
	099_L(1).pdf
	101_L(1).pdf
	103_L(1).pdf
	105_L(1).pdf
	107_L(1).pdf
	109_L(1).pdf
	111_L(1).pdf
	113_L(1).pdf
	115_L(1).pdf
	117_L(1).pdf
	119_L(1).pdf
	121_L(1).pdf
	123_L(1).pdf
	125_L(1).pdf
	127_L(1).pdf
	129_L(1).pdf
	131_L(1).pdf
	133_L(1).pdf
	135_L(1).pdf
	137_L(1).pdf
	139_L(1).pdf
	141_L(1).pdf
	143_L(1).pdf
	145_L(1).pdf
	147_L(1).pdf
	149_L(1).pdf
	151_L(1).pdf
	153_L(1).pdf
	155_L(1).pdf
	157_L(1).pdf
	159_L(1).pdf
	161_L(1).pdf
	163_L(1).pdf
	165_L(1).pdf
	167_L(1).pdf
	169_L(1).pdf
	171_L(1).pdf
	173_L(1).pdf
	175_L(1).pdf
	177_L(1).pdf
	179_L(1).pdf
	181_L(1).pdf
	183_L(1).pdf

