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Chapteri 1 

INTRODUCTION 

 

1.1i Generali  

Thei firsti andi foremosti requirementi fori ai successfuli irrigatedi agriculturei 

isi thei developmenti andi maintenancei ofi soili rooti regioni ini whichi thei wateri 

–i airi –salti ratioi isi favorablei fori planti growth.i Wheni ai wateri tablei risesi ori 

wateri getsi deterioratedi ori stagnatedi ini thei fieldsi andi remainsi ini thei rooti 

zonei fori longeri period,i thei yieldi ofi thei cropi getsi seriouslyi affectedi duei toi 

thei airi deficiencyi ini thei rooti zone.i Thisi airi deficiencyi requiresi drainagei 

facilitiesi ini thei croppedi area.i Ai simplei buti comprehensiblei definitioni ofi 

drainagei isi thei removali ofi excessi wateri fromi rooti zonei whichi permitsi somei 

airi fori normali planti growth.i Ifi thei primei objectivei isi toi loweri thei groundi 

wateri tablei belowi ai certaini leveli belowi rooti zonei ofi thei crops,i theni 

subsurfacei drainagei systemi isi necessary.i  

Therei arei differenti factorsi oni whichi thei selectioni ofi optimumi drainagei 

plani andi thei designi andi constructioni ofi adequatei andi successfuli drainagei 

depends,i thosei arei reliabilityi andi adequacyi ofi thei basici drainagei data.i Thei 

basici datai musti providei thei knowledgei ofi soili texture,i porosity,i saturatedi 

hydraulici conductivityi ofi thei soili andi thei topographyi ofi thei areai underi 

consideration 

Therei won’ti bei anyi infiltrationi ifi thei soili isi completelyi saturated.i i Iti 

willi leadi toi overlandi flowi andi ifi therei isi flashi floodi withi veryi highi intensityi 

thani infiltrationi rate,i noi ori veryi lessi wateri willi goi insidei thei soili profilei andi 

willi flowi overi surfacei resultingi intoi flood.i Duei toi thei urbanizationi thei landi 

coveri andi thei landi usei increases,i duei toi thei increasei ini thei soili veryi lessi 
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soili interfacei fori thei infiltrationi processi andi alli thei raini wateri willi accumulatei 

oni thei surfacei andi willi flowi asi runoffi afteri certaini period.i It’si onlyi becausei 

ofi urbanization,i veryi littlei amounti ofi soili isi uncovered,i thosei soili getsi 

saturatedi asi thei raini starti fallingi andi increasesi thei moisturei retentioni timei 

ofi thei soili resultingi intoi morei surfacei andi isi alsoi calledi Urbani flooding. 

Iti isi quitei difficulti toi doi directi predictioni ofi unsaturatedi hydraulici conductivity,i 

ratheri iti cani bei indirectlyi evaluatedi throughi thei soili moisturei characteristicsi 

curve.i Iti isi thei functionali relationshipi amidsti thei hydraulici conductivity,i thei 

moisturei contenti andi suctioni (pressure)i head.i Characteristicsi equationsi isi 

usefuli ini thei studiesi relatedi toi groundi wateri modelingi andi particularlyi ini 

subsurfacei flowi modelingi ini unsaturatedi zone.i Thei maini difficultyi ini thei 

Richardsi equationsi toi actuali fieldi situationsi isi thei estimationsi ofi thei 

parametersi ofi thei soili characteristicsi curves.i Physicali propertiesi ofi soili 

constitutei thei basici datai toi carryi outi thei studiesi relatedi toi thei abovei 

problems.i Fori example,i Runoffi andi infiltrationi predictioni followingi 

precipitation,i thei followingi distributioni ofi infiltratedi wateri throughi drainagei 

designi thei texturali analysisi ofi thei soili isi ani importanti parameteri whichi 

governsi thei movementi ofi thei wateri ini subsurfacei soil.i soili texturei isi ai 

characteristic,i whichi hasi ai generali relationshipi withi hydraulici conductivityi 

andi wateri retention.i Fori thei managementi ofi wateri ini irrigationi commandi 

areai thei wiltingi point,i fieldi capacityi andi availablei moisturei arei veryi 

importanti parameters,i whichi cani bei determinedi fromi thei characteristicsi 

curve.i Toi understandi thei amounti ofi wateri thati isi availablei toi plantsi soili 

moisturei characteristicsi curvei isi useful,i thei wateri thati cani bei takeni upi byi 

thei soili beforei percolationi starts,i andi thei amounti ofi wateri thati musti bei usedi 

fori immigrationi (Micheak,i 1986).i Therefore,i thei basici datai musti providei thei 

knowledgei ofi soili texture,i saturatedi hydraulici conductivityi andi thei soili 

characteristicsi ofi thei areai underi consideration.i Easyi andi reliablei techniquesi 

fori estimatingi thesei propertiesi arei necessary.i hence,i suitablei techniquesi fori 

thei estimationi ofi unsaturatedi hydraulici conductivityi arei requiredi basedi oni 
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nationali arei regionali datai base.i fori thei purpose,i thei characteristicsi equationsi 

havei beeni derivedi toi estimatei thei unsaturatedi hydraulici conductivity. 

The measurement of soil parameters for the unsaturated soil constitutive models needs extensive 

laboratory tests. For most practical problems, it has been found that approximate soil properties 

are adequate for analysis. Thus, empirical procedures to evaluate unsaturated soil parameters 

would be valuable. The soil–water characteristic curve (SWCC) can be used to estimate various 

parameters used to describe unsaturated soil behavior. The SWCC is a relationship between soil 

suction and some measure of the water content. It can be measured or predicted based on soil 

index properties. Estimation based on index properties is highly desirable due to its simplicity and 

low cost. 

A theoretical basis for unsaturated soil mechanics has been established over the past three 

decades. The constitutive equations for volume change, shear strength, and flow through 

unsaturated soil have become generally accepted in geotechnical engineering (Fredlund and 

Raharjo 1993). The fundamental accepted principal in this theory is that the unsaturated soil 

behavior could not be described just by making use of one stress state variable; in other words, 

both the net normal stress, (σ−ua), where σ is the total stress and ua is the pore-air pressure, and 

the matric suction, (ua – uw), where uw is the pore-water pressure, are generally required for the 

constitutive models. 

As a result, evaluation of suction is most essential to assess the unsaturated soil behavior. Suction 

evaluating in direct measure needs to time consuming and costly laboratory tests, so estimation 

of suction with indirect methods based on other parameters such as water content would be 

considered. Consequently, the soil–water characteristic curve (SWCC) that defines degree of 

saturation corresponding to particular suction in a soil is widely used to estimate unsaturated soil 

properties. Through the practical applications of the soil–water characteristic curve, prediction of 

shear strength, water storage, and permeability coefficient may be pointed out. Figure 1 provides 

a qualitative illustration of the benefits derived from using estimated unsaturated soil property 

functions (Fredlund 2000). Estimates of the unsaturated soil property function are shown to 

provide a significant increase in the accuracy of the engineered designs, for a nominal increase at 

the soil investigation and testing stage. The accuracy of the output from an analysis depends 

strongly upon the independent variable being computed. There are different methods to evaluate 
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the soil–water characteristic curve. However, these methods are divided to two general branches: 

laboratory and estimating methods. The researchers, with taking account of the general form of 

SWCC, have suggested some equations to approximate these curves. Such equations basically 

consist of two or three constant evaluated by making use of either suction laboratory results in 

various water contents or statistical relations based on other soil properties. According to existing 

difficulties in evaluation of these curves experimentally and noticeable variability, the estimation 

of such parameters has widely been used by many of researchers. 
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1.2 OBJECTIVESi OFi THEi STUDY 

Thei objectivesi ofi thei followingi paperi are 

a) Toi estimatei thei soili Propertiesi suchi asi Particlei sizei distribution,i 

Specifici gravity,i naturali moisturei content,i Density,i wateri retainedi 

withini soili massi ati differenti Pressures. 

b) Toi estimatei thei soili moisturei characteristici curve. 
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Chapteri 2 

LITERATUREi REVIEW 

Thei followingi studiedi havei beeni carriedi outi ini previousi yearsi usingi 

differenti methodologyi andi differenti parameteri methodologyi andi parameteri 

estimation.i Thei maini purposei ofi thisi literaturei reviewi isi toi takei guidancei 

fromi earlieri studiesi  

Rathfti eti ali (1983)i Thei availablei wateri fori plantsi ini variousi typesi ofi soilsi 

underi discussioni andi mentionedi herei willi dependsi uponi thei texturei ofi thei 

soili texture,i alsoi thei clayeyi solidi hasi thei higheri availabilityi ofi wateri thani 

thati ofi sandyi soils. 

 

Fredlundi eti ali (1998)i SWCCi representsi thei porei sizei distribution,i wateri 

contenti ini thesei poresi ofi thei soili andi thei stressedi conditioni ofi soili andi 

wateri contenti ofi thesei pores.i Hencei iti hasi beeni concludedi thati SWCCi isi ai 

veryi importanti soili functioni whichi relatesi wateri suctioni andi contenti ofi thei 

soil. 

 

Kumari eti al.i (2001)i Ani empiricali formulai hasi beeni proposedi whichi enablei 

usi toi derivei thei approximatei soili moisturei retentioni curvei fromi itsi collectedi 

saturatedi hydraulici conductivityi data. 

 

 

Kumari et.al.i (2002)i Variousi resultsi indicatedi thati usei ofi landi (i.e.i cultivationi 

ori farming),i physicali andi chemicali propertyi suchi asi organici carbon,i clay,i 

meani weighti diameteri (MWD)i andi wateri stablei aggregatei (WSA)i playsi 

significanti andi majori rolei ini wateri retentioni andi erodibilityi indicesi ini ai 

positivei way.i i Unusedi soilsi likei Foresti soilsi hasi higheri retentioni ofi water,i 

higheri infiltrationi rate,i andi loweri erosioni andi depressioni ratioi thani thati ofi 

thei soilsi ofi cultivatedi andi orchardi land.i Wateri availabilityi toi thei plantsi 
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throughi irrigationi ori rainfalli isi onei ofi thei mosti importanti parametersi whichi 

influencei thei cropi production.i Thei descriptioni ofi thei moisture/wateri contenti 

ofi thei soili shalli bei consideredi alongi withi thei behaviori ofi soili wateri andi 

planti system.i As,i therei isi ai possibilityi thati thei totali soili wateri contenti ini thei 

rooti zonei ofi ai planti appearsi toi bei sufficienti fori adequatei planti growthi buti 

thei overalli wateri distributioni ini differenti layersi ofi thei soili isi noti optimum. 

 

Thakuri eti al.i (2005)i Experimentsi werei conductedi toi measurei thei suctioni 

ofi ai locallyi availablei siltyi soili andi commerciallyi availablei whitei clay,i usingi ai 

Dewi Pointi Potentiali Meteri (WP4).i i Thei resultsi werei usedi toi developi soil-

wateri characteristici curves,i SWCCs,i fori thesei soilsi andi fori checkingi thei 

efficiencyi ofi differenti fittingi functions,i ini highi suctioni ranges.i Effortsi havei 

alsoi beeni madei toi demonstratei thei influencei ofi thei soili typei andi dryi uniti 

weighti oni thei soili suction.i Thei studyi bringsi outi thei observationi thati dryi uniti 

weighti hasi negligiblei influencei oni thei soili suctioni andi parametersi effectingi 

SWCC. 

Zhoui eti al.i (2005)i Thei soil-wateri characteristici curvei (SWCC)i isi thei primaryi 

partiallyi saturatedi soili informationi asi itsi behaviori andi propertiesi cani bei 

derivedi fromi it.i Althoughi therei havei beeni manyi studiesi ofi unsaturatedi soilsi 

andi thei SWCC,i therei isi stilli noi combinedi constitutivei modeli thati cani 

simulatei soili characteristicsi accurately.i Ini casesi wheni hydraulici hysteresisi isi 

dominanti (e.g.i underi cyclici loading)i iti isi particularlyi importanti toi usei thei 

SWCC.i Ini thei pasti decades,i severali mathematicali expressionsi havei beeni 

proposedi toi modeli thei curve.i Therei arei variousi influencesi oni thei SWCCi asi 

ai sourcei ofi information,i soi thei curvesi obtainedi fromi conventionali testsi ofteni 

cannoti bei directlyi applied;i andi thei mathematicali expressionsi fromi onei 

scenarioi cannoti bei usedi toi simulatei anotheri situation.i Thei effectsi ofi voidi 

ratio,i initiali wateri content,i stressi statei andi highi suctioni werei studiedi ini thisi 

worki revealingi thati wateri contenti andi stressi statei arei morei importanti thani 

thei otheri effects;i buti thati thei influencesi tendi toi decreasei wheni suctioni 

increases.i Thei vani Genuchteni modeli wasi modifiedi toi simulatei betteri thei 
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changesi ini thei degreei ofi saturationi ati lowi valuesi ofi suction.i Predictionsi 

werei comparedi withi experimentali resultsi toi determinei thei simulationi 

capabilityi ofi thei model. 

C.i P.i Kumari andi Sanjayi Mittali (2008)i Knowledgei obtainedi withi thei 

relationshipsi betweeni moisturei contenti ofi soili (θ),i unsaturatedi hydraulici 

conductivityi (K)i andi wateri pressurei ini thei soili (h)i helpsi ini buildingi 

mathematicali modeli ofi agriculturali systemsi andi it'si hydrologic.i Pressurei 

platei apparatusi cani bei usedi toi obtaini moisturei retentioni ofi thei soil,i withi 

thesei datai retentioni curvei cani bei drawn.i Thesei retentioni curvei cani bei 

furtheri usedi toi derivei thei approximatei soili moisturei retentioni curvei byi 

developingi ani empiricali relationshipi ati thosei placesi wherei onlyi saturatedi 

hydraulici conductivityi datai isi available. 

D.G.i Fredlundi Andi Anqingi Xingi (2009)i Variousi parametersi neededi toi 

describei unsaturatedi soili behaviori cani bei estimatedi usingi thei soil-wateri 

characteristici curvei whichi cani bei obtainedi throughi proposedi generali 

equationi ofi soil-wateri characteristici curve.i i Withi thei helpi ofi ai computeri 

programi whichi isi nonlineari andi least-squaresi ini naturei onei cani determinei 

thei relevanti parametersi neededi fori experimentali datai asi mentionedi ini itsi 

literature.i Ifi thei soil-wateri characteristici curvei dependsi oni thei sizei ofi thei 

poresi distributedi ini thei soili (i.e.,i thei desaturationi ofi soili isi ai functioni ofi thei 

pore-sizei distribution)i thisi equationi isi formed.i i Thei equationi hasi thei functioni 

ofi ani integratedi frequencyi distributioni curve.i Thei equationi isi welli applicablei 

fori sandy,i silti andi clayeyi soilsi overi thei wholei suctioni rangei i.e.i fromi 0i toi 

10"Pa. 

Linsi eti al.i i (2009)i Toi understandi thei unsaturatedi soili mechanicsi thei 

determinationi ofi soil-wateri characteristici curvei (SWCC)i isi ai majori concern.i 

Thei majori objectivei ofi ouri studyi isi withi ai smalli suctioni rangei ofi justi fewi 

kPai ani extensivei experimentali databasei fori sandi isi toi bei generated.i Thisi 

databasei enablesi toi understandi howi differenti experimentali proceduresi 

indicatesi thei sensitivityi ofi hydraulici properties.i Comparisoni ofi datai andi 
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resultsi obtainedi fromi steadyi statei andi transienti statei testsi ofi SWCCi isi alsoi 

consideredi toi bei onei ofi thei objective.i Experimentali resultsi cani bei obtainedi 

fromi ani initiali boundaryi valuei experimenti (columni testingi device)i andi soi 

calledi homogenousi elementi testi (modifiedi pressurei platei apparatus)i byi 

consideringi differenti hydraulici loadingi pathi andi itsi directions.i Differenti 

experimentsi arei donei andi analyzedi fori sandi withi differencei ini itsi initiali 

states.i Finally,i alli thei resultsi arei assembledi andi presentedi fori SWCCi 

includingi itsi initiali curves,i maini curves,i andi scanningi paths.i  

Andersoni M.i Ferreira1,i Franciscoi Joséi C.i P.i Soeiroi (2010)i Asi ai result,i 

thesei propositionsi arei basedi oni physicali indexes,i soili characterization,i andi 

currenti laboratoryi testsi ori simplyi curvei fitting.i Thei relationshipi ofi thei volumei 

ofi wateri ini thei soili poresi andi soili suction,i conventionallyi referredi toi asi thei 

soil-wateri characteristici curvei (SWCC)i isi ai usefuli tooli ini thei predictioni ofi 

thei engineeringi behaviori ofi unsaturatedi soils. 

 

Apinitii Jotisankasai andi HansaVathananukiji (2011) 

Ai studyi hasi beeni carriedi outi toi investigatei soil-wateri characteristicsi curvesi 

ofi undisturbedi soilsi fromi slopesi whichi experiencedi largei scalei debrisi flowi 

asi welli asi localizedi slopei failurei ini Thailand.i Newi miniaturei tensiometersi 

developedi ati Kasetsarti Universityi werei employedi toi monitori thei suctioni 

changesi ini thesei testsi andi ini thei field.i Thei basici propertiesi ofi thei soilsi 

indicatei thati mosti soilsi fromi debrisi flowi areasi ini Thailandi arei siltyi andi ofi 

lowi plasticityi (ML,i SM,i CL).i Thei mechanismi ofi slopei failurei isi alsoi 

demonstratedi usingi simplei infiltrationi modeli andi slopei stabilityi equation.i Thei 

wettingi fronti traveling,i soili characteristicsi andi drainagei conditioni ati thei 

bottomi ofi thei slopei appeari toi bei importanti factors.i Applicationi ofi thesei testi 

resultsi fori earlyi warningi systemi fori flashfloodi andi landslidei disasteri isi finallyi 

demonstratedi basedi oni somei simplifyingi assumptions. 

R.i G.i Fawcea'ti andi N.i Colh-Georgei (2012)i estimatei ofi thei bari percentagei 

ofi soili isi ai usefuli soili descriptioni ini fieldi investigationsi wherei ai measurei isi 
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requiredi ofi thei wateri "available"i fori planti growth.i However,i knowledgei ofi thei 

moisturei characteristici wouldi bei ofi greateri value,i particularlyi ini seasonali 

studiesi ofi soil-water-planti relations.i Wherei suitablei physicali equipmenti isi noti 

available,i estimatesi ofi thei Ii 5-bari percentagei mayi bei madei usingi ai filteri 

paperi methodi (Williamsi andi Sedgleyi 1965).i Thisi methodi isi basedi oni onei 

previouslyi describedi byi Gardneri (1937)i whoi proposedi thati moisturei 

potentialsi fromi abouti -0.3i toi -1000i barsi (pFi 2.5i toi 6)i couldi bei estimatedi 

byi thisi means.i Thei methodi presentedi herei andi testedi isi simpleri thani thosei 

proposedi byi eitheri Gardneri (1937)i ori Williamsi andi Sedgleyi (I965). 

Aldaoodi eti al.i (2014)i Thei determinationi ofi wateri holdingi capacityi variationsi 

withi environmentali conditions,i relativei humidityi (suction),i isi essentiali ini thei 

assessmenti ofi thei behaviori ofi gypseousi soil.i Thei relationshipi betweeni 

suctioni andi moisturei contenti isi expressedi byi thei soil-wateri retentioni curvei 

(SWRC)i ori soil-wateri characteristici curvei (SWCC).i Thisi relationshipi wasi 

determinedi fori thei firsti timei fori limei treatedi gypseousi soil,i usingi tensiometrici 

plate,i osmotici membranei andi vapori equilibriumi techniques,i ini thei suctioni 

pressurei rangei ofi (10–1,000,000i kPa).i Soili samplesi containingi (0,i 5,i 15i andi 

25%)i gypsumi wasi treatedi withi 3%i limei andi curedi fori 28,i 90i andi 180i daysi 

ati 20i °Ci andi 40i °C.i Resultsi showedi thati thei wateri holdingi capacityi ofi thei 

soili samplesi increasedi withi increasingi gypsumi content,i curingi periodi andi 

curingi temperature.i Thei effecti ofi gypsumi contenti oni SWCCi wasi greateri 

thani thei effecti ofi curingi conditions,i althoughi microstructurali propertiesi ofi thei 

treatedi soili samplesi showedi thati curingi conditionsi alsoi hadi ai significanti 

effecti oni thei SWCC.i Alli thei experimentali datai fittedi welli toi thei Fredlundi 

andi Xingi (1994)i andi Vani Genuchteni (1980)i modelsi fori SWCC. 

Wangi eti al.i (2015)i Iti isi welli knowni thati soili wateri characteristici curvei 

(SWCC)i playsi ani importanti rolei ini unsaturatedi soili mechanics,i buti thei 

measurementi ofi SWCCi isi inconvenient.i Ini laboratory,i iti requiresi daysi ofi 

testingi time.i Fori fine-grainedi clays,i iti mayi lasti fori ai couplei ofi monthsi usingi 

pressurei platei tests.i Ini thisi study,i thei effectsi ofi samplei dimensionsi andi 
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shapesi oni thei balancei timei ofi measuringi SWCCsi usingi pressurei platei testsi 

andi thei shapei ofi SWCCsi arei investigated.i Iti cani bei foundi thati thei samplei 

dimensionsi andi shapesi havei apparenti influencei oni thei balancei time.i Thei 

testingi durationsi fori circulari samplesi withi smalleri diametersi andi annulari 

samplesi withi largeri contacti areai arei significantlyi shortened.i However,i therei 

isi littlei effecti ofi samplei dimensionsi andi shapesi oni thei shapei ofi SWCCs.i 

Itsi mechanismi isi exploredi andi discussedi ini detaili throughi analyzingi thei 

principlei ofi pressurei platei testsi andi microstructurei ofi thei sample.i Basedi oni 

thei abovei findings,i iti isi foundi thati thei circulari samplesi withi smalleri 

dimensionsi cani acceleratei thei testingi durationi ofi SWCCi usingi thei pressurei 

plate.i Thei annulari samplesi withi largei contacti areai andi circulari samplesi withi 

smalli dimensionsi requirei shorti testingi durationi ini pressurei platei tests,i andi 

thei effecti ofi thei latteri isi morei apparent 
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   Chapteri 3 

STUDYi AREA 

3.1i Studyi Areai  

i Location 

1. Statei  Bihar 

2. Districti  Patna 

3. Latitudei  25ºi 13‘andi 25ºi 45 

4. Longitudes 84ºi 43'i andi 86ºi 44' 

5. Riveri  gangai  

Patnai districti isi situatedi ini thei Southi Bihari alluviali plains.i Thei districti isi 

situatedi betweeni Northi latitudesi 25ºi 13‘andi 25ºi 45i ‘andi Easti longitudesi 84ºi 

43'i andi 86ºi 44’.i Thei districti isi boundedi ini thei northi byi riveri Ganga,i ini thei 

southi byi Jahanabadi andi Nalandai districts,i ini thei easti byi Lakhisaraii districti 

andi ini thei westi byi Bhojpuri district.i Thei totali geographicali areai ofi thei districti 

isi 3172i sq.km. 

3.2i Geomorphology&i Soilsi  

Geomorphology 

Thei districti formsi ai parti ofi thei Gangai basini andi isi characterizedi byi ai 

monotonouslyi flati reliefi withi elevationi ini general,i thei westerni parti ofi thei 

districti isi slopingi duei northi andi north-east,i withi elevationi ofi thei landi surfacei 

varyingi fromi 68i mi ini thei southi toi 48i mi ini thei north,i andi fromi 67i mi ini thei 

westi toi 45i mi ini thei east.i Ai notablei geomorphici featurei isi thei strongi naturali 

leveei formationi ori uplandi alli ofi themi arei alongi thei southerni banki ofi thei 

Gangai whichi actsi asi ai naturali barrieri therebyi causingi manyi ofi thei streamsi 
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flowingi fromi southi toruni paralleli toi thei coursei ofi Gangai beforei finallyi joiningi 

iti furtheri easti ofi thei districti boundary. 

Soils 

Soilsi arei predominantlyi sandyi loami withi clayi loami ati places.i Thei placesi 

arei withi lowi toi mediumi nutrienti status.i Thei pHi valuei liesi betweeni 6.3i toi 

8.2i andi soi isi generallyi alkalinei ini nature.i Traditionallyi soilsi ini ani areai arei 

classifiedi basedi oni modei ofi deposition.i Soilsi arei dividedi intoi threei groupsi 

suchi as.i (i)i Recenti alluviumi (ii)i Tali andi (iii)i Olderi alluvium.i Thei soilsi havei 

developedi oni alluviali depositsi whichi isi transportedi fromi youngeri geologicali 

formationi wherei physicali weatheringi isi predominant.i Generally,i soilsi whichi 

geti developedi ini themi arei coarseri ini texture. 

Agriculturei andi Irrigationi practicesi  

 

Thei principali cropsi growni ini thei districti arei Agahanii rice,i Bhadaii Maize,i 

Wheat,i Gram,i Sugarcanei andi Jute.i Kharifi cropsi arei growni fromi thei endi ofi 

Junei toi thei endi ofi Octoberi andi Rabii fromi thei endi ofi Octoberi toi thei endi 

ofi March.i Thei Summeri cropsi arei growni fromi Aprili toi June,i wherei sufficienti 

irrigationi facilitiesi exist.i Thei grossi croppedi areai isi 256694.99i ha.i andi neti 

areai sowni isi 201103.63i ha.i indicatingi croppingi intensityi ofi 127.64i %i ini thei 

district,i whichi isi slightlyi loweri thani thei Statei averagei fori thei twoi Tali andi 

Diarai areasi arei mostlyi monoi cropped.i Totali areai underi neti irrigationi ini thei 

districti isi 1,09,i 000i hai (Govt.i ofi Bihar,)i ofi whichi groundwateri irrigationi alonei 

isi approximatelyi 80%.i  

 

Climatei andi Rainfalli  

Thei climatei ofi thei districti isi noti moderatei buti cani bei saidi extremei asi thei 

temperaturei goesi upi toi 47’ci i.e.i tooi hoti ini summeri andi aroundi 1’ci duringi 

winter.i Januaryi isi thei coldesti month.i Thei temperaturei startsi risingi fromi 

Marchi andi reachesi itsi peaki ini May.i Raini startsi sometimei ini mid-Junei andi 
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lastsi tilli mid-September.i Maximumi rainsi occuri duringi thei monsooni monthsi 

ofi Julyi andi August.i Sometimesi winteri rainsi occuri ini Jan-February.i Thei 

normali annuali rainfalli ini thei districti isi aroundi 1076i mm. 

 

3.3i SAMPLINGi SITEi INi PATNAi TOWN 

i 1.i NITi PATNAi  (P1) 

2.i B.I.Ti PATNA (P2) 

3.i GANDHIi MAIDANi (P3) 

4.i NIHi PATNAi WALMIi COMPLEXi (P4) 

5.i AKUi CAMPUSi (P5) 

6.i PATNAi CITYi (SAHEB)i (P6) 

 

Sourcei (worldi resourcesi institute) 

Figi 3.1:i MAPi OFi INDIAi ANDi BIHARi  
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Figi 3.2:i i Mapi ofi Studyi Areai Showingi Alli thei Locations 
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   Chapteri 4 

METHODOLOGY 

4.1i Particlei Sizei Distributioni  

Particlei sizei distributioni isi ani attempti toi determinei thei relativei proportioni ofi 

thei differenti graini sizei thati makesi ai giveni soili mass.i Thei relativei proportioni 

ofi sand,i silti andi clayi determinesi thei soili texture.i Thei diameteri ofi thei 

Particlesi presenti ini thei soili Samplei makesi thei soili toi bei coursei mediumi 

andi fine.i Tablei 1i givesi thei texturali classi namesi ofi soilsi asi peri particlei 

diameter.i thei soili texturei isi determinedi byi separatingi sand,i silt,i andi clayi 

fractionsi andi measuringi theiri proportioni whichi isi calledi thei mechanicali 

analysis.i Thei soili texturei trianglei isi theni usedi toi converti quantitativei datai 

fromi detailedi gradationi analysisi ofi separatesi lessi thani 2i mmi ini diameteri toi 

texturali classi namei ofi soil.i  

Tablei 4.1:i Texturali Classificationi asi Peri Particlei Diameteri 

Materiali Diameter 

Stonesi >2501mm 

Cobblesi 250-751mm 

Coarsei graveli 75-12.71mm 

Finei graveli 12.7-21mm 

Veryi coarsei sandi 2-11mm 

Coarsei sandi 1-0.51mm 

Mediumi sandi 0.5-0.251mm 

Finei sandi 0.25-0.11mm 

Veryi finei sandi 0.1-0.051mm 

Silti 0.05-0.0021mm 

Clayi <0.0021mm 
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Toi carryi outi thei particlei sizei distribution,i firsti thei stovei driedi upi soili 

samplei weighingi 500gi isi washi duringi thei sievei ofi noi 200.i thei portioni ofi 

thei soili particlesi retainedi oni sievei isi subjectedi toi sievei studyi andi thei 

particlesi ephemerali throughi thei sievei isi subjectedi toi masteri sizeri analysis.i  

Ini sievei analysis,i thei portioni retainedi oni everyi sievei isi collectedi andi 

weighted.i Thei %i ofi soili samplei retainedi oni everyi sievei basedi oni totali massi 

ofi soili samplei andi thei %i ofi massi passingi throughi eachi sievei isi calculated. 

Thei Indiani standardi (isi “460,1962),i ini thei sievei arei designatedi byi 

sizei ofi aperturei ini mmi therei asi ini bsi (410,1962i andi astm)i (E11,i 1961)i 

standard,i ai sievei sizesi arei giveni ini thei termi ofi thei numberi ofi openingsi peri 

inch.i Thesei arei describedi ini reporti TR-82i byi doci seth,i 1990. 

Thei sievingi processi doesn’ti providei informationi oni thei shapei ofi soili 

grainsi .iti onlyi yieldsi informationi oni grainsi thati cani passi throughi rectangulari 

sievei openingi ofi ai certaini size.i Informationi obtainedi formi thei graini sizei 

analysisi isi presentedi ini thei formi ofi ai curve.i Ini suchi ai curve,i thei yi –axisi 

ori thei ordinatei ini thei graphi indicatesi thei percentagei ofi soili particlesi havingi 

diameteri fineri thani indicatedi oni x-axis. 

Thei capacityi ofi soili toi holdi wateri isi relatedi toi surfacei areai asi welli 

asi porei spacei volumei hence,i wateri holdingi capacityi isi relatedi toi bothi 

structurei andi texturei ofi thei soil.i ini general,i finei texturei soilsi havei thei 

maximumi totali wateri holdingi capacity,i buti maximumi availablei wateri isi heldi 

ini mediumi texturei soils.i Soili texturei isi especiallyi importanti ini subi surfacei 

drainagei asi iti hasi ai directi relationshipi whichi hydraulici conductivityi andi 

wateri retentioni (Davidi 1982). 

  



23 | P a g e  
 

4.2i Porosity 

Toi calculatei thei porosityi ofi thei soils,i thei particlei densityi andi thei bulki 

densityi musti bei known.i Particlei densityi (specifici gravity)i isi thei massi peri 

uniti volumei ofi thei soili particle.i Particlei densityi isi sometimesi referredi toi asi 

truei density.i Thei bulki densityi isi thei dryi weighti peri uniti volumei ofi thei soili 

ini itsi fieldi condition.i Thei porosityi isi thei volumei percentagei ofi thei soili ofi thei 

uniti bulki volumei noti occupiedi byi thei solidi particle. 

ni =i (1-i bulki densityi /particlei density)i *100 

Particlei densityi hasi beeni calculatedi usingi multii volumei pycnometer.i 

Multii volumei pycnometeri worki oni thei principlei ofi measurementi ofi skeletali 

volumesi byi observingi thei reductioni ofi gasi capacityi ini thei samplei chamberi 

causedi byi thei presencei ofi thei samplei sincei heliumi ori mosti otheri suitablei 

gassesi penetratei eveni thei smallesti poresi andi surfacei irregularities,i thei 

volumei obtainedi permitsi computationi ofi thei ultimatei theoreticali densityi ofi 

thei solidi comprisingi thei samplei ifi therei arei noi closedi pores. 

Bulki densityi hasi beeni calculatedi usingi geo1360.i Iti calculatesi thei bulki 

volumei andi calculatei thei bulki densityi ofi thei coarsei andi crushedi samplei 

underi ai widei rangei ofi compactioni state. 

4.3i Specifici Gravity 

Thei specifici gravityi ofi anyi substancei isi definedi asi thei ratioi ofi uniti 

weighti ofi thei materiali andi thei uniti weighti ofi thei distilledi wateri ati 4°i C.i thei 

specifici gravityi ofi ai materiali cani bei computedi usingi anyi ratioi ofi weighti ofi 

substancei toi ai weighti ofi wateri ifi equali volumesi arei involved. 

Gs=Ws/Ww 

Where,i Wsi thei weighti ofi thei soili ofi knowni volume,i Wwisi thei weighti 

ofi equali volumei ofi distilledi wateri ati 4°C.thei volumei ofi ai knowni weighti ofi 

soili grainsi cani bei obtainedi byi usingi ai containeri ofi knowni volumei andi thei 
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Archimedesi principlei thati ai bodyi submergedi ini ai volumei ofi wateri willi 

displacei ai volumei ofi wateri equali toi thei volumei ofi thei submergedi body.i  

4.4i Permeability 

Thei permeabilityi isi definedi asi thei propertyi ofi ai material,i whichi 

permitsi thei passagei ori seepagei ofi wateri throughi itsi interconnectedi voids.i 

Gravelsi arei highi permeablei whilei stiffi clayi isi listi permeable.i Thei variousi 

factorsi affectingi permeabilityi includesi graini size,i propertyi ofi porei fluids,i voidi 

ratioi ofi thei soil,i structurali arrangementsi ofi thei soil,i ini trappedi airi andi 

absorbedi wateri ini clayeyi soils. 

Twoi generali laboratoryi methodsi arei availablei fori thei determinationi ofi 

coefficienti ofi permeability,i thesei methodsi arei constanti headi andi fallingi headi 

permeameter.i Bothi methodsi usedi basici Darcy’si law.i Thesei arei explainedi ini 

alli thei standardi classicali texti book.i ICWi permeameteri hasi beeni usedi fori 

thei purposei withi constanti headi andi fallingi headi methods. 

 

Figi 4.1:i Ksati fori determinationi ofi saturatedi hydraulici conductivityi oni 

250i cm³i soili samplesi byi constant-headi andi falling-headi experiments. 
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4.5i Soili Moisturei Characteristic 

4.5.1i  Soili Moisturei Tensioni andi Pfi Values 

Thei moisturei containedi ini thei porei spacei ofi ai soili massi isi subjectedi 

toi thei capillaryi force.i Thisi capillaryi forcei causesi ai negativei soili moisturei 

tension,i whichi isi alsoi calledi suction.i Thei suctioni isi expressedi asi thei heighti 

ofi wateri columni (h)i thati willi risei fromi thei wateri tablei againsti thei forcei ofi 

gravity.i Thisi heighti isi inverselyi proportionali toi thei diameteri ofi pores.i 

Therefore,i h=i 0.3/d.i wherei di isi thei equivalenti porei diameteri ofi ai cylindricali 

porei withi thei samei capillary.i Thei negativei logarithmi ofi soili moisturei tensioni 

ini centimetersi ofi wateri isi usedi toi indicatei thei soili moisturei tension.i Thisi 

negativei logi ofi soili moisturei isi referredi toi asi pF. 

The tension phenomenon described herein occurs in a wide variety of 

porous materials, including sands, clays, agricultural soils and porous rocks. When 

some of the water is removed from a water-saturated porous system, the residual 

water evidently remains physically interconnected, judging from the fact that water 

can be transmitted through the system at reduced water content by suction. The 

removal of water may result in contraction of the system, as in the case of clay, or 

in the entry of air, as in the case of sand. The liquid phase and the solid phase in 

contact with it comprise a closely linked force system. Equilibrium can be 

established between the system at reduced water content and a separate mass of 

water at reduced pressure through a porous membrane in contact with both. The 

equilibrium tension required in the external water phase is considered an attribute 

of the moist, porous, system itself. From this point of view, the tension originates 

through the combined action of the internal forces of the system in a virtual 

displacement of water. It follows from this and from the principle of virtual work that 

the tension is numerically equal to the differential work done by the internal forces 

per unit volume of water absorbed. The movement of water, under tension, through 

porous systems represents a special class of flow phenomena in which 

tensiometers or equivalent devices are required for measuring the hydraulic 

potential. Flow patterns can be determined in much the same way as in systems 
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characterized by positive hydrostatic pressures, but special attention must be paid 

to the Darcy coefficient (the capillary conductivity) which varies with the tension. 

The theoretical conditions for the equilibrium of water in the soil and for emergence 

from the soil have been developed in terms of the tension and certain applications 

have been indicated. The phenomenon referred to in the soil science literature as 

moisture tension has been recognized for almost forty years and has been used 

as a means of explaining the absorption and movement of water in the soil. It is 

closely related to osmotic pressure but its mechanism cannot in general be 

identified with the traditional mechanisms of osmotic pressure. Moisture tension 

has been observed in wet clay soils and in other finely divided porous systems 

contai,fing interstitial water, but the phenomenon is not confined to colloidal 

systems, since moist sand and moist porous rock, such as pumice, show similar 

effects. 

 

4.5.2i Fieldi Capacity 

Thei moisturei ori wateri presenti ini ai saturatedi soili cani draini out,i thei 

wateri quicklyi leavesi thei soili viai largesti poresi andi airi isi pulledi intoi thei soil.i 

Thisi movementi ofi wateri isi mainlyi duei toi thei gravitationali potentiali 

difference.i Wheni thei rapidlyi runningi wateri ini thei unsaturatedi soili ceasesi toi 

movei theni thei soili isi calledi ati fieldi capacity.i Fieldi capacityi occursi wheni soili 

retainsi thei maximumi amounti ofi wateri withi littlei ori noi furtheri lossi ofi wateri 

byi drainagei ori lossi ofi gravitationali water.i Ai soili wateri matrixi potentiali ofi 

abouti -1/3i barsi hasi beeni foundi toi correspondi toi thei fieldi capacity.i Ai bari isi 

equali toi 1020i cmi ofi wateri columni ori 1020i gm/cm2. 
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4.5.3Wiltingi Point  

Asi soili becomesi drier,i thei conductivityi rapidlyi decreasesi andi 

movementi andi uptakei ofi wateri becomesi slower.i Therefore,i ifi noi addedi 

wateri isi addedi toi thei soil,i thei planti willi absorbi wateri sloweri thani wateri isi 

losti byi transpiration.i Thus,i wateri deficiti developsi ini thei plant.i Thisi pointi isi 

calledi wiltingi point. 

4.5.4i Availablei Water 

Thei wateri presenti ini thei soilsi betweeni fieldi capacityi andi wiltingi pointi 

isi knowni asi availablei water.i Iti isi generallyi consideredi toi bei matrixi potentiali 

ini thei rangei ofi -0.33i toi -15.0i bars.i i i i  

4.5.5i Effecti ofi Texturei oni Availablei Wateri  

Thei capacityi ofi soili toi holdi wateri isi relatedi toi surfacei areai asi welli 

asi porei spacei volume.i Hence,i wateri holdingi capacityi isi relatedi toi bothi 

structurei andi texturei ofi thei soil.i ini general,i finei texturedi soilsi havei thei 

maximumi totali wateri holdingi capacity.i severali researchersi havei indicatedi 

thati availablei wateri ini manyi soilsi isi closelyi correlatedi withi contenti toi soili 

andi veryi finei sand.i Iti isi welli knowni thati sandyi soilsi arei droughtyi thani 

clayeyi soils,i becausei finei –texturedi soilsi cani retaini morei availablei water.i 

also,i therei isi ai differencei ini thei soili ofi soil-moisturei characteristicsi curvesi 

ofi sandi andi clay.i thei flatnessi ofi thei curvei fori finei sandyi loami ati wateri 

matrixi potentiali isi lessi thani -4.0i barsi whichi meansi thati mosti ofi thei 

availablei wateri ini thei sandyi soilsi havei ai highi potential.i therefore,i plantsi cani 

readilyi usei thisi wateri ini sandyi soils.i Sincei ini clayi ori clayi loami soilsi thei 

wateri isi availablei ati loweri potentiali thereforei iti cani bei rapidlyi usedi byi thei 

plants. 

Soili moisturei characteristics,i alsoi calledi soili moisturei retentioni curves,i 

arei thei plotsi ofi moisturei contenti versusi head.i Iti showsi thei amounti ofi 

moisturei ini eachi soili heldi ati variousi tensions.i thei moisturei characteristicsi 
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curvei ofi ai soili samplei cani generallyi bei determinedi byi equilibratingi ai soili 

samplei ati ai successioni ofi knowni tensioni valuei andi eachi timei determiningi 

thei amounti moisture.i thei graphi isi plottedi betweeni thei tensioni andi 

correspondingi soili moisturei valuei toi obtaini thei soili moisturei characteristicsi 

curve.i differenti soili typei givesi differenti characteristicsi curves. 

Pressurei platei apparatusi isi ai standardi methodi fori obtainingi thei soili 

moisturei characteristicsi curvei .iti consistsi ofi ai pressurei chamberi ini whichi ai 

saturatedi soili samplei (eitheri disturbi ori undisturbed)i isi placedi oni ai porousi 

ceramici platei throughi whichi thei soili solutioni passesi buti noi soili particlei ori 

airi cani passi easily.i thei soili solution,i whichi passesi throughi thei membranesi 

ini contacti withi atmospherici pressure.i asi sooni asi thei airi pressurei insidei thei 

chambersi arei raisedi abovei thei atmospherici iti takesi excessi wateri fromi thei 

soili andi flowi outi ofi thei chamberi throughi thei membranei outlet.i Soili wateri 

willi flowi outi fromi thei soili samplei untili thei metrici potentiali ofi thei unsaturatedi 

flowi isi samei asi thei appliedi airi pressure.i thei airi pressurei isi then,i releasedi 

andi thei moisturei contenti ofi thei soili isi gravimetricallyi determinedi fori thati 

tension.i wheni airi pressurei ini thei chamberi isi increasedi flowi ofi wateri fromi 

thei samplesi startsi againi andi continuei untili ai newi equilibriumi isi reached.i 

thei samei procedurei isi repeatedi ati variousi pressures,i thei pairi ofi pressurei 

andi moisturei contenti datai soi obtainedi isi usedi toi constructi thei soili moisturei 

characteristicsi curves.i soili moisturei characteristicsi curvesi arei helpfuli toi knowi 

thei amounti ofi wateri thati isi availablei toi plants,i thei wateri whichi isi toi bei 

takeni upi byi thei soili beforei percolationi starts,i andi thei quantityi ofi wateri thati 

shouldi bei usedi fori irrigation.i  

Ai soili wateri matrixi potentiali ofi abouti -1/3i barsi hasi beeni foundi 

correspondi toi thei fieldi capacity,i wherei asi ai soili wateri matrixi potentiali ofi 

abouti -15i barsi hasi beeni foundi toi correspondi toi wilti pointi (Henry,i 1984).i 

Thei wateri presenti ini thei soili betweeni fieldi capacityi andi wiltingi pointi isi 

knowni asi availablei wateri .iti isi generallyi consideredi toi bei matrixi potentiali ini 

thei rangei ofi -0.3i toi -15.0i bars. 
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Figi 4.2:i Pressurei Platei Apparatus 
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Chapteri 5 

Procedurei andi Datai collection 

5.1i Soili Sampling 

Thei studyi areai fig.1,i wasi selectedi fori thei determinationi ofi 

hydrologicali soili propertyi ofi thei studyi region.i thisi figurei showsi thei roadi 

network,i villages,i andi canalsi networki ofi thei area.i figurei 2i presentsi thei 

locationsi ofi thei soili samplingi sites.i thesei sitesi werei tentativelyi choseni ini 

suchi ai wayi thati differenti typesi ofi soilsi foundi ini thei areai arei coveredi andi 

thei sitesi arei easilyi approachablei andi arei welli disturbedi alli overi thei studyi 

area.i totali sixi sitesi selectedi arei P1,i P2,i P3,i P4,i P5,i P6i asi locatedi oni thei 

mapi andi iti cani bei seeni ini Figi 2.i i Disturbedi andi undisturbedi soili samplei 

werei collectedi fromi thesei sitesi andi alongi differenti depths.i disturbedi soili 

samplei werei collectedi fromi particlei sizei analysis,i n,i Gsi andi soili wateri 

characteristics.i thei undisturbedi soili samplei werei collectedi toi measurei thei 

Ksati ini thei laboratoryi throughi ICWi permeameter.i figurei 3i andi figurei 4i 

presentsi thei photographsi asi thei timei ofi collectingi disturbedi andi undisturbedi 

soili samplei respectivelyi fromi thei studyi area. 

Soili Sampling: 

sixi locationsi werei selectedi withini thei Patnai towni fori thei soili samplingi andi 

laboratoryi testsi werei conducti oni thesei soili samplesi toi findi outi theiri 

properties.i Thei locationsi are: 

1) NIT,i Patna(P1) 

2) BIT,i Patnai (P2) 

3) Gandhii Maidan,i Patnai (P3) 
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4) NIHi Patnai walmii complexi (P4) 

5) Akui campusi (P5) 

6) Patnai cityi (Saheb)i (P6) 

5.2i Soili Moisture 

Iti isi definedi asi thei ratioi ofi weighti ofi wateri toi thei weighti ofi solidsi ini eachi 

massi ofi soil.i Soili moisturei isi alsoi sometimesi calledi asi Wateri content. 

i w=i (Ww/Wd)i ×100 

Iti isi usuallyi expressedi ini %i form.i Thei wateri contenti mayi bei eitheri byi 

volumei ori byi mass.i Manyi differenti methodsi arei adoptedi fori determiningi 

wateri contenti withini thei soili whichi includei laboratoryi methodsi ori fieldi 

methods.i Thesei methodsi includei Sandi bathi method,i Oveni Dryingi method,i 

Alcoholi method,i co2i method,i Pycnometeri method,i Radiationi method,i TDRi 

etc.i amongi thesei thei oldesti andi mosti accuratei methodsi arei Oveni dryi 

methodi whichi isi beingi usedi ini thisi paper. 

Stepsi involvedi ini Oveni dryi methodi fori determiningi soili wateri content:i - 

1) Ai containeri isi takeni andi thei massi withi thei lidi isi notedi down,i notei 

downi thati iti shouldi bei cleani andi non-corrodible. 

2) 20-30i gi ofi thei soili samplei isi kepti insidei thei containeri andi thei massi 

isi takeni usingi ai balancei whichi isi accuratei toi 0.01i g. 

3) Nowi thisi samplei isi kepti ini thermostaticallyi controlledi oveni andi 1050c-

i 1100ci temperaturei isi maintainedi fori 24i hours. 

4) Afteri 24i hoursi samplei isi takeni outi fromi thei oveni andi againi iti isi 

weighed. 

5) Nowi thei ratioi ofi massi ofi wateri toi thei massi ofi dryi soili isi foundi out.i 

Andi expressedi asi %i toi geti thei wateri contenti ofi soil. 

 



32 | P a g e  
 

 

WATERI CONTENT,i w=i {(A2-A1)/(A3-A1)}i ×100 

Herei  

i A1=i massi ofi containeri withi lidi ini g 

A2=i massi ofi containeri withi lidi andi weti soili ini g 

A3=i massi ofi containeri withi lidi andi dryi soili ini gi  
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Location:i i NITi PATNAi  

Tablei 5.1:i WATERi CONTENT 

Massi ofi weti soil+containeri (gm) 14 

Massi ofi dryi soil+containeri (gm) 12.5 

Massi ofi container(gm) 6.5 

Massi ofi wateri (gm) 1.5 

Massi ofi dryi soili (gm) 6 

wateri contenti (%) 25 

 

Location:i BITi PATNA 

Tablei 5.2:i WATERi CONTENT 

massi ofi weti soil+containeri (gm) 25 

massi ofi dryi soil+containeri (gm) 23 

massi ofi container(gm) 8 

massi ofi wateri (gm) 2 

massi ofi dryi soili (gm) 15 

wateri contenti (%) 13.33 

 

Location:i GHANDIi MAIDANi PATNA 

Tablei 5.3:i WATERi CONTENT 

massi ofi weti soil+containeri (gm) 16 

massi ofi dryi soil+containeri (gm) 14 

massi ofi container(gm) 8 

massi ofi wateri (gm) 2 

massi ofi dryi soili (gm) 6 

wateri contenti (%) 33.33 
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Location:i NIHi PATNAi (WALMIi COMPLEX) 

Tablei 5.4:i WATERi CONTENT 

massi ofi weti soil+containeri (gm) 16 

massi ofi dryi soil+containeri (gm) 14 

massi ofi container(gm) 8 

massi ofi wateri (gm) 2 

massi ofi dryi soili (gm) 6 

wateri contenti (%) 33.33 

 

Location:i AKUi CAMPUS 

Tablei 5.5:i WATERi CONTENT 

massi ofi weti soil+containeri (gm) 25 

massi ofi dryi soil+containeri (gm) 23 

massi ofi container(gm) 8 

massi ofi wateri (gm) 2 

massi ofi dryi soili (gm) 15 

wateri contenti (%) 13.33 

 

 

Location:i PATNAi SAHEBi  

Tablei 5.6:i WATERi CONTENT 

massi ofi weti soil+containeri (gm) 27 

massi ofi dryi soil+containeri (gm) 25 

massi ofi container(gm) 10 

massi ofi wateri (gm) 2 

massi ofi dryi soili (gm) 15 

wateri contenti (%) 13.33 
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d5.3.i Graini Sizei Analysisi  

i 1.i Oveni driedi soili samplei weighingi 500gmi wasi takeni andi soakedi withi 

wateri fori 24i hours. 

2.i Thisi soili samplei wasi washedi throughi sievei noi 200(75i –i microni sieve).i 

Washingi wasi carriedi outi carefully. 

3.i Toi groupsi ofi soil,i onei passingi throughi thei sievei no.i 200i i.e.,i -75i micronsi 

(calledi asi finei particles)i andi anotheri retainedi oni thei sievei noi 200i i.e.,i +75i 

micronsi (calledi coarsei particles)i werei collectedi separately. 

4.i Bothi thei fractionsi ofi soili werei thani oveni dried.i Thei groupi retainedi oni 

sievei i.e.,i +75i micronsi werei subjectedi toi sievei analysisi andi thei groupi 

passingi throughi thei sievei i.e.,i -75micronsi wasi subjectedi toi masteri sizeri 

analysis. 

5.3.1i Mechanicali Sievei Analysisi  

1i oveni driedi soili samplei retainedi oni sievei no.i 200i werei takeni fori thei sievei 

analysis. 

2.i Thei soili samplei wasi sievedi throughi ai seti ofi sievesi i.e.i 4,i 10,i 14,i 20,i 

40,i 60,i 70,i 700i sievesi no.i Thei sievingi wasi performedi withi mechanicali sievei 

shakeri fori 10i toi 15i minutes. 

3.i Thei stacki ofi sievei wasi removedi fromi sievei shakeri andi weighti ofi materiali 

retainedi oni eachi sievei wasi calculated.i Thei percentagei ofi totali soili samplei 

retainedi oni eachi sievei wasi alsoi calculated. 

4.i Thei percentagei ofi weighti passingi throughi eachi sievei wasi calculated.i Thei 

calculationi wasi withi 100i percenti andi subtractingi thei percentagei retainedi oni 

eachi sievei asi ai cumulativei procedurei asi giveni byi  

Percentagei passingi =i percentagei arrivingi –i percentagei retained 
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5.i Ai ploti ofi graini sizei versusi percenti passingi wasi plottedi oni semii 

logarithmici scale. 

5.4i graini sizei analysisi  

1.i Oveni driedi soili samplei weighingi 500gmi wasi takeni andi sockedi withi wateri 

fori 24i hours. 

2.i Thei soili samplei wasi washedi throughi sievei noi 200i (75-microni sieve).i 

Washingi wasi carriedi outi carefully. 

3.i Twoi groupsi ofi soil,i onei passingi throughi thei sievei no,i 200i i.e.i -75i 

micronsi (calledi asi finei particles)i andi anotheri retainedi oni thei sievei no.i 200i 

i.e.i +75i micronsi (calledi coarsei particles)i werei collectedi separately. 

4.bothi thei fractionsi ofi soili werei thani oveni dried.i Thei groupi retainedi oni 

sievei i.e.i +75i micronsi wasi subjectedi toi sievei analysisi andi thei groupi 

passingi throughi thei sievei i.e.i -75i micronsi wasi subjectedi masteri sizeri 

analysis. 

5.4.1i mechanicali sievei analysis 

1.i Oveni driedi soili samplei retainedi oni sievei werei takeni fori thei sievei analysis 

2.i Thei soili samplei werei sievedi throughi ai seti ofi sieves.i Thei sievingi wasi 

performedi withi mechanicali sievei shakeri fori 10i toi 15i minutes. 

3.i Thei stacki ofi sievei wasi removedi fromi sievei shakeri andi weighti ofi materiali 

retainedi oni eachi sievei wasi calculated.i Thei percentagei ofi totali soili samplei 

retainedi oni eachi sievei wasi alsoi calculated. 

4.i Thei %i ofi weighti passingi throughi eachi sievei wasi calculated.i Thei 

calculationi wasi startedi withi 100i percenti andi subtractingi thei percentagei 

retainedi oni eachi sievei asi ai cumulativei procedurei asi giveni byi  
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5.i %i passing=i %arrivingi -%retained 

6.i Ai ploti ofi graini sizei versusi percenti passingi wasi plottedi oni semii logi scale 
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Location:i NITi PATNA 

Tablei 5.7:i Mechanicali Sievei analysisi fori sandi i.e.i particlei sizei greateri 

thani 75i microns 

sievei size 

mass.i ofi 

sieve+soil

i (gm) 

massi ofi 

sievei 

(gm) 

Amounti 

ofi soili 

retainedi 

ini gram 

%i 

retained 

cumulativ

ei %i 

retention 

%i 

Passingi 

4.751mm 4021 3921 101 41 41 961 

2.361mm 4021 3961 61 31 71 931 

1.181mm 4081 4021 61 31 101 901 

6001µ 3431 3421 11 0.51 10.51 90.51 

3001µ 222.51 2141 8.51 4.251 14.751 85.251 

1501µ 4881 480v 81 41 18.571 81.251 

751µ 2551 254.51 0.51 0.251 191 811 

pan 
  

1601 801 1001 01 
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Location:i BITi PATNA 

Tablei 5.8:i Mechanicali Sievei analysisi fori sandi i.e.i particlei sizei greateri 

thani 75i microns 

sievei size 

mass.i ofi 

sieve+soil

i (gm) 

massi ofi 

sievei 

(gm) 

Amounti 

ofi soili 

retainedi 

ini gm 

%i 

retained 

cumulativ

ei %i 

retention 

%i 

Passing 

4.751 mm 458.51 457.51 11 0.51 2.51 97.51 

2.361mm 4141 412.51 1.51 0.751 3.251 96.751 

1.181mm 4031 4021 11 0.51 4.751 95.251 

6001µ 3431 3401 31 1.51 625v 94.751 

3001µ 3501 3381 121 61 11.251 88.751 

1501µ 3921 376v 161 8v 19.251 80.75v 

751µ 3051 298v 7v 3.51 21.75v 77.251 

pan1 
  

158.5v 79.251 1001 01 
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Location:i GHANDHIi MAIDANi PATNA 

Tablei 5.9:i Mechanicali Sievei analysisi fori sandi i.e.i particlei sizei greateri 

thani 75i microns 

sievei 

size 

mass.i ofi 

sieve+soil

i (gm) 

Massi ofi 

sievei 

(gm) 

Amounti 

ofi soili 

retainedi 

ini gm 

%i 

retained 

cumulativ

ei %i 

retention 

%i 

Passing 

4.75i 

1mm 4581 457.51 0.51 0.251 3.251 96.751 

2.361mm 4131 412.51 0.51 0.251 3.51 96.51 

1.181mm 4031 4021 11 0.51 41 961 

6001µ 3411 3401 11 0.51 4.51 95.51 

3001µ 3401 3381 21 11 5.51 94.51 

1501µ 3811 3761 51 2.51 91 911 

751µ 3021 2981 41 21 111 891 

pan1 
  

1861 931 1001 01 

 

 

 

 

 

 

 

 



41 | P a g e  
 

Location:i NIHi PATNAi (WALMIi COMPLEX)  

Tablei 5.10:i Mechanicali Sievei analysisi fori sandi i.e.i particlei sizei greateri 

thani 75i microns 

 

sievei size 

mass.i ofi 

sieve+soili 

(gm) 

massi ofi 

sievei 

(gm) 

Amounti 

ofi soili 

retainedi 

ini gm 

%i 

retained 

cumulativ

ei %i 

retention 

%i 

Passing 

4.75i 

1mm 4581 457.51 0.51 0.251 0.251 94.751 

2.361mm 4131 412.51 0.51 0.251 0.51 94.51 

1.181mm 4031 4021 11 0.51 11 941 

6001µ 3411 3401 11 0.51 1.51 93.51 

3001µ 3401 3381 21 11 2.51 97.51 

1501µ 3811 3761 51 2.51 51 901 

751µ 3021 2981 41 21 71 881 

pan1 i  i  1861 931 1001 01 
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Location:i AKUi CAMPUS  

Tablei 5.11:i Mechanicali Sievei analysisi fori sandi i.e.i particlei sizei greateri 

thani 75i microns 

sievei 

size 

mass.i ofi 

sieve+soil

i (gm) 

massi ofi 

sievei 

(gm) 

Amounti 

ofi soili 

retainedi 

ini gm 

%i 

retained 

cumulativ

ei %i 

retention 

%i 

Passing 

4.751mm 458.51 457.51 11 0.51 0.51 97.51 

2.361mm 4141 412.51 1.51 0.751 1.251 96.751 

1.181mm 4031 4021 11 0.51 1.751 96.251 

6001µ 3431 3401 31 1.51 3.251 94.751 

3001µ 3501 3381 121 61 9.251 88.751 

1501µ 3921 3761 161 81 17.251 80.751 

751µ 3051 2981 71 3.51 20.751 77.251 

pan1 
  

158.51 79.251 1001 01 
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Location:i PATNAi SAHEB  

Tablei 5.12:i Mechanicali Sievei analysisi fori sandi i.e.i particlei sizei greateri 

thani 75i microns 

sievei 

size 

mass.i ofi 

sieve+soil

i (gm) 

Massi 

ofi 

sievei 

(gm) 

Amounti 

ofi soili 

retained

i ini gm 

%i 

retaine

d 

cumulative

i %i 

retention %i Passing 

4.751m

m 3921 3921 01 01 0.51 99.51 

2.361m

m 3961 3961 01 01 1.51 98.51 

1.181m

m 4031 4021 11 0.51 2.51 97.51 

6001µ 3441 3421 21 11 51 951 

3001µ 2161 2141 21 11 11.251 88.751 

1501µ 4851 4801 51 2.51 i  70.631 

751µ 2671 

254.5

1 12.51 6.251 11.251 68.981 

pan1 i  i  177.51 88.751 1001 01 
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5.5i Specifici Gravity 

Thei S.Gi ofi soili samplei cani bei calculatedi byi obtainingi thei valuei ofi thei 

knowni massi ofi soili grainsi andi dividingi thisi byi thei massi ofi thei samei valuei 

ofi distilledi water.i thei valuei ofi ai knowni massi ofi soili grainsi cani bei obtainedi 

byi usingi ai containeri ofi knowni volume.i procedurei isi asi follows: 

1.i massi ofi oveni dryi soili samplei hasi beeni taken; 

2.i oveni dryi soili ofi knowni massi hasi beeni kepti ini knowni volumei ofi container; 

3.i knowni volumei ofi distilledi wateri hasi beeni addedi ini thei container,i suchi 

thati soili isi completelyi saturatedi andi wateri leveli shouldi reachi upi toi leveli 

markedi fori thei knowni volume; 

4.i volumei ofi soili graini hasi beeni calculatedi byi subtractingi thei volumei ofi 

addedi distilledi wateri fromi thei volumei ofi thei container; 

5.i massi ofi samei volumei ofi distilledi wateri hasi beeni taken; 

6.i thei specifici gravityi hasi beeni calculatedi byi dividingi massi ofi thei soili grainsi 

byi thei massi ofi thei samei volumei ofi distilledi wateri ati 4ºi C. 
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Location:i NITi PATNA 

Tablei 5.13:i Specifici gravityi usingi densityi bottlei method 

massi ofi densityi bottlei (gram)i A1 12.5 

massi ofi densityi bottlei withi dryi soili (gram)i A2 28 

massi ofi densityi bottlei withi dryi soili andi wateri (gram)i 

A3 73.5 

massi ofi bottlei withi onlyi wateri A4 65 

massi ofi dryi soili (A2-i A1) 15 

massi ofi ani equali volumei ofi wateri {(A2-A1)i -(A3-A4)} 7 

specifici gravityi [i {(A2-A1)i -(A3-A4)}/i (A2-i A1)] 2.21428 

 

 

Location:i BITi PATNA 

Tablei 5.14:i Specifici gravityi usingi densityi bottlei method 

massi ofi densityi bottlei (gram)i A1 12.5 

massi ofi densityi bottlei withi dryi soili (gram)i A2 28.5 

massi ofi densityi bottlei withi dryi soili andi wateri (gram)i 

A3 68 

massi ofi bottlei withi onlyi wateri A4 63 

massi ofi dryi soili (A2-i A1) 16 

massi ofi ani equali volumei ofi wateri {(A2-A1)i -(A3-A4)} 6 

specifici gravityi [(A2-i A1)/i {(A2-A1)i -(A3-A4)}] 2.666666667 
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Location:i GHANDHIi MAIDANi PATNA 

Tablei 5.15:i Specifici gravityi usingi densityi bottlei method 

massi ofi densityi bottlei withi dryi soili (gram)i A2 25 

massi ofi densityi bottlei withi dryi soili andi wateri (gram)i 

A3 69.5 

massi ofi bottlei withi onlyi wateri A4 63 

massi ofi dryi soili (A2-i A1) 12.5 

massi ofi ani equali volumei ofi wateri {(A2-A1)i -(A3-A4)} 6 

specifici gravityi [(A2-i A1)/i {(A2-A1)i -(A3-A4)}] 2.083333333 

 

Location:i NIHi PATNAi (WALMIi COMPLEX) 

Tablei 5.16:i Specifici gravityi usingi densityi bottlei method 

massi ofi densityi bottlei withi dryi soili (gram)i A2 25 

massi ofi densityi bottlei withi dryi soili andi wateri (gram)i 

A3 69.5 

massi ofi bottlei withi onlyi wateri A4 63 

massi ofi dryi soili (A2-i A1) 12.5 

massi ofi ani equali volumei ofi wateri {(A2-A1)i -(A3-A4)} 6 

specifici gravityi [(A2-i A1)/i {(A2-A1)i -(A3-A4)}] 2.083333333 
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Location:i AKUi CAMPUS 

Tablei 5.17:i Specifici gravityi usingi densityi bottlei method 

massi ofi densityi bottlei (gram)i A1 12.5 

massi ofi densityi bottlei withi dryi soili (gram)i A2 28.5 

massi ofi densityi bottlei withi dryi soili andi wateri (gram)i 

A3 68 

massi ofi bottlei withi onlyi wateri A4 63 

massi ofi dryi soili (A2-i A1) 16 

massi ofi ani equali volumei ofi wateri {(A2-A1)i -(A3-A4)} 6 

specifici gravityi [(A2-i A1)/i {(A2-A1)i -(A3-A4)}] 2.666666667 

 

Location:i PATNAi SAHEB 

Tablei 5.18:i Specifici gravityi usingi densityi bottlei method 

massi ofi densityi bottlei (gram)i A1 12.5 

massi ofi densityi bottlei withi dryi soili (gram)i A2 30 

massi ofi densityi bottlei withi dryi soili andi wateri (gram)i 

A3 76 

massi ofi bottlei withi onlyi wateri A4 65 

massi ofi dryi soili (A2-i A1) 17.5 

massi ofi ani equali volumei ofi wateri {(A2-A1)i -(A3-A4)} 6.5 

specifici gravityi [(A2-i A1)/i {(A2-A1)i -(A3-A4)}] 2.692307692 
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Figi 5.1:i i Texturali classificationi ofi soili basedi oni %i ofi sand,i silti andi 

clay 

5.6i Hydrometeri analysis:i - 

Thei distributioni ofi particlei sizesi expressedi asi ai percenti ofi thei totali dryi 

massi isi calledi Soili gradationi ori sievei analysis.i Ini thisi procedurei thei %i ofi 

sand,i silti andi clayi ini thei inorganici fractioni ofi soili isi measured.i Thisi methodi 

isi basedi oni Stoke’si lawi governingi thei ratei ofi sedimentationi ofi particlesi 

suspendedi ini water. 
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Weti Sieving:i i Ai weti sievei analysisi isi requiredi Ifi thei soili containsi ai 

substantiali quantityi (morei thani 12%)i ofi finei particles.i Alli lumpsi arei brokeni 

intoi individuali particles. 

1. i Ai 75-microni sievei isi usedi throughi whichi thei soili isi passed.i Thei soili 

passedi isi collectedi afteri weti sievingi andi driedi ini oveni ati 105-1100c. 

2. Afteri removingi solublei saltsi andi organici matteri ifi any,i abouti 50i gi ofi 

thei oveni dryi soili samplei isi taken. 

3. Thei soili isi theni mixedi withi preparedi solution,i thei solutioni actsi asi thei 

dispersingi medium,i thei solutioni isi ofi sodiumi hexi metaphosphate(33g)i 

andi sodiumi carbonate(7g)i ini 1000mli distilledi wateri i  

4. Thei solutioni isi stirredi welli usingi mechanicali spooni ori usingi anyi 

mechanicali processi stirring. 

5. Thei readingsi arei recordedi fromi thei hydrometeri ati regulari intervalsi asi 

indicatedi ini thei datai sheet.i Fromi thei datai obtainedi thei particlei sizei 

distributioni curvei isi plottedi ini thei semi-logarithmici graphi sheeti alongi 

withi thei dryi sievei analysisi results. 

Correctioni appliedi toi hydrometeri reading 

Meniscusi Correctioni (Cm):i i Thei suspensioni isi opaque,i soi thei readingsi willi 

bei takeni ati thei topi ofi thei meniscus,i buti iti shouldi bei fromi thei bottomi ofi 

thei meniscus.i Iti isi constanti fori ai hydrometeri (Alwaysi positive). 

Temperaturei Correctioni (Ct):i Thei correctioni isi negativei Ifi thei temperaturei isi 

lessi thani 270c,i Temperaturei shouldi bei measuredi fromi startingi tilli endi ofi thei 

testsi ati regulari intervalsi andi arei averaged.i Theni iti isi comparedi withi thei 

standardi temperaturei (270c). 

Dispersioni Agenti Correctioni (Cd):i Additioni ofi dispersingi agenti whichi isi 

sodiumi hexi metaphosphate(33g)i +i sodiumi carbonate(7g)i alwaysi increasesi 
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thei specifici gravityi ofi thei specimen.i Hence,i thisi correctioni isi alwaysi 

negative.
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5.7i Porosityi  

Porosityi hasi beeni calculatedi usingi thei Multii volumei Pycnometeri andi 

GeoPyci 1360.i Thisi isi advancedi equipment,i whichi calculatei thei particlei 

densityi andi bulki densityi respectivelyi andi finallyi %i porosity 

5.8i Permeabilityi  

Thei permeabilityi isi determinedi ini thei laboratoryi usingi ICWi 

Permeameteri withi bothi thei methodi constanti headi andi fallingi head.i 

Proceduresi arei asi follows:i  

1.i Undisturbedi soili samplesi havei beeni collectedi fromi thei fieldi usingi corei 

cutteri (samplingi set). 

2.i Collectedi soili samplei ofi permemetermouldi havei beeni saturatedi 

completelyi fori 24i hours. 

3.i Permemametermouldi havei beeni kepti ini thei bottomi tanki andi filledi thei 

bottomi tanki withi wateri upi toi itsi outlet.i  

4.i Wateri inleti nozzlei ofi thei mouldi hasi beeni connectedi toi thei standi pipei 

filledi withi wateri hasi beeni permittedi toi flowi fori somei timei tilli steadyi statei 

ofi thei flowi isi reached. 

5.i Thei requiredi timei intervali fori thei wateri leveli ini thei standi pipei toi falli fromi 

somei convenienti initiali valuei toi somei finali valuei hasi beeni notedi withi thei 

helpi ofi thei stopi watch. 

6.i Stepsi 1to5i havei beeni repeatedi andi thei timei fori thei wateri leveli ini thei 

standi pipei toi dropi fromi thei samei initiali headi toi thei samei finali valuei hasi 

beeni determined. 

7.i Byi usingi thei formulai giveni ini alli classicali texti book,i thei coefficienti ofi 

permeabilityi hasi beeni calculated. 
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Thei studyi areai asi showni ini figi wasi selectedi fori thei estimationi ofi 

characteristicsi equations.i therei arei 6i locationsi fromi wherei 24i soili samplesi 

ati differenti depthsi havei beeni collectedi (3i samplesi fromi eachi locations).i Figi 

2i showsi thei locationsi ofi thei soili samplingi site.i thesei sitesi werei tentativelyi 

choseni ini suchi ai wayi thati differenti typesi ofi soilsi foundi ini thei areai werei 

coveredi andi thei sitesi werei easilyi approachablei andi wherei welli distributedi 

alli overi thei studyi area.i collectedi soili samplesi havei beeni usedi fori thei 

analysisi ofi graini sizei distributioni andi soili characteristici curve.i measurementi 

ofi fieldi saturatedi hydraulici conductivityi wasi alsoi carriedi outi ati alli sitesi byi 

Guelphi permeameter.i  

5.9i Soili Moisturei Characteristics 

Justi afteri dyingi thei soili samplesi werei prepared,i lighti hammeringi isi 

donei andi isi passedi throughi 2.0i mmi sieve.i Thei passingi soilsi fromi 2.0i mmi 

sievei werei usedi fori determiningi soili moisturei characteristicsi byi applyingi 

0.10,i 1.00,i 3.3.,i 5.00,i 10.00,i 15.00i barsi pressurei respectively. 

i Pressurei platei apparatusi i.e.i soili moisturei corporationi co.i USAi wasi 

usedi toi testi thei soili moisturei retentioni behaviori ofi thei soili samples.i Eachi 

ofi thesei samples,i werei testedi againsti 0.10,i 0.33,i 0.50,i andi 1.0i bars,i byi 

onei bari pressurei plate.i Whereasi 3i bars,i byi 3i bari platesi andi 5i bars,i byi 4i 

bari platesi asi welli asi 10i barsi andi 15i barsi withi 15i bari pressurei platei 

followingi procedurei werei followedi ini thei experiment. 

1.i Firstlyi alli thei pressurei platesi arei saturatedi andi theni preparedi soili samplei 

placedi oni platei ini threei separatei ringsi andi soakedi withi wateri fori completei 

saturation.i  

2.i Saturatedi platesi containingi soili samplei werei kepti ini pressurei chambersi 

andi appliedi desiredi pressurei tilli iti reachedi equilibrium. 
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3.i Alli thei Samplei werei takeni outi fromi thei pressurei chambers.i Iti isi theni 

weightedi oni thei highi precisioni microbalancei toi recordi thei moisti massi ofi thei 

samples. 

4.i Thei weighedi samplesi placedi ini thei oveni ati 105Ci -110Ci tilli massi becomei 

constanti oni drying.i Thei dryi massi isi recordedi byi weighingi andi soili moisturei 

andi soili moisturei byi massi wasi determinedi fromi thei moisti andi dryi massi ofi 

thei sample. 

i Soili moisturei measurementi fori alli soili samplesi ofi 6i sitei ati differenti depthi 

werei carriedi outi andi resultsi arei giveni ini thei tablei 5.i Soili moisturei retentioni 

curvesi arei alsoi plottedi andi arei showni ini figi 26i toi 29i respectively.i  

Thei studyi areai asi showni ini figi wasi selectedi fori thei estimationi ofi 

characteristicsi equations.i therei arei 6i locationsi fromi wherei 24i soili samplesi 

ati differenti depthsi havei beeni collectedi (3i samplesi fromi eachi locations).i Figi 

2i showsi thei locationsi ofi thei soili samplingi site.i thesei sitesi werei tentativelyi 

choseni ini suchi ai wayi thati differenti typesi ofi soilsi foundi ini thei areai werei 

coveredi andi thei sitesi werei easilyi approachablei andi wherei welli distributedi 

alli overi thei studyi area.i Collectedi soili samplesi havei beeni usedi fori thei 

analysisi ofi graini sizei distributioni andi soili characteristicsi curve.i Measurementi 

ofi fieldi saturatedi hydraulici conductivityi werei alsoi carriedi outi ati alli sitesi byi 

Guelphi permeameter. 

 

.i  
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Location:i NITi Patna 

Tablei 5.19:i Moisturei contenti ofi soili ati differenti pressuresi ati sitei P1 

Pressure

i (ini Bar) 

massi 

ofi 

soil+i 

Wateri 

(ini gm) 

Dryi 

massi 

(ini gm) 

massi ofi 

Container

i (ini gm) 

massi 

ofi 

Wateri 

(ini gm) 

massi 

ofi Dryi 

soili (ini 

gm) 

wateri 

Contenti 

(ini %) 

Volumetric

i wateri 

contenti 

(ini %) 

0 45.479 37.859 7.135 7.6199 30.724 24.8013 31.00142 

0.33 76.55 73.55 44.85 3 28.7 10.4526 13.0662 

1 68.412 64.789 43.55 3.623 21.239 17.0584 21.3228 

5 81.656 78.985 51.489 2.6701 27.495 9.71037 12.13792 

10 77.88 75.889 54.33 1.991 21.559 9.23512 11.5439 

15 93.456 91.589 53.112 1.867 38.477 4.85229 6.065312 

 

 

Location:i BITi Patna 

Tablei 5.20:i Moisturei contenti ofi soili ati differenti pressuresi ati sitei P2 

Pressurei 

(ini Bar) 

massi 

ofi 

soil+i 

Wateri 

(ini gm) 

Dryi 

massi 

(ini gm) 

massi ofi 

Containeri 

(ini gm) 

massi 

ofi 

Wateri 

(ini gm) 

massi 

ofi Dryi 

soili (ini 

gm) 

wateri 

Contenti 

(ini %) 

Volumetrici 

wateri 

contenti 

(ini %) 

0 49.365 37.847 6.8975 11.5153 30.952 37.2039 50.22472 

0.33 76.749 73.843 45.741 2.906 28.102 10.3409 13.96022 

1 68.459 65.894 45.8971 2.5615 20.003 12.8071 17.28987 

5 81.986 78.985 51.518 2.9991 27.465 10.9182 14.73974 

10 78.487 76.897 50.147 1.59 26.75 5.94395 8.024299 

15 93.874 92.164 50.796 1.7086 41.364 4.13016 5.575643 
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Location:i GHANDHIi MAIDANi Patna 

Tablei 5.21:i Moisturei contenti ofi soili ati differenti pressuresi ati sitei P3 

Pressurei 

(ini Bar) 

massi 

ofi 

soil+i 

Wateri 

(ini gm) 

Dryi 

massi 

(ini gm) 

massi ofi 

Containeri 

(ini gm) 

massi 

ofi 

Wateri 

(ini gm) 

massi 

ofi Dryi 

soili (ini 

gm) 

wateri 

Contenti 

(ini %) 

Volumetrici 

wateri 

contenti 

(ini %) 

0 59.478 47.897 9.847 11.581 38.05 30.4367 38.95842 

0.33 88.417 86.123 53.0456 2.294 33.074 6.93529 8.877119 

1 83.19 78.987 53.0547 4.203 25.933 16.2079 20.74571 

5 85.743 84.531 51.4811 1.2152 33.05 3.67685 4.706372 

10 77.857 76.412 50.164 1.445 26.248 5.50511 7.046632 

15 83.124 80.748 50.4811 2.376 30.269 7.85016 10.0482 

 

Location:i NIHi Patna 

Tablei 5.22:i Moisturei contenti ofi soili ati differenti pressuresi ati sitei P4 

 

Pressurei 

(ini Bar) 

massi 

ofi 

soil+i 

Wateri 

(ini gm) 

Dryi 

massi 

(ini gm) 

massi ofi 

Containeri 

(ini gm) 

massi 

ofi 

Wateri 

(ini gm) 

massi 

ofi Dryi 

soili (ini 

gm) 

wateri 

Contenti 

(ini %) 

Volumetrici 

wateri 

contenti 

(ini %) 

0 54.623 42.981 7.1089 11.642 35.871 32.4549 38.94503 

0.33 82.568 80.413 56.487 2.1575 23.923 9.01761 10.82118 

1 95.148 89.853 56.8563 5.295 32.997 16.0476 19.25647 

5 87.772 84.009 44.8888 3.7713 39.111 9.64225 11.57074 

10 88.123 83.982 44.8888 4.1378 39.094 10.5838 12.7003 

15 79.436 78.98 44.9587 0.456 34.023 1.34037 1.608404 
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Location:i AKUi Patna 

Tablei 5.23:i Moisturei contenti ofi soili ati differenti pressuresi ati sitei P5 

 

Pressurei 

(ini Bar) 

massi 

ofi 

soil+i 

Wateri 

(ini gm) 

Dryi 

massi 

(ini gm) 

massi ofi 

Containeri 

(ini gm) 

massi 

ofi 

Wateri 

(ini gm) 

massi 

ofi Dryi 

soili (ini 

gm) 

wateri 

Contenti 

(ini %) 

Volumetrici 

wateri 

contenti 

(ini %) 

0 55.632 44.54 8.8974 11.092 35.646 31.1206 37.03288 

0.33 82.1 76.523 47.897 5.577 28.626 19.4829 23.18392 

1 81.859 75.469 46.8745 6.3901 28.594 22.3478 26.59339 

5 78.974 75.004 44.3798 3.967 30.626 12.9532 15.41433 

10 70.564 68.564 44.1456 2.0006 24.418 8.19323 9.749912 

15 75.897 72.456 44.721 3.441 27.735 12.4061 14.76398 

 

Location:i PATNAi SAHEB 

Tablei 5.24:i Moisturei contenti ofi soili ati differenti pressuresi ati sitei P6 

Pressurei 

(ini Bar) 

massi 

ofi 

soil+i 

Wateri 

(ini gm) 

Dryi 

massi 

(ini gm) 

massi ofi 

Containeri 

(ini gm) 

massi 

ofi 

Wateri 

(ini gm) 

massi 

ofi Dryi 

soili (ini 

gm) 

wateri 

Contenti 

(ini %) 

Volumetrici 

wateri 

contenti 

(ini %) 

0 60.856 48.413 10.897 12.4437 37.513 33.1697 43.12057 

3.3 89.697 86.235 52.45 3.4605 33.785 10.2426 13.31493 

1 84.458 80.018 52.98 4.44 27.038 16.4213 21.34773 

5 86.96 84.542 51.98 2.418 32.562 7.42584 9.653584 

10 80.635 78.879 51.125 1.7535 27.754 6.31808 8.213411 

15 82.524 80.963 51.368 1.561 29.595 5.27454 6.856902 

 



57 | P a g e  
 

 

Chapteri 6 

RESULTSi ANDi DISCUSSION 

Soili characteristicsi curvei mayi bei representedi byi meansi ofi reasonablyi 

easyi parametrici expression.i thei difficultyi ini characterizei thei soili hydraulici 

propertiesi theni reducei toi estimatingi parametersi ofi thei appropriatei 

constitutivei model.i thei resultsi ofi moisturei contenti andi suctioni headi (θ-Ψ)i 

cani bei fittedi toi thei desiredi soili moisturei characteristicsi model.i Oncei thei soili 

moisturei characteristicsi functioni isi estimatedi thei unsaturatedi hydraulici 

conductivityi relationshipi K(θ)-i θi cani bei evaluatedi ifi thei saturatedi hydraulici 

conductivity,i Ksi isi known.i Manyi differenti functionali relationshipsi havei beeni 

usedi toi describei thei relationshipi betweeni K,i θi andi Ψ.i thei mosti commoni 

relationshipi arei Brooksi –i Coreyi modeli hasi beeni usedi fori itsi simplicityi 

(Rawlsi andi Brakensicki 1988).i  

Thei disturbedi andi undisturbedi soili samplei collectedi fromi 6i differenti 

locationsi alongi differenti depthi ini thei studyi areai werei analyzedi ini thei soili 

andi groundwateri laboratoryi ofi thei institutei toi determinei thei graini sizei 

distributioni ,i porosityi ,i saturatedi hydraulici conductivityi andi soili characteristicsi 

curvei ,i usingi thei analyzedi datai ,i thei particlei sizei distributioni curvesi werei 

plottedi puttingi graini sizei (mm)i oni logi scalei andi thei percentagei passingi ofi 

thei soili throughi sievesi oni normali scalei fori alli thei soili samplei .i figurei 6i toi 

23i showi variationi ofi thei particlei sizei distributioni alongi depthi ati site.i Iti isi 

clearlyi evidenti fromi thesei figuresi thati therei arei noi muchi variationsi ini thei 

graini sizei alongi thei depthi excepti fewi locationsi whichi impliesi thati soilsi ini 

verticali directionsi arei nearlyi homogeneous.i thei spatiali variationsi ofi graini 

sizei distributionsi varyi spatially.i  

Makingi usei ofi thesei particlei sizei distributioni curvesi (figs.i 6i throughi 

26)i thei graini sizei distributioni ofi thei soili wasi assessedi toi determinei thei 
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texturali classificationsi ofi thei soilsi usingi texturali classificationsi graphi ofi soil,i 

fig.5.i thei texturali formationsi ofi soili includingi effectivei andi meani sizei arei 

presentedi ini tablei 2.i Thei graini sizei distributionsi ofi soili samplei showi thei 

presencei ofi graveli content,i whichi variesi fromi 0%i toi 20%i excepti fewi 

samples.i iti goesi upi toi 30i percenti also.i thei variationsi ofi sandi contenti ini thei 

soili samplei rangesi fromi 40i %i toi 70%,i excepti fewi samples.i Thei silti contenti 

variesi byi andi large,i fromi 20i toi 45%.i thei variationi ofi clayi contenti isi foundi 

varyingi fromi 1i toi 8i %.i basedi oni thei texturali classificationi ofi soili sample,i 

thei soili ofi thei studyi areai couldi bei classifiedi intoi twoi majori groups:i sandyi 

loani andi loamyi sand,i excepti fewi locations,i whichi arei sandi andi loam.i tablei 

3i presentsi thei soili typei alongi thei verticali directioni ati surface,i 30,i 60,i andi 

100cmi belowi thei groundi surface.i tablei 3i alsoi depictsi thati therei arei mainlyi 

twoi typesi ofi soili oni thei surfacei i.e.,i sandyi loami andi loamyi sand,i whichi 

extendedi upi toi 30cmi belowi thei groundi surfacei excepti P6i (Patna),i wherei iti 

isi loam.i figurei 27i presentsi thei extenti ofi thei soili typesi presenti ini thei studyi 

areai basedi oni texturali analysis. 

Thei undisturbedi soili samplei havei beeni collectedi fori thei determinationi 

ofi thei permeabilityi ini thei laboratoryi usingi ICWi Permeameter.i Tablei 4i 

presentsi thei valuesi ofi permeability,i specifici gravity,i particlei densityi andi 

porosityi ofi soili samples.i thei valuei ofi permeabilityi variesi fromi 0.022i toi 1.009i 

m/dayi excepti ati sitei NP2.i ITi HASi 15.3i m/day.i Thei specifici gravityi ofi thei 

soili samplesi variesi fromi 2.5i toi 2.89. 

Thei soili moisturei measurementi fori differenti disturbedi soili samplei 

werei determinedi usingi differenti pressurei (0.1,i 0.33,i 1.0,i 3.0,i 5.0,i 10.0,i 15.0i 

bar).i Thei resultsi arei presentedi ini tablei 5.i usingi thei datai ofi soili moisturei 

fori differenti pressurei thei soili moisturei characteristicsi curvesi preparedi andi 

arei preparedi andi arei presentedi ini figi 31,i fori differenti locations.i thei moisturei 

contenti ati fieldi capacityi andi wiltingi pointi werei obtained.i thei rangei ofi fieldi 

capacityi andi wiltingi pointi varyi from6.93i toi 19.48i %i andi 1.34i toi 12.40671i 

%.i i respectively.i thei availablei moisturei thati isi usefuli toi planti cani bei 
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calculatedi basedi oni thesei values.i iti isi varyingi fromi 4.52i %i toi 10.02i %.i iti 

meansi thei minimumi wateri availabilityi capacityi ofi soili isi 4.52i andi maximumi 

isi 10.02i %.i thei locationsi wisei valuei ofi thei saturatedi hydraulici conductivity,i 

saturatedi moisturei content,i fieldi capacityi andi wiltingi pointsi arei summarizedi 

ini table.  
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Tablei 6.1:i i Texturali Classificationi ofi Soil 

Sl.i No. depth sand% silt% clayi % 

meani 

size 

effectiv

ei size 

soili 

texturei  

11 01 201 681 121 0.4731 0.0071 

siltyi 

loam1 

21 151 20.51 701 9.51 0.5341 0.0051 

siltyi 

loam1 

31 301 23.81 62.41 13.81 0.4951 0.0061 

siltyi 

loam1 

41 451 201 67.51 12.51 0.8271 0.021 

siltyi 

loam1 

51 151 22.751 63.261 13.291 0.2221 0.0041 

siltyi 

loam1 

61 351 26.51 571 16.51 0.7851 0.0041 

siltyi 

clay1 

71 501 25.541 55.951 18.51 0.4631 0.0031 

siltyi 

clay1 

81 651 24.761 59.71 15.541 0.1711 0.0041 

siltyi 

clay1 

91 101 111 721 171 0.0521 0.0031 

siltyi 

loam1 

101 401 13.341 69.961 16.71 0.0491 0.0021 

siltyi 

loam1 

111 501 12.51 68.531 18.971 0.2181 0.0031 

siltyi 

loam1 

121 651 11.981 68.521 19.51 0.1221 0.0031 

siltyi 

loam1 

131 101 121 

72.656

1 15.341 0.0791 0.0031 

siltyi 

loam1 
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141 351 14.441 69.261 16.31 0.071 0.0031 

siltyi 

loam1 

151 651 13.551 701 16.81 0.0131 0.0021 

siltyi 

loam1 

161 851 12.541 70.351 17.111 0.0171 0.0021 

sandyi 

loam1 

171 151 22.781 64.021 13.21 0.3381 0.0041 

siltyi 

loam1 

181 401 20.41 65.31 14.31 0.3541 0.0041 

siltyi 

loam1 

191 551 22.11 53.91 17.41 0.2481 0.0041 

siltyi 

clay1 

201 751 19.51 64.11 16.41 0.2251 0.0041 

Siltyicla

yiloam 

211 151 31.021 52.531 16.431 0.2181 0.0041 

Siltyicla

yiloam 

221 301 28.541 52.921 18.541 0.2011 0.0041 

Silty 

clayiloa

m 

231 601 26.541 56.131 17.331 0.0781 0.0051 

siltyi 

loam1 

241 751 20.71 61.41 17.91 0.121 0.0121 

siltyi 

loam1 
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Tablei 6.2:i Valuesi ofi Permeability,i Specifici Gravity,i Particlei 

Density,i Bulki Densityi andi Porosity 

 

S.Ni  Sitei  Depth 

Perme

abilityi 

(M/D) 

Specifi

ci 

Gravity

i  

Particl

ei 

Densit

yi  

Bulki 

Densit

yi  

Porosit

yi  

1 P1 10-20 10.4 12.68 12.366 11.3316 10.437 

2 P2 10-20 10.4 12.75 12.556 11.2171 10.524 

3 P3 135-45 10.0535 12.7 12.8579 11.409 10.507 

4 P4 10-20 10.4 12.85 13.0697 11.501 10.511 

5 P5 10-20 10.4 12.89 12.829 11.363 10.518 

6 P6 130-40 10.0305 12.87 12.639 11.25 10.526 
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Tablei 6.3:i Soili Moisturei Characteristicsi Datai ati 

Thei Groundi Surface 

 

 

 

 

 

s.i no 

LOCATI

ONS 

Pressur

ei 1sti 

Rowi Isi 

Ini Bari 

Andi 

2ndi 

Rowi Isi 

Ini CM i  i  i  i  i  

  
10.1 11 10.33 15 110 115 

  
1101.98 11019.8 13059 15099 110198 115297 

1 P1 124.8 117.1 110.5 19.71 19.24 14.85 

2 P2 

137.203

49 

112.807

31 

110.340

9 

110.918

32 

15.9439

25 

14.1301

06 

3 P3 

130.436

27 

116.207

59 

16.9352

49 

13.6768

53 

15.5051

81 

17.8501

6 

4 P4 

132.454

19 

116.047

06 

19.0176

51 

19.6422

85 

110.583

58 

11.3403

37 

5 P5 

131.120

06 

122.347

38 

119.482

29 

112.953

22 

18.1932

03 

112.406

71 

6 P6 

130.436

27 

116.207

59 

16.9352

49 

13.6768

53 

15.5051

51 

17.8501

6 
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Tablei 6.4:i Valuesi ofi Permeability,i Bulki Density,i Porosity,i 

Wiltingi Point,i Andi Fieldi Capacity 

Site Soili Type Ks(M/D) 

Ks(Cm/H

) 

Bulki 

Density Porosity 

Wiltingi 

Pointi  

Fieldi 

Capacity 

P1 siltyi loam 10.41 101 11.3321 10.4371 14.8522491 10.452961 

P2 siltyi loam 10.41 101 11.2171 10.5241 14.1301061 1110.34091 

P3 siltyi loam 10.0541 10.2231 11.4091 10.5071 17.850161 16.9352491 

P4 siltyi loam 10.41 101 11.5011 10.5111 11.3403371 19.0176591 

P5 siltyi loam 10.41 101 11.3631 10.5181 112.406711 119.482291 

P6 siltyi loam 10.0311 10.1271 11.251 10.5261 17.850161 16.9352491 
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6.1i GRAINi SIZEi DISTRIBUTIONi ANALYSISi  

6.1.1i LOCATION:i -i NITi PATNAi (P1) 

Tablei 6:5 

Particlei 

size 

Passingi 

% 

4.75 95 

2.36 92 

1.18 89 

0.6 88.5 

0.3 84.25 

0.15 80.25 

0.075 80 

0.0673 61.28 

0.04916 53.98 

0.03547 48.14 

0.02589 40.856 

0.01893 33.522 

0.01387 29.182 

0.00998 26.26 

0.00716 23.53 

0.00511 20.43 

0.00368 16.05 

0.00299 14.59 

0.00262 13.732 

0.0015 11.672 
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Figi 6.0:i i Graini Sizei Distributioni ati Sitei P1 

 

 

 

Figi 6.1:i i Distributioni Curvei fori Sand 
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Figi 6.2:i Distributioni Curvei fori Silti &i Clay 
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6.1.2i LOCATION:i -i BITi PATNAi (P2) 

Tablei 6.6 

Particlei sizei (ini 

mm) Passingi % 

4.75 97.5 

2.36 96.75 

1.18 95.25 

0.6 94.75 

0.3 88.75 

0.15 80.75 

0.075 77.25 

0.0608 41.176 

0.0433 37.765 

0.03146 32.345 

0.0223 30.015 

0.0159 29.547 

0.0118 27.198 

0.0083 25.358 

0.006 18.286 

0.0043 17.918 

0.003 15.95 

0.0025 14.476 

0.0021 13.294 

0.0012 11.446 
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Figi 6.3:i Graini Sizei Distributioni ati Sitei P2 

 

 

 

Figi 6.4:i i Distributioni Curvei fori Sand 
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Figi 6.5:i Distributioni Curvei fori Silti &i Clay 
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6.1.3i LOCATION:i -i GANDHIi MAIDANi PATNAi (P3) 

Tablei 6.7: 

Particlei sizei (ini 

mm) Passingi % 

4.75 96.75 

2.36 96.5 

1.18 96 

0.6 95.5 

0.3 94.5 

0.15 91 

0.075 89 

0.07 85.46 

0.05042 73.58 

0.03724 62.64 

0.02589 60.82 

0.01915 51.867 

0.01442 40.76 

0.01035 37.11 

0.00755 28 

0.00536 26.876 

0.0038 24.667 

0.00313 20.543 

0.00275 17.098 

0.00161 11.322 
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Figi 6.6:i Graini Sizei Distributioni ati Sitei P3 

 

 

 

Figi 6.7:i i Distributioni Curvei fori Sand 
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Figi 6.8:i Distributioni Curvei fori Silti &i Clay 
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6.1.4i LOCATION:i -i NIHi PATNAi (P4) 

Tablei 6.8:i  

Particlei sizei (ini 

mm) Passingi % 

4.75 94.75 

2.36 94.5 

1.18 94 

0.6 93.5 

0.3 97.5 

0.15 90 

0.075 88 

0.07 83.46 

0.05042 71.58 

0.03724 60.64 

0.02589 58.82 

0.01915 49.7 

0.01442 38.76 

0.01035 35.11 

0.00755 26 

0.00536 24.17 

0.0038 22.499 

0.00313 18.909 

0.00275 15.344 

0.00161 9.743 
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Figi 6.9:i Graini Sizei Distributioni ati Sitei P4 

 

 

 

Figi 6.10:i i Distributioni Curvei fori Sand 
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Figi 6.11:i Distributioni Curvei fori Silti &i Clay 
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6.1.5i LOCATION:i -i AKUi CAMPUSi PATNAi (P5) 

Tablei 6.9: 

Particlei sizei (ini 

mm) Passingi % 

4.75 97.5 

2.36 96.75 

1.18 96.25 

0.6 94.75 

0.3 88.75 

0.15 80.75 

0.075 77.25 

0.0608 41.108 

0.0433 37.905 

0.03146 32.133 

0.0223 30.932 

0.0159 29.597 

0.0118 27.121 

0.0083 23.988 

0.006 18.436 

0.0043 16.0338 

0.003 15.75 

0.0025 14.481 

0.0021 13.204 

0.0012 11.926 
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Figi 6.12:i Graini Sizei Distributioni ati Sitei P5 

 

 

 

 

Figi 6.13:i i Distributioni Curvei fori Sand 
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Figi 6.14:i Distributioni Curvei fori Silti &i Clay 
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6.1.6i LOCATION:i -i PATNAi CITYi SHAEBi i i PATNAi (P6) 

Tablei 6.10:i  

Particlei sizei (ini 

mm) Passingi % 

4.75 99.5 

2.36 98.5 

1.18 97.5 

0.6 95 

0.3 88.75 

0.15 70.63 

0.075 68.98 

0.054 60.9 

0.0394 57.52 

0.0285 53.354 

0.0204 52.765 

0.0147 49.24 

0.0108 45.204 

0.0077 40.906 

0.0055 35.1116 

0.003981 29.615 

0.00289 25.432 

0.002414 18.364 

0.002124 16.433 

0.00126 13.33 
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Figi 6.15:i i Graini Sizei Distributioni ati Sitei P5 

 

 

 

 

Figi 6.16:i i Distributioni Curvei fori Sand 
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Figi 6.17:i Distributioni Curvei fori Silti &i Clay 
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6.2i SOILi MOISTUREi CHARACTERISTICi CURVEi FORi SITEi 

P1,i P2,i P3,i P4,i P5i ANDi P6 

Tablei 6.11:i Soili Moisturei Readingi ati P1 

i  BARSi  PRESSUREi  

P1 0.1 24.80113 

i  1 17.05824 

i  3.3 10.45296 

i  5 9.710337 

i  10 9.235122 

i  15 4.852249 

 

 

 

 

Figi 6.18:i Soili Moisturei Characteristici Curvei fori Site:i P1 

 

 



84 | P a g e  
 

Tablei 6.12:i Soili Moisturei Readingi ati P2 

P2 BARSi  PRESSUREi  

i  0.1 37.20349 

i  1 12.80731 

i  3.3 10.3409 

i  5 10.91832 

i  10 5.943925 

i  15 4.130106 

 

 

Figi 6.19:i i Soili Moisturei Characteristici Curvei fori Site:i P2 
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Tablei 6.13:i Soili Moisturei Readingi ati P3 

P3 BARS PRESSUREi  

i  0.1 30.43627 

i  1 16.20759 

i  3.3 6.935249 

i  5 3.676853 

i  10 5.505181 

i  15 7.85016 

 

 

 

Figi 6.20:i Soili Moisturei Characteristici Curvei fori Site:i P3 
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Tablei 6.14:i Soili Moisturei Readingi ati P4 

P4 BARS PRESSUREi  

i  0.1 32.45419 

i  1 16.04706 

i  3.3 9.017651 

i  5 9.642285 

i  10 10.58358 

i  15 1.340337 

 

Figi 6.21i Soili Moisturei Characteristici Curvei fori Site:i P4 
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Tablei 6.15:i Soili Moisturei Readingi ati P5 

P5 BARS PRESSUREi  

i  0.1 31.12006 

i  1 22.34738 

i  3.3 19.48229 

i  5 12.95322 

i  10 8.193203 

i  15 12.40671 

 

Figi 6.22:i Soili Moisturei Characteristici Curvei fori Site:i P5 
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Tablei 6.16:i Soili Moisturei Readingi ati P6 

P6 BARS PRESSURE 

i  0.1 30.43627 

i  1 16.20759 

i  3.3 6.935249 

i  5 3.676853 

i  10 5.505151 

i  15 7.85016 

 

 

Figi 6.23:i Soili Moisturei Characteristici Curvei fori Site:i P6 
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Chapteri 7 

CONCLUSIONS 

Thei unconcernedi andi uninterruptedi soili samplei fromi sixi locationsi alongi 

differenti depthsi werei collectedi andi analyzedi ini thei soili samplei &i 

Groundwateri Laboratoryi ofi thei Institute.i i unconcernedi soili samplesi werei 

askedi toi determinei thei graini sizei distribution,i n,i Gsi andi soili wateri 

characteristicsi curves.i uninterruptedi soili samplesi werei askedi withi ICWi 

Permameteri toi concludei Ksat. 

 Basedi oni thei laboratoryi analysisi carriedi outi ini thei NITi PATNAi 

Laboratory,i thei followingi conclusionsi cani bei made:i therei arei mainlyi 2i typesi 

ofi soili oni thei surfacei i.e.,i siltyi clay,i siltyi loam,i siltyi clayi loami whichi 

extendedi upi toi thirtyi cmi underi thei groundi plane.i Thei valuesi ofi Ksati ini thei 

studyi regioni variesi sincei 0.02294i m/di toi 1.0094i m/d.i Fieldi capacityi variesi 

fromi 6.93i toi 19.48i %.i wiltingi pointsi arei lyingi betweeni 1.34i toi 12.40671i %.i 

i Thei specifici gravityi ofi thei soilsi isi fromi 2.5i toi 2.89.i Thei porosityi valuesi 

arei fromi 0.4372i toi 0.6381. 

 Fori siltyi clayi soili valuesi ofi hydrologicali propertiesi arei asi follow:i Ksat,i 

0.25i (cm/hr.);i n,i 0.56;i filedi capacity,i 19.48229%i andi wiltingi point,i 

12.40671%i whereasi fori siltyi loami thesei arei Ksat,i 0.748i (cm/hr.);i porosity,i 

0.466;i fieldi capacity,i 10.45296i %i andi wiltingi pointi 4.852249%.i  
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